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NOR 2-01

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: January 11, 1994

STUDY TITLE: Forest ecology and site productivity

Responsibility Centre: Northwest Region (8133)

Program: Forest Resources

Project Title: GIS, Forest Inventory and Site

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan, Manitoba

7.	 Study Staff:

Name

Study Leader I. Corns (IC)

Team Members Doug Allan (DA)

Rex Kalenith (RK)

Study Key Words: GIS, Forest ecology, site productivity, forest soils, site modification, succession,
site classification, sustainable development, forest sector leadership, ecological reserves, working
groups, inventory, remote sensing, silviculture, models, stand development, management systems,
vegetation management, model forests, forestry practices, land classification, decision support
systems, mixedwood management.

Study Activity: 2214, 2216, 2224

I
I

I
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

I. Corns SE-RES-3 (P) 1.00

D. Allan EG-5 (T) 1.00

R. Kalenith EG-5 (T) .85

Total FTEs 2.85

Study Background and Problem Analysis

The Boreal Mixedwood forest region is the most extensive forest area in Canada. The expansion of
forestry activity in the Boreal Mixedwood Region has lead to government, industry and public
concerns about the potential negative impacts of forestry practices on the environment. As indicated in
Canada's Green Plan, "Canadians have a strong sense of commitment toward the preservation and
protection of the great variety of complex biological systems residing in our forests." In order to
achieve this goal the responsible management of the forest requires a "shift from sustainable yield to
sustainable development." Sustainable development, as defined in Canada's Green Plan refers to "our
ability to manage our forest resource without prejudice to its future productivity, ecological diversity
and capacity for regeneration."

These national commitments can only be fulfilled if we address the issues and potential negative
impacts of forestry practices on the forest. These include:

decreases in ecosystem productivity through soil compaction and loss of soil organic matter and
nutrients;

the destruction of ecosystem integrity through ecological dysfunction and fragmentation, loss of
biodiversity and wildlife habitat, and

3.	 a loss of landscape diversity through the harvesting of old growth forests.

We still have limited knowledge on the impacts of forestry practices and other disturbances upon the
structure and processes of the major Boreal Mixedwood ecosystems in the Northwest Region. The
Forestry Practices program of Green Plan offers an opportunity to address these problems.

Forest succession is of great importance to industrial forestry, wildlife, and recreational interests. The
rate of succession dictates timber harvest schedules and patterns, determines habitat for wildlife,
influences recreational values, and controls the ecological diversity of the forest. A lack of knowledge
of succession processes and rates has prevented optimum management of forestland. There is a lack of
appreciation by forestland managers of the rate of plant community and stand development in boreal
mixedwood ecosystems. It is assumed that the new forest crop will generally be harvested in 60 to 100
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years in mixedwood forest (60 years for Populus tremuloides and 100 years for Picea spp.) under
uneven-age management. Inherent land productivity for Picea spp. and Populus tremuloides has not
been part of the rationale for land allocation of these species. Variability in rates of plant succession
and stand development in different forest ecosystems has generally not been considered a factor in
stand rotations. The study is relevant to Green Plan initiatives in the areas of Model Forests, the
Dynamic Inventory Projection sub-program of the Decision Support System program, and as part of
NoFC Forestry Practices study. The study relates to the ForCan strategic initiative in support of forest
ecosystem dynamics and forest management systems and to the NoFC DSS Mixedwood initiative.

Recent developments in GIS, remote sensing and other information technologies have presented an
opportunity to use new and powerful tools to extend the applications of many of our forest research
findings and to compare results from diverse disciplines within a common geographic framework.
The increasing realization that many forest management opportunities and constraints are related to
site type presents the possibility of their prediction and analysis using a site classification within a
GIS, and in conjunction with remote sensing methods. Several aspects will be addressed by this study.
The NAIA predictive site classification study addresses national and regional and provincial strategic
initiatives in the areas of decision support and forest management systems and in ecological site
classification. The Forest Resources Research program at NoFC has undertaken a major initiative in
the development of Decision Support Systems (DSS) for Mixedwood Management. Much of the
leadership of this initiative will be through NOR-02, upon staffing of a "Knowledge Engineer".

Forest Ecosystem classification has been increasingly recognized as being fundamental to practising
sustainable forest land management, and has been given high priority by the three provinces in the
Northwest Region. Opportunities exist under the PAIF programs to complete site classification field
guides for the remainder of Alberta and much of Saskatchewan and Manitoba.

Large scale pulpwood clearcutting operations in Alberta foothills have resulted in large areas of young
( � 25 yr.) forest. The rate and extent to which the productivity, structure and species composition of
these forests is proceeding toward that of mature forest on similar situations is not well documented.
An opportunity is thus available to increase our understanding of forest dynamics in the foothills
Such information can be used to interpret recently developed forest site classifications emphasizing
mature forest vegetation. The study is relevant national strategic initiatives in forest ecosystem
dynamics and regional initiatives in ecological site classification.

Grass competition with white spruce seedlings in our region is recognized to be a major silvicultural
problem. Mechanical site preparation is expensive and often not effective. Chemical methods have
encountered resistance from environmental lobby groups. Reduction of grass competition by an
alternative method may be attractive. (Carried over from NOR 10-06). The study is relevant to
regional and national initiatives in forest management systems.

12.	 Study Objectives:

i) Objectives

1) To conduct and facilitate research and development and technology transfer in ecological
site classification in the Northwest Region and to increase the area of the Northwest
Region covered by comprehensive ecological site classifications.
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Evaluate the impact of forestry practices on boreal forest, ecological processes and
productivity.

Increase our knowledge of the dynamics of boreal forest ecosystems and the environmental
factors controlling their development and productivity.

To evaluate the utility of current information technologies including GIS, GPS, digital
remote sensing, expert systems, relational database systems etc. in enhanced forest land
management, especially as applied to decision support systems for mixedwood
management.

To integrate non-timber values especially wildlife in ecologically sound forest land
management systems.

6) To provide leadership to the NOR-02 project.

ii) Deliverables

Short Term (1-5 years)

Publication primarily through supervised contract, of 4 ecological site classification field
manuals for southwestern Alberta (completion of Sivak work) northern Alberta, the mixedwood
section of Saskatchewan and the productive forest area of Manitoba. This work is facilitated by
PAIF funding. Related field training to clients would be provided.

Development of several computerized dynamic inventory projection software tools under the
Green Plan DSS program.

Practical implementation with clients of mixedwood DSS modules for stand tending and
mixedwood silviculture, and of the Naia predictive site classification and mapping software in
conjunction with ARC and Hughes Aircraft.

Documentation of ecosystem dynamics in the boreal mixedwood as input into forest succession
modules in the Forest Resources and Green Plan DSS Forestry Practices and Model Forests
Programs.

Preparation of a supplement for "Forest Ecosystems of West-Central Alberta", classifying and
describing the ecosystem association of the Montane Ecoregion. Plot sampling is complete.

Publications in the following areas:

Evaluation of synthetic mulches to control grass competition with planted white spruce;

Information report on 25 year results of succession after clearcutting lodgepole pine;

c) Information report on highly productive sites in the Northwest Region;
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Symposium - journal publications on Naia predictive site mapping project - the first to
appear in proceedings of GIS 93.

Conceptual models of boreal mixedwood succession

Forestry practices effects on mixedwood forest composition, processes and productivity;

Evaluation of MEIS imagery to discriminate site classes.

Long Term (5 years and beyond)

Facilitate the maturation and eventual commercialization of the Naia predictive mapping
software.

Facilitate the implementation of the mixedwood management DSS in the Northwest Region and
deliver modules to clients.

Implementation of the Dynamic Spatially Oriented Biophysical Inventory Program software in
Canada and especially on Model Forest sites.

Elucidation of forest ecosystem - environment relationships and dynamics in the Northwest
Region with effects of impacts of various management strategies upon productivity.

iii) Significant Linkages:

Alberta Research Council - B. Liblong, J. Mulder
ESRI Canada - K. Jones
University of Calgary - P. Gong
Maritimes Forestry Centre - D. McLean
Great Lakes Forestry Centre - P. Addison, R. Sims, D. McKenney
Petawawa National Forestry Institute - M. Strome, T. Moore
Pacific Forestry Centre - D. Pollard
Forestry Canada, Winnipeg - J. Ball
Forestry Canada, Prince Albert - P. Loseth
NoFC - D. Maynard 07-07; S. Navratil 10-12; I. Edwards 10-13
CFS - Newfoundland and Labrador Region - W. Meades
Manitoba Forestry Branch - R. Lamont, G. Becker
Saskatchewan Forestry Branch - D. Lindenas, J. Benson
Alberta Forest Service - H. Archibald, D. Morgan, C. Henderson, J. Kitz, K. Branter,

T. Lakusta
Canadian Forest Service Headquarters - D. Brand
Weldwood, Hinton - R. Udell, S. Curry, W. Rugg
Weyerhaueser, Prince Albert - R. Orynik
University of Alberta - D. Pluth, J. Robertson (Soil Science)
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Progress and Achievements:

Progress to date has included the compilation of data from nearly 900 sample plots and their analysis
to complete the "Field Guide to Forest Ecosystems of West-central Alberta" (Corns and Annas 1986)
which is widely used throughout the northwest region. Other research activities have focused upon the
evaluation of soil compaction effects upon seedling growth upon several soil types in west-central
Alberta; documentation of the most productive sites in the northwest region; dynamics of lodgepole
pine communities developing after clearcutting; evaluation of MEIS and SAR digital remote sensing
data for site type discrimination and an evaluation of synthetic mulches to control grass competition in
north-central Alberta. The study leader has been very active in field training and technology transfer in
site classification.

The NAIA predicitive site classification technology has been developed and prototyped in cooperation
with Alberta Research Council and Hughes Aircraft Canada. Testing and validation on the Foothills
Forest is on-going.

The study leader has been active in several advisory committees and task forces (e.g., Alberta
Ecological Classification task force and Alberta Regeneration Standards task force) as well as in the
Canadian Institute of Forestry both nationally as vice-chair and chair of the Ecology Working Group
(1989-91) and in the Rocky Mountain Section as councillor (1989-92), chair (1992-93) and director
(1993-94).

As acting Program Director Forest Resources the study leader organized national and regional
workshops on Decision Support Systems and was invited to be national coordinator of the Dynamic
Spatially-Oriented Biophysical Inventory sub-program of the Green Plan DSS initiative. He also sits
on Green Plan technical committees for Forestry Practices, Ecological Reserves and Land
Classification.

Goals and Accomplishments (1993-94)

Work with NOR-10 and NOR-4 in conjunction with knowledge engineer to more fully develop
the DSS Mixedwood conceptual model, forest level framework and integration of site
classification and GIS into the program (Navratil, Bella, Yang, Hans, Kalenith).

Work advanced on mixedwood DSS through the transfer of R. Yang to NOR 02. Knowledge
engineer staffing was frozen.

Continue involvement in Green Plan technical committees and program.

a) Forestry practices - install organic matter manipulation and compaction treatments,
vegetation analysis, soil sampling on plots on Weldwood FMA. Also re-evaluation of
several A-15 plots for mixedwood succession data base - possibly with graduate student.

Major progress was made on the Foothills Forest study site in terms of pre-harvest tree
measurements, vegetation cover sampling, soil sampling, mechanical tree harvesting and post-
harvest application of soil compaction and debris residue treatments. Compaction
measurements were taken with a nuclear gauge.
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In addition, 19 A-15 plots which were diameter-limit logged about 40 years ago, were re-
measured and soils and vegetation data were recorded to ascertain the long-term impact of
similar harvest methods (selection, shelterwood) being employed today.

b) Decision Support Systems - National Coordination of Dynamic Spatially - Oriented
Biophysical Inventory:

Supervision of contract on Inventory Projection System (T. Moore, PNFI to help
with drafting specifications).

Work with R. Yang on enhanced DSS framework and initiation of mixedwood
silviculture module with knowledge engineer on Model Forest site(s).

Supervision of bio-environmental indices work ofMcKenney and Mackey, GLFC.

Provide input to mixedwood succession models of Sims (GLFC).

Continue to gather data for mixedwood succession models in Northwest Region
(possibly with U of A grad student).

Supervision of contract on enhancement of Functional Design of the Dynamic
Inventory program (Hughes/ARC).

Possible additional study supervision - finalized in March 93.

Assisted T. Moore, PNFI in selecting contractor (Vanguard Forestry Services,
Fredericton, N.B.) for the study "Analysis of opportunities for linking decision
support system component models". Report was finalized in March 1993.

R. Yang proposal for developing a mixedwood silviculture module was not funded.

Continued to supervise McKenney-Mackey bio-environmental indices contract.

Continued to supervise Sims contract, but it is still premature to provide input to this
succession models.

Significant progress has been made in the Alberta succession modelling study of
Corns and Yang in terms of acquiring and doing significant editing of Weldwood and
provincial plot data bases. Parallel efforts in Newfoundland (Meades) and Ontario
(Sims, McKenney) are being coordinated with the Alberta work. Analysis continues.

Contract report "Preliminary functional design and review for dynamic spatially-
oriented biophysical inventory projection system (DSOBOPS)" was completed.
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Land Classification.

See indicator plants of Canada manual through to completion.

Other initiatives to be discussed at February 5-9, 1993 meeting.

Indicator plants of Canada manual should be ready for publication by March 1994. Funds
were also secured for a graduate student project related to mixedwood succession. A
suitable candidate was not found.

Ecological Reserves

Work with Foothills Model Forest to set up a Model Ecological Reserve.

A contribution agreement with Foothills Forest was put in place and work has commenced,
with participation of the public and ALFS to identify potential ecological reserve(s) in the
vicinity of Foothills Forest.

Provide leadership to NOR-2 including staffing of knowledge engineer and wildlife ecologist.

Provided project leadership and administrative duties as appropriate. Staffing freeze precluded
filling of knowledge engineer and wildlife ecologist positions.

Submit manuscript to Forestry Chronicle on the evaluation of synthetic mulches to control
grass competition with planted white spruce.

No progress

Initiate U of A Dept. Soil Science graduate student (A. Hammermeister) study ofMixedwood
succession in relation to soil drainage and topography with Model Forest and Green Plan
Forestry Practices/DSS funding.

Mr. Hammermeister sought another graduate study alternative because of delays in Green Plan
funding. An alternative candidate was not located.

Publication of Field Guide to Forest Ecosystems of Southwestern Alberta in Cooperation
with AFS.

Draft field manual is presently being reviewed for publication in March 1994.

7. Committee involvement.

Trees in Canada book. Review remaining final drafts.
NAIT Biological Sciences, Renewable Resources Option, Curriculum advisory
committee.
Alberta ecological classification task force.
West-central Alberta caribou technical working group.

e) Director, CIF/RMS Executive Council
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AFS Regeneration standards task force
Co-chairman Alberta PAIF A committee
Member Sask. PAIF site classification and biometrics working group.

i) Chair, NoFC Science Committee

Trees in Canada book scheduled for publication by March 1995. There may be some
limited review of final drafts required.
Participated in annual meeting.
Group did not meet.
Group did not meet.
Director, CIF/RMS Executive Council.
Participated in three task force meetings to define ecological criteria to help refine the new
"Free to grew" standards.
Ian Corns was replaced by J. De Franceschi as Alberta PAIF A Committee co-chairman.
Helped select contractor and administrate the site classification program in Saskatchewan.

Complete draft of forest ecosystems ofMontane ecoregion of west-central Alberta as a
supplement to the "Green book".

Twinspan vegetation analysis and tabulation of environmental characteristics is complete, but
draft supplement is not.

Initiate work on forest ecosystem of northern Alberta in cooperation with AFS.

Contracts let out and managed by H. Archibald of ALFS have compiled and classified 3000
existing sample plots and gathered 250 new plots to fill in gaps.

Continue to supervise (joint with R. Sims GLFC) contract on Field Guide to Forest
Ecosystems ofManitoba.

A draft field guide is complete. Interpretation workshops were conducted by the contractor and
Ian Corns in the Pas and Winnipeg in November. A camera-ready field guide will be ready in
March 1994.

Continue to supervise contract and finalize results ofNAIA predictive site mapping methods
applied to the Manitoba site classification pilot areas.

The NAIA predictive site mapping software was applied under a Manitoba Partnership
Agreement contract to a pilot area in the Duck Mountain Provincial Forest. The application was
successful and results are encouraging.

12. Conduct spatial analysis of site related influences on forest cover in Torch River forest
Saskatchewan.

No progress.
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In cooperation with Drs. La Roi, Pluth and Strong prepare a manuscript for submission to
Can. J. For. Res. on the nutrient relationships of lodgepole pine and white spruce ecosystems
in west-central Alberta. Data were collected during a PRUF contract that I Corns supervised
several years ago.

No progress.

Initiate forest site classification for Saskatchewan.

The project was initiated and funded under the SASK PAIF. 216 plots were sampled and a
workshop reporting progress of the work was conducted in Prince Albert December 1993.

15. Install NAL4 software at NoFC and Foothills Forest sites and refine site classification
predictions for the two Foothills Forest pilot areas.

A contribution agreement to ARC has been put into place (Jan. 94) to accomplish this task by
March 31, 1994.
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16. The following contracts and studies were managed by I. Corns:

TITLE STUDY
NO.

PARTICIPANTS FUNDING

93-94 92-95

Site Classification field guide for Manitoba 02-01 Geomatics Int. $50 K $100 K

- first approximately (MB PAIF) MB Forestry Branch, NoFC, GLFC

Site Classification field guide for 02-01 CFS-SDO, NoFC Geographic $146 K $280 K

Saskatchewan (SK PAIF) Dynamics

Integration of wildlife resource values into 02-01 Sentar Consultants $34 K $34 K
NAIA predictive mapping project (AB PAIF) Weldwood Hinton, NoFC

Impacts of forestry practices on boreal 02-01 D. Maynard, NoFC $50 K $120 K
mixedwoods (AB PAIF) 07-07

Revision Site classification field guide for
soutwestem Alberta (AB PAIF)

02-01 D. Westworth and Associates $25 K $25 K

Site classification field guide for northern 02-01 To be tendered in 1993 (AFS, PAIF) $100 K $800 K
Alberta (AB PAIF)

Ecosystem based pocket guide to common
forest plants (GP ELC)

02-01 Northland Associates, GLFC, NeFC,
NoFC

$20 K $200 K

Impacts of forestry practices on boreal
mixedwoods (GP FP)

02-01
07-07

D. Maynard, I. Corns, S. Sidhu,
Foothills Forest

$48 K $260 K

DSS Framework and mixedwood succession 02-01 R. Yang, H. Hans, I. Corns $46 K $210 K
(GP DSS) 04-09

Bio-environmental indices (GP DSS) 02-01 GLFC (McKenney, Mackey) $25 K $107 K

Mixedwood succession models (GP DSS) 02-01 GLFC (Sims) $30 K $120 K

Boreal Forest Succession 02-01 Meades (NeFC) $20 K $80 K

ELC using neural networks 02-01 Gong University of Calgary $11.5 K $23 K
02-04

NAIA installation testing at NoFC Foothils 02-01 Mulder (ARC) $15 K $15 K
Forest

Toposequence and photo-key development for
the Manitou-Abi Forest (GP ELC)

02-01 Manitou-Abi Forest
Geomatics International

$26.5 K $54 K

Model Ecological Reserve (GP ER) 02-01 NoFC, Alberta Environmental $44 K
Protection, Foothills Forest

Montane ecosystems of west-central Alberta 02-01 NoFC, AFLW, Weldwood $4 K
(A-base)

NAIA Alberta (A-base) 02-01 Hughes, ARC $6 K
NoFC

Other A-base 02-01 $6 K

$661 K $2.3 M
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15.	 Information Activities 	 1

Other reports

Mulder, J.A. and I.G.W. Corns. 1993. NAIA: A decision support system for predicting
ecosystems from existing land resource data. Proc. 13th Int. Joint Conf. on Artificial
Intelligence, AI in Agriculture Natural Resources and Environmental Sciences. Chambery,
Savoie, France, Aug. 30, 1993. pp. 137-150.

Mulder, J.A. and I.G.W. Corns. 1993. A decision support system for predicting and
consolidating ecosystems from existing map data and classification systems. Proc. GIS 93,
February 15-18, 1993, Vancouver, B.C. pp. 153-159.

Alberta Environmental Protection and Forestry Canada. 1993. Ecoregions of Alberta. Alta.
Environ. Prot., Alta. For. Serv., Edmonton, Alberta and For. Can. Northwest Reg., North.
For. Cent., Edmonton, Alberta.

Lectures, courses, seminars and scientific addresses

I. Corns taught Forest Soils 314 at U of A during the winter term of 1992-93. 	 I

D. Allan participated as an instructor at two ALFS sponsored site classification training
courses in the Slave Lake and Edson areas.

I. Corns presented a paper "Critical ecological factors affecting plantation performance" to
the Regional Reforestation Technical Committee 1993 Symposium, "Planting Stock
Performance and its Relationship with site and Microsite", Athabasca, Alberta, September
21-22, 1993.

R. Kalenith gave GIS demonstrations to the following groups and individuals:

February 1993, Michael Mercredi (Indian Band representative)	 1
June 1993, Junior High School students
March 1993, Forestry Canada Minister Frank Oberle
July 1993, Visiting Chinese delegation
October 1993, AFS representatives from Alberta Environmental Protection Branch
October 1993, Slave Lake Pulp Representatives (Planning Forester & GIS Tech)
January 1993, Arc Info and Arc View 5 days
March 14-17/1993, Arc Info and Arc View in Winnipeg District Office
June 30, 1993, Arc View course to NoFC
November 9, 1993, Arc View course to NoFC

v) Technology transfer:

In cooperation with CCRS consultant, tested the utility of Synthetic Aperature Radar (S to R)
imagery for forestry applications in Whitecourt, Alberta, Oct. 1993.
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16. Goals 1994-95

Pending staffing of knowledge engineer, more fully develop the DSS mixedwood conceptual
model forest level framework and integration of site classification and GIS into the program.

Continue involvement in Green Plan technical committees and program.

Forestry practices - install instrumentation to monitor climate and soil moisture and
temperature in the soil compaction and logging residual application treatments; monitor
development of the post-harvest plant community and tree regeneration; initiate
biodiversity analysis at stand level.

Decision support systems - national coordination of dynamic spatially - oriented
biophysical inventory including the following studies:
-	 bio environmental indices work of McKeney (GLFC)
-	 mixedwood succession modeling of Sims (GLFC)

boreal forest succession modeling of Meades (NeFC)
mixedwood succession modeling and inventory projection system development of
Yang/Corns (NoFC)

Land Classification:
publication of "indicator plants of Canada" book
initiate mixedwood succession in relation to drainage and topography study pending
recruitment of a suitable graduate student.

Ecological reserves:
-	 consult with Foothills Forest public and ALFS in the selection of an appropriate

ecological reserve.

Submit manuscript to Forestry Chronicle on the evaluation of synthetic mulches to control grass
competition with planted white spruce.

Publication of Field Guide to Forest Ecosystems of Southwestern Alberta in cooperation with
ALFS.

5. Committee involvement:
Trees in Canada book. Review/Proof final drafts.
NAIT Biological Sciences, Renewable Resources Option, Curriculum advisory committee.
Alberta ecological classification task force
West-central Alberta caribou technical working group

e) ALFS Regeneration standards task force
0 Member Saskatchewan PAIF site classification and biometrics working group.
g) Chair, NoFC Science Committee

6. Complete draft of forest ecosystems of montane ecoregion of west-central Alberta as a
supplement to the "Green book".

7. Publish Manitoba Forest Ecosystem Classification field guide.
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Conduct spatial analysis of site-related influences on forest cover in Torch River forest,
Saskatchewan.

Act as Scientific Authority for the Saskatchewan Forest Ecosystem classification contract
through to completion of camera ready product.

Act as Scientific Authority for the Northern Alberta Forest Ecosystem classification work
through to completion of camera ready product.

Preparation of Ecology theme display for NoFC Open House.

Supervise C/A PAIF contract, "Integration of wildlife resource values into NAIA predictive
mapping project," with Sentar Consultants.

Co-supervise with R. Sims (GLFC) and W. Meades (NeFC) contract to Northland Associates on
development of an "Ecosystem based pocket guide to common forest plants". (Green Plan ELC)

Co-supervise with R. Hall (NoFC), Manitoba PAIF contract to Dr. P. Gong, University of
Calgary, on "Development of Ecological Land Classification Using neural sets" for the Duck
Mountain provincial forest area.

Supervise the installation of NAIA predictive mapping software at NoFC and Weldwood
(Foothills Forest) sites via contribution agreement to Alberta Research Council.

	

16.	 Co-supervise with R. Sims (GLFC) contract with Geomatics International on "Toposequence
and photo-key development for the Manitoba Model Forest.

17.	 Major Co-operators: 

i)	 Internal - FC
- Maynard, Sidhu (NOR-07); Navratil, Edwards (NOR-10); Yang, Hans (NOR-04)

Great Lakes Forestry Centre
- in Green Plan DSOBIP studies of Sims and McKenney
- Co-supervision of contracts with R. Sims on "Indicator Plants" and site classification

field guide for Manitoba
Petawawa National Forest Institute

- in Green Plan DSOBIP initiative re. Inventory Projection System work by T. Moore.
Also M. Strome team leader of Green Plan DSS.

Maritimes Forestry Centre
- cooperation with Dr. D. MacLean on development of inventory projection system

under Green Plan DSS.
Pacific Forestry Centre

- Cooperation with Dr. D. Pollard in implementing a Green Plan Ecological Reserve on a
Foothills Forest

Forestry Canada Winnipeg
- cooperation with J. Ball as district contract for site classification contract and for DSS

related work in Manitoba District Office
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I
Forestry Canada Prince Albert

- cooperation with P. Loseth in implementing site classification contract for
Saskatchewan.

ii)	 External -

111	 Hughes Aircraft Canada
- Contract supervision in functional design specifications for DSOBIP program of Green

Plan (K. O'Connor, M. MacDonald).
Alberta Research Council

- Contract supervision related to DSOBIP above plus refinement of Naia on Weldwood
FMA (J. Mulder).

ESRI Canada
- cooperation with Naia on Weldwood and possible collaboration in implementation of

ARC-Forest at NoFC.
Manitoba Forestry Branch

- cooperation with R. Lamont and G. Becker as Manitoba contacts for two site
classification contracts.

Saskatchewan Forestry Branch
- cooperation with D. Lindenas and J. Benson as Saskatchewan contacts for site

classification contract.
Alberta Forest Service

- H. Archibald for site classification work; T. Lakusta and D. Morgan for mixedwood
succession work; J. Kitz and K. Branter for regeneration standards task force; C.
Henderson D. Dermott, D. Fregren for Alberta PAIF A committee.

Weldwood Hinton
- S. Curry and B. Maier for site classification and Naia; W. Rugg and D. Renaud for

Forestry Practices study
Weyerhaueser, Prince Albert

- R. Orynik for Model Forest related activities

1	
University of Alberta

- D. Pluth and J. Robertson (Soil Science).
- FERIC (West) - Cooperation with chipped residue application in Forestry Practices

study.

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the study activities of previous
years and concluded that these activities were not potentially detrimental to the environment.
However, a re-evaluation may be appropriate in light of activities planned under the Green Plan
Forestry Practices program.

FC-NWR EARP Committee Approval Date: March 31, 1993

I
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NOR 02-04

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: January 11, 1994

STUDY TITLE: Remote sensing and GIS technologies for inventory and mixedwood management

Responsibility Centre: Northwest Region (8133)

Program: Forest Resources

Project Title: GIS, Forest Inventory & Site

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan

7.	 Study Staff:

Name

Study Leader Ron Hall

Team Members

R/S Tech ('94-'95) Richard Nesby

GIS Tech 0.15 per/yr Rex Kalenith

Study Key Words: inventory, remote sensing, Geographic Information Systems (GIS), mixedwood
management, biometrics, digital image analysis, satellite imagery, aerial photography, large-scale
photography (LSP), technology transfer.

Study Activity: 2224

1
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

Ron Hall FO-2 (P) 0.00 0.00 1.00

R/S Tech (Term) EG-5 (T)

Rex Kalenith EG-5 (T) 0.10 0.10 0.00

FTEs 0.10 0.10 1.00

Study Background and Problem Analysis

Forestry is a spatially distributed resource and increasing needs for inventory information relevant to
mixedwood management, presents both an opportunity and requirement to evaluate new
digital/analogue remote sensing and Geographic Information System technologies, to augment or
replace conventional survey methods. Parallel to the information needs however, are both new sensors
and improvements in existing, airborne (e.g., MEIS, imaging spectrometer, FMC aerial cameras, laser,
GPS) and satellite (e.g., RADARSAT, SPOT, ERS-1, LANDSAT) sensors that offer a much wider
diversity in information acquisition of forest resources than ever before. Research is needed for both
digital processing of remote sensing data and integration with spatially referenced geographic
information, to produce the products relevant to mixedwood management. Such technologies are also
emerging as new tools for determining spatially-based, biological relationships of forest stand
susceptibilities to forest pests. Quantifying such relationships potentially results in significant
improvements to forest management decisions.

A newly defined regional strategic priority in developing Mixedwood Management Decision Support
Systems (DSS) will entail development of suitable remote sensing inputs and integration within a GIS
and DSS framework. Such systems generally require large amounts of data that are both diverse and up-
to-date. The greatest contributions of remote sensing to these systems are its currency and ability to
detect changes in the forest landscape with multidate observations.

Three new studies were initiated by the Alberta PAIF during 1993/94 to address regional mixedwood
forest inventory problems. A fourth study was managed on behalf of the Manitoba District Office. The
first study is to determine the spatial distribution and presence of conifer understory under a hardwood
canopy to assist management of the land base. Landsat TM and SPOT multidate image data will be
evaluated using ground and photo interpreted information represented in a GIS to produce image maps
that could be exported as a data layer in a GIS. For the second study, it is generally known that the
accuracy and reliability of inventory information depicted on forest cover maps is influenced by the
quality of aerial photographs interpreted. The objective of the second study is to determine the
characteristics of aerial film products that produce the highest interpreted accuracies of cover type
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attributes depicted on forest cover maps. The third study is directed at updating large-scale photo
volume sampling methodology for application to the Alberta Vegetation Inventory. The objective of the
fourth study is to use neural networks technology to characterize empirical relationships between
ecological land systems classes and spatial data from multisources.

12. Study Objectives:

i)	 Objectives:

To assess, develop and apply new remote sensing & interpretation (digital image analysis)
techniques in the inventory and monitoring of forest resources relevant to mixedwood
management with consideration for GIS integration.

a) For example, To undertake projects of regional importance such as inventory
methodology for mapping conifer understory as support, time and fmancial resources
allow.

To provide advisory and technology transfer services in the acquisition, uses, analyses of
remote sensing imagery, mapping, survey design, GIS, microcomputers, and in the operation
of interpretation equipment.

To enhance and maintain a comprehensive image acquisition, image analysis, and GIS
laboratory for cooperative studies.

To cooperate in developing a Mixedwood Management Decision Support System under the
Green Plan and PAIF as one of the regional strategic priorities.

ii)	 Deliverables

Short Term (1-5 years):

Completion of PhD thesis on determining spatial relationships of jack pine budworm top-kill
defoliation patterns. Completion of Alberta PAIF projects addressing mixedwood inventory
problems such as conifer understory and development of technology transfer plans for operational
implementation where appropriate. Development of new air photo acquisition specifications for
contracting aerial photography for forest inventory purposes, and to deliver a series of seminars
describing their use. Creation of remote sensing and GIS information and image databases (e.g.,
RESORS, Procite, etc) for R&D and technology transfer purposes. Creation and delivery of aerial
photo acquisition technology seminars to the region. Complete a secondment arrangement with the
Alberta Government for cooperative studies and technology transfer.

Long Term (5 years and beyond):
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The requirement for up-to-date data in GIS applications and the increasing diversity of airborne
and satellite remote sensing data sources will increase integration opportunities. An updated forest
inventory terminology guide consistent with U.S. terms where possible should be in place.
Evaluation of new remote sensing data at resolutions appropriate to assist mixedwood
management decisions must be undertaken and packaged for delivery. One example is the
development of methodology for incorporating remote sensing data into the Mixedwood
Management Decision Support System.

iii)	 Significant Linkages:

Alberta Environmental Protection (Forest Measurements), Resource Information Branch
W.R. Dempster & Associates
Daishowa-Marubeni Canada
Forestry Corp.
University of Calgary, Departments of Geography, Geomatics Engineering
University of Alberta - Spatial Information Systems Working Group
Petawawa National Forestry Institute
Canada Centre for Remote Sensing
PCI Incorporated
Intera Tydac (SPANS)

13.	 Progress and Achievements

Previous activity included development of a computer-based, large-scale aerial camera system which
included a second system for Yukon Forest Resources. There have been several LSP applications with
particular emphasis on regeneration assessment. Subsequent studies have been directed at defining the
aerial film specifications that are optimal for forest inventory. Updating LSP methodology for volume
sampling in the Alberta Vegetation Inventory Program has been initiated. A study to relate film
characteristics to specific forest cover attributes commenced in 1993 in cooperation with the Canadian
Forest Inventory Committee. Analogue and digital remote sensing techniques were applied to forest
tent caterpillar defoliation mapping, cutover mapping, and broad forest covertype mapping. Special
image enhancements were developed for high resolution MEIS data of the mixedwood Boreal forest in
cooperation with PNFI. There have been 26 papers published, 4 file reports written, and 51
manuscripts technically reviewed.

Significant progress has been made on the PhD under Longer Term Training with completion planned
during the 1994-95 fiscal year. The LSP camera pod has now been used for 5 years on fire hotspot
detection, fire behavior and smoke management studies with a thermal infrared line scanner. Some
technology transfer activities such as advice and review of aerial photos for spruce budworm
defoliation, remote sensing/GIS methodologies for conifer understory and forest inventories, and
vegetation mapping have been undertaken.
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14.	 Goals and Accomplishments (1993-94)

Completion of the PhD degree and prepare draft papers from Phase 2 (digital remote sensing)
and 3 (GIS and spatial analysis) for submission to an appropriate journal. If appropriate, draft
paper on spatial analysis methodology for presentation at GIS '94 in Vancouver.

Phase 1 paper (representing Thesis Chapter 4) was published in the Canadian Journal of Forest
Research. Two introductory background chapters were also completed in 1993. Introduction and
methods sections of Phase 2 paper (Thesis Chapter 5) have been written and analysis should be
completed by March '93. Spectral separabilities between Landsat TM data and photo-interpreted
top-kill from the SPANS GIS are being computed and analyzed. Phase 3 database has been
completed and is awaiting analysis. Significant time commitments from other projects have
delayed completion. Noteworthy is over the term of LTT, several studies were finished and 9
papers were completed and published of which only 1 manuscript was thesis related. Goal is to be
repeated.

Manuscript review from:
Fern, L., R.J. Hall, and R.K. Nesby. Aerial films for forest inventory: optimizing film parameters
submitted to Photogramm. Eng. Remote Sensing.

The paper was reviewed, revised and resubmitted. It was accepted for publication during the
summer of 1993.

Undertake Canada-Alberta PAIF study with Alberta Forest Service on the influence of air
photo quality on photo interpretation accuracies offorest inventory cover type attributes.

Data collection completed and analysis in progress. A presentation was made to the Canadian
Forest Inventory Committee. A paper tentatively entitled, "Influence of aerial film types on the
interpreted accuracies and classification of forest stand attributes" is being prepared.

Complete phase I of Canada AlbertaPAIF study by obtaining spectral reflectance
measurements of aspen, balsam poplar and white birch. Select study areas and sample sites in
cooperation with Slave Lake Pulp and Alberta Forestry. Compare and draft a report on
variations in spectral reflectance curves.

Project was cancelled due to work from other projects and added goals.

5. Initiate Canada Alberta PAIF study to evaluate Landsat and SPOT imagery for detecting
softwood understory under a hardwood canopy. Select study area and sample sites in
cooperation with W.R. Dempster & Associates and Diashowa Canada. Prepare contract
specifications and manage project.

Contribution Agreements were negotiated with WR Dempster & Associates, Forestry Corp., and
Radarsat International. An Understory Classification system was created with Daishowa-
Marubeni and the Forestry Corp. A Statement of Work was completed and contract awarded,
Leaf-off / Leaf-on Landsat data were ordered, and conifer understory map created from photo
interpretation and air/ground surveys. Understory polygons are being integrated into the satellite
image database. Analysis has been initiated.
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6. Provide advisory services in remote sensing, forest inventory, and GIS to NoFC clients and
colleagues as required and particularly:

Cooperate with NOR 05-02 (Ogilvie) in providing maintenance support to the LSP camera
pod and radar altimeter for the Ontario and BC prescribed fire behavior and smoke
management studies. Also, to provide advice as required on possible remote sensing
methods to analyze the data acquired from the FLIR and AIRDMAS (Airborne InfraRed
Data Management and Analysis System), and to explore avenues for GIS integration in
developing fire applications.

Held several discussions on possible remote sensing methods and travelled to the University
of Iowa with NOR 05-02 Study Leader to review how thermal IR scanner data were being
analyzed. Potential cooperative projects have been discussed but not pursued due to other
commitments.

Continue as member of the SPANS User's Group.

Continued as member of SPANS User's Group, compiled minutes from 1-day Technical
User's Exchange Forum held in February and distributed them to attendees.

Continue as member of the ForCan Remote Sensing Working Group.

Provided annual report update as member of Remote Sensing Working Group, attended
meeting in Victoria, was elected Chair for two year term. Meeting will be hosted at NoFC in
1994.

Continue as member of the Terminology Subcommittee of the CFIC and work to gather
terms for the 4th edition.

Continued as member of CFIC Terminology Subcommittee, no action based on nonactivity
from Chairman.

e) Review manuscripts as requested by scientific/technical journals and NoFC manuscript
review process.

Reviewed several contract proposals, reports and manuscripts.

7. Assume responsibility for supervision of a contract project because offederal direct funding
from Alberta PAIF with Dendron Resource Surveys entitled, "Development of a large-scale
photo (LSP) volume sampling program for the Alberta Vegetation Inventory (AVI) Program."
Establish database for evaluating taper models with photo measurements for tree volume
estimation.

Prepared statement of work in cooperation with Forest Measurements of Alberta Environmental
Protection and modified methodology as needed to facilitate suitability for operational use.
Transferred HP desktop computer equipment to facilitate establishing an operational measurement
program. Evaluation of taper models for tree volume estimation with photo measurements will
follow based on knowledge gained from PhD work.
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8. On request from the Manitoba District Office, negotiate and establish a project based on a
proposal submitted by the University of Calgary on neural networks and site classification to
be co-supervised with I. Corns (NOR 02-01).

On behalf of Manitoba District Office, negotiated and established a project with the University of
Calgary entitled, "Ecological land systems classification using multisource data and neural
networks." Contribution Agreement was established under 5022M. Based on preliminary results, a
paper proposed for GIS '94 was reviewed with I. Corns.

15.	 Information Activities 

Journal Publications:

Hall, R.J., Si. Titus and W.J.A. Volney. 1993. Estimating top-kill volumes with large-scale
photos on trees defoliated by the jack pine budworm. Can. J. For. Res. 23(7): 1337-1346.

Fent, L., R.J. Hall, and R.K. Nesby. 1994. Aerial films for forest inventory: optimizing film
parameters. Photogramm. Eng. Remote Sensing. Accepted for publication by journal.

Other reports:

Gong, P., A. Zhang, J. Chen, R.J. Hall, and I.G.W. Corns. 1994. Ecological land systems
classification using multisource data and neural networks. Submitted to GIS '94.

iii) Lectures, courses, seminars and scientific addresses:

Hall, R.J. and L. Fent. 1993. Influence of film type and contrast on interpretation accuracy of
crown closure and stems per hectare. Presentation at the Annual Canadian Forest Inventory
Committee Meeting, Winnipeg, Manitoba. June 1st.

Hall, R.J. 1993. Overview of forestry remote sensing activities. Presentation to Manitoba District
Office Staff. Winnipeg, Manitoba. June 2nd.

Hall, R.J. 1993. Integrating remote sensing and GIS technologies and methods of digital image
enhancement. Presentation to Visiting Chinese Delegation sponsored by FAO. July 13th.

Hall, R.J. 1993. Slide show depicting diversity of careers in Forestry. Presentation to Edmonton
Southeast Junior Forest Wardens. November 8th.

Hall, R.J. 1993. A3 remote sensing projects progress report. Presentation to A3 Canada-Alberta
PAIF Committee. November 14th.
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Transferred Hewlett-Packard computer equipment and computer programs to facilitate
establishment of an operational LSP measurement system. This includes programs for flight
planning, survey traverse, shim size, and sun angle. Forest Measurements, Alberta Environmental
Protection. The Procom 2 image transfer instrument was also permanently transferred to the
Province of Alberta for use in their update program.

Organized 1 Y2 day visit (July 13-14) on behalf of Judy Samoil, Technology Transfer (NOR 33-
01), for a FAO sponsored Chinese Delegation on a fact finding mission to establish a National
Forest Resources Monitoring System. To meet their objectives, outside speakers from the
University of Alberta and Alberta Government, and several computer demonstrations also
participated.

Conducted literature search on RESORS and provided summary lists on remote sensing of water
depth for I. Campbell, NoFC (NOR 16-04).

Assisted the Canada Centre for Remote Sensing in ground checking several Radar Enhancements
for species discrimination with I. Corns (NOR 02-01). Discussed image enhancement approaches
applicable to the Boreal Forest and discussed possibilities of future cooperation.

Reviewed remote sensing proposals at the request of Saskatchewan District Office (NOR 46) and
provided advice on methods appropriate for the Northern Saskatchewan Digital Land Cover pilot
study being undertaken by the Saskatchewan Research Council. This assistance will extend into
'94-'95 in a larger capacity.

Provided technical information and discussed mechanics for undertaking an aerial photo
evaluation project for forest inventory to Bob Durocher, Abitibi-Price, Manitoba.

Answered a long series of questions and provided technical responses and information via Internet
Email and mail on photo mensuration, aerial camera technology, and aerial films to Drs. X. Yuan
and Mik Kovats, BC Ministry of Forests.

Answered request for technical information and statistical methodology for comparing various
remote sensing media for accuracy of mapping forest cutovers to BC Ministry of Forests,
Inventory Branch, Remote Sensing Section (David Skea, John Wakelin).

Provided background and technical information on remote sensing for conifer understory to Jim
David and Mark Gillis, BC Ministry of Forests, Fort St. John and Victoria, respectively.

Answered calls/requests for technical information on various remote sensing, forest inventory,
statistical, and GIS subjects to: Betty Bezwick (Parks Canada) - evaluating vegetation damage,
Bob Dick (New Brunswick Dept. of Natural Resources) - aerial films, Bryan Lee (NoFC) -
ERDAS/NOAA, C. Bullock (Global Remote Sensing) - forest regeneration surveys, Mike
Cartrell/Steve Price (NoFC) - procuring satellite image mosaic, Tim Williamson (NRC Ottawa) -
Radarsat, Doug Pronger (Manitoba District Office [NOR 42]) - neural networks, Jens Roland
(University of Alberta) - remote sensing for monitoring forest tent caterpillar, Lorne Brace/Stan
Lux (NoFC) - conifer understory.
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16.	 Goals 1994-95

1.	 Completion of the PhD degree and prepare papers from Phase 2 (digital remote sensing) and 3
(GIS and spatial analysis) for submission to appropriate journals.

Complete Canada-Alberta PAIF study A8049 with Livio Fent of Resource Information Division,
Alberta Environmental Protection, by presenting results to the annual CFIC meeting to be held
during latter May/early June in Victoria, B.C. Complete and submit to an appropriate journal, a
paper tentatively entitled, "Influence of aerial film types on the interpreted accuracies and
classification of forest stand attributes."

Continue with Canada-Alberta PAIF study A8048 on evaluating Landsat and SPOT imagery for
detecting softwood understory under a hardwood canopy. Conduct second season field work to
evaluate preliminary classifications. Cooperate with contractor on proposed paper for Resource
Technology '94 or an appropriate journal.

On behalf of Manitoba District Office, continue management of a project with the University of
Calgary entitled, "Ecological land systems classification using multisource data and neural
networks." Contribution Agreement was established under C/M PAIF 5022.

Based on LSP data generated from Canada-Alberta PAIF project (A8055) contracted to Dendron
Resource Surveys entitled, "Development of a large-scale photo (LSP) volume sampling program
for the Alberta Vegetation Inventory (AVI) Program," cooperate with Forest Measurements group
to complete statistical analysis and evaluation of volume estimates from provincial taper models
with photo-measured data.

6.	 Provide advisory services in remote sensing, forest inventory, and GIS to NoFC clients and
colleagues as required and particularly:

continue as member and Chair (1994-95) for CFS Remote Sensing Working Group. Organize
and host annual meeting during Fall of 1994.

assist as required on Camada-Saskatchewan remote sensing PAIF project (S6074 - K. Yurach)
with Saskatchewan Research Council on "Northern digital land cover mapping pilot study."

provide advice and technical assistance to the Manitoba Model Forest project on "Enhanced
resource inventory" by specifying aerial films, exposure and processing, project planning and
analysis techniques.

continue as member of the SPANS User's Group.

continue as member of the Terminology Subcommittee of the CFIC and if time permits,
assume responsibility for project coordination to assemble terms for the 4th edition.

review manuscripts as requested by scientific/technical journals and NoFC manuscript
process.
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17.	 Major Co-operators:

Internal - Canadian Forest Service

Region ID# Title Contact name

NoFC Project Leader Ian Corns

GIS Technician Rex Kalenith

Remote Sensing Tech Richard Nesby
starting 07/94

Sask. District Office Ken Yurach

PNFI Don Leckie

External -

Establishment ID# Title Contact name

Alta Forestry, AFS Dave Morgan
Livio Fent
Tom Lakusta
Richard Nesby
Shongming Haung

Forestry Corp. Neil Stevens
Dean Patterson

CFIC Members

Daishowa-Marubeni Steve Luchkow

Canada Centre for
Remote Sensing

Frank Ahern

18. Environmental Implications:

Environmental Impact/Assessment Review Statement
FC-NWR EARP Committee Approval Date: March 31, 1993
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Name

Study Leader R. C. Yang

Team Members

NOR 2-08

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: Jan. 11, 1994

STUDY TITLE: Fertilization and thinning of semi-mature lodgepole pine stands

Responsibility Centre: Northern Forestry Centre

Program: Forest Resources

Project Title: GIS/Site Classification

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan, Manitoba

7.	 Study Staff:

Study Key Words: Soils, fertilizers, growth and yield, mensuration, productivity, thinning/spacing

Study Activity: 

10.	 Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Category Previous Budget Revised Forecast Upcoming

R.C. Yang SE-RES-2 (P) 0.1

S.Lux EG-5 (T) 0.0

FTEs 3.65 3.65 3.90

1

1
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Study Background and Problem Analysis

Although fertilizing has been found to improve lodgepole pine productivity, information on nutrient
requirements of this species remains sparse. Knowledge on the mechanism of the species responding to
thinning and fertilization treatments is especially limited. A correct diagnosis of nutrient requirements is
often cited as a pre-requisite to effective fertilization along with the density control of the stand. The
latter is particularly important in young lodgepole pine, which often grows in over-dense stands.
Previous study results (NOR-4-04) showed improved diameter and volume growth of two 30-year-old
stands after fertilization; stand growth response, however, was obscured by high and variable mortality
associated with excessive stand density. This suggests that fertilizer should be applied in combination
with thinning to improve stand productivity.

Results from this study will provide input and models to the regional strategical plan to develop decision
support systems for forest management.

The study area is located within Weldwood Canada Forest Management area, the site of Foothills Model
Forests. A proposal is being submitted to establish the study area to demonstrate biological responses of
under- and over-storey vegetation to thinning and fertilization on lodgepole pine stands.

Study Objectives:

i) Objectives

To assess the effect of thinning and N fertilization on growth of semi-mature lodgepole pine.

To quantify the effect of thinning, fertilization and their combined effects on nutritional status
in trees and soils and to establish relationships between tree growth response and nutrient
status.

To develop a diagnostic technique for fertilizer prescription of lodgepole pine from the above
relationships.

To obtain growth response information to fertilization for other regional commercial tree
species as warranted by available data sources.

ii) Deliverables

Short Term (1-5 years)

Publish effects of fertilization and thinning on foliar and soil nutrient status and on tree
growth and stand yield.

Provide advise on forest fertilization.
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Long Term (5 years and beyond)

1. Publish guidelines on fertilization and thinning for lodgeppole pine stands.

iii) Significant Linkages:

Green Plan Model Forests.

Decision support system.

iv) Methodologies

Progress and Achievements

This study was initiated in 1984. Seventy-two 0.03-ha circular plots were established and half of the
plots were thinned; all plot trees were tagged and tallied at establishment. Nitrogen at four levels
(0, 180, 360 and 540 kg/ha) along with 40 kg/ha each of P, and S were applied in the fall, 1985. Foliar,
ground vegetation, and soils were sampled in 1985 prior to fertilization and 1986, 1987, 1988, 1989 for
nutrient analyses. Laboratory analyses of all soil and foliar samples have been completed.

Dimensional changes in current needles in thinned and fertilized plots become visually noticeable two
years after treatment. The information on needle length and weight in combination with nutrient status
in soil and foliage following treatment provide needed data for predicting growth response and
diagnosing nutrient requirement of lodgepole pine.

Effects of N in combination of P and K fertilization on 35-year-old aspen growth and yield was
published.

Goals and Accomplishments (1993-94)

Continue data analysis on 5-year growth response of lodgepole pine following fertilization and
thinning.

Data analysis on 5-year growth response is near completion; results will be incoporated in 10-year
growth responses.

In cooperation with the Foothills Model Forest, establish the study area for demonstrating
under- and over-story vegetation responses following thinning and fertilizing semimature
lodgepole pine.

A proposal to establish a fertilization and thinning demonstration site in cooperation with the
Foothills Model Forest was not successful; the model forest is to demonstrate integrated resource
management rather than the traditional timber production.
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Establishment Contact nameTitle

Weldwood Canada

3.	 Provide advice and carry out technology transfer on mensurational problems related to forest
fertilization.

Provided advice on forest fertilization as requested.

Information Activities 

Technology transfer: provided information on growth and yield of boreal species after
fertilzation to a consulting firm.

Goals 1994-95

1.	 Remeasure the fertilization and thinning plots to assess growth responses of semimature lodgepole
pine following nitrogen and density control.

Conduct data analysis on 10-year growth response of lodgepole pine following fertilization and
thinning.

Provide advice and carry out technology transfer on mensurational problems related to forest
fertilization.

17. Major Co-operators: 

Internal - FC

Region
	 ID#
	

Title
	 Contact name

External -
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18. Environmental Implications:

i)	 Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of the following clarifications provided by the study leaders, the committee concludes
that no further action is required:

The treated area is only 1.5 ha.

The terrain is flat and there are no creeks in the area. As a result there is no possibility of
the fertilizer moving off-sites into nearby water bodies.

3.	 The fertilizer is applied by manually-operated cyclone spreaders.

ii)	 FC-NWR EARP Committee Approval Date: March 31, 1993
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NOR 2-09

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: January 11, 1994

STUDY TITLE: Development of decision support systems for mixedwood management

Responsibility Centre: Northern Forestry Centre

Program: Forest Resources

Project Title: GIS/Site Classification

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan, Manitoba

7. Study Staff:

Name

Study Leader R. C. Yang

Team Members Harinder Hans

vice A. Chow

Study Key Words: decision support system, mixedwood decision support system, integrated forest
resource management, multiple use forest management

Study Activity: 2224

I
I
I

I
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10. Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Category Previous Budget Revised Forecast Upcoming

R.C. Yang SE-RES-2
(P)

.90 .90

H. Hans CS-2 (P) 1.0 1.0

A. Chow 2.90 .20

FTEs 2.90 2.10

Study Background and Problem Analysis

Spruce-aspen is one of the most important cover types in the Mixedwood Forest Section (B.18a) of the
Boreal Forest Region. Management of the two-storey structured forests has been a challenge because of
its complexity. The management objective was relatively simple in the past when the general practice
favored the production of white spruce timber. A series of experimental cutting to release white spruce
from aspen competition have been carried out in this region dating back 50 years ago and information on
white spruce growth following release from aspen competition are available. The issue became more
complicated due to the rising economic position of aspen in this region and to the public demand of
managing the biodiverse mixedwood forests for multi-resources (wildlife, recreation, watershed etc.).

Management of mixedwood forests is a complex process involving knowledge in ecology, biology and
economics. A large amount of information is available on mixedwood management, but it is fragmented
and hard to use. Recent advances in computer hardware and software technology make it possible to
synthesize and structure this wealth of information as well as knowledge and experience of experts in a
system which is readily accessible and easily useable by practitioners. Such a system and decision
framework can now be represented as a decision support system (DSS) -- a branch of artificial
intelligence (AI) techniques.

Study Objectives:

i) Objectives

To synthesize fragmented and dispersed research results, practical knowledge and heuristic rules
into organized, integrated and readily accessible information base.

To integrate resource management tools such as geographical information systems (GIS), database
management systems (DBMS), knowledge-base systems (KBS), and simulation models in decision
support systems (DSS) to facilitate effective and efficient decision-making.
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ii) Deliverables

Short Term (1-5 years)

Decision support system prototypes for evaluation and validation.

Publish articles on GIS, database management, expert system techniques related to forestland
management.

Long Term (5 years and beyond)

Development of decision support systems for forest management applications.

Technology transfer and commercialization of developed DSS.

iii) Significant Linkages:

Green Plan decision support system initiatives.

Green Plan model forest initiatives.

3. Canada-Alberta and Canada-Manitoba Partnerships Agreement in Forestry.

13.	 Progress and Achievements

This study is based on data from experiments on releasing white spruce from aspen competition
established in early 1950's in Manitoba and Saskatchewan (MS-153) and Alberta (A-13). Plots were
remeasured 5 and 10 years following release. Five reports were published.

Another remeasurement of release response has been initiated in 1985, 35 years after establishment. Data
analysis on individual tree release in Slave Lake, Alberta (A-13) has been completed. Three reports will
provide needed information set forth in the study objectives.

Recent advances in applying artificial intelligence (AI) techniques to natural resource management
prompted changes in study objectives towards developing decision support systems (DSS) for boreal
mixedwood management. A conceptual DSS prototype for aspen stand management has been developed
and a system encompassing harvesting, regeneration, and tending are under developing.

Aspen Management Information System, a hypertext system consists of textual and graphic information
for aspen management, has been developed under the Microsoft Windows environment. The user friendly
system was demonstrated extensively to clients and responses were so favorable that the Technology
Development Unit decided to commercially market the package. Production of the commercial package is
in progress.
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14.	 Goals and Accomplishments (1993-94)

Complete and publish Aspen Management Information System.

The Aspen Management Information System was completed and a user's manual was prepared. The
system has been extensively demonstrated at various occasions. Responses were so overwhelmingly
favorable the Technology Development Unit decided to commercially market the system. Production
of the system for commercial release is in progress.

In cooperation with knowledge engineer, domain experts in house and outside agencies to
develop silvicultural and harvesting knowledge systems to enhance the capability of the
Mixedwood management DSS prototype.

The development of knowledge systems for silvicultural decision-making is in progress. A new
strategy will be taken due to the lack of the expected knowledge engineer support.

Demonstrate the DSS prototype to outside agencies for evaluation and validation of decision
models; solicit input for improvement and enhancement.

The prototype was demonstrated to participants at workshops and several AFS and NWT forestry
staff. Suggestions from practitioners were incorporated in the system.

Prepare manuscripts on 1) analyzing geo-dataset using spreadsheet and 2) the mixedwood DSS
prototype for publication.

A manuscript on analyzing geo-referenced dataset using spreadsheet techniques has been drafted; a
manuscript documenting the mixedwood DSS prototype is under preparation.

Port the mixedwood DSS prototype to Unix platform under Arc/Info environment; develop X
windows programming skill to link Nexpert Object to Arc/Info.

The PC version DSS prototype was successfully rewritten using Arc/Info macro language and now
running on the Unix platform.

In cooperation with Dr. I. Corns (NOR 02-01), prepare a proposal for funding a silvicultural
knowledge engineer position through the Green Plan DSS initiatives.

The proposal for funding was not successful, but the knowledge acquisitioner position was not
filled.

7. In cooperation with the Foothills Model Forest, develop a GIS-based stand-level system for
designing and evaluating silvicultural strategies.

A cooperative research to develop boreal mixedwood forest succession and inventory projection
models has been initiated in conjunction with the Foothills Model Forest and the Alberta Forest
Service. The models once developed will be used for evaluating management strategy.
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Revise and publish the manuscript entitled "Comparison of yield for different harvest scenarios
in white spruce - trembling aspen stands".

The revision is completed and has been re-submitted for review.

Prepare a paper on linking GIS to decision support models for presentation at GIS 94,
Vancouver, B.C.

A poster presentation has been accepted and will be presented at GIS'94, Vancouver.

10. Explore the possibilities of cooperating with U.S. Forest Service scientists in developing
silvicultural knowledge systems.

Discussions with Dr. H. Michael Rauscher of US Forest Service North Center Forest and Range
Station, Grande Rapids, MN, indicated opportunities for a cooperative project; these opportunities
will be further explored.

15. Information Activities 

Other reports

Aspen Management Information System User's Manual, 32 p.

Lectures, courses, seminars and scientific addresses

Development of decision support systems for boreal mixedwood forest management at Forestry
Canada, Northwest Region. Paper presented at the Integrated Forest Management for Boreal
Mixedwood Workshop held at University of Alberta, Edmonton, Alberta Jan. 28-29, 1993.

Developing a forest management decision support system for Prince Albert Model Forest. Paper
presented at the Prince Albert Model Forest Workshop held in Prince Albert, Saskatchewan,
Mar. 11-12, 1993.

3. Research and development of decision support systems for forest management. Paper presented
at a seminar held at Taiwan Forestry Research Institute, Taipei, Taiwan, May 6, 1993.

v) Technology transfer:

Demonstrated the DSS prototype to the Alberta Forest Service and the Northwest Territories
forestry staff and various visitors including Forestry Canada senior managers.

Assisted and demonstrated the Aspen Management Information Systems at various occasions.

Served as a reviewer for the Forestry Chronicle.
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16. Goals 1994-95

Complete the production of the Aspen Management Information System for commercial release;
prepare a manuscript describing the system for possible journal publication.

Draft a manuscript on the Mixedwood DSS prototype tending component and submit it for review.

Conduct research to develop boreal mixedwood forest succession and inventory projection models
based on data provided by the Alberta Forest Service and the Foothills Model.

Continue to develop decision support tools for forest inventory projection using Arc/Info macro
language and to enhance the mixedwood DSS prototype.

Revise and publish the forest management note entitled "Comparison of yield for different scenarios
in white spruce-trembling aspen stands".

Further explore the cooperative opportunities with US Forest Service scientists on DSS
development.

17. Major Co-operators: 

Internal - FC

Region
	

Title
	

Contact name

External -

Establishment
	

ID#
	

Title
	

Contact name

Foothills Model
Forest

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On the
basis of information provided by the study leaders, the committee has concluded that these activities
are not potentially detrimental to the environment.

FC-NWR EARP Committee Approval Date: March 31, 1993
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NOR 4-01

NATURAL RESOURCES CANADA
CANADIAN FORESTRY SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: January 18, 1994

STUDY TITLE:	 Analysis of growth and yield of major timber species in the prairie provinces

Responsibility Centre: Northwest Region (8135)

Program: Forest Resources

Project Title:	 Stand Productivity

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan, Manitoba

7.	 Study Staff:

Name

Study Leader Bella

Team Members Gal

S. Lux

Study Key Words: 

Research coordinator, project leader, working groups, growth and yield, models

Study Activity: 2223
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10. Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Category Previous Budget Revised Forecast Upcoming

Bella SE-RES-3
(P)

1.00 1.00 1.00

Gal 1.00 1.00

FTEs 1.00 2.00 2.00

Study Background and Problem Analysis

As forestry activity and demand for wood fibre increases in the region, so does demand for information
on growth and yield of the major commercial tree species, whether they are growing in old growth, fire
origin stands or in second growth stands following harvesting. The most important problems include:
predicting growth and yield in natural, unmanaged stands; predicting growth and yield of managed,
planted, seeded stands that were spaced, thinned and possibly fertilized; the effects of insects, diseases
and other agents on growth and yield; species selection for optimum growth and development on a given
site; and synthesizing tree and stand growth information into suitable predicting models to be used for
estimating Annual Allowable Cut (AAC). This information and models are essential to the development
of Decision Support Systems (DSS) in forest management.

Study Objectives:

i) Objectives

Provide project leadership, advice and technical transfer to project and regional forest
development agreement staff, clients and the Growth and Yield Cooperative in growth and
yield R & D activities.

Develop and evaluate growth and yield models for natural and managed stands of the
major timber species in the region and facilitate the implementation of those models in the
regional DSS. Obtain managed stand growth and yield information from related spacing,
thinning and fertilization experiments.

Develop stand tending treatment prescriptions for different species for use by forest
managers.

Conduct intensive short-term studies on timely problems as required by clients, including
those related to federal-provincial partnership agreements in forestry and Green Plan -
Model Forest initiatives.

1

1

1
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5. Cooperate in the development of forest management DSS in the region as design team
member and domain expert on natural and managed stand yield and modelling.

ii) Deliverables

Short Term (1-5 years)

Cooperate in the development, completion, tech transfer and implementation of a system of
growth and yield predicting models for the major forest cover types and sites in the region
(linkages to Alberta and Saskatchewan PAIF).

Cooperate in the development, completion and implementation of new height growth - SI
curves for the major species in Saskatchewan (linkages to Sask. PAIF).

Develop models to predict growth and yield of mixed wS-tA stands after partial cutting of
the wS component (linkages to Alta. PAIF).

Incorporate all this information and models in the regional forest management DSS.

Long Term (5 years and beyond)

Continue enlarging the regional growth and yield knowledge base and models, and keep improving
the regional forest management DSS.

iii)	 Significant Linkages:

provincial forest services in the region
major forest industries
regional growth and yield cooperative
Green Plan, Foothills Model Forest
University of Alberta
activities in IUFRO
FORCAN modelling working group
cooperative work with PFC
NSERC visiting scientist program

13. Progress and Achievements:

A series of PSPs established in the past are still being monitored to track growth and development of
old growth stands of 1P, jP, wS, and tA. Some of these plots date back 30 years or more. Data were
analysed as they became available, and preliminary yield tables published for jP, 1P, wS and tA. Many
of these plots--most of them 1P--are still intact, are being remeasured periodically and will provide
increasingly useful information in the future.

Thinning and spacing experiments, and some growth monitoring plots in operational thinning trials,
have been established in jP, 1P, rP, tA, and wS. Results are published as they become available, and the
studies provide increasingly important information on managed stand yield. Thinning equipment
performance trials were also conducted, analysed and published.
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At the request of the Alberta Government, intensive short term studies were conducted on regeneration
standards, and tree growth response along seismic lines. Results were analysed and published.

Studies have been initiated to determine the impact of insects, diseases and other agents on growth and
yield, particularly in stands following harvest. Preliminary results and recommendations have been
presented at symposiums and/or published.

Over 30 reports and journal articles have been published on growth and yield, on thinning and spacing
response and on related problems referred to above for jP, 1P, rP, sP, and wS by Bella, I.E. and
DeFranceschi, J.P.; Cayford, J.H. Jameson, J.S., Johnstone, W.D., Steneker, G.A., Wilson, G.M and
Yang, R.C. between 1950 and present.

Leadership function and technical transfer are important and continuing activities under this study, with
an added new trust through the Regional Growth and Yield Cooperative.

Most work in growth and yield model evaluation and development is currently centred on our effort to
complete the development of managed stand yield tables (models) for lP and wS, initially funded under
Canada-Alberta FRDA agreements, and to develop a comprehensive system of models for updating
forest inventories and calculating AAC's across the region (Alta., Sask., Man.).

Treatment prescriptions, particularly for spacing and thinning, are developed as data becomes available
and are passed to the user through workshops, field tours and printed form.

All treatment response and prescription information together with Growth and Yield forecasting models
will be integral part of stand and forest level DSS being developed by a multi-disciplinary team, with
significant input from this study and project (NOR-4).

14. Goals and Accomplishments (1993-94)

1. Provide project leadership functions to NOR 04 staff and functional guidance to Regional
Development staff in Manitoba and Saskatchewan District Offices and to the Alberta and
Saskatchewan Agreements' mensurationists; provide advice to collegues and clients on
mensurational problems and carry out technology transfer in thinning, growth and yield, stand
modelling, and yield forecasting; act as a scientific authority on related contracts as required.

In addition to ongoing activities, which were accomplished as the need arose, significant effort
was expanded on two Canada-Saskatchewan PAIF projects in collaboration with colleagues: one
to develop new height growth/SI models for 11 commercial timber species in Saskatchewan; and
another, to complete the development/new, improved taper functions for 12 timber species and
devise error estimating systems for the Saskatchewan Provincial Inventory. Details of the latter are
summarized under Goal 4.
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Participated in the annual meeting and work planning excerise of the regional Growth and Yield
Coop.

gave progress reports on NOR 04 activities:

height growth SI modelling of regional timber species;
density related height growth reduction in 1P;
managed stand models for 1P;
development of the regional forest management DSS;

e) the Saskatchewan PAIF projects on height growth/SI models and on taper functions and error
assessment.

Also acted as a reviewer of six manuscripts for journals and colleagues.

Cooperate with C. Cieszewski on goals listed in NOR 04-10, viz., goals 2 and 3.

Cooperated as planned, accomplishments are detailed under NOR 04-10.
The following manuscrips were prepared:

Cieszewski, C.; Bella, I. Height growth models using direct height-age measurement instead of
fixed age site index. Manuscript submitted to For. Sci., now being revised.

Cieszewski, C.; Bella, I.; Wawrykowicz, A. Site-index height growth curves for the commercial
timber species in Saskatchewan. Manuscript waiting DD's approval before review.

Cieszewski, C.; Bella, I.; Walker, D. Implementation of new height growth models in a company's
timber supply analysis. Manuscript in review.

Wawrykowicz, A.; Cieszewski, C.; Bella, I. Program for computing and plotting a variable-base-
age site-index height growth model predictions. Manuscript in review.

Contribute as required in the Mixedwood MD initiative, particularly to the development of a
regional DSS for forest management, and testing of a knowledge base system for aspen
management (Green Plan Linkages). In cooperation with R. Yang, revise and publish FMN on
yield comparisons for different harvest scenarios in mixed wS-tA stands.

Limited activity under this goal; the FMN with R. Yang is delayed because of his other priorities.

4.	 Prepare a final report on error assessment for Saskatchewan, and complete the review and
revisions of ms for journal publication on the same topic. Depending on Saskatchewan
requests and availability of help, e.g., Research Associate, initiate work on updating the
Saskatchewan Inventory volume compilation software.

J. Gal restarted work on this project by first developing stem taper functions for additional five (5)
timber species as well as refitting functions for the previous seven (7). Final report, Gal, J.; Bella,
I. "New taper functions for the Saskatchewan Provincial Timber Inventory System." was
submitted to the Saskatchewan Environment and Resource Management. Analysis and report
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writing on error assessment for Saskatchewan is in progress( completion planned by Jan. 28,
1994). Work on inventory volume compilation software will depend on additional funding in
future.

Direct plot remeasurement and initial analysis of tree growth data for a joint project with S.
Navratil (NOR 10-12), under Canada/Alberta PAIF #8043, aimed at evaluating mixedwood
stand development in Alberta following partial cutting that removed spruce sawlogs to certain
diameter limit in the early 1950s. The objective is to develop a model that can predict growth
and yield of these stands in terms of residual density, species composition, elapsed time since
logging and site quality. Ingress and regeneration development will also be examined.

The remeasurement was accomplished with the help of two summer student (approximately 4
person months). Computer storage and retrieval system has been designed and most of the data
have been entered in computer files. Initial analysis has been delayed because of J. Gal's other
commitments.

In cooperation with W. Rugg, WELDWOOD Canada in Hinton, develop plans for a study
within the Foothill Model Forest, to evaluate growth and yield impact of mammal chewing
damage on young lodgepole pine. Upon approval, develop detailed study design, work plan
and if time permit, select study areas and initiate field work in concert with WELDWOOD staff.

Detailed study design and work plan has been developed, several potential sampling areas selected
and visited.

Initiate a study, in cooperation with S. Navratil (NOR 10-12), to analyse the devleopment of
mixed wS-tA stands after two-stage shelterwood harvesting in Manitoba, C/M PAIF #8008.

A contract has been written and awarded for data entry, processing and initial analysis. Data has
been obtained from Manitoba; data entry and clearing is completed and preliminary analysis is
proceeding.

Contribute as a team member to the compilation of a bulletin on the Boreal Forests of Canada.

Contributed by writing several paragraphs in the draft and obtained relevant natioinal timber
statistics from the Petawawa NFI.

Cooperate with C. Cieszewski (NOR 04-10) to develop three study proposals for funding.

Three proposals were developed (see NOR 04-10) and submitted; two of these received
preliminary approval.
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Information Activities

iii)	 Other Reports

Cieszewski, C.; Bella, I. 1994. Modeling density-related lodgepole pine height growth using
Czarnowski's stand dynamic theory. CJFR. In print.

v)	 Technology Transfer:

Discussions and advise on growth and yield problems with provincial and industry foresters either
one-to-one or in workshops and seminars.

Goals 1994-95

Provide project leadership functions to NOR-04 staff and functional guidance to Regional
Development staff in Manitoba and Saskatchewan District Offices and to the Canada-
Saskatchewan Agreement's mensurationist; provide leadership and organizational input for the
Canadian Forest Service modeling working group and technical input and exploration of new
directions for the regional Growth and Yield Coop; provide advice to collegues and clients on
mensurational problems and carry out technology transfer in thinning, growth and yield, stand
modelling, and yield forecasting; act as a scientific authority on related contracts as required.

Cooperate with C. Cieszewski on goals listed in NOR 04-10, viz., goals 2 and 3.

Contribute as required in the Mixedwood MD initiative, particularly to the development of a
regional DSS for forest management, and testing of a knowledge base system for aspen
management (Green Plan Linkages). In cooperation with R. Yang, revise and publish FMN on
yield comparisons for different harvest scenarios in mixed wS-tA stands.

Cooperate with J. Gal to complete the Canada-Saskatchewan PAIF:8029 study on error
assessment including all related reporting and tech. transfer activities. In addition to PAIF contract
report, prepare two publications: one on taper functions development (Info. Report or Journal) and
another on error analysis for the Sask. timber inventory (Journal), if warranted by the results.

Analyse data and write reports (Bella, Gal, Navratil NOR 10-12) on the Canada/Alberta
PAIF:8043 study on mixedwood development after partial cutting.

Conduct field sampling, measurements and stem analysis of damage in the laboratory for the
Foothills Model Forest study to evaluate growth and yield impact of mammal chewing damage of
yound lodgepole pine. Conduct data analysis and write a draft report on the results.

7.	 In cooperation with S. Navratil (NOR 10-12), complete the analysis and write a report on a
Canada/Manitoba PAIF:8008 study on the development of mixed white spruce, trembling aspen
stands after two stage shelterwood harvesting in Manitoba.
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117. Major Co-operators: 

Internal - Canadian Forest Service

Region ID# Title Contact name

Pacific Stand Modelling M. Bonnor

External -

Establishment ID# Title Contact name

AFS General Growth and Yield D. Morgan

Sask. Dept. Renewable
Resources

Taper functions Error budgets
SI, Stand models

J. Benson &
D. Lindenas

U of A WESBOGY S. Titus

Weldwood 1P growth vs. mammals
damage

W. Rugg

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated this study's activities. On the
basis of information provided by the study leader, the committee concludes that these activities
are not potentially detrimental to the environment.

CFS-NWR EARP Committee Approval Date: January, 1994.

1
1

44



NOR 4-02

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: January 18, 1994

STUDY TITLE: Data base development for growth and yield of important forest types in the
Prairie Provinces.

Responsibility Centre: Northwest Region (8133)

Program: Forest Resources

Project Title: Stand Productivity

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan, Manitoba

7. Study Staff:

Name

Study Leader Stan Lux

Team Members C.Rentz

Study Key Words: Computerized database, thinning, spacing, growth and yield, mensuration and
stand management.

Study Activity: 2223
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10.	 Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Category Previous Budget Revised Forecast Upcoming

S. Lux EG-5 (T) 0.50 0.50

C. Rentz EG-5 (T) 0.10 0.10

FTEs 0.60 0.60

Study Background and Problem Analysis

Growth and yield information is required for the efficient management of forest resources in the
Prairie Provinces. Such information is needed for both treated and untreated stands. Silvicultural
options and treatments can be evaluated by establishing and periodically re-examining permanent
sample plots in the important forest types in the region. Growth and yield information thus obtained
will form the basis of developing and improving growth and yield forecasting models both for old
growth and managed stands. Computerizing such data bases increases their usefulness in-house and
to clients.

Study Objectives:

i) Objectives

Continue to monitor existing permanent sample plots as well to establish new ones where
necessary, for studying the effect of stand treatments in the important cover types in the
prairie provinces.

Develop, maintain and update a computerized database of regional forest productivity data.

Analyze and interpret growth and yield data, and publish appropriate information reports and
forest management notes.

Provide growth and yield data to other studies within the region as well as to provincial and
industrial clients and to other CFS establishments across the
country.

ii) Deliverables

Short Term (1-5 years)

To provide data base information to other studies (Nor-04-10) and (Nor-04-09).
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Continue to remeasure and upgrade all growth and yield studies as they come due
(see summary table).

Long Term (5 years and beyond)

Continue enlarging and upgrading regional growth and yield data bases.

Significant Linkages:

Provide data for other studies in NOR-04

Methodologies

13. Progress and Achievements 

A series of permanent sample plots were established of monitoring old growth stands in 1P, jP,
wS, and tA. Many of these plots, some date back more than 40 years - are still periodically
remeasured and provide usefull information. Thinning (in jP,1P, tA, and wS) and spacing (in jP,
1P, rP, and wS) experiments were established and these studies provide useful information on
managed stands (see summary table).

A regional PSP catalogue containing Forestry Canada as well as provincial and industrial PSP's
has been developed and distributed to cliental by D. Kuhnke (NOR 06-02). In addition individual
tree and plot information has been computerized to ensure effective utilization by Forestry
Canada staff and clients.

3. Appropriate reports - both Information Reports and Forest Management Notes - are published as
information related to additional remeasurements becomes available or new analytical techniques
come on stream.

14. Goals and Accomplishments (1993-94)

Remeasure and maintain of aspen thinning (MSI 55) at Pelly Saskatchewan (spring 1993)
(Lux, Rentz)

Remeasurement and maintanence of aspen thinning (MS 155) at Pelly Saskatchewan completed
in spring and data added to computer data base (1993) (Lux, Rentz)

Remeasure and maintain plantations of rP, jP, and wS in Sandilands Man. and add
measurements to database. (fall 1993) (Lux, Rentz)

Remeasurement and maintanence of rP, jP and wS plantations at Moodie in the Sandilands Forest
Reserve, was completed in the fall of 1993. Measurements were added to data base. (Lux, Rentz)
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Provide data from data bases to aspen and mixedwood DSS (NOR 04-09) as well as to other
Forestry Canada data bases (PFC) (Bonner)

Aspen thinning data (MS 155) was provided to other Canadian Forest Service establishments
(PFC) (Bonner)

A summary of active thinning, spacing and yield studies in Alberta is included in Appendix 1.

Information Activities

Goals 1994-95

Remeasure and maintain lodgepole pine growth and yield plots (A17) in Alberta (approximately
6 months summer student time)

Remeasure and maintain lodgepole pine thinning established in Gregg Burn (Lux, Rentz)

Provide information to clients as requested.

Investigate options for funding for remeasurement and maintenance of growth and yield data.

Upkeep of fast action data base (Plots).

Verification/clean-up of present PSP computerized data base (originally by Silvacom and
Kuhnke) This will be attempted only with assistance of computer programming staff and if time
permits. Also my present PC does not have the capacity to even load the header catalogue.

Major Co-operators: 

i)	 Internal - FC

Not applicable

External -

Not applicable

Environmental Implications:

Environmental Impact/Assessment Review Statement

The NOFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concludes that these
activities are not potentially detrimental to the environment.

Forestry Canada - Northwest Region EARP Committee Approval Date: March 31, 1993.
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Name

W. OndroStudy Leader

Team Members

NOR 4-08

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: January 18, 1994

STUDY TITLE: Financial and economic evaluation of forest management practices

Responsibility Centre: Northwest Region (8133)

Program: Forest Resources

Project Title: Stand Productivity

Office Location(s): Edmonton

Work Location: Alberta, Saskatchewan, Manitoba

7. Study Staff:

Study Key Words: Benefit/cost analysis, financial and economic analysis, profitability analysis, cost
effectiveness.

Study Activity: 2223
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10.	 Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

W. Ondro ES-04 (P) 1.00 1.00 1.00

FTEs 1.00 1.00 1.00

Study Background and Problem Analysis

Biological responses to forest management practices are fairly well documented and understood for
the major coniferous cover types, but we are lagging behind in financial and economic analyses of
such treatments. Recently an increased interest have been focused on utilization and management of
mixedwood cover types. A number of studies on growth response following treatments in these cover
types have been completed and cost/benefit and profitability analyses are needed. On the other hand,
the prairie provinces have a large poplar resource, which in the past has been largely ignored, because
of a) relative abundance of softwoods, and b) insufficient knowledge of the economic feasibility and
profitability of utilization of this cover type for various products. Forest industry investment and
management/silvicultural decisions have to be based on sound financial and economic analysis.

Study Objectives:

i) Objectives

Determine financial and economic returns from increased growth after spacing, release,
fertilization and other forest management practices.

Evaluate cost-effectiveness of different intensity, mix and sequence of forest management
treatments.

Evaluate the economics, utilization and market potential of poplars.

Develop financial and economic modules for aspen and mixedwood decision support
systems (DS S).

ii) Deliverables

Short Term (1-5 years)

Evaluate financial implications of some harvesting options in overmature aspen stands.

Evaluate cost/benefits and profitability of white spruce release from trembling aspen.

c) Prepare fmancial analysis of spruce/aspen mixedwood management scenarios.
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Develop a concept and design ECONRET, a micro - computer software for evaluation
forest management treatments. The software would include benefits from wildlife,
recreation and water yield.

Design financial and economic analysis modules for aspen DSS.

Long Term (5 years and beyond)

Continue improving computer software for financial and economic evaluation of forest
management practices.

Continue benefit/cost analysis of forest management treatments including non-timber
values.

c) Continue profitability analysis of poplar-using industries.

iii) Significant Linkages:

provincial forest services in the region

major forest industries

Green Plan, Foothills Model Forest

Cooperative work with United States of Agriculture Department NC Region

13.	 Progress and Achievements 

In the last decade, using existing studies on growth response from fertilization in young and mature
lodgepole pine stands in Alberta (Yang 1985 and Yang 1986), the fmancial analyses were conducted.
The results of profitability following fertilization of mature lodgepole pine were published. Using
studies on growth from thinning lodgepole pine (Johnstone 1981a, 1981b, 1982a, and 1982b) and
jack pine (Bella and De Franceschi 1972), and the latest thinning plot remeasurements for lodgepole
pine and jack pine, financial analyses were conducted. The financial returns from thinning these
lodgepole pine and jack pine stands were reported in papers now under review. Evaluation of returns
from increased growth after spruce release from aspen using several data sources (Yang 1989 and
Yang 1991, Steneker 1963, 1967, 1974) was completed, and the report prepared.

In poplar (mainly aspen) utilization and management, several studies were completed. In Alberta
studies on poplar utilization, market potential for poplar products, and the economics of industrial
utilization of poplars for the mid-1980s were published. The studies on poplar utilization, poplar
timber supply and market potential for poplar products in the early 1990s were prepared and are now
under review. In the area of overmature aspen management, a study on the effect of harvest timing on
revenues at harvest was completed, and the results were published. In the immediate future
cost/benefit analysis for several important mixedwood white spruce/aspen scenarios will be
conducted.
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14.	 Goals and Accomplishments (1993-94)

Publish FMN on application of TIMRET, microcomputer software for financial evaluation of
forest management treatments.

A FMN on application of TIMRET, was reviewed and approved for publication.

Publish journal article or REV on cost/benefit of spruce release from aspen.

A journal article or FMN on cost/benefit of spruce release from aspen was revised following
preliminary review by the project leader.

Identify scenarios, collect data and prepare problem analysis on financial aspects of
mixedwood white spruce/aspen management scenarios.

A problem analysis on financial aspects of mixedwood white spruce aspen management
scenarios was prepared.

Cooperate in the development of financial and economic analyses modules for NoFC aspen
decision support system (DSS).

Development of financial and economic analyses modules for NoFC aspen decision support
system (DSS) was reviewed with R.C. Yang (NOR 02-09).

Prepare and review user's manual for TIMRET, microcomputer software on financial
evaluation of forest management treatments.

User's manual for TIMRET was prepared and reviewed.

Revise and resubmit a journal article on status of forestry in Brazil.

A journal article on status of forestry in Brazil was revised and resubmitted to the Forestry
Chronicle.

	

15.	 Information Activities

iii) Other reports:

Ondro, W.J., Bella, I.E. 1994. Evaluating the profitability of forest management prctices with
TIMRET. Dept. Nat. Res. Can., Can. For. Serv., Northwest Reg., North. For. Cent., Edmonton,
Alberta. For. Mange. Note (publication pending PD approval).

Ondro, W.J., Marshall, W. 1994. User's manual for TIMRET; a microcomputer software for
silviculture investment return analysis. Dep. Nat. Res. Can., Can. For. Serv., Northwest Reg.,
North. For. Cent., Edmonton, Alberta (publication pending PD approval).
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16.	 Goals 1994-95

Prepare problem analysis of mixedwood management options from financial and economic
perspective.

Establish contact with team members of Project 8032 on "Harvesting options to favour
immature white spruce and aspen regeneration in boreal mixedwoods". Become familiar with
study design, and explore and define ways to apply financial evaluation criteria to treatment
outcomes.

Prepare FMN on financial returns of white spruce/aspen mixedwood management scenarios.

Jointly with I.E. Bella publish FMN on "Evaluating the profitability of forest management
practices with TIMRET".

Jointly with W. Marshall prepare for distribution "User's manual for TIMRET; a
microcomputer software for silviculture return analysis."

Jointly with D. Cheyne prepare a manuscript on current supply and future hardwood use, for the
annual meeting of Woodland Section of CPPA.

Review and publish a journal article or a FMN on "Profitability of releasing white spruce from
trembling aspen in Saskatchewan and Manitoba."

Publish a FMN on "Benefits, costs, and profitability of precommercial thinning in three fire-
origin lodgepole pine stands in Alberta".

Publish a FMN on "Benefits, costs, and profitability of two jack pine thinnings in Saskatchewan
and Manitoba".

Jointly with L. Couto and D. Betters publish journal article on "The status and practice of
forestry in Brazil in the early 1990's."

	

17.	 Major Co-operators: 

i)	 Internal - FC

Region
	

ID#
	

Title
	

Contact name
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ii)	 External -

Establishment UN Title Contact name

U.S. Dep. Agric.
NCFES

Financial software M. Vasievich

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leaders, the committee concludes that these
activities are not potentially detrimental to the environment.

FC-NWR EARP Committee Approval Date: March 31, 1993.

I
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NOR 4-10

I NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

I
Project Review Date: January 18, 1994

STUDY TITLE: Managed stand yield tables for lodgepole pine and white spruce.

Responsibility Centre: Northwest Region (8133)

Program: Forest Resources

Project Title: Stand Productivity

	

I5.	 Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan

Study Staff:

Name

Study Leader Chris J. Cieszewski

Team Members Andrew Wawrykowicz

Study Key Words: Stand management, Growth and Yield, Mensuration, Models, Productivity,
Thinning/spacing, Stand development, Population dynamics, Statistics.

Study Activity: 2223

10.	 Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

C.J. Cieszewski FO-02 (P) 1.0 1.0 1.0

A. Wawrykowicz EG-04 (T) 1.0 1.0 1.0

FTEs 2.8 2.8 2.0

I

I

I

I

I
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Study Background and Problem Analysis

With the continued and accelerating forest harvest in Alberta, there are ever increasing areas of second
growth coniferous stands that are established through either natural regeneration or by planting. Even
casual observations reveal substantial differences between various characteristics of this regeneration
-- especially in stocking density -- compared to regeneration of fire origin. These differences cause
related differences in tree growth and stand development, and thus in the length of time required to
grow the next merchantable crop, i.e., rotation. Yield tables are available to forecast yields of old
growth stand, but no yield tables are available for second growth stand. For these, and quantitative
information is rather scarce and even potential data for Alberta is limited to the first 30 years of
growth. Therefore, related mensurational research is urgently needed to remedy this situation by
developing suitable yield predicting systems for second growth lodgepole pine and white spruce
stands.

Study Objectives:

Objectives:

To develop a growth and yield prediction system for second growth lodgepole pine and white
spruce, i.e., new stands that follow harvest and are being established through either natural
regeneration or planting, within an appropriate and available site classification framework.
Yield estimates thus obtained should be suitable input to timber management system models
(e.g., TIMPLAN) for AAC calculations.

Deliverables:

Short Term (1-5 years)

Density height growth model and an ageless height growth model for lodgepole pine in Alberta.

Completed and refined lodgepole pine managed stand simulation model.

New height growth models for the major timber species in Saskatchewan.

Completed Ph.D. program.

Long Term (5 years and beyond)

Single tree distance independent stand growth model for lodgepole pine and white spruce in
Alberta.

Single tree distance independent stand growth model for mixedwood.

iii)	 Significant Linkages:

Alberta agreement, Saskatchewan agreement, NOR 04-02, NOR 04-01, Mixedwood
Silviculture (NOR-10).
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iv)	 Methodologies:

Linear and Nonlinear Regression Analysis, Simulations.

	

13.	 Progress and Achievements 

Developed the following:

Calibrated the new variable age site index height growth model for 11 timber species in
Saskatchewan;

Published a paper on development of a new incremental density height growth model for
lodgepole pine in Alberta;

Advanced the new methodologies of 1) fitting base age invariant self referencing functions by
developing a specialized software for this purpose; and 2) deriving self-referencing functions
for biological growth modeling by formulating an empirical solution to the modified Monserud's
logistic equation;

recompiled the data for calibration of the prototype new stand growth model framework based
on the self-thinning rule;

	

14.	 Goals and Accomplishments (1993-94)

1. Continue the Ph.D. program at U. of A.

A CJFR manuscript on density related height growth reduction was accepted for publication in
CJFR (C.J. Cieszewski, I.E. Bella. 1994. Modeling density-related lodgepole pine height growth,
using Czarnowski's stand dynamics theory for CJFR [In print]) and will be a part of the Ph.D.
thesis requirements. The writing of the thesis is on an advanced level and the first draft is
expected to be finished this year in May. I am striving to finish the Ph.D. program this academic
year and this means less progress with other goals. The following manuscripts, in the system, or
waiting for acceptance are parts of the thesis that have already been written:

Cieszewski, Bella. Height growth models using direct height-age measurement instead of fixed
age site index. Ms. submitted to For. Sci., now being revised.

Cieszewski, Bella, Walker. Implementation of new height growth models in a company' s timber
supply analysis. FMN Ms. intended for publication in the For. Chron.; awaiting approval of
program director.

Cieszewski, Bella. Density--site-index diagram for estimation of density related site index
suppression for lodgepole pine in Alberta. For. Chron.
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Complete data analysis and develop site index height growth models for the major tree species
in Saskatchewan (Can--Sask PAIF project).

The data analysis has been completed and a FMN manuscript (Cieszewski, Bella, Wawrykowicz.
Site-index height growth curves for the commercial timber species in Saskatchewan. Ms waiting
approval before review). Prepared and submitted to the program director. In response to clients
requests, a program has been developed, as an added goal, for demonstration of site index height
predictions, and a companion FMN (Wawrykowicz, Cieszewski, Bella). Program for computing
and plotting a variable-base-age site-index height growth model predictions. FMN. Ms. intended
as FMN, awaiting approval of program director.).

Complete the development refitting lP stand model parameters with all newly acquired data
and test the complete model.

Andrew Wawrykowicz is actively working on the final recompilation of the data. The fmal
refitting of the density diameter relation is tentatively scheduled for beginning of February, 1994.
The work has been delayed by unexpected compilation and hardware problems experienced by
Andrew Wawrykowicz and my extreme concentration on thesis preparation between October and
December 1993. Two manuscripts have been prepared describing implementations of height
elements of this stand model: i) an implementations note on implementation of the variable age
site index height growth model in a company's timber supply analysis; and ii) A graphic
application of the variable density height growth model for estimation of site index reduction from
density related height growth suppression.

Do cooperative work on joint publications with S.Navratil and D.Perala (USA).

The scope of this work has been expanded to more involved analysis and it currently is in progress
at a stage of data analysis (Chris) and initial manuscript preparation (Stan). An accomplishment
of the analysis and a rough draft of the manuscript are expected to be completed before end of this
fiscal year.

Developed three study proposals, jointly with I. Bella, on the following topics:

Juvenile growth and development of lodgepole pine at different stand densities and
vegetation competition regimes on tree site types;

Development offormal algorithms and procedures and related implementation software
for stand growth and yield modeling; and

iii) Development of lodgepole pine biomass production model based on the self-thinning rule.

Proposals i) and ii) have been provisionally accepted and related studies will likely proceed in the
coming years.
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Information Activities 

i) Journal Publications

C.J. Cieszewski, I.E. Bella. 1994. Modeling density-related lodgepole pine height growth, using
Czarnowski's stand dynamics theory. CJFR. In print.

v) Technology transfer:

Developed (Wawrykowicz, Cieszewski, Bella) a technology transfer, an interactive menu driven
program for computing predictions of the variable age site index height growth models for the
major timber species in Saskatchewan and Alberta.

Goals 1994-95

Continue and complete the Ph.D. program at U. of A.

Publish the FMN on the work done for Saskatchewan (Can--Sask PAiF project). In response to
the clients requests prepare and publish an additional report and/or journal article on this work and
its theoretical foundation.

Test the complete 1P model and prepare a report on the model development.

Continue cooperative work on joint publications with S.Navratil (Navratil, Cieszewski. Juvenile
height growth of aspen seedlings and suckers. CJFR.) and D.Perala (USA) (D.A. Perala,
G.M.Host, J.K.Jordan, C.J.Cieszewski. A Multiproduct Growth and Yield Model for the
Circumboreal Aspen.)

5. Conduct studies on accepted proposals developed last year and write a report.

17. Major Co-operators: 

i)	 Internal - FC

Region ID# Title Contact name

NoFC NOR-10-12 Juvenile growth of
Aspen suckers and
seedlings.

S.Navratil

I
I
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ii)	 External -

Establishment ID# Title Contact name

Sask. Dept. RR. SI-Height growth
models.

J.Benson,
D.Lindenas.

18. Environmental Implications:

Environmental Impact/Assessment Review Statement
The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leaders, the committee has concluded that these
activities are not potentially detrimental to the environment

FC-NWR EARP Committee Approval Date: March 31, 1993.
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NOR 5-02

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1993-94

Project Review Date: February 17, 1994

STUDY TITLE: Evaluation and development of fire detection-suppression technology

Responsibility Centre: Northwest Region (8133)

Program: Forest Resources

Project Title: Fire Management Research

Office Location(s): Edmonton, Alberta

Work Location: Northwest Region

7. Study Staff:

Name

Study Leader C.J. Ogilvie

Team Members

Study Key Words: 

Aerial patrols, lookouts, detection, storm tracking, wildfire mapping, remote sensing, retardants,
combustion lab, air tankers, suppression, fire control, fire planning, foam, infrared, surveillance,
downlink.

Study Activity: 2231

61



10.	 Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

C. Ogilvie EG-06 (T) 0.80 0.80 1.00

FTEs 0.90 0.90 1.00

	

11.	 Study Background and Problem Analysis

Each year fire starts number at least 2000 in the prairie provinces and Northwest Territories. Many of
these fires become unmanageable resulting in costly suppression and mop-up activities. The objective
of this study is to improve fire detection, surveillance and suppression methods. It is oriented towards
the immediate needs and requests of the client agencies and so provides an excellent opportunity to
improve operations which will reduce total fire losses and minimize fire suppression costs.

Over the 20 plus year span of the study many of the results achieved in this study have already been
implemented, and the prospects of further findings being put to practical use are excellent.

The following general course of action is being followed:

Ongoing close contact with national and international private companies and government
agencies for exchange of information and technology transfer.

Discussion with respective user agencies to define and outline the problems to be solved.

On-site evaluations of existing installations and analysis of available data.

Formulation of objectives to be met by new systems or equipment.

Design of new systems or modification of existing systems in order to achieve optimum returns
under given local conditions and accepted restraints.

Assistance to user agencies during implementation including solving day-to-day problems that
have a bearing on systems design and operation.

	

12.	 Study Objectives:

i) Objectives

Develop techniques and equipment for wildfire and prescribed fire surveillance, mapping, and
suppression.

Identify the most advantageous primary detection medium for given conditions.
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Develop techniques to evaluate suppression methods and determine the optimum combination
required to inhibit fire spread in different fuels under varying burning conditions.

To analyze and disseminate information to fire management agencies through technical
assistance, consultation, and training.

This study is closely associated with the strategic plan issues of reduction of losses and research
development and innovation.

ii) Deliverables

Short Term (1-5 years)

Produce the proceedings of the Remote Sensing for Forest Fire Management Workshop held in
Salt Lake City, April 1993.

Produce a paper on a new concept fire mapping and detection system.

Adapt FUR data for use in fire behaviour studies.

Develop training methods and standards for aerial attack using FLIR.

e) Continue to promote and refine the use of FUR for air attack.

0 Encourage the development, evaluate and promote new inexpensive fire mapping systems.

Improve fire intelligence dissemination by evaluating and adapting automatic vehicle location
systems, video transmission systems and computer data links.

Provide data for input into the prescribed fire ignition model, smoke production and dispersal
models, wildfire behaviour models and suppression effectiveness models by maintaining, using,
and providing to other centres the Aerial Infrared Data Management and Analysis System
(AIDMAS).

Long Term (5 years and beyond)

A great deal of development work in the fields of communications, GIS, GPS, computer software
and hardware and remote sensing, is taking place at no cost to the fire community. This study will
be oriented toward evaluating and adapting these advances for use in forest fire related work. To
accomplish this an international approach must be taken because many of the developments take
place outside of the country.

A strong focus on the end user of new technology will be made in the areas of integrating the
technology without upsetting operations, training in efficient use and monitoring for maximum
benefit.
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iii) Significant Linkages:

Fire Management Agencies within the region.
CCFFM, Fire Equipment Working Group.
Canadian fire management agencies outside of region.
U.S. Forest Service, state fire management agencies.
NWCG, Fire Equipment Working Team
PNFI, GLFC, PFC - Canadian Forest Service
University of Alberta
Various private companies e.g., Airspray, Conair, AWB Software, Geodesy, Chemonics,
Rotorways

iv) Methodologies

Maintain currency in the fields of detection, suppression and surveillance.
Problem analysis involving user agencies. Need analysis conducted with appropriate supplier.
Concept initiation using new systems or modifications of existing systems.
Conceptual trials.
Technology transfer and integration of concept into operations.
Monitoring of operations to ensure maximum benefit.

Progress and Achievements

Previous activity included introducing and developing methods for using infrared hand held scanners for
fire mop-up. A system was developed for gathering and analyzing infrared imagery of large prescribed
burns. Detection appraisal studies have been completed for Manitoba, Riding Mountain National Park;
Saskatchewan, Prince Albert National Park; Alberta, Wood Buffalo National Park, Northwest
Territories and Yukon. Methods and equipment for holdover fire detection have been investigated. Fire
mapping systems have been evaluated and one has been developed and tested. Suppressant evaluations
have been conducted. Airtanker guidance using infrared was introduced, tested and was operational in
Alberta on four (4) air attack aircraft for 1992. Video down linking has been evaluated. There have been
numerous reports published, file reports written, posters presented and speaking presentation made.

Goals and Accomplishments (1993-94)

I. Co-chair with a member of the US Forest Service a workshop on Remote Sensing for Forest Fire
Management. The workshop will be sponsored by the NWCG Fire Equipment Working Team and
the CCFFM Fire Equipment Working Group and held in Salt Lake City April 6-9, 1993. The
NoFC TDU will be playing a keyrole in this goal.

The Remote Sensing for Forest Fire Management International Workshop was held to bring
venders, developers and users together for an information exchange and needs definition. The
workshop was attended by approximately 85 individuals from the US and Canada with one person
from Italy. The delegates were evenly split between private companies and various government
agencies. The workshop by all accounts filled a need and the delegates unanimously agreed that it
should be repeated at regular intervals. To this end and to address other concerns brought out
during the workshop a Canada/US investigative panel has been formed to evaluate the need to
establish a formalized task group reporting to the U.S. Fire Equipment Working Team and the
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Canadian Forest Fire Equipment Working Group. The compilation of the workshop notes is
nearing completion and will be submitted to editing shortly. (Green Plan, Canada-Alberta PAIF:
8010).

In cooperation with AFS protection branch personnel, develop and present a training course on
using FLIR from the air attack aircraft.

The training course was held in April at the Hinton Forestry Training School and included general
IR theory, the specific application of IR for air attack and hands-on practice and demonstrations
with the equipment. A contract has been awarded to one of Alberta's most experienced air attack
officers for the analysis and documentation of the new tactics made possible by the FLIR
equipment.

Initiate the gathering of fire behaviour and suppression effectiveness data using the FLIR
equipped aircraft. This will involve thorough briefing and debriefing of AAO's on a continuing
basis, and close cooperation with other fire researchers.

The Hinton training course included requests and instructions on methods to obtain as much data
as possible on fire behaviour and suppression effectiveness. This was followed up by debriefing the
AAO's throughout the summer. All FLIR video, tape taken in 1993 has been reviewed and
preliminary evaluations made. Some of the data has been used in the initial attack study being
conducted by K. Hirsch and discussions have been held with M. Alexander on what aspects of fire
behaviour can be addressed by using the FLIR data. The AAO's have been calculating fire areas
using the FUR and a method developed at NoFC. The IR video and voice record has a tremendous
potential for providing research data as well as training and investigative tools, therefore every
effort will be made to work closely with the operational personal to ensure that the information is
as complete as possible.

A special FLIR Systems Inc. scanner that provides visible light imagery as well as IR was leased
for operational evaluation purposes and to obtain visible light and IR imagery of the same scenes.
This imagery will be used for illustrating the differences in the two wavebands.

The Canada-Alberta PAIF contract to conduct an economic evaluation quantifying the fmancial
aspects of the air attack FLIR has been completed and indicates there are solid fiscal returns.
(Canada/Alberta PAIF: 8010).

4. Conduct operational evaluations of the Geodesy/AWB fire mapping system and the
Rotoways/Istech IR and microwave down linking system and report on progress.

A trial operational mission to map the Lynn Lake, Manitoba fires with the Geodesy Fire Map
system was carried out in early July 1993. Infrared maps of various scales were produced and used
for strategic and tactical planning. The system functioned well and received favourable comments
from the fire overhead personnel. The complete system was also part of the Salt Lake City
Workshop where it was again well received. For the 1994 season Geodesy plans to dedicate an
aircraft exclusively to the Fire Map system in order to drop response times to a minimum. A report
of the system and the Manitoba trials is nearing completion for submission to the Wildfire journal.
Funding for the trial operational mission was provided by the Canada/Manitoba PAIF: 8016.
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Conduct field trials of the radio frequency video down link being developed under contract and
report on progress.

The contract for the digital RF downlink was terminated due to the inability of the contractor to
meet the time deadlines. The emphasis has since changed to the development of a broadcast band
UHF system. Permission has been obtained from the Department of Communications to broadcast
a video signal in the Lac La Biche area on Channel 17. A contract has been awarded to AVR
Communications Ltd. to assemble a system to be integrated with the air attack FLIR equipment
allowing the broadcast of the IR imagery. The receivers will be small, inexpensive TV sets which
will make access to the imagery feasible for anyone who can make use of it, whether they are on the
ground or in the air, within 10 km of the air attack aircraft. The funding of this project is being
supplied by the Canada/Alberta PAIF: 8026 and Canada/Manitoba PAIF:8016 with in-kind
assistance from Airspray Inc.

An existing long range digital link developed by a local firm was recently brought forward and
demonstrated between ground stations. Suggestions for making the system more applicable to fast
responses were made and discussions regarding operational testing were held. (Canada/Alberta
PAIF:8026; Canada/Manitoba PAIF:8016)

6. Maintain, manage and operate when possible, the AIDMAS to ensure availability and results as
needed.

The Aerial Infrared Data Management and Analysis System was serviced and shipped to Ontario
for use by the GLFC in gathering data for the ongoing mass fire study. The system was also flown
in the Whitecourt, Alberta forest on a trial basis to evaluate its suitability for quantifying
coniferous understory. A preliminary evaluation of the imagery indicates potential for the
understory evaluation as well as microsite classification. This project was carried out in
cooperation with the Technology Development Unit and funded from the Canada/Alberta
PAIF:8011.

The IR scanner from the AIDMAS has been sent to the electronics department of the University of
Iowa for dynamic range modification. With the range increased the scanner should be capable of
detecting a wider range of temperatures occurring in a scan. This work is being done through the
GLFC.

Preliminary investigative work regarding obtaining or constructing a suitable black body to be used
as a temperature and location reference for the AIDMAS during prescribed burns, has been
initiated in cooperation with GLFC-CFS.

A Supplemental Type Approval (S TA) has been obtained allowing the AIDMAS to be attached to
any Bell 206B helicopter. (Canada/Alberta PAIF:8011; Canada/Manitoba PAIF:8016).

7. Provide technical services and liaison to client agencies.
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Completed field work for locating and seen-area mapping nine (9) fire towers in
Saskatchewan.

Attended Innotech Aviation Seminar.

Co-authored a poster paper on the air attack FUR economics which was presented at the
University of Alberta Forest Industry Lecture Series and the Salt Lake City workshop.

Produced a short article on IR for A. Simard.

Provided interview for local CTV affiliate on the air attack FLIR.

Attended joint meeting of Forest Fire Equipment Working Group and Fire Equipment
Working Team in Missoula and presented a report on the Salt Lake workshop.

Performed background inquiries on sunglass mounted video monitors and purchased 1 unit for
trial by the air attack officers.

Reviewed one (1) manuscript for International Journal of Wildland Fire.

15. Information Activities

Journal Publications
Information Reports
Other reports

Woodard, P.M.; C.J. Ogilvie, R.J. Lieskovsky, and R.w. Young. 1993. Forward Looking
Infrared technology for fighting forest fires. Poster paper presented at Remote Sensing for
Forest Fire Management International Workshop, Salt Lake City, April, 6-8, 1993, and at
Forest Industry Lecture Series, University of Alberta, March 9, 93.

Lectures, courses, seminars and scientific addresses

Ogilvie, C.J. and R.W. Young. 1993. Air attack using FLIR at Remote Sensing for Forest Fire
Management International Workshop, Salt Lake City, April 7, 93.

Ogilvie, C.J. and R.W. Young. 1993. Training course on using FLIR for air attack, at Air
Attack Officer training course, Hinton, Alberta. April 15, 93.

Ogilvie, C.J. and R.W. Young. 1993. New technology for forest fire control, CTV video
interview, People with Ideas. Sept. 1993.

16.	 Goals 1994-95

	

1.	 Serve as chair on the Canada/United States task group investigative panel on remote sensing
for forest fire management. The panel will produce a report with recommendations regarding
the mandate of a task group. (P. McBay, OMNR: J. Warren USFS: S. Palm, USFS)
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In cooperation with H. MacAuley and the Alberta Forest Protection Branch document and
publish the strategies and tactics employed when using FLIR to guide the air attack.
(Canada/Alberta PAIF:8010; Alberta For. Pro. Branch).

Serve as instructor on FUR at the Alberta air attack officer training course. (Alberta For. Pro.
Branch).

Develop and report on methods of quantifying fire behaviour using IR and fire reports.
(Alexander, Hirsch, Alberta Forest Protection Branch).

Introduce, adapt, field test and report on UHF broadcast and VHF digital down links. (Alberta
Forest Protection Branch; Airspray; AVR, CanAir Service).

Finish construction of the Saskatchewan Seen-area maps. (SERM).

Conduct field trials over established plots in the Swan Hills and report on the capability of the
Geodesy Fire Map system to detect small heat sources. (Alberta For. Pro. Branch, Geodesy)

Maintain, manage, and operate the AIDMAS when necessary to ensure results as required.
Due to the planned changes to the scanner and the black body development it will be necessary
to be involved with trials proposed for Ontario. (GLFC, University of Iowa).

Provide technical services and liaison to client agencies.

17.	 Major Co-operators: 

i)	 Internal - FC

Region ID# Title Contact name

Canadian Forest
Service

Northwest Region TDU Section

PNFI

PFC

GLFC 

1

1

I
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ii)	 External -

Establishment ID# Title Contact name

US Forest Service,
Missoula, Boise, Salt
Lake City

AFS Protection Branch

Industry

AFS Forestry Training
School

AFS-AAO's

Fire management
agencies within
Industry 

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concludes that these
activities are not potentially detrimental to the environment.

FC-NWR EARP Committee Approval Date: March 31, 1993
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NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

STUDY TITLE: Fire Management Systems and Modelling

Responsibility Centre: Northwest Region (8133)

Program: Forest Resources

Project Title: Fire Management Research

Office Location(s): Edmonton, Alberta

Work Location: Northwest Region

7. Study Staff:

Project Review Date: February 17, 1994

1

Name

Study Leader B. Lee

K. Anderson

Team Members S. Henderson

R. Smith

Student

Study Key Words: Fire, fire management systems, operations research, artificial intelligence, geographic
information systems, fire management planning, preparedness planning, fire weather/behavior modelling,
fire occurrence prediction, fire severity.

Study Activity: 2231
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

Lee FO-3 (P) 1.00 1.00 1.00

Anderson PC-2 (P) 1.00 1.00 1.00

vice-Henderson CS-2 (A) 1.00 1.00 1.00

Smith EG-5 (T) 1.00 1.00 1.00

Student

FTEs 4.00 4.00 4.00

Study Background and Problem Analysis

Fire management is becoming increasingly complex. Rising costs, changing values, higher risk, as well
as hosts of other factors make any fire management decision difficult at best. At the same time, we are
entering into the age of "high technologies" which offer new opportunities for fire management decision
support. Hence, it is becoming increasingly more important that the Canadian Forest Service investigate
the application of these "high technologies" to forest fire management problems. A significant research,
development, and technology transfer role exists to develop new processes, conduct applications
research, and provide support for the integration of the new technology into day-to-day forest fire
management.

The application and integration of management science techniques and artificial intelligence into forest
fire management emphasizes the development and technology transfer components of the innovation
(research) process. Fire management needs computerized decision-aids, database management structures
and/or systems, and associated technology transfer documents to operate effectively in today's
environment. This role is well within the mandate of the Canadian Forest Service (CFS) and the
capability of the Northern Forestry Centre (NoFC).

The maturing computer applications areas of geographic information systems (GIS), expert systems, and
artificial neural networks provides new opportunities for the Canadian Forest Service. Such systems
have the potential to provide enhanced day-to-day decision making for fire and natural resource
managers. These systems now have the possibility of integrating factual information derived from
numerical models like the FWI and FBP systems with the knowledge and "expertise" of fire managers.
This adds new layers of information into the computer-assisted decision process. The integration of these
next generation systems with GIS will provide better human-machine interfaces and improved decision
support.
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12. Study Objectives:

i) Objectives

To identify the key factors relating the occurrence, behaviour, and effect of wildfires to the
cost-effectiveness of fire control decisions.

To research, develop, and validate relevant decision support system models designed to
assist fire management agencies in optimizing the allocation and use of fire management
resources and in fire management planning.

3.	 To develop and maintain regional and national data bases on fire weather, fire occurrence,
and fire environments for use in fire research and fire management activities.

ii)	 Deliverables

Short Term (1-5 years)

The development of fire occurrence prediction models to predict the potential numbers and
locations of fires. The study of mesoscale meteorological models to determine their possible
role in fire weather, fire behaviour, and fire occurrence prediction. The development of
preparedness planning strategies using the elements of risk, danger, and value to best deploy
fire suppression resources.

The development of the next generation fire management information systems, including GIS,
in cooperation with PNFI and others. The incorporation of fire occurrence prediction,
mesoscale meteorological models, wood supply models, fire severity, among other models into
fire management systems. The integration of such models into both tactical and strategic fire
management decision making.

3. The archiving, updating, and publication of the current fire environment data bases at both the
regional and national levels.

Long Term (5 years and beyond)

The study of fire weather forecasting, fuel characterization, spatial modelling of fire
phenomenon and their interaction in fire management decision making.

The integration of computer technology with fire science, including fire behavior and growth
models, fire detection, fire occurrence prediction and the incorporation of advanced
meteorological models and data into fire management.

3. The development of the Northern Forestry Centre as fire management knowledge resource for
fire environment databases, both regionally and nationally.
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Significant Linkages:

Fire management systems (IFMIS, GIS) research and development, technology transfer
Fire Danger Research Working Group
Prescribed Fire Working Group, Canadian Forest Service
Alberta Forest Service
Saskatchewan Environment & Resource Management
Manitoba Natural Resources, Fire Program
Northwest Territories, Dept. of Renewable Resources,
Canadian Interagency Forest Fire Centre
Alaska Fire Service
Govt. of New Zealand
Govt. of Spain

NFIS research and development
Petawawa National Forestry Institute
IDSYS Inc.
Manitoba Dept. of Natural Resources, Fire Program:

Initial attack base location optimization research
British Columbia Forest Service
Alberta Forest Service:

Lightning-caused fire occurrence prediction
Fire Danger Working Group
US Forest Service

Saskatchewan Dept. of Environment & Revenue Management
Manitoba Dept. of Natural Resources, Fire Program:

Human-caused fire occurrence prediction
University of Alberta
Alberta Forest Service
Spain

Membership and active participation
Interior West Fire Council
Western Region Fire Weather Committee
Central Region Fire Weather Committee
Canadian Committee on Forest Fire Management:

Cooperative student program
University of Alberta

Methodologies

1. Both human-caused and lightning-caused fire occurrence prediction systems are being
developed using physical modelling, logistic regression, and neural networks. Available
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mesoscale meteorological models are being evaluated to see their benefits to fire management
operations. Preparedness planning strategies are being developed using linear and dynamic
programming.

The Intelligent Fire Management Information System (IFMIS) decision support system has
been developed for DOS based personal computers. The next generation of fire management
information systems currently under development will make more use of commercial GIS
technology and be capable of running on a wide range of hardware platforms (i.e., UNIX,
Windows NT, AUX).

Fire environment data is continually been updated and archived. Currently it is in an IFMIS
format and static companents are being converted into ARC/INFO. The goal is to publish this
data by decades using CS-ROM technology and to make the data available to users in a
flexible format.

13. Progress and Achievements

Fire Management in the Northwest Region is becoming increasingly more sophisticated. All clients in
the region have deployed microcomputers at their headquarters and forest level operations, some have
also deployed UNIX work station technology. With the adoption of the latter computing capability,
there is new demand for more centralized decision support system applications. These applications
include linear and dynamic programming, artificial intelligence, expert systems and GIS. It would
appear that the timing is right for this study to capitalize on applications research opportunities in the
new technology areas of GIS, spatial modelling, and artificial intelligence.

Specific contributions by study objectives listed can be summarized as follows:

1 The Intelligent Fire Management Information System (IFMIS) has been very successful in Alberta,
Saskatchewan, and Manitoba. Preliminary studies conducted by the Alberta Forest Service (AFS)
have suggested that the province can save in the order of two to five million dollars a year in pre-
suppression costs by using IFMIS. As a result, the AFS has adopted the coverage assessment and
optimization concepts used in IFMIS as the standard method for pre-suppression planning in the
Province of Alberta.

Knowledge engineering and systems analysis approaches with client agencies have served to identify
key factors related to fire management as well as to develop conceptual models of fire management
systems, both existing and in the future.

Other computer-based decision aid models developed at NoFC such as FWI/PC, FBP/PC, GEO/PC,
the Initial Attack Planning Model, and the Appropriate Suppression Response Expert System have or
are being used by client agencies and the private sector. Future initiatives in GIS along with new
mathematical models for expert systems for deployment planning and fire effects will also contribute
to fire management within the region, as well as nationally.

4. A large historical fire weather/fire environment data library has been developed for clients of the
Northwest Region and other parts of Canada. This data library has assisted clients in developing the
data bases required to evaluate fire management effectiveness and provides the data bases essential
for the current development of fire occurrence prediction models.
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14. Goals and Accomplishments (1993-94)

Initiate the next version ofNFIS for the Province of Saskatchewan. This next phase will include
the most recent work from Manitoba, Quebec, and the NWT and will accelerate development
into the Windows, UNIX, and GIS computing environments. New approaches to preparedness
planning and strategic decision making will be explored. (Contractor, Lee, Henderson) (C/S
PAIF: 8032, Green Plan).

A fuel classifier, operating in the ARC/Info environment, has been developed and will be delivered
to Saskatchewan before the end of the fiscal year. This system allows users to produce a 10 metre
resolution FBP fuels grid, aggregate this grid to coarser resolution grids, and produce an ASCII
fuels file for import into IFMIS. Additional ARC/Info coverages produced for Saskatchewan
include data from Digital Chart of the World, NOAA satellite imagery, and the Soils Landscape of
Saskatchewan.

Initiate NFIS at CIFFC in Winnipeg. This will include work on long range fire weather
forecasting, fire severity (i.e., MetaFire), the use of AES weather forecasting model data, the
broadcasting of national fire weather maps to the public via television, and initiation offire
environment data capture for Canadian Forest Service's National Forestry Data Program. The
specific goal for FY 93-94 is to install the Windows NFIS at CIFFC that accesses AES weather
data and computes FWI System outputs for Canada. (Contractor, Henderson, Lee, Smith)
(Green Plan)

A mission critical weather observation collection system was developed. This system collects
weather data from approximately 250 Atmospheric Environment Service (AES) weather stations
across Canada. These data will be used to produce composite maps of FWI and FBP system
outputs on a daily basis using the study's ARC/INFO GIS. Maps will be produced in GIF format
and placed in an FTP anonymous site for public access via Internet. Both CIFFC and the Canadian
Parks Service have expressed high interest in receiving these products on a daily basis during the
1994 fire season.

3. Continue development of high level GIS spatial modelling application for use in forest fire
management. While the major effort will be in the NWT, this initiative will also provide tools for
use in the Foothills Model Forest, Manitou Abi Model Forest, and the provinces of
Saskatchewan and Alberta. (Contractor, Lee, Henderson, Smith) (Green Plan)

Applications research and development continued on the ARC/INFO GIS based fire management
information system. This system uses an open architecture approach which will permit users to
readily customize the base system. Currently, this system includes about 80% of the functionality
of IFMIS. Planning meetings were held with agency staff from the provinces of Alberta and
Saskatchewan to discuss design, development, and implementation issues associated with this new
GIS based decision support system. These meetings were discussed with staff from the Northwest
Territories who already have a prototype version running in the Territorial Forest Fire Centre in
Fort Smith, NWT.
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Present a paper on the application GIS for human-caused fire risk mapping at the ESRI User
Conference. (Lee) (Green Plan)

A paper on mapping the risk of wildfires from human sources of ignition with a GIS was presented
at the 13th Annual ESRI User Conf. , May 24-28, 1993, Palm Springs, CA.

Complete development of a man-caused and a lightning-caused fire-occurrence prediction
prototype models for Manitoba. Install these models in Manitoba for testing and evaluation.
Begin development of a man-caused and a lightning-caused fire-occurrence prediction
prototype model for Saskatchewan (Anderson). (C/M PAIF: 8020, C/S PAIF: 8062)

A prototype lightning-caused fire occurrence prediction (LCFOP) system has been developed for
Manitoba and will be tested there this fire season. The people-caused fire occurrence prediction
system PEOPLE, developed by Bernie Todd and Peter Kourtz (PNFI), will be used in Manitoba
this fire season. Saskatchewan will be receiving the LCFOP system this fire season for testing and
evaluation.

Initiate development of ARAMS software for improved fire weather forecasting. This will include
establishing a data link to the ANIK satellite system and incorporating FWI System calculations
in the ARAMS code. A possible link to fire management system software (IFMIS, NFIS, etc.) will
be evaluated. (Anderson)

The Regional Atmospheric Modelling System (RAMS) version 2c has been compiled and run on
the Sun work station. Efforts were made to read in the Canadian Meteorological Centre's GR1B
(binary gridded data) but so far, the data has not been read in successfully. Additional data
required for the system has been obtained with the purchase of the U.S. Geological Survey's
ETOP05 database. This database provides elevation, land/water coverage, and vegetation data on
a 5 minute grid for the entire world.

Present a paper entitled "Lightning Detection Network Efficiency" at the 17th Conference on
severe Local Storms/Conference on Atmospheric Electricity, October 1993, St. Louis, MO.
(Anderson). (C/M PAIF: 8020, C/S PAIF: 8062).

Paper presented and oral presentation given on "Calculating Lightning Detection Network
Efficiencies" at the conference.

Present a paper entitled "A Model to Predict Lighting-Caused Fire Occurrences" at the 12th
Conference on Fire and Forest Meteorology, October 1993, Jekyll Island, GA. (Anderson). (C/M
PAIF: 8020, C/S PAIF: 8062)

Foreign work travel to this conference was not approved, hence the paper not presented.

9. Continue maintenance of the IFMIS system for DOS. Assist current user in the operational use
of the program. (Anderson)

Version 2.2 of the IFMIS software was developed and released March, 1993. The Alberta and
Saskatchewan fire protection agencies used IFMIS operationally during the 1993 fire season.
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10. Continue the development and maintenance of the fire environment data library for the
Northwest Region. Specific goals for FY 93-94, include:

i)	 routine data capture of and archiving, (Smith)

An updated weather database for Alberta 1983-1993 was archived. Lightning data for
Manitoba 1983-1989 and for Saskatchewan 1985-1988 were converted to a format
compatible with current files. The fuels for the entire province of Saskatchewan have been
developed by combining the current inventory with NOAA imagery data. Other requests
for additional information from Saskatchewan, Manitoba and NWT data are with the
clients.

Agency Lightning Weather Fires Fuels

Alberta
1985-88 '1993 1983-1992 1983-1990 Green zone/

quartersection

Manitoba 1983-1992 1976-1992 1968-1992 Province/5 km

Northwest
Territories

- 1990-1992 - Forest Region/
5 km

Saskatchewan 1983-1992 1981-1992 1981-1992 Province/ 1 Ian

transfer all data in the fire environment library to ARC/INFO, (Smith, Henderson)

The Alberta Phase III forest inventory and the Saskatchewan inventory have been
converted to ARC/INFO. A national fuels classification using NOAA satellite imagery
has been developed.

compilation digitizing of all Class E fires for Canada, (Smith, GLFC)

In conjunction with the Great Lakes Forestry Centre the following progress has been made
on digitizing all Class E fire for Canada for the periods indicated:

Province or Territory Period Class E Fires (#) Completed (%)

British Columbia 1980-1989 311 0

Alberta 1931-1983 1800 100

Saskatchewan 1980-1993 564 60

Manitoba 1980-1989 669 100

Ontario 1980-1989 476 100

Quebec 1980-1989 272 100

New Brunswick 1980-1989 24 100

Newfoundland 1980-1989 75 100

Nova Scotia 1980-1989 1 100

PEI 1980-1989 0 100

Yukon 1980-1989 213 100

NWT 1980-1989 513 100
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compilation of a national fuel type map using NOAA imagery and CIFFC administrative
units. (Contractor, Smith)

A first approximation national fuel type map was developed for Canada using NOAA
classified imagery. Detailed forest inventory data generalized to 1 km resolution is
currently being added to increase the categorical detail of the map.

preparation of an ARC/INFO views and data dictionary for the fire environment library.
(Smith, Henderson, Lee)

Forest inventory maps for Alberta and for Saskatchewan and a National fuel types map
have been built in ARC/View.

completion of the Bighorn Recreation Area ARC/INFO data model to include terrain,
forest inventory, and planimetric information. (Smith)

Steps have been taken to properly register the digitized work and to link this data to the
attributes. This not been completed, though, due to a lack of sufficient funds for contracts.

providing provincial ARC/INFO data each of the two Canadian Forest Service district
offices for demonstration purposes. (Smith, Henderson, Lee) (Green Plan)

The ARC/INFO data sets will be completed for delivery in fiscal year 1994-95.

In cooperation with the University of Alberta, complete research into the application of GIS
technology and spatial attribute theory as a tool in person-caused fire occurrence prediction.
(Vega-Garcia, Woodard, Lee) (Green Plan)

Cristina Vega-Garcia completed her M.Sc. thesis entitled "Predicting Human-caused Forest Fire
Occurrence in Whitecourt Forest, Alberta." Two journal papers on the thesis have been submitted
and are currently under review.

In cooperation with the University ofAlberta and the Canadian Parks Service, initiate a
research study on the impact of fire on stand origin in BanffNational Park. This Green Plan
supported project involves supporting a MSc. thesis student, Ms. Marie-Pierre Rogeau over a
period of two years. Canadian Forest Service will provide office space, GIS and statistical
analysis tools, and thesis supervision throughout this period. (Rogeau, Woodard, White, Lee)
(Green Plan)

During the 1993 field season, 250 plots were established and almost 1000 trees sampled for age
of establishment or date of fire occurrence. A total of 43 watersheds in Banff National Park were
mapped in terms of fire boundaries. These data have been digitized using a GIS. Preliminary
spatial analyses were also conducted in terms of fire pattern, valley orientation, and slope
position, among other spatial variables.
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In cooperation with the Govt. of Spain, initiate a cooperative research program in spatial
modelling of fire weather, fire behavior, and human-caused fire occurrence prediction in the
Los Alcornocales Natural Park of Southern Spain. (Lee) (Green Plan and Spain)

Data has yet to be provided by the Government of Spain to initiate this project.

Continue to expand the Forest Fire Reprint Collection. (Maffey) (Green Plan).

The Forest Fire Reprint Collection was expanded with the entry into Pro-Cite of:

250 new publications.
approximately 2000 new citations from the International Bibliography of Wildland Fire.
24,000 names and addresses from the International Directory of Wildland Fire.
274 records and abstracts from the "Forest Fire Research in Western and Northern
Canada, 1962-1993: An Annotated Bibliography"

15. Continue to provide advisory services to client agencies, universities, and others as required.
(Lee, Anderson, Henderson, Smith)

Chaired the Western Region Fire Weather Committee Meeting, Apr. 6, 1993. (Anderson)

Attended the Central Region Fire Weather Committee Meetings, Apr. 7, 1993 and Nov. 25, 1993.
(Anderson)

Assisted Saskatchewan Environment & Resource Management in developing a system to import
daily weather provided by the Prairie Weather Centre and Forest Technology Systems (FTS)
remote weather stations into IFMIS. (Anderson)

Hosted a seminar by Dr. Amelio Chuvienco on GIS and remote sensing in forest fire research,
July 28, 1993. (Lee)

Cooperated by providing lightning data for Alberta and for Saskatchewan to University of
Calgary graduate. (Anderson)

Attended Fire Danger Working Group meeting Banff, Alberta, Sep. 8-12, 1993. (Lee, Anderson)

Presented the IFMIS software on "Computing Today", a show on current development in
computing, televised by the Shaw Cable company, Nov., 1993. (Anderson)

Organized Forestry GIS User's Group meeting held at the Northern Forestry Centre, Jan. 19, 1994
(Smith)

Organized SPANS User's Group meeting held at the Northern Forestry Centre, Feb. 1994.
(Smith, Kalenith)

Hosted international delegations from Chile and from Russia at the Northern Forestry Centre.
(Lee, Anderson, Henderson, Smith)
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16. Initiate and supervise a contract to complete the Nahanni Fire History study. (Smith, Lee,
Dube)

A contract was tendered to complete the Nahanni Fire History study. The fmal report for this
contract is due March 31, 1994. A Canadian Forest Fire Behavior Prediction (FBP) System fuel
type map was also classified from forest inventory data.

15. Information Activities

iii) Other Reports

Anderson, K.R. 1993. Calculating lightning detection network efficiencies. Pages 733-738 in 17th
Conf. on Severe Local Storms/Conf. on Atmospheric Electricity, Oct. 4-8, 1993, St. Louis,
MO. Amer. Meteo. Soc., Boston, MA.

Pinedo, M.M.; Lee, B.S.; Hirsch, K.G. 1994. Client Survey on Forest Fire Research Needs for
West-central Canada. Can. For. Serv., Nor. For. Centre, Edmonton, Alberta. (In review)

Vega-Garcia, C. 1994. Predicting human caused forest fire occurrence in Whitecourt Forest,
Alberta. M.Sc. Thesis, University of Alberta, Edmonton, Canada, 117. p.

Vega-Garcia, C.; Woodard, P.M.; Lee, B.S. 1993. Mapping risk of wildfires from human sources
of ignition with a GIS. Pages 419-426 in the Proc. of the 13th Annual ESRI User Conf., May
24-28, 1993, Palm Springs, CA.

Vega-Garcia, C.; Lee, B.S.; Woodard, P.M. 1994. Applying neural network technology to human-
caused wildfire occurrence prediction (in review).

iii) Lectures, Courses, Seminars, and Scientific Addresses

Two presentations on "Fire Research being conducted under the Manitoba Partnership Agreement
in Forestry (PAIF)" given in The Pas and Pine Falls, Manitoba, April 20 and 22, 1993
respectively. (Lee)

"Canadian Fire Management Research Programs" (two four hour presentations), Junta de
Andalucia Forest Engineer Fire Training, Sevilla, Spain, May, 1993. (Lee)

"The National Fire Severity Project" presented at the 1993 Interior West Fire Council Conference,
Oct. 25-28, 1993, Bismarck, ND. (Henderson)

"An Overview of Fire Research at the Northern Forestry Centre" presented to the Dept. of Forest
Science, University of Alberta, Dec. 8, 1993.

"The National Fire Severity Project" presented at the 1993/94 Meeting of the Canadian
Committee on Forest Fire Management, Jan. 19-20, 1994, Charlottetown, PEI. (Lee)

"The Physics of Lightning" presented at the University of Alberta, Division of Meteorology, Feb.
14, 1994. (Anderson)
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"Data management using SPANS" presented at the SPANS User's Group Meeting, Calgary,
Alberta, Feb. 28, 1994. (Smith)

16. Goals 1994-95

Complete an operational prototype ARC/INFO GIS based fire management information system
for Alberta, Saskatchewan, NWT, and the Foothills Model Forest. This will include Oracle
database development for Alberta and Saskatchewan and linkages to advanced applications
developed by NoFC and PNFI. (Lee, Anderson, PNFI) (Green Plan).

Continue development of the National Fire Severity Project through the initiation of a National
large fire and multi-fire occurrence prediction model following Simard's MetaFire model. Large
fire occurrence data will be collected for 1980 to 1993 and analyzed using artificial neural
network technology. (Lee, Simard) (Green Plan).

Prepare a paper entitled "The Canadian Forest Fire Severity Information System" for the 2nd
International Conference on Forest Fire Research, Coimbra, Portugal. (Lee) (Green Plan)

Prepare a paper entitled "Fire danger estimation using AVHRR images in the prairie provinces of
Canada" for the 2nd International Conference on Forest Fire Research, Coimbra, Portugal.
(Dominguez, Lee, Chuvieco, Cihlar) (Spain).

Complete a linear programming model for optimal initial attack base networks for the British
Columbia and the Alberta Forest Services. Develop a linear programming model for air tanker
day-basing for the Alberta Forest Service. These will include software, manual and a publication.
(Lee, W. Anderson) (Green Plan).

Impliment changes to NOR-5 project stucture, goals, objectives, and organization as deemed
appropriate from recommendations resulting from the 1994 peer panel review.

Continue the development of the National Large Fire Digital Atlas, consisting of digitized maps
of all Class E fires for Canada for 1980 to the present. (Smith, GLFC) (Green Plan)

Continue the development and maintenance of the Fire Environment Library (Smith)

Complete development of an operational prototype of the RAMS system for the Alberta Forest
Service. This will include a method to read in the Canadian Meterological Centre (CMC) GRIB
data, calculate FWI indices, and will incorporate all require input information, as provided from
ETOPO5 and other data sources (Anderson). (C/A PAIF: 8027)

Evaluate the performance of the fire occurrence prediction systems installed in Manitoba and
Saskatchewan. (Anderson). (C/M PAIF: 8020, C/S PAIF: 8062)

Write a paper entitled "Modelling Lightning-Caused Fire Occurrences" for publication in a
scientific journal (Anderson). (C/M PAIF: 8020, C/S PAIF: 8062)

Continue maintenance of the IFMIS system for DOS. Assist current user in the operational use of
the program. (Anderson)
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In cooperation with the University of Alberta and the Canadian Parks Service, continue the
research study on the impact of fire on stand origin in Banff National Park. This Green Plan
supported project involves supporting a M.Sc. thesis student, Ms. Marie-Pierre Rogeau over a
period of two years. The Canadian Forest Service will provide office space, GIS and statistical
analysis tools, and thesis supervision throughout this period. (Rogeau, Woodard, White, Lee)
(Green Plan)

Continue to provide advisory services to client agencies, universities, and others as required. (Lee,
Anderson, Smith)

17. Major Co-operators: 

Internal - FC

Region
	 ID#
	

Title
	 Contact name

External -

Establishment
	

ID#
	

Title
	 Contact name

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

CFS-NWR EARP Committee Approval Date: March 31, 1993.
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7. Study Staff:

Investigator(s)/Team Member(s) Name
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1

Study Resources:

Personnel Information:

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

Alexander FO-2 (P) 0.17 0.17 1.00

Maffey EG-5 (T) 0.08 0.08 0.00

FTEs 0.25 0.25 2.00

Study Background and Problem Analysis

Embedded in nearly every fire management decision is the need to accurately evaluate fire danger
and/or predict fire behavior for a variety of fuel types/topographic situations over a range of possible
fire weather conditions. The goal of fire danger/fire behavior research should be to provide fire
managers with simple, timely answers to the following questions given an actual or potential wildfire
occurrence:

What will be the head fire rate of spread? What will be the area, perimeter
length, and forward spread distance at 1 hour, 2 hours, 3 hours and so on after
it starts?

Will it be a high-intensity or low-intensity fire? Will it be a crown fire or a
surface fire? How difficult will it be to control? Will mechanical equipment
and/or airtankers be required or can it be handled by a suppression crew?

Is there a possibility of it "blowing-up"? If so, will it produce a towering
convection column or have a wind-driven smoke plume? What will be the
spotting potential? -- short- or long-range? Are fire whirls and/or other types of
wildland fire vortexes likely to develop? If so, when and where?

Satisfying these information needs and assessing the probable number of man-caused and lightning
fire starts provides the scientific basis for informed and effective management or control of free-
burning forest fires.

The Canadian Forest Fire Danger Rating System (CFFDRS) is the national system of rating fire
danger in Canada. The CFFDRS represents the practical output of the continuing Canadian Forest
Service (CFS) fire behavior research programme (i.e., experimental burning projects and wildfire
investigations).

The CFFDRS includes all guides to the evaluation of fire danger and the prediction of fire behavior
such as the Canadian Forest Fire Weather Index (FWD System and Canadian Forest Fire Behavior
Prediction (FBP) System. This study formalizes the need for the continuing development, evaluation,
interpretation, and application of the CFFDRS in the region serviced by the Northern Forestry Centre

1

1
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(NoFC) in order to further extend its usefulness in fire management planning and operational
decision-making, including computer-based decision support systems such as the Intelligent Fire
Management Information System (IFMIS). Secondly, it recognizes the opportunity to formulate
improved methods for the assessment and prediction of wildfire behavior in terms which are useful to
fire management agencies by regional adaptation of existing and new knowledge, techniques, etc. The
principal aim or thrust of Study NOR-5-05 is to develop practical systems or schemes for evaluating
fire danger and predicting fire behavior for use in fire management and fire suppression programs in
order to ultimately assist fire managers in reducing the adverse impacts of unwanted fires, regardless
of whether they are of planned or unplanned origin.

12.	 Study Objectives:

i) Objectives

To develop, evaluate, interpret, and apply the Canadian Forest Fire Danger Rating System.

To improve the assessment and prediction of wildfire behavior in terms and by methods which
are useful to fire management agencies.

The objectives of Study NOR 5-05 are directly related to "Regional Issue III: Reduction of Losses"
as outlined in Toward the 21st Forest: the Northwest Region's Strategic Plan, 1990-95: and
the key initiative pertaining to the "increased capability to predict and prepare for the consequences
of human activities and natural disturbances... on forest ecosystems" as noted in the national
strategic plan entitled Forestry Canada: Preparing For The Future -- Our Strategic Plan
(April 1990).

ii) Deliverables

Short Term (1-5 years)

Completion of Ph.D. thesis dealing with crown fire thresholds in pine plantations and
preparation of articles for publication in peer review journals.

Final documentation of the results of the Big Fish Lake experimental burning project in
northern Alberta (i.e., Information Report and videotape); this represents one of the
"benchmark" fuel type studies used in the development of the Canadian Forest Fire Behavior
Prediction (FBP) System.

3. Publication of several previous investigations and activities in the region (e.g., climatology of
atmospheric conditions related to extreme fire behaviour, annotated bibliographies on NWR
fire research - 1962-92 and the CFFDRS, fire behavior in lodgepole pine slash at Kananaskis,
spring Drought Code starting value analyses, and Fire Weather Index System severity rating ,
grass fire rate of spread analyses, helicopter soundings of atmospheric stability) as Information
Reports, Forest Management Notes, journal articles and papers in symposium/conference
proceedings.
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4. Documentation of experimental fires in specific fuel types (e.g., grasslands) and selected
wildfire situations (e.g., observation zones in NWT, Saskatchewan and Manitoba) designed to
ground truth certain elements of the FBP System.

Long Term (5 years and beyond)

Development of more refined guidelines and decision aids for predicting fire danger and fire
behavior which meet the diversity of clients and their specific needs in the future, including
extension of previously unaddressed wildland fire phenomena by CFS (e.g., spot fire transport,
fire whirl development and "blow-up" occurrence). This will be accomplished in part by continued
participation as a "core" member of the CFS Fire Danger Group in activities pertaining to further
research into the fundamentals of fire behavior in support of improvements to the CFFDRS,
especially with respect to the FBP System. International collaboration with other fire behavior
scientists, notably those in Australia and the U.S.A., is seen as necessary if the goal to develop a
more universal fire behavior model is to eventually be realized.

iii) Significant Linkages:

Regionally

ForCan Northwest Region, Northern Forestry Centre (NOR 5-02, NOR 5-04, NOR 5-08,
NOR-5-09)
Central and Western Region Fire Weather Committees
Interior West Fire Council
Alberta Forest Technology School (D. Quintilio and T.A. Van Nest)
University of Alberta (A.W. Bailey and R.W. Wein)
NWT Territorial Forest Fire Centre (R.A. Lanoville)
Atmospheric Environment Service, Central and Western Regions
Canadian Parks Service (C. White)
Alberta Environmental Protection, Land & Forest Services, Forest Protection Division
Saskatchewan Environment & Resource Management, Forest Fire Management Branch
Manitoba Natural Resources, Fire Program
CFS Fire Danger Working Group

Nationally

CFS National Headquarters, Science Directorate (A.J. Simard)
CFS Ontario Region (B.J. Stocks and T.J. Lynham)
CFS Pacific Region (B.D. Lawson, B.C. Hawkes and S.W. Taylor)
CFS Petawawa National Forestry Institute (R.S. McAlpine and M.D. Flannigan)
Canadian Committee on Forest Fire Management, Task Group on Glossary of Forest Fire
Management Terms

Internationally

USDA Forest Service fire researchers (P.L. Andrews, R.C. Rothermel, K.C. Ryan, and R.M.
Nelson at Missoula, Montana; J.D. Cohen and D.W. Wade at Dry Branch, Georgia, and D.R.
Weise at Riverside, California) and fire behavior analysts (D.A. Thomas at Superior, Montana)
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International Association of Wildland Fire (J.M. Greenlee)
National Fire Protection Association (W.J. Baden)
Montana State University (F.A. Albini)
Alaska Interagency Fire Coordination Centre (F. Cole, J. Stam, D. Berry)
FIRENET and FBA-NET
Tomsk University, Russia (A.M. Grishin)
Australian Defence Force Academy, Department of Mathematics (E.A. Catchpole, W.J.
Catchpole, R.O. Weber)
CSIRO Division of Forestry, Bushfire Research Unit [Australia] (N.P. Cheney, I.K. Knight, J.S.
Gould)
Australian National University, Department of Forestry (A.C.F. Trevitt)
Western Australian Department of Conservation and Land Management (N.D. Burrows, W.L.
McCaw)
New Zealand Forest Research Institute (H.G. Pearce, L.G. Fogarty)
National Rural Fire Authority of New Zealand (M.J. Dudfield, R.I. Millman)

13. Progress and Achievements

The present study was initiated in early 1981 by M.E. Alexander. He was joined in mid 1985 by R.S.
McAlpine, on a part-time basis (0.5 PY), as a co-study leader (McAlpine transferred to PNFI in April
1989). M.E. Alexander was on longer term training (LTT) in Canberra, Australia (Ph.D. Scholar,
Department of Forestry, Australian National University, and Visiting Fire Researcher, Bushfire
Research Unit, CSIRO Division of Forestry) from September 1989 until March 1992 and from April
1992 until March 1993 he was involved in a secondment to the New Zealand Forest Research Institute
in Rotorua as a Visiting Fire Research Scientist. M.E. Maffey serves as the study technician (part-time
basis). The study leader is currently a member of the CFS Fire Danger Group, having joined in April
1981. This group maintains liaison with regional, national, and international fire organizations,
committees and agencies to ensure research, development and applications of the CFFDRS continues
in a timely and relevant manner. All members received Forestry Canada certificates of appreciation in
1990 for their various roles in the Fire Danger Group (see Forestry Canada's Through The Branches 
3(3):15. 1990). Interestingly enough, fire management agencies in Alaska have recently (1992)
adopted the CFFDRS in lieu of the U.S. National Fire Danger Rating System.

The major accomplishments of the Group since 1981 have been:

- Production of an updated edition of the FWI System in 1984 (i.e., ForCan Forestry Technical
Reports dealing with Tables and Equation/FORTRAN Program).

- Development of the Canadian Forest Fire Behavior Prediction (FBP) System.

- Development of a CFFDRS Users' Guide (i.e., a three-ring binder designed to house all national
publications and associated material documenting the technical aspects of the (CFFDRS).

The study leaders have been involved directly or indirectly in the application of the CFFDRS in the
"system" of several user agencies in the region (e.g., AFS, Alberta Parks, GNWT).
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A point worth emphasizing is the fact that the data base used in the development of the FBP System
does include the various experimental fires documented by NoFC staff between 1965-1978. The
principal field research activities since 1981 have been concerned with two experimental burning
projects coordinated by NoFC but involving fire staff from the other CFS research establishments:

1982: Porter Lake, Caribou Range, N.W.T. - upland black spruce- lichen woodland (FBP System
Fuel Type C-1); a cooperative project with Indian and Northern Affairs Canada (INAC).

1985-89: Big Fish Lake, Footner Lake Forest, Alta. -black spruce-Labrador tea-Cladonia fuel
complex (FBP System Fuel Type C-2); a cooperative project with Alberta Forest Service (AFS).

Since 1981, study personnel have produced 22 scientific and technical journal articles, 7 information
reports, 11 forest management and technology transfer notes, 27 conference and symposium papers, 3
special miscellaneous publications, 7 newsletter articles, and 21 major internal reports. Several of these
published and unpublished documents were co-authored with other CFS fire researchers as well as
provincial and federal fire managers, and university and technical school educators. Other notable
achievements during the period 1981-93 include:

Assistance with the regional implementation of spring Drought Code (DC) starting value
determinations on a regular, yearly basis in 1981-82.

Development of a 4-day advanced fire behavior course in cooperation with Alberta Forest
Technology School and AFS Forest Protection Branch in 1982 (sustained participation has
continued up to and including 1989). Fire management personnel from N.W.T., Manitoba and
Saskatchewan and Parks Canada have also attended the course.

Coordinated the development of a scientific and technical seminar series under the auspices of the
Western and Central Region Fire Weather Committees beginning in 1983.

Initiated and solicited support for a 3-yr. CFS-HQ sponsored PRUF (Program of Research
University Forestry) by University of Alberta Meteorology Division entitled "Climatology of
Atmospheric Conditions Related to Extreme Forest Fire Behavior in West-Central and Northern
Canada" in 1984. This work is related to the prediction of blowup fire occurrences.

Preparation of several user-oriented aids which have been immediately utilized by AFS and INAC.
(e.g., procedures and an adiabatic chart for plotting helicopter soundings of temperature, dew-point
(DP) tables for fire weather stations with ventilated thermometers, prototype chart/table for the fire
intensity component of the FBP System); an excellent example of this is the AFS "Fire Behavior
Officer Reference - 1986". The concepts currently incorporated into the WM-680 Wind Monitor
produced by Forest Technology Systems Ltd. represents another practical example of an original
study initiative.

Production of a slide-rule device incorporating the existing information on the FBP System. The
"Fire Growth Calculator" or FGC simply represents an alternative methods of calculating area,
perimeter length, etc. in lieu of manual, table or computer calculation.
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A variety of fire-related programs (e.g., RH and DP computations from dry-and wet-bulb
temperatures, spring DC starting value) written in BASIC have been prepared including present
versions of the FWI and FBP Systems. The current application involves the NEC PC-8201A
portable computer which is ideally suited to district level use and by a fire behavior officer on
campaign fires.

Increased the interest and set the standard for wildfire case histories or studies in the Northwest
Region of CFS and elsewhere.

Development of a propane ignition torch using "off-the-shelf' components that eliminates the need
for complicated pressure torches using liquid fuel.

Studied crown fire behavior in exotic pine plantations in Australasia as a Visiting Fire Researcher
with the CSIRO Division of Forestry's Bushfire Research Unit and Ph.D. Scholar, Department of
Forestry, Australian National University, Canberra, ACT, Australia.

Re-initiated a forest and rural fire research programme at the New Zealand Forest Research
Institute in Rotorua (following a 15-year hiatus) as a Visiting Fire Research Scientist on a one-year
secondment through an international assignment agreement between Canada and New Zealand
(involved R&D and technology/information transfer activities relating to fire danger rating/fire
behavior, including the "mentoring" of a resident fire researcher); for his work while in New
Zealand, the Forest and Rural Fire Association of New Zealand conferred honorary membership
upon the study leader in 1993.

An audit undertaken by Agriculture Canada in 1988 showed that the fire danger rating/fire behavior
R&D being undertaken at NoFC had resulted in major savings to fire management agencies, both
regionally and nationally.

14. Goals and Accomplishments (1993-94)

Priority is to finish analysis and write-up of Ph.D. thesis dealing with crown fire thresholds in
exotic pine plantations for review and comment by supervisory committee members by early
February 1994 prior to submission to the Australian National University for external peer
review examination, by no later than April 23, 1994. (Alexander)

Completion of review draft now seen as not being done until September 1994.

In cooperation with the Alberta Environmental Protection staff at the Footner Lake Forest HQ,
complete the burning of the four remaining experimental fire plots in the Big Fish Lake Project
study area during the 1993 fire season. (Alexander, Maffey)

Weather station (including radio telemetry to High Level) established at north side location in late
May. An updated and revised version of the CFS/Alberta Environmental Protection Agreement on
the Big Fish Lake Experimental Burning Project was completed and signed. Four remaining plots
gridded for rate of fire spread monitoring and depth of burn pins installed. Completed fuel
inventory (dead-down roundwood and shrubs) on north side peninsula.
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Weather conditions were not conducive to completing the burning of the remaining plots and the
north side peninsula.

3. Participate in cooperative activities of the national Forestry Canada Fire Danger Group, as
necessary, and continue to provide advisory services in respect to fire danger rating and fire
behavior expertise, as required. (Alexander; ForCan Fire Danger Group members; Maffey)

Attended meetings in Hinton (May 18) and Edmonton (June 23) with Forest Technology School,
Alberta Environmental Protection and University of Alberta personnel to discuss Foothills Model
Forest proposal on fire management DSS component; principal author of proposal submitted.

Attended Canadian Forestry Service Fire Danger Group meeting at Banff, September 7-13, 1993,
to develop a 1994-99 strategic plan for the Canadian Forest Fire Danger Rating System.

Participated in the Canadian Committee on Forest Fire Management (CCFFM) Task Force Group
on Glossary of Forest Fire Management Terms, including attendance at meeting held in Winnipeg,
November 9-10, 1993, and in preparing summary report for presentation at the 1994 CCFFM
Annual Meeting.

Attended meeting in Edmonton (December 14) to discuss 1994 Advanced Fire Behavior Course at
FTS Hinton and the creation of a 1-week "fire behavior specialist" course.

Initiated the concept of a steering committee for the bi-annual Fire and Forest Meteorology
Conference series, including a conference call with USDA Forest Service personnel and the
International Association of Wildland Fire on January 14, 1994.

15.	 Information Activities

iii)	 Other Reports

Alexander, M.E. 1993. Standard specifications for Fire Weather Index System computer
calculations. National Rural Fire Authority, Wellington, New Zealand.
Circular 1993/14. '7 p.

Alexander, M.E. 1994. Proposed revision of fire danger class criteria for forest and rural areas
in New Zealand. National Rural Fire Authority, Wellington, New Zealand. Circular
1994/2. 73 p.

Alexander, M.E.; Pearce, H.G.; Farrow, R.F.; Smart, P.M. 1993. Experimental fires in radiata
pine logging slash within the Kinleith Forest during early 1993. Pages 40-41 in
Proceedings of Forest and Rural Fire Association of New Zealand 3rd Annual Conference
(Aug. 4-6, 1993, Wellington, New Zealand). For. Rural Fire Assoc. N.Z., Rotorua, New
Zealand.

Alexander, M.E.; Pearce, H.G. 1993. The Canadian fire danger ratings associated with the
1991 Oakland-Berkeley Hills Fire. Wildfire News & Notes 7(2): 1,5.
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Gates, C.C.; Maffey, M.; deGroot, B. 1994. The behaviour and effects of prescribed fire on
herbaceous and woody plants in northern reed-bentgrass meadows. Pages 35-36 in
Managing Fire Dependent Ecosystems: Options and Technologies. Proceedings from 1992
Interior West Fire Council annual meeting and workshop. Gov . Northwest Territ., Fort
Smith, Northwest Territories.

Hirsch, K.G.; Alexander, M.E.; Anderson, K.R. 1993. Dew-point temperature tables for fire
weather stations with ventilated psychrometers. For. Can., Northwest Reg., North. For.
Cent., Edmonton, Alberta. For. Manage. Note 56. 16 p.

NRFA and NZ FRI. 1993. Fire Weather Index System Tables for New Zealand. National
Rural Fire Authority, Wellington, New Zealand and N.Z. For. Res. Instit., Rotorua, New
Zealand. 48 p.

iv)	 Lectures, courses, seminars and scientific addresses

Co-authored paper presented by R.F. Farrow (Carter Holt Harvey Forests Ltd., Tokoroa, New
Zealand) entitled "Experimental Fires in Radiata Pine Logging Slash within the Kinleith
Forest during early 1993" presented at the 3rd Annual Conference of the Forest and Rural Fire
Association of N.Z., Wellington, New Zealand, August 4-6, 1993.

Co-authored paper presented by H.G. Pearce (New Zealand Forest Research Institute,
Rotorua) entitled "A Simple Test Fire Exercise for Fire Behavior Training" at the Australian
Bushfire Conference-LANDSCAPE FIRES 1993, Perth, Western Australia, September 27-29,
1993.

Co-authored paper presented by H.G. Pearce (New Zealand Forest Research Institute,
Rotorua) entitled "Fire Danger Ratings Associated with New Zealand's Major Pine Plantation
Fires" at the 12th Conference on Fire and Forest Meteorology, Jekyll Island, Georgia, October
25-28, 1993.

Made an oral presentation entitled "Crown Scorch in Ponderosa Pine Plantations in Australia"
at the Canada-United States Prescribed fire Information Session, Jekyll Island, Georgia,
October 29, 1993 [study leader attended at his own personal expense while on annual leave.]

Co-authored poster paper presented by H.G. Pearce (New Zealand Forest Research Institute,
Rotorua) entitled "Wildfire Behavior in a New Zealand Wetland: A Case Study" at the 19th
Tall Timbers Fire Ecology Conference - FIRE IN WETLANDS: A MANAGEMENT
PERSPECTIVE, Tallahassee, Florida, November 3-6, 1993.

Made an oral presentation giving an overview of Australian/New Zealand experiences at the
annual Alberta Forest Protection Officers Workshop, Edmonton, December 8, 1993.
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v) Technology transfer

Coordinated 1-day visits to NoFC Fire Management Research Projects by two New Zealand
fire managers -- 0. Kemp (Tasman Forestry Ltd.) and P.N. Smart (N.Z. Forestry Corporation
Ltd.).

Coordinated 6-week Alberta/Northwest Territories segment of Canadian study tour by New
Zealand Forest Research Institute Fire Research H.G. Pearce, June-July 1993, including direct
involvement in fire behavior monitoring/consultation on the wildfire "bust" at Norman Wells
in early July.

Reviewed one manuscript dealing with point source fire acceleration as an Associate Editor
for the International Journal of Wildland Fire.

Reviewed one manuscript dealing with fire damage in conifer plantations in relation to
management practices for Forest Science.

Reviewed two manuscripts dealing with convective temperatures above wildland fires for
CALMScience.

Reviewed conference paper manuscript dealing with ignition probabilities in three interior
B.C. fuel types at the request of CFS Pacific Forestry Centre.

At the request of the New Zealand government's Foundation for Research, Science and
Technology, reviewed proposal submitted by the New Zealand Forest Research Institute for
rural fire research funding.

16. Goals 1994-95

Complete review draft of Australian National University Ph.D. thesis on crown fire thresholds in
exotic pine plantations of Australasia and revise accordingly based on comments of supervisory
committee members during the first half of fiscal year 1994-95 and then submit to ANU for external
peer-review examination. (Alexander)

Collect ground truthing field data on degree of curing in grasslands in connection with a joint
investigation with T.J. Lynham (GLFC) on satellite sensing of fire hazard conditions. (Maffey,
Alexander)

Collect field data in the Northwest Territories to evaluate the reliability of the foliar moisture
content prediction routines of the Canadian Forest Fire Behavior Prediction System north of 60.
(Maffey, Alexander)

Participate in cooperative activities of the national Canadian Forest Service Fire Danger Group, as
appropriate, and continue to provide advisory services in respect to fire danger rating and fire
behavior expertise, as required (Alexander, Maffey; CFS Fire Danger Group)
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17. Major Co-operators: 

Internal - CFS

Region ID# Title Contact name

Northwest NOR-5 Fire Management
Research

B.S. Lee
W.J. deGroot
K.G. Hirsch
C.J. Oglivie

Pacific & Yukon PC-63-1 CFFDRS B.D. Lawson
B.C. Hawkes
S.W. Taylor

Ontario GLC-03-062 Fire behavior B.J. Stocks
T.J. Lynham

Petawawa NFI PI-4-020 Fire behavior R.S. McAlpine
B.M. Wotton

National Capital Natl fire res. coord. A.J. Simard

External -

Establishment ID# Title Contact name

GNWT Dept. of
Renewable Resources

Territorial Forest Fire
Centre

R.A. Lanoville

University of Alberta Dept. of Plant Science A.W. Bailey

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concludes that these
activities are not potentially detrimental to the environment.

FC-NWR EARP Committee Approval Date: May 20, 1993
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Name

K. HirschStudy Leader

Team Members

NOR 5-08
NATURAL RESOURCES CANADA

CANADIAN FOREST SERVICE
NORTHWEST REGION

STUDY WORK PLAN
1993-94

Project Review Date: February 17, 1994

STUDY TITLE: Fire Suppression Systems and Strategies

Responsibility Centre: Northwest Region (8133)

Program: Forest Resources

Project Title: Fire Management Research

Office Location(s): Edmonton, Alberta

Work Location: Canada

7. Study Staff:

Study Key Words: Fire Suppression Systems, suppression effectiveness, suppression efficiency, fuels
management, wildland/urban interface, fire behavior, technology transfer.

Study Activity: 2231

10. Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

K. Hirsch FO-02 (P) 0.90 0.90 1.00

FTEs 1.00 1.00 1.00

1
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Study Background and Problem Analysis:

The suppression of wildfires has been and will continue to be one of the primary objectives of the fire
management agencies in Canada. This is especially true in areas where wildfires may have a negative
impact on the social or economic value of a given resource. During the 1980s, approximately 9700 fires
per year resulted in an annual area burned off over 2.4 million hectares. Fire management expenditures
during this period exceeded $2 7 million per year with the majority of the funds allocated to wildfire
suppression. The general goal of research in the field of fire suppression systems is therefore, to develop
new strategies and approaches to fire suppression that will reduce resource losses resulting from
unwanted wildfires and increase the cost-effectiveness of fire suppression activities.

The fire suppression systems study was initiated at NoFC in 1991 to investigate the process of
suppressing wildfires. This includes the methods, tactics and strategies used in preparing for and
conducting fire suppression activities as well as the impact and benefits obtained from fire suppression.
This study is very operationally-oriented, focusing primarily on applied research and technology
transfer. The study area is also closely linked to research in fire suppression technology, fire
behavior/danger and fire management decision-support systems that is being conducted at NoFC and by
other groups or individuals in North America. As well, this study is tied to the science and technology
strategic direction as identified in the Forestry Canada National Strategic plan. With respect to the
Northwest Region's Strategic plan, fire suppression systems research is directly linked to the reduction
of losses, and research, development and innovation strategic issues. It is also indirectly related to the
improvement and sustainability of wood supply and multiple use forest management strategic issues.

The need for research, development and technology transfer in the Fire Suppression Systems subject
area has increased in recent years for two primary reasons. First, public demand on both industry and
government for sustainable forest development has been growing. An important aspect of this demand is
the desire for a continuous resource supply to be available from a given area. This has caused a greater
reliance on fire suppression to eliminate major resource losses. Second, as overall funding for
government programs becomes more difficult to obtain it is important that new, more cost-effective and
environmentally acceptable approaches to fire management are developed.

Study Objectives:

i) Objectives

To identify and develop forest fire suppression knowledge and strategies that will enhance
forest resource management and improve the efficiency and cost-effectiveness of fire
management programs in Canada. This will assist in the reduction of losses which is a primary
objective of the NW Region strategic plan.

To develop systematic, quantitatively-based fire suppression practices, guidelines and models
that are linked to fire behavior parameters and fire management decision-support systems. The
development of such systems is considered a major objective in the Forestry Canada Green
Plan.
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3. To conduct technology transfer activities in the area of forest fire management in order to
facilitate the development and application of forest fire research results and products.
Technology transfer is identified as an important activity under both the Green Plan and the
regional strategic plan.

ii) Deliverables

Short Term (1-5 years)

Compile and disseminate (through a bibliographic publication) information available on fire
management in the wildland/urban interface.

Develop and test a quantitatively-based model for fuels management in the wildland/urban
interface.

Cooperatively produce guidelines for sub-division and structure development in the
wildland/urban interface and create a model subdivision demonstration area in Alberta.

Develop guidelines and/or models for the effectiveness of initial attack resources and
techniques commonly used in the boreal and sub-boreal forests of Canada. This information
would serve as a component or module of a Canadian initial attack containment model or could
be used in preparedness planning systems, fire management decision-support systems or even
a fire economics simulator.

e) Enhance the understanding and use of fire behavior information in fire suppression activities
by:

developing a technology transfer package (software and workload) for the Canadian
Forest Fire Behavior Prediction (FBP) System that could be used in Canada and
internationally; and

participating as an instructor at training programs at the Forest Technology School, the
University of Alberta and at other institutions in Canada.

Long Term (5 years and beyond)

Development of models and guidelines to assist fire managers in determining optimum fire
management strategies in relation to both forest management and natural resource
management. Research products will utilize advancing technology (artificial intelligence,
GIS, decision support systems, etc.) and require national and international cooperation.

Strategies, techniques, guidelines and models will be developed to improve the efficiency
and cost-effectiveness of large (or campaign) fire suppression activities. Ultimately a
decision support system for campaign fire management will be developed and implemented.
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Significant Linkages:

Provincial and Territorial
Fire Management Agencies in Canada
NoFC

Fire Suppression Technology
Fire Behavior/Danger
Fire Management Systems

Forestry Canada
Pacific Forestry Centre
Great Lakes Forestry Centre
Petawawa National Forest Institute

- Science and Technology Directorate (Headquarters)
Canadian Parks Service
Atmospheric Environment Service
USDA - Forest Service
National Fire Protection Association
Partners in Protection (Alberta)
University of Alberta
University of Manitoba
Brandon University
Forest Technology School (Hinton)
Apple Canada
Association of Wildland Fire

Methodologies

The general methodologies used for this study are as follows. A problem definition is developed
for each goal in cooperation with appropriate fire management agencies or research cooperators.
A review of pertinent literature is conducted; a hypothesis for the study and a methodology for
data collection and analysis is established. This methodology is reviewed by the cooperating
agencies and other fire researchers and revised if necessary. Data collection is initiated;
occasionally a pilot study is conducted prior to the major study to ensure the data collection
technique is feasible. The data collected is generally empirical in nature often involving case
studies, validation of theoretical models, direct sampling techniques, and expert knowledge
acquisition. Data analysis may include general descriptive statistics and/or the use of linear
regression models. Interim reports or presentations are provided when necessary, followed by
fmal publications. Technology transfer through presentations, workshops, training courses,
multi-media programs and personal contract is conducted on an extensive basis to ensure direct
and widespread dissemination of the research results.

13. Progress and Achievements

The Fire Suppression Systems and Strategies study is relatively new having been initiated in 1991. The
first year of the study involved a survey of clients in the Northwest Region to determine the fire
suppression systems research priorities. Communications were established with other fire researchers in
North America for cooperative research. Work in three major subject areas was then initiated; initial
attack productivity and effectiveness research, development of guidelines and models for fire
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management in the wildland/urban interface, and technology transfer related to the use of fire behavior
information and models in fire suppression activities. Deliverables from theses studies will be forth
coming between 1992 and 1996.

14. Goals and Accomplishments (1993-94)

Complete (co-author) an internal discussion paper on the direction of fire suppression research
at NoFC (Hirsch, Ogilvie).

An internal discussion paper on the direction of fire research at NoFC was completed (Study NOR
05-08 Field Rep. No. 3).

a) Complete a training guide/workbook on the Canadian Forest Fire Behavior Prediction (FBP)
System. This will be published as a NoFC miscellaneous report and distributed nationally
and internationally (Hirsch)

Approximately 75% of the training guide/workbook for the FBP System has been completed.
Target date for publication is now September 1993.

b) Continue to work with Drs. Bill and Ian Hoskins of the University ofManitoba on the
development of an interactive computer-assisted instructional package for the FBP System
(Hirsch, FDG, Univ. ofManitoba). A prototype format for a portion of the FBP system will be
completed for evaluation by June 1992. (C/A PAIF: 50-07)

A prototype hyper-media training program for a portion of the FBP System was developed and
evaluated. The prototype was very well received and work has started to complete the program
for the entire FBP System. The Forest Technology School and Apple Canada have joined the
project as cooperators. A presentation and demonstration of the program was conducted at the
Interior West Fire Council meeting in Yellowknife. A national media release was also made by
Forestry Canada Headquarters on this project.

Continue research on initial attack productivity and effectiveness. This will include:

in cooperation with a contractor, complete an analysis of historic fire report data for Alberta
in an attempt to identify suppression effectiveness levels for various suppression resources,
(Hirsch, Contractor)

A contractor's analysis of historic fire report data showed that this data was not suitable for
detailed analysis of initial attack activities. The information does however appear suitable for
general fire statistics and data on some operational fire suppression activities.

cooperating with fire management agencies to collect, compile and analyze documented case
studies offireline productivity and effectiveness, (Hirsch, Contractor, Fire Management
Agencies) (C/M PAIF: 8016; C/A PAIF: 8033)

Data was collected on 21 "challenging" initial attack fires in western and central Canada.
Preliminary analysis of the data has been conducted and summary reports have been provided to
cooperating agencies.
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cooperate with fire managers and other researchers on the development of a new conceptual
model for initial attack containment, (Hirsch, fire management agencies, Brandon Univ., U
of T) (C/M PAIF: 8016).

The development of a robust initial attack containment model has been initiated. Dr. Gwynn
Richards of Brandon University is developing a fire growth model which will serve as a
foundation for a fire containment model that is still being conceptually explored.

cooperate with other NoFC and Forestry Canada staff to integrate the above information
into preparedness planning systems and larger fire management systems (Hirsch, NOFC,
PFC, GLFC, PNFI)

After several meetings it was determined that the complexities of this issue precluded the
development of a new preparedness planning system at this time.

4. Increase the research and technology transfer effort related to fire management in the wildland/urban
interface. Activities will include:

Serving as an active member of the multi-agency Partners in Protection (PIP) Steering
Committee, (Hirsch, PIP)

Served as Forestry Canada representative on the Partners in Protection Steering Committee.

serving as member of the program planning committee for a major symposium entitled
'Minimizing the Risk of Wildfire" to be held September 27-30, 1992 in Jasper, (Hirsch, PIP,
C/A PAIF: 8009).

Served on the Partners in Protection Symposium planning committee; acted as committee chair
for 12 weeks, and organized the symposiums poster session.

Compiling and publishing the proceedings of the wildland/urban interface symposium,
(Hirsch)

Compiled and published symposium proceedings.

Collection of data on the effectiveness of thinning at reducing crown fire rate of spread on
the Red Deer River prescribed burn in BanffNational Park, (Hirsch, Maffey, CPS).

Data was not collected because the prescribed burn was not conducted. Research plots were
revisited and a fourth plot was established.

e) Completing a journal article or Forest Management Note on a theoretical model for
determining optimum spacing levels for reducing crown fire rate of spread. (Hirsch).

A draft FMN has been completed.
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f) Assist the Saskatchewan Forest Fire Management Branch in developing an action plan
related to wildland/urban interface problems in Saskatchewan (Hirsch) (C/S PAIF: 8063).

Three fire managers from Saskatchewan attended the Partners in Protection Symposium. This
served as a catalyst for further actions including the production of a Saskatchewan interface
video.

An international collection of one 500 wildland/urban interface resource materials have been
compiled at NoFC. Information on these materials have been entered into a bibliographic data
base. A poster presentation on the collection was given at the Partners in Protection
Symposium, a draft manuscript has been produced and was distributed to delegates at the
Partners Symposium as well as all agencies or individuals who supplied resource materials.

5. Provide technical services to clients and maintenance liaison with fire management agencies and
fire researchers in North America (Hirsch)

Provided advice, information and technical services on fire suppression and management to
individuals with fire management agencies in western Canada, Department of National Defense,
University of Brandon, Abitibi-Price Inc. (Manitoba), and numerous other contractors and
individuals.

Maintained liaison with fire researchers in North America by attending formal meetings with:

Fire Suppression Equipment Development Project (Study Leader: Chuck George) in Missoula,
MT;
Fire Behavior Project (Study leader: Pat Andrews) in Missoula, MT;
Association of Wildland Fire (Executive Director: Jason Greenlee) in Fairfield, Washington;
University of Toronto (Dr. Dave Martell); and
Forestry Canada Fire Danger Working Group.

Review manuscripts of three colleagues. Two journal articles (by C.E. Van Wagner and C.J.
Ogilvie, respectively) and a conference paper by W.J. De Groot.

15. Information Activities 

i) Journal Publications

Hirsch, K.G. 1993. A brief overview of the Canadian Forest Fire Behavior Prediction System.
Fire Management Notes 53(x):xx-xx. [submitted for publication].
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Other reports

Hirsch, K.G. compiler. 1992. Minimizing the risk of wildfire: a symposium to address wildfire
problems in the wildland/urban interface. Proceedings of a symposium held September 27-
30, 1992, Jasper, Alberta. Partners in Protection, Edmonton, Alberta.

Hirsch, K.G. 1992. A brief overview of the Canadian Forest Fire Behavior Prediction System.
Pages XX-XX in Proceedings of Fourth Western Region Fire Weather Committee Scientific
and Technical Seminar. For. can., North. For. Cent., Edmonton, Alberta. [in press].

Hirsch, K.G.; Hoskins, J.A.; Hoskins, W.D. 1992. An interaction system for fire behavior
training: a conceptual example. Pages xx-xx in Proceedings of the Fifth Interior West Fire
Council Meeting and Workshop, October 26-29, Yellowknife, N.W.T. Govt. NWT, Dept.
Renewable Res., Ft. Smith, NWT. [Abstract].

Hirsch, K.G.; Baxter, G.J.; Halon, C.M.; Maffey, M.E. 1992. A collection of wildland/urban
interface resource materials. Pages 102 in minimizing the Risk of Wildfire: a symposium to
address wildfire problems in the wildland/urban interface. Proceedings of a symposium held
September 27-30, 1992, Jasper, Alberta. Partners in Protection, Edmonton, Alberta.
[Abstract].

Hirsch, K.G.; Alexander, M.E.; Anderson, K.R. 1993. Dew-point temperature tables for fire
weather stations with ventilated psychrometers. For. Can., North. For. Cent., Edmonton,
Alberta. Forest Management Note No. XX. [in press].

Hirsch, K.G.; Ogilvie, C.J. A discussion paper on fire research at the Northern Forestry Centre.
For. Can., North. For. Cent., Edmonton, Alberta. Study NOR-05-08, File Rep. No. 3.

Lectures, courses, seminars and scientific addresses

Presentation on the FBP System at the Western Region Fire Weather Committee, March 23,
1992.

Presentation on the FWI System and the FBP System at the Arctic Weather Centre's spring
workshop.

Served as Unit Leader (Fire Science) and made presentations on wildfire documentation,
fuels classification, FBP System, and regional case studies at the Advanced Fire Course,
Forest Technology School, Hinton, AB., January 31 - February 5, 1993.

Conducted a lecture for FOR 340 (Fire Management) at the University of Alberta on the
implications of the 1989 fire season in Manitoba. Instructed at two laboratory exercises on
the FWI System, also for the FOR 340 course.

e) Poster presentation on the NoFC wildland/urban Interface Resource Material collection
given at the Partners in Protection Symposium.
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f) Presentation and demonstration of the hyper media training program for the FBP System.
Given to Apple Canada in September 4, 1992 and at the Interior West Fire Council Annual
Meeting and Workshop, October 26-29, Yellowknife, NWT.

16.	 Goals 1994-95

1. a) In cooperation with fire management agencies, collect and compile initial attack
effectiveness and production data for a second field season. Analysis of this data will be
completed in 1993 to determine if further data collection is required. A preliminary report
will be produced. (Hirsch: C/M PAIF 8021; C/S PAIF 8033; C/A PAIF 8036; C/NWT
CAIF: 8005; Green Plan - Fire Management; Fire Management Agencies).

In cooperation with Dr. Gwynn Richards (and other interested individuals), proceed towards
the development of a initial attack containment model. Complete a prototype model and
determine its value to fire suppression/behavior training. (Hirsch: C/M PAIF: 8021;
Brandon University).

Develop new or revised fire suppression effectiveness guidelines. Publish as a Forest
Management Note or miscellaneous publication (Hirsch; Alexander (NOR 05-05); Fire
Danger Group).

2. a) Publish a training guide/workbook on the FBP System as an NoFC miscellaneous report
and distribute nationally and internationally (Hirsch).

Complete development and beta testing of an interactive, hyper media training program for
the FBP System. Make a formal presentation and demonstration on the training system and
its development at the Forest and Fire Meteorology Conference (October 93). A paper will
be published in the conference proceedings. (Hirsch; C/M PAIF; Forest Technology School;
Apple Canada; University of Manitoba; Fire Danger Group).

Serve as a Unit Leader and instructor at the Advanced Fire Behavior Course (Hirsch, Forest
Technology School).

3. a) Cooperatively publish a bibliography (3000 citations) on the wildlands/urban interface
(Hirsch, Association of Wildland Fire, Editors).

Co-chair the Partners in Protection Planning and Development sub-committee. Initiate plans
for the creation of a "model" subdivision within the Foothills model forest. (Hirsch; Partners
in Protection; Foothills Model Forest; C/A PAIF: 8009).

Publish a journal article or Forest Management Note on a minimum tree spacing required to
reduce crown fire rate of spread (Hirsch).

d) Collect and analyze data on the effectiveness of thinning at reducing crown fire rate of
spread on the Red Deer River prescribed burn in Banff National Park. A preliminary report
will be produced. (Hirsch, Maffey (NOR 05-03), PFC, CPS)
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4. Provide Technical services to clients and maintain liaison with fire management agencies and
fire researchers in North America.

I17. Major Co-operators: 

i)	 Internal - FC

Region IIN Title Contact name

Northwest Region NOR-05-02 C.J. Ogivlie

NOR-05-05 M.E. Alexander/
M.E. Maffey

NOR-05-04 B.S. Lee
K. Anderson

PAIFS
- Saskatchewan
- Alberta
- Manitoba
- NW Territories

Pacific Forest Centre Fire Research Bruce Lawson

Great Lakes Forest
Centre

Fire Research Brian Stocks

Petawawa National
Forest Institute

Fire Behavior Research Rob McAlpine

Headquarters Fire Research Coordinator Al Simard

I

I

I

I

I

I
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External -

Establishment ID# Title Contact name

Brandon University Dept. Math and
computers Science

Gwyne Richards

Canadian Fire
Management
Agencies

University of
Manitoba

Dept. of Computer
and Science

Ian Hoskins
Bill Hoskins

Apple Canada Gary Wynn

Forest Technology
School

Terry Van Nest
Rob Thorburn

Association of
Wildland Fire

Jason Greenlea

Weldwood Canada
(Hinton Division)

Warren Kehr

Canadian Parks
Service

Banff National Park Ian Pengelley

University of Alberta Forest Science Paul Woodard
Peter Murphy

Partners in Protection Kelly O'Shea

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concludes that these
activities are not potentially detrimental to the environment.

FC-NWR EARP Committee Approval Date: March 31, 1993.
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Name

Study Leader W. de Groot

NOR 5-09

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: February 17, 1994

STUDY TITLE: Fire Environment Research

Responsibility Centre: Northwest Region (8133)

Program: Resources

Project Title: Fire Management Research

Office Location(s): Edmonton, Alberta

Work Location: Northwest Region

7. Study Staff:

Study Key Words: Prescribed fire, fire use, fire effects, fire ecology, integrated resource management,
fuels, fire history.

Study Activity: 2231
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10.	 Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

DeGroot FO-2 (P) 0.42 0.42 1.00

Malley EG-5 (T) 0.67 0.67 0.00

FTEs 1.09 1.09 1.00

Study Background and Problem Analysis

Approximately 70-100,000 ha are burned every year in Canada to manage wildlands. One half to two-
thirds of this amount is done as silvicultural burning (primarily in British Columbia and Ontario), while
the remainder supports wildlife habitat and range development, and conservation of natural areas (carried
out almost exclusively in Alberta, British Columbia, and the Northwest Territories). The CFS Prescribed
Fire Working Group (PFWG) provides the only national coordination of fire effects and prescribed fire
research. NoFC is represented on the PFWG through study 05-09. NoFC is the only CFS office dealing
with research to support wilderness area and wildlife habitat management.

This direction resulted from the 1990 survey of fire management clients in the Northwest Region which
showed that environmental fire research had the highest present and future priority of all study areas. Out
of 77 possible study topics, four of the top five priorities dealt with fire ecology and prescribed fire. In
particular, the greatest concern was given to increased research in fire ecology to support management of
wilderness areas and wildlife habitat. In parallel to this the development of prescribed fire guidelines and
decision aids based on ecological knowledge was identified as a primary need in the management of
ecological and wildlife concerns.

These results aren't surprising when it's considered that virtually all burning done by the national parks
occurs in the Northwest Region. As well, Alberta and the Northwest Territories are very active in wildlife
habitat enhancement, while Saskatchewan has several burn proposals ready or in preparation for wildlife
and provincial parks management. Manitoba has also shown interest in wildlife habitat burning although it
has not developed any burn plans yet.

Study Objectives:

i)	 Objectives

1.	 To conduct basic fire ecology research in support of wilderness area, wildlife and
multiple-resource management.

I

I

106



2.	 To develop operational prescribed fire guidelines for use by environmental and resource
management agencies.

Deliverables

Short Term (1-5 years)

Completion of a fire response model for shrubs in western and northern Canada.

Long Term (5 years and beyond)

Development of a Fire Effects Model for the CFFDRS.

Significant Linkages:

Linkages to Other Studies

Prescribed fire guidelines must be prepared in a field useable form such as quantitative measures
of the FWI System and/or in qualitative terms (e.g., in relation to plant phenological state such as
bud flush or curing). Because the CFFDRS is used as a national standard measure in operational
fire management, development of prescribed fire guidelines requires close contact with the Fire
Behavior Research study.

Environmental fire research deals with decision rules, complex data bases and spatial analysis.
As such, this study requires expertise in decision support systems and also works closely with
members of the Fire Management Systems study.

Increased emphasis on ecological concerns and the natural role of fire has placed fire
management into the realm of integrated (or multiple) resource management. Realization of some
of the benefits of fire has created a greater demand for prescribed fire use. this has led to multi-
disciplinary studies (Foothills Model Forest Proposal) where all aspects of fire research
(prescribed fire, suppression, behavior, detection, ecology and decision support systems) are
integrated to deal with various resource concerns (fibre, wildlife, recreation). Prescribed fire also
works with the suppression study in hazard reduction, and with climate change studies as it
pertains to altered fire regimes and changing vegetation patterns.

This study is linked to the following National and Regional Strategic Plans.

NSP 920 National S&T Agenda
NSP 923 Strengthened Technology Transfer
RSP V Multiple-Use Forest Management
RSP VI Research, Development and Innovation
Thrust 5 Integrating Multiple-Use Forest Management Activities
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iv)	 Methodologies

Basic fire ecology studies will be conducted with the goal of producing operational prescribed
fire guidelines. Products will be tied to the CFFDRS. Wilderness area management and
enhancement of wildlife habitat will be the primary focus of the study.

Progress and Achievements 

All client agencies have been contacted and consulted in regards to needs in Fire Environment Research.
Fire history studies were initiated and continued in the Mackenzie Bison Sanctuary, Nahanni National
Park, and the Cache Percotte Forest in the Foothills Model Forest. Research continued in post-fire shrub
response on wildlife habitat burns.

Goals and Accomplishments (1993-94)

Complete MSc. degree: course work to be completed by April 1993; thesis response data to
be collected through the 1993 field season; final draft of thesis to be completed by October
1993, with thesis defense to be done shortly after.

M. Sc. course work was completed in April 1993; thesis response data was collected and
analyzed; initiated and completed carbohydrate experiment.

Present thesis study results at 12th Conference on Fire and Forest Meteorology (Atlanta,
Georgia, Oct. 1993); and present activities in prescribed fire and fire effects at joint
Canada/US Prescribed Fire Working Group meeting immediately following 12th conference.

Unable to attend either meeting due to budget restraints; prepared a presentation on NoFC
research in fire effects and prescribed fire for PFWG meeting (delivered by other person).

Continue with Fort Providence Fire History Study: collecting additional field data during
1993 summer and proceed with writing final report after completion of thesis.

Fire history database was established and historical large fire maps were produced.

Continued with fire history of Nahanni National Park.

5.	 Initiated a fire history study in the Cache Percotte Forest (Hinton) under contract.

15. Information Activities

i)	 Journal Publications

de Groot, W.J. 1993. Wildland fire: a wildfire habitat need. Pages 38-39 in G. Malin and R.
Comeau, (eds.). Forestry on the Hill. Spec. Issue 4: Forest Wildfires. Can. For. Assoc.,
Montreal, Quebec.

108 	

I

1



Lectures, courses, seminars and scientific addresses

"Development of Prescribed Fire Guidelines for Elk Habitat Improvement" presented at Integrated
Forest Resource Management Research Symposium, Nov. 3-4, 1993, Saskatoon.

"Fire-Climate change Hypotheses for the Taiga" presented by R.W. Wein at the International
Conference on Fire in Ecosystems of Boreal Eurasia, Krasnyarsk, Russian Federation.

Technology transfer:

Assisted with operational prescribed burns for wildlife habitat in the Mackenzie Bison Sancturay
and the Rocky-Clearwater Forest in May 1993.

Provided information on fire effects for the Boreal Position paper produced by CFS.

16. Goals 1994-95

Complete research experiments on post-fire shrub response (PhD thesis) expand to include Betula and
Salix genera over a north-south gradient; examine fire effects, mortality and growth capacity after fire;
initiate development of fire effects model.

Complete fire history study of Mackenzie Bison Sanctuary.

3. Complete fire history study of Nahanni National Park.

17. Major Co-operators: 

i)	 Internal - Canadian Forest Service

Region
	 ID#
	

Title
	

Contact name

CFS
	

Dick Smith
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ii)	 External -

Establishment ID# Title Contact name

U of A Dr. Ross Wein

Alberta Fish and Wildlife Dale Eslinger

Government of the Northwest
Territories, Nahanni National
Park

Tom Chowns

Forest Technology School Terry Van Nest

Alberta Forest Service - Forest
Protection

Ken South

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On the
basis of information provided by the study leader, the committee concludes that these activities are
not potentially detrimental to the environment.

Canadian Forest Service - Northwest Region EARP Committee Approval Date: March 31, 1993.

1
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NOR 6-01

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date:

STUDY TITLE: Forest Economics Research and Coordination

Responsibility Centre: Northwest Region

Program: Regional Development

Project Title: Social Science Research

Office Location(s): Edmonton, Alberta

Work Location: Edmonton, Prince Albert, Meadow Lake

7.	 Study Staff:

Name

Study Leader B. White

Team Members B. McFarlane

M. Pattison

D. Kuhnke

Study Key Words: Forest economics, cost effectiveness, financial analysis, ecological economics.

Study Activity: 1334
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10. Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

B. White ES-05 (P) 1.00 1.00 1.00

B. McFarlane SI-01 (T)

M. Pattison

D. Kuhnke FO-02 (P) 0.00 0.00 1.00

FTEs 1.00 1.00 2.00

Study Background and Problem Analysis

As Forestry Canada personnel document biological responses of the forest to various management
treatments and attacks from pest and fire, it is imperative the economic impact of these be understood in
order to efficiently maintain a wood supply for industrial, recreational and other users. Decisions by forest
users can also be influenced by existing tenure arrangements and policies. These impacts need to be well
understood so effective policies can be designed. Forestry Canada is also committed to sustainable
development. To achieve this goal existing and future values of the forest must be understood. Decisions
taken with respect to forests not only influence the forests but people as well. Studies in forest sociology are
required to understand the role of forests to Natives and other citizens dependent on the forest for their
livelihood or who depend on the forest for its social, cultural and spiritual values.

Study Objectives:

i) Objectives

To provide high quality theoretical and applied economics research through individual studies as
well as joint interdisciplinary studies with NoFC scientists from all program areas and industrial,
academic and government clients. Research will be conducted by study personnel and through
contracts. Study areas could include the economics of silviculture, integrated resource management
and environmental issues, community stability and forest sector dependence, economics of pest
control, ecological economics and other areas of client interest.

To oversee a research thrust in forest sociology including but not limited to studies of social and
cultural importance of the forest to both natives and others, forest dependent communities and
other issues such as "co-management".

3. To coordinate NoFC's forest economics and sociology research activities in the region and provide
committee participation to discuss provincial, regional and national research issues and
opportunities.

1

I

I

I
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To develop and provide supervision of economics research contracts generated through
federal-provincial/territorial accords, the Green Plan and other such initiatives.

To promote and develop support and cooperation for the economics research project with other
projects at NoFC, with universities and other external clients.

ii) Deliverables

Short Term (1-5 years)

To produce articles suitable for publication in scientific journals. Focus in the short term will
be on papers in the area of ecological economics and the principal agent problem as it relates to
forest tenure. Interdisciplinary studies will focus on armillaria root rot, jack pine budworm, and
pine regeneration and aspen competition.

To continue studies on forest dependence and the characteristics of forest dependent
communities using recently released 1991 census data.

To initiate investigations on the economics of hybrid aspen and the use of private lands for
non-timber activities.

To continue to develop contracts in areas when our internal strength is insufficient. In the short
term this will include cost and benefit studies of forest management practices, studies of the
importance of forestry to the region and the collection data on logging and silvicultural costs
and investigations of prices for wood products. As this is contract work it will be contingent on
continued funding.

5. To establish stronger linkages with universities with universities both inside and outside the
region. To maintain and/or establish linkages with other projects at NoFC and, with industry in
the region. Within NoFC a particular effort will be made to develop linkages with NOR-05
Fire Management research.

Long Term (5 years and beyond)

As NOR-06-01 is responsible for the coordination of economics research in the region, it is
appropriate to address the long term focus for the project in this space. In three years time, under
the direction of the project leader, studies should exist in the areas of non-timber valuation, stand
level economics, forest level planning and sociology. Each of these would be led by an A-Base
professional. While areas of study would be dictated by the pressing issues of the day and by the
particular skills and expertise of the incumbents, it is anticipated areas of focus will be the impact
of forest management on non-timber values, costs and benefits of regeneration activities, the effect
of non-timber values on forest level planning, native forest issues and forest dependent
communities.
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Economics research should be more closely linked to the other projects in the building. Nearly
every study in the building has an economics component. Where the economics component is
significant, cooperation could ensure that data be collected that will allow for parallel economics
studies of projects by NoFC economists or by contractors. Too often interest in the economics
component is not expressed until after the fact and proper data is not in place.

The number of important problems for study will certainly exceed the capacity of the personnel in
NOR-06. Therefore strong linkages with the university community will be developed. Linkages in
the form of summer student appointments, internships, joint research projects with academic
personnel, contribution agreements, research associates, co-op students and post-doctoral fellows
will be established. The development of this network will be dependent on the continuation of
moneys from Federal-Provincial agreements, Green Plan, etc. and a strong commitment to
economics and sociology research by NoFC managers and district managers.

iii) Significant Linkages:

National Economics Research Working Group
NOR 06-02 Economic and social analyses of non-timber resources.
NOR 10 Mixedwood silviculture
NOR 11-05 Damage appraisal of major forest pests
NOR 11-09 Operational research studies into economically important tree diseases
NOR 18-03 Increasing wood production through forest land drainage
NOR 37 TDU
NOR 42, 44, 46 Federal-Provincial Agreements
University of Alberta
University of Wisconsin
Mistik Management, Meadow Lake Sk.
Weyerhaueser, Prince Albert, Sk.
Saskatchewan Environment and Resource Management
Saskatchewan Forest Habitat Project

13. Progress and Achievements

Since its establishment in 1990, significant progress has been made in establishing NOR-6 as the centre
of economics research at NoFC with internal and external clients. Linkages have been established with
some NoFC scientists and cooperative studies are ongoing. A close working relationship has been
established with the University of Alberta which has resulting in NOR-6 personnel teaching and
cooperating in research activities and significant support being given to graduate students at the
university. Areas of study have included stand level management problems, non-timber evaluation and
an investigation of forest dependent communities. New studies have been developed in the areas of non-
timber valuation and forest sociology.
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14. Goals and Accomplishments (1993-94)

Develop project proposals and act as project authority for existing and developed contracts
under PAIFs, Green Plan and other programs.

The following projects are in place:

Alberta PAIF

Short Run Supply of Timber Quota Holders in Alberta - Marty Luckert U of A (50-05)

Environmental and Financial Sustainability of Forest Management Practises - Frank Novak and
Vic Adamowicz (50-03)

Forest Economics Graduate Support - Michelle Veeman U of A 0

Forest Sociology (50-17)

Forest Sociology and Visiting Prof. Trust- Michelle Veeman (50-24)

Economic Importance of the Forest Sector (80-34)

Economic Impact of Armillaria Root Rot (80-16)

Timber Supply Impacts of Climate Change-Glen Armstrong (80-51)

Saskatchewan PAIF 

Costs and Benefits of Environmental Improvements on Forest Lands - U of A (50-01)

Survey of Non-timber values on Private Lands, Economics of Hybrid Poplar on Private Lands,
and the Economics of Silviculture

Green Plan

Economic Evaluation of Integrating Forestry and Wildlife Objectives Within the Boreal Forests of
Saskatchewan - ESSA Ltd. (06-81)

Continue joint research with scientists including:
Economics of Western Gall Rust (NOR 11-06)
Pine Regeneration and Aspen Competition (NOR 10)
Economic Impact of Armillaria Root Rot (NOR 11-09)

The collection of biological data continued on the root rot project. Work did not progress on the
pine regeneration data as the required data has not yet been supplied by NOR-10. Discussions
with the study leader indicate the data will be forthcoming. The western gall rust study was not
pursued this year.
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Other work with scientists included the submission of a paper on the Economics of Peatland
Drainage to the Forestry Chronicle. The paper has been accepted subject to revision. Work has
also been initiated with NOR-11-05 on the economics of Jack pine budworm. This involves the
development of yield tables for infested stands.

3. Continue to act as project leader for NOR-06 and chair of the FORCAN Economics Working
Group. In these roles, meet with university, industry and scientific clients to identify current
priorities and encourage co-operation between disciplines and institutions. Initiate contact
with the fire project (NOR-05).

Leadership was provided to the groups noted above. Co-operative studies are in place or being
planned between our region and NeFC and GLFC. The CFS ERWG is holding discussions with
the National Survey on the Importance of Wildlife to Canadians to include forestry questions on
their next survey. Contact with the fire project has resulted in NOR-06 sending a representative to
Alberta Environment's Fire Suppression Priorities Committee.

Initiate the Forest Sociology Study at NoFC through the retention of a Research Associate at
the University ofAlberta and the development of a study work plan. Investigate the
development of an internship program with the University of Wisconsin.

Tom Beckley has been retained as a Research Associate at the U of A and a study work plan for a
new study (NOR 06-03) has been created. Initial contact has been made with the University of
Wisconsin.

Initiate studies on the "Principal-Agent Problem and Forest Resource Management", "Forestry
and Ecological Economics" and investigate with Mistik Management their interest in a study
on the Economics of Hybrid Poplar in NW Sask."

A literature review has been completed on Principal-Agent and a graduate student identified to
collaborate on the project. A draft of "Forestry and Ecological Economics" has been completed
and a paper will submitted to the Forestry Chronicle during this fiscal year. A study on the
"Economics of Hybrid Poplar in NW Sask." Other studies initiated include "A Survey of Non-
timber Values on Private Lands" and the collection of silviculture cost data in Saskatchewan for
the investigation of the economics of silviculture.

Initiate planning on the conference "Forestry and the Environment: Economic Perspectives II.

The conference will be held at the Banff Springs Hotel between October 12-15, 1994. Some
keynote speakers and session chairs have been identified. The initial mailout will be sent in
January, 1994.
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As an adjunct professor at the U ofAlberta, Department of Rural Economy, provide lectures as
required and otherwise maintain close relations with the department by serving on graduate
thesis committees etc.

Close relations with the university and its students have been maintained as evidenced by the
number of cooperative projects in place. I sat on the graduate committees of Mark Tanguay and
Karen*Morten. I am co-supervising Marilea Pattison and Diane Korber. I have been re-appointed
as an adjunct professor.

Provide advice, guidance and assistance to the Program Director Regional Development and
NoFC Management Committee.

These duties were carried out as required.

Publish previous work conducted in co-operation with the U of Alberta on Forest Dependent
Communities.

Four papers were completed. Two are under review by refereed journals, one has been accepted
subject to minor revision while the fourth was published as a monograph.

Draft a logging cost survey for the province of Alberta. (Kuhnke)

A survey was drafted and sent out for review. Comments were incorporated into a second draft.

15. Information Activities

Journal Publications

Information Reports

White, W. Dynamic Programming: A Tool for Financial Analysis of Stand Management Regimes.
BC-X-343. Pacific Forestry Centre, Forestry Canada. Victoria, B.C.

iii) Other reports

Tanguay, M., W. Adamowicz, P. Boxall, W. Phillips, and W. White. 1993. A socio-economic
evaluation of woodland caribou in northwestern Saskatchewan. Project Report No. 93-04. U of
Alberta, Dept. of Rural Economy. Edmonton, Alberta.

Adamowicz, W., W. White, W. Phillips. eds. 1993. Forestry and the Environment: Economic
Perspectives. Commonwealth Abstracts Bureau International. Wallingford U.K.

Fletcher, S., W. White, W. Phillips and L. Constantino. 1993. Prairie Provinces forest dependent
communities: Methodology, empirical results, and welfare implications. in Forest Dependent
Communities: Challenges and Opportunities. eds. D. Bruce and M. Whitla. University of new
Brunswick Rural and Small Town Research and Studies programme Monograph.
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Lectures, courses, seminars and scientific addresses

"Economics of Peatland Drainage" presented at the Western Forest Economists Meeting, Wemme,
Oregon.

"An Overview of the Canadian Forest Economy" presented to a delegation of visiting Japanese
forest economists.

"The Importance of the Alberta Forest Sector" presented at Workshop on Integrated Resource
Management, Saskatoon, Saskatchewan"

Technology transfer:

16. Goals 1994-95

Develop project proposals and act as a project authority for existing and developed contracts
under PAIFs, Green Plan and other programs.

Continue joint research with scientists including:
Pine Regeneration and Aspen Competition(NOR-10)
Economic Impact of Armillaria Root Rot(NOR-11-09)
Economics of Jack Pine Budworm (NOR-11-05)

Continue to act as project leader for NOR-06 and chair of the FORCAN Economics Research
Working Group. In these roles, meet with university,industry and scientific clients to identify
current priorities and encourage cooperation between disciplines and institutions. Initiate contact
with fire project (NOR-5).

Continue studies on forest dependent communities by analyzing data from 1991 census to
determine changes in forest dependence since 1986. A study to investigate the socio-economic
characteristics of forest dependent communities will also be initiated using census data.

Continue study on the "Principal-Agent Problem and Forest Resource Management" in co-
operation with the U of Alberta.

Complete paper on "Forestry and Ecological Economics" and submit for publication.

In co-operation with a research associate at the U of Alberta complete studies of "Economics of
Hybrid Poplar in NW Sask.", A Survey of Non-timber Values on Saskatchewan Private
Woodlots" and data collection for a study on the economics of silviculture in Saskatchewan.

Mail out and analyze results from an Alberta logging cost survey. (Kuhnke)

9.	 In co-operation with the U of Alberta and the TDU convene a conference "Forestry and the
Environment: Economic Perspectives II." Initiate the publication of proceedings from same.
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As an adjunct professor at the U of Alberta, Dept. of Rural Economy, provide lectures as required
and otherwise maintain close relations with the department by serving on graduate thesis
committees etc.

Provide advice guidance and assistance to the Program Director Regional Development and the
NoFC Management Committee.

17. Major Co-operators: SEE 12.

Internal - FC

Region
	 ID#
	

Title	 Contact name

External -

Establishment
	

ID#
	

Title
	

Contact name

18. Environmental Implications:

Environmental Impact/Assessment Review Statement
FC-NWR EARP Committee Approval Date:
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NOR 6-02

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: January 13, 1994

STUDY TITLE: Economic and Social Analyses of Non-Timber Resources

Responsibility Centre: Northwest Region (8151)

Program: Regional Development

Project Title: Forest Social Science Research

Office Location(s): Edmonton, Alberta

Work Location(s): Edmonton, Meadow Lake, Hinton, Winnipeg

7.	 Study Staff:

Name

Study Leader P. Boxall

Team Members D. Kuhnke

B. McFarlane

D. Watson

K. Mcleod

Study Key Words: Forest economics, non-market valuation, integrated resource management, socio-
economic impact analysis, interdisciplinary research, forest recreation, preservation and non-use
values, fish and wildlife, economics of sustainable development and biodiversity, cost-benefit
analysis.

Study Activity: 1334, 2224

1

1

I

I

I

1
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10.	 Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

P. Boxall ES-04 (P) 1.00 1.00 1.00

D. Kuhnke FO-02 (P)

B. McFarlane SI-01

FTEs 1.00 1.00 1.00

Study Background and Problem Analysis

In the past, forestry development proceeded without formal consideration of the values associated
with non-timber goods and services provided by forests. Recent forest industry developments and
conflicts between interest groups in Canada and the U.S., however, have underscored the need for
planning and management to incorporate non-timber values in decision-making; both at a local
industry and broad provincial scale. The problem is that little is known about the magnitude of these
values in relation to timber values, how to measure them, and how to incorporate them into ongoing
forest management.

Study Objectives:

i) Objectives:

To provide high quality theoretical and applied research through individual studies as well as
joint interdisciplinary studies with NoFC personnel, federal and provincial government staff,
and academics from Canada and abroad. Primary study areas include the development and
application of non-timber valuation methodologies in integrated resource management and
environmental issues, and the general application of social and economic analyses in
forestry.

To establish and coordinate FORCAN forest economics research activities relating to non-
timber resources in the region, to provide guidance and expertise in support of
understanding the role of non-timber resources and values in forest management, and
represent the region and department in various committees to discuss provincial, regional,
and national research issues and opportunities.

To provide supervision of economics research contracts generated through federal-provincial
accords, the Green Plan and other such initiatives.

To promote the incorporation of economic analyses, particularly relating to non-timber
values, in the activities of other FORCAN researchers.
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Deliverables

Short Term (1-5 years):

The emphasis in this study is on research, and products resulting from applied research in the
social sciences will result. This consists of manuscripts suitable for publication in refereed
journal, other reports, and software suitable for use by planners and foresters managing land
bases or setting policies and priorities.

Specific short term deliverables will consist of specific methodologies, or refinements of existing
ones, for use by forest managers and other resource management specialists such as recreation
planners. Initially this will relate to travel cost models; however, later in the five year period
contingent valuation and similar survey related methodologies will be examined.

Long Term (5 years and beyond):

The goal is to establish this study as a leader in the consideration of non-timber values in forest
resource management in Canada; particularly in terms of research into non-market valuation.
Accordingly, the establishment of databases, methodologies, and decision support systems in the
forest management area are long term products. The training and development of a cadre of
professionals in this area is also an output to be achieved by this study.

Significant Linkages:

(Region): Technology Development Unit (NOR-37), Manitoba D.O. (NOR-42), Saskatchewan
D.O. (NOR-46), Forest Insect and Disease (NOR-11), Alberta Agreement (NOR-44).

(National): Canadian Wildlife Service (Socioeconomic Division), Statistics Canada (in Ottawa)

see also 17 (ii) for linkages with university research establishments

Progress and Achievements 

Goals and Accomplishments (1993-94)

1. Continue with research efforts into the travel cost method (TCM), focusing on the linkages
between non-market economic values and the management and condition offorests in the
Northwest Region. Individual projects include:

Investigation of the validity of the TCM by evaluating the ability of the model to derive
values similar to those using other economic valuation methods, such as the contingent
valuation method and choice experiments. (Boxall, McFarlane, Kuhnke)

Examining the consistency of some commonly used forms of the TCM with economic
theory using nonparametric demand theory. (Boxall)

c) Development of TCM's that can be used to estimate non-market values of lottery-rationed
goods and services such as hunting permits for forest dwelling ungulates. (Boxall)
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d) Compare recreationists perception of forest recreation site attributes with their revealed
preferences for attributes using the TCM framework. (Boxall)

Through S&T funding, data collection for the Alberta Moose Hunting Study was completed
in March. Analysis of these data was started and is still continuing. Three different
economic valuation methods are being used to value environmental quality changes due to
forestry in west-central Alberta. The three models were constructed, welfare estimates were
obtained, and the results are being compared at present using some new statistical methods
developed by Jordan Louviere at the University of Utah and Joffre Swait at Decision
Sciences in Boston. Three manuscripts are currently being prepared: i) a paper that will
compare the economic results from the three valuation methodologies; ii) a paper that
describes in detail the "choice experiment" part of the study - this paper is targeted for a
resource management audience; and iii) a chapter in a forthcoming international book on
contingent valuation.

The database resulting from this study is very rich, and can be expected to result in future
publications as well as contributions to the forest and recreation economics fields of study.
One unexpected result of the study was the high levels of interest by the forest and wildlife
management practitioners in the province; probably due to recent low populations of moose
and widespread concern from the public about forest and wildlife management policies. For
this reason, a detailed report summarizing the study and some descriptive results, and a
paper submitted to a popular magazine intended for the general public were prepared. There
also were an extrordinary number of presentations made to various audiences this year by
the study team (see below).

In addition, the high level of interest in the USA in valuing natural resource damage claims
(e.g. Exxon Valdez), which are allowed by various forms of legislation, and the
accompanying levels of attention by economists, has made the study and the project team
known to various high level researchers. This awareness is expected to result in
presentations by some of the study team members at very high level meetings (e.g. Dr. J.J.
Louviere at Oak Ridge Laboratories and W.L. Adamowicz at C.S.E.R.G.E. in the United
Kingdom). This attention is bringing CFS researchers in the project very high profile.

One project, lottery-rationed recreation, specifically mentioned in the goal was completed
and the theory and an application to one case was submitted to a journal for publication.
Newfoundland researchers are now using the method in assessing lottery-rationed moose
hunting in forested areas of the province.

The projects involving i) comparing perceived measures of environmental quality; and ii)
the applications of nonparametric demand theory are still ongoing.

Manuscripts Prepared:

Boxall, P.C. The economic value of lottery-rationed hunting. Journal Agricultural and
Resource Economics (under review).
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Boxall, P.C., W.L. Adamowicz, and T. Graham-Tomasi. 1993. Nonparametric tests of the
traditional travel cost model. Environmental and Resource Economics (under review).

Conduct research into the effects of environmental quality changes on non-market economic
values. Construct a Decision Support System to illustrate how various environmental and
resource changes affect economic values for moose hunting. (Boxall)

Research into modelling environmental quality changes has largely involved recreational fishing.
Two manuscripts have been submitted for publication using this database. The first involved
simulating the environmental impact of the Old Man River Dam on fishing quality. The second
involves assessing the influence of site awareness on some conventional economic methods of
assessing the value of quality changes. Other work using this data set is planned; particularly
using the fishing dataset to assess forest recreation more directly.

The DSS was constructed and has been demonstrated in numerous places. A number of forestry
companies in Alberta are interested in similar projects. Work is continuing on constructing other
DSSs for demonstration of other travel cost models developed at the NoFC lab.

Manuscripts Prepared:

Peters, T., W.L. Adamowicz, and P.C. Boxall. The influence of choice set considerations in
modelling the benefits from improved water quality. Water Resource Research (under
review).

Peters, T., W. Adamowicz, W.L. and P.C. Boxall. 1993. A random utility analysis of southern
Alberta sportsfishing. Project Report (in press), Department of Rural Economy, University
of Alberta.

Watson, D.O., W.L. Adamowicz, and P.C. Boxall. 1993. An economic analysis of recreational
fishing and environmental quality changes in the Upper Oldman River basin. Department of
Rural Economy Project Report No. 93-01, University of Alberta.

Watson, D., W.L. Adamowicz and P.C. Boxall. An economic analysis of recreational fishing and
environmental quality changes in the Upper Oldman River Basin. Canadian Water
Resources Journal (under review).

Continue representing the three prairie provinces on the Federal-Provincial Committee
overseeing the analysis and reporting of results from the 1991 National Survey on the
Importance of Wildlife to Canadians. Specific activities and achievements will include:

The exploration offorestry database linkages with the survey databases. (Kuhnke)

Establishment of a regional database using the 1981, 1987 and 1991 survey results.
(Boxall, McFarlane)
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c) Continue to lead the provincial representation contingent in reworking the reports and
publications to more accurately reflect provincial needs. Produce the first report from
the 1991 survey during the year. (Boxall, McFarlane)

Overall, progress with this goal was not as rapid as expected. The major stumbling block
was the availability of the survey databases; particularly the 1991 data. We are expecting to
get the national survey data shortly. This will allow us to proceed on to points i and ii in the
goal statement. Kuhnke has initiated preliminary research into the possible linkages
between some of the biophysical databases available in the three prairie provinces, and he
has contacted Statistics Canada about how to proceed with linking them on a common
spatial footing.

With regard to point iii there has been considerable progress. Boxall led the committee to
consider changing the report format to put more emphasis on provincial level data in the
"Highlights" report. This has met with approval by many of the survey sponsors and has led
to preliminary treatment of a comparison of the three surveys over the past 10 years. The
highlights report has just been published and is available for review.

Boxall has also been exploring incorporating forestry concerns in the forthcoming 1996
survey. This has been brought forward to the Canadian Forest Service Economic Research
Working Group for broader national attention and scope.

Manuscripts Prepared:

Filion, F.L., E. DuWors, P.C. Boxall, P. Bouchard, R. Reid, P.A. Gray, A. Bath, and G.
Legare. 1993. The importance of wildlife to Canadians: Highlights of the 1991 survey.
Canadian Wildlife Service, Environment Canada, Ottawa. 60 pp.

Gray, P.A., P.C. Boxall, R. Reid, F. Filion, E. DuWors, A. Jacquemot, P. Bouchard, and A.
Bath. 1993. The importance of wildlife to Canadians: results from three national
surveys. Proccedings of the XXI Congress of the International Union of Game
Biologists, Halifax, Nova Scotia (under review).

4. Continue to explore existing databases for information that contributes to the understanding
of the nonconsumptive utilization of wildlife resources. Specific activities and products will
include:

The preparation of manuscripts on: market segmentation of nonconsumptive wildlife
recreationists (McFarlane), the estimation of demand for nonconsumptive use
(McFarlane, Boxall), and models of participation in nonconsumptive use incorporating
forestry variables (Boxall, Kuhnke).

The preparation of a research proposal to investigate forestry-nonconsumptive wildlife
recreation interactions on a local level (i.e. model forest). (McFarlane)
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c) Data analysis and report preparation on birdwatchers' recreational preferences.
(McFarlane)

Considerable progress was made in achieving the objectives mentioned above. First, a
major problem in studying this popular form of forest-related recreation is identifying the
users. In order to address this question we have focused largely on existing databases. Our
first analysis involved a comparison of individuals in three data sets involving
nonconsumptive use. A manuscript completed last year was revised and is being published
in a leading wildlife journal. This paper outlines the various characteristics of individuals
involved in high profile special nonconsumptive events.

Second, we then addressed the characteristics of individuals in a database gathered by
Alberta wildlife managers which specifically addresses wildlife viewing activities. In this
effort we attempted to model participation in a number of activities and to relate the levels of
participation to various local biophysical characteristics such as land allocated to forestry,
area of protected land, and some access-related variables. Models assessing the probability
of participation and the frequency of participation were developed and presented at an IRM
conference. This effort is still underway, and the intention is to produce an Information
Report and journal articles from this study.

Our analysis of this database allowed us to produce a Forest Management Note for forestry
professionals interested in knowing more about nonconsumptive use in Alberta.

Finally, McFarlane developed a survey and collected data on the preferences, attitudes, and
motivations of birdwatchers. Although this has yet to be related to forestry concerns,
considerable progress was made in understanding the psyche of this wildlife user group.
This project will form the basis of McFarlane's PhD thesis, and has resulted in the
preparation of three manuscripts for publication. These studies extend our understanding of
nonconsumptive users which will allow us to incorporate their concerns in future forest
management plans.

With regard to the proposal mentioned above, discussions with Weldwood in Hinton are
underway. We are also planning a workshop for recreation practitioners where we plan to
solicit support for continuing with our nonconsumptive wildlife recreation research at the
site level. Interest in our plan has also been received by the Prince Albert Model Forest.

Manuscripts Prepared:

Boxall, P.C. and B.L. McFarlane. 1993. Modelling participation in residential
nonconsumptive wildlife activities in Alberta. Wildlife Society Bulletin (under review).

McFarlane, B.L. and P.C. Boxall. 1993. Nonconsumptive wildlife recreationists: A new
constituency for forest managers. Forest Management Note Number 59, Northwest
Region, Canadian Forest Service.
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McFarlane, B.L. 1993. Specialization and motivational orientations of birdwatchers.
Wildlife Society Bulletin (under review).

McFarlane B.L. and P.C. Boxall. 1993. A model of behavioral commitment to wildlife
conservation among birdwatchers. Leisure Sciences (under review).

McFarlane. B.L. 1994. Socialization influences of specialization among birdwatchers.
Abstract submitted to the Fifth International Symposium on Society and Resource
Management, June 7-10, Fort Collins, Colorado. Paper targeted for the forthcoming
new journal: Journal of Human Dimensions in Fish and Wildlife Management.

5. Continue with applied economic and other research efforts funded under the Federal-
Provincial	 These include the relationships between economic values and forestry
for: big game hunting in northwestern Saskatchewan, woodland caribou, recreational
canoeing in Nopiming Park, Manitoba, and the development and integration of wildlife habitat
needs into forest management and harvesting plans (Boxall, McFarlane, Kuhnke)

The two wildlife projects in Saskatchewan are now complete. Staff at industry and provincial
institutions have been informed about the results through presentations, and more are planned in
the future. Both of these studies have involved novel methods of interest to both theorists and
practitioners. The results are also of considerable interest to the forest industry.

Preliminary reports have been prepared and journal articles and final reports are in the process of
completion.

The canoeing study in Manitoba is still underway. This project so far has been highly successful
with considerable interest generated within the province. Dr. Jeff Englin, University of Nevada,
was added to the study team to facilitate some of the more sophisticated econometric analysis.
This year, we gathered 1991 and 1992 backcountry permits, and constructed a simple discrete
choice travel cost model of the recreation sites. Incorporated in this model were 10 year old
burned forested areas which turned out to be a highly significant variable. A future journal article
is being written on this finding and the incorporation of the recreational value of burns in forest
planning models. In addition, a major field effort was planned and completed. This involved data
collection in the field at the canoe areas and using GIS databases. In addition, the provincial back
country permit was redesigned into a survey, and the data collection system in the park was
expanded. This resulted in the collection of recreation use data in the park at a more complete
level than in the past. The biophysical and recreation use inventories are being written up in a
major report which will be presented to the model forest and provincial government staff during a
series of meetings in early February. Modelling of economic values and site choice is being
started at this time.

The success of this project has led to a call for expanded data collection'at two additional eastern
Manitoba parks. In addition we are exploring incorporating two parks in Ontario and one in
Minnesota. This will result in a demand system model for canoeing in the region - one of only a
few in the recreation economics literature. This will also allow more complete consideration of
forest characteristics in the economic models and hence increase the utility of the study.
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Manuscripts Prepared:

Morton, K. W.L. Adamowicz, and P.C. Boxall. 1993. An economic assessment of forestry
activities on whitetail deer and moose hunting in northwestern Saskatchewan. Proceedings
of the XXI Congress of the International Union of Game Biologists, Halifax, Nova Scotia.
(under review).

Morton, K., W.L. Adamowicz, and P.C. Boxall. 1993. Economic effects of environmental quality
change on recreational hunting in northwestern Saskatchewan: A contingent behaviour
analysis. Canadian Journal of Forest Research (under review).

Watson, D.O., L. Peters, P.C. Boxall, J. Englin, and K. Chakraborty. 1994. The economic value
of canoeing in Nopiming Park in relation to forest and park management. I. A report of the
1993 field season. Special Report, Northwest Region, Canadian Forest Service, Edmonton.

Continue exploring and establishing linkages with scientists at NoFC, focusing on non-timber
resource relationships. Complete an information report on forest pests and impacts on forest
recreation economic values. (D. Watson)

An annotated bibliography was prepared of all nonmarket valuation studies associated with fores
insect pests. The methods used in these papers were evaluated for application to possible study o
damages in Alberta. This is in the process of being written in the form of an Information Report.
In addition to the bibliography, an expanded research proposal for estimating the impact of pests
on forest recreation will be included. Progress on this project was slow due to other priorities an( I.
we hope to complete this during the next year.

Confirm Nor. 6-02 as one of the leading socioeconomic research programs in natural resourc ?
management in Canada by:

Having Study Leader serve as President of the Human Dimensions in Wildlife Study
Group, and broadening and establishing its role as the leading organization for
international applied socioeconomic researchers in forestry, fisheries, and wildlife
management.

Boxall became president in March and since that time has instigated: 1. the development of
a proposal for a new journal called The Journal of Human Dimensions in Fish and Wildlife
Management; 2. a formal international conference on human dimension issues in natural
resource management. The journal represents considerable progress as it will represent the
only printed reference of its kind in the literature.

Having Study Leader serve as Co-Chairman (North America) at the Socioeconomic
Session of the 1993 International Union of Game Biologists; Congress in Halifax.

The conference was a considerable success; Boxall was involved as co-chair and will be
involved in editing the fmal proceedings. Over 12 papers on socioeconomic issues in
wildlife and forestry management were given from over 6 different countries.
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Strengthening existing relationships and establishing new ones with researchers and
institutions in the United States and Canada.

Ties continue to be made with researchers in other institutions.

Under the Canada-Finland Forestry Memorandum of Understanding, submit a research
proposal in conjunction with colleagues at the University of Wisconsin-Madison. If
proposal is successful, establish joint research efforts with researchers in Finland on
forestry and wildlife recreation linkages.

A proposal was prepared and submitted to Headquarters. During the year Boxall received a
call from International Affairs that the proposal was chosen by the Deputy Minister. Formal
ties with Finnish reseachers were made (Drs. Linden and Kettunen at the Finnish Game and
Fisheries Research Institute). However, no further communication from Headquarters with
regard to funding, meeting, or other initiatives have occurred. Boxall has contacted staff in
Headquarters, but no further word regarding status of the proposal was available. No
further information is available.

Coordinate and provide study input into the Northwest Region open house project.

McFarlane is the Chairperson of the People and Forests Committee and is coordinating and
developing the display plan for over 5 projects. In addition, McFarlane is coordinating the
preparation of 4 individual displays from the Economics Project.

Design and coordinate a workshop on recreation benefit measurement and assessment for
provincial recreation foresters, park managers, and other interested people.

McFarlane and Boxall have planned a one-day workshop in March. Invitations have been sent to
Alberta Parks Service, Alberta Forest Service, Fish and Wildlife Service, 4 Model Forests
(including McGregor Forest), and the Canadian Parks Service. So far 38 people have indicated
they will attend. Industry personnel will be invited as well.

15. Information Activities

i) Journal and other Refereed Publications:

Adamowicz, W.L. and P.C. Boxall. 1993. Economic aspects of hoofed mammals in Alberta. Pp.
119-126. In: B. Stelfox (Editor), The Hoofed Mammals of Alberta. Lone Pine Publishing,
Edmonton, Alberta.

Boxall, P.C. and B.L. McFarlane. 1993. Human dimensions of Christmas Bird Counts:
Implications for nonconsumptive wildlife recreation programs. Wildlife Society Bulletin
21(4): 390-396.

129



Information Reports:

None to Report

Other reports:

Filion, F.L., E. DuWors, P.C. Boxall, P. Bouchard, R. Reid, P.A. Gray, A. Bath, and G. Legare.
1993. The importance of wildlife to Canadians: Highlights of the 1991 survey. Canadian
Wildlife Service, Environment Canada, Ottawa. 60 pp.

McFarlane, B.L. and P.C. Boxall. 1993. Nonconsumptive wildlife recreationists: A new
constituency for forest managers. Forest Management Note Number 59. Northwest Region,
Canadian Forest Service, Edmonton, Alberta.

McLeod, K., P.C. Boxall, W.L. Adamowicz, M. Williams, and J.J. Louviere. 1993. The
incorporation of nontimber goods and services in integrated resource management. I. An
introduction to the Alberta moose hunting study. Project Report 93-12, Department of
Rural Economy, University of Alberta.

Morton, K., W. Adamowicz, P. Boxall, W. Phillips, and W. White. 1993. A socio-economic
evaluation of recreational whitetail deer and moose hunting in northwestern Saskatchewan.
Department of Rural Economy Project Report No. 93-03, University of Alberta.

Tanguay, M., W.L. Adamowicz, P.C. Boxall, W.E. Phillips, and W. White. 1993. A socio-
economic evaluation of woodland caribou in northwestern Saskatchewan. Department of
Rural Economy Project Report No. 93-04, University of Alberta.

Watson, D.O., W.L. Adamowicz, and P.C. Boxall. 1993. An economic analysis of recreational
fishing and environmental quality changes in the Upper Oldman River basin. Department of
Rural Economy Project Report No. 93-01, University of Alberta.

iv) Lectures, courses, seminars and scientific addresses:

Lectures to Graduate Students:

-	 Revealed Preference Theory to Ag Ec. 502, Department of Rural Economy

List of Presentations and Seminars at Conferences, Universities and Workshops

Boxall, P.C. 1993. Wildlife - Value to Albertans. Presented at Sustainable Development: The
economics of Forest Resource Uses, Second Annual Joint Meeting between the Alberta
Registered Professional Foresters Association and The Rocky Mountain Section of the Canadian
Institute of Foresters. January 22, Slave Lake, Alberta.
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Peters, T., W.L. Adamowicz, and P.C. Boxall. 1993. The effect of environmental quality
changes and management actions on fish and wildlife recreational values: Fishing in Southern
Alberta. Presented at the Annual Meeting of the Alberta Chapter of the Wildlife Society. March
19-20, Nisku, Alberta.

Boxall, P.C., W.L. Adamowicz, B. McFarlane, and K. McLeod. 1993. The effect of
environmental quality changes and management actions on fish and wildlife recreational
values: Moose Hunting in West-central Alberta. Presented at the Annual Meeting of the Alberta
Chapter of the Wildlife Society. March 19-20, Nisku, Alberta.

Boxall, P.C. 1993. Urban wildlife: Distinguishing the Map from the Territory. Presented at the
First National Wildlife Habitat Workshop. April 26-29, Winnipeg, Manitoba.

Boxall, P.C., W.L. Adamowicz, T. Graham-Tomasi. 1993. A Nonparametric Test of the Travel
Cost Model. Presented at the Joint Annual Western Agricultural Economics Association and the
Canadian Agricultural Economics and Farm Management Society. July 11-14, 1993, Edmonton,
Alberta.

Boxall, P.C. 1993. A Model for Assessing Forestry-Wildlife Tradeoffs: Demonstration of a
Computer Simulation. Presented at the XXI Congress of the International Union of Game
Biologists: Forests and Wildlife...Towards the 21st Century. August 15-20, Halifax, Nova
Scotia.

Morton, K. W.L. Adamowicz, and P.C. Boxall. 1993. Economic Assessment of Forestry
Activities on Recreational Whitetail Deer and Moose Hunting in Northwestern Saskatchewan.

Presented at the XXI Congress of the International Union of Game Biologists: Forests and
Wildlife...Towards the 21st Century. August 15-20, Halifax, Nova Scotia.

Gray, P.A., P.C. Boxall, R. Reid, F.L. Filion, E. DuWors, A. Jacquemot, and P. Bouchard. 1993.
The Importance of Wildlife to Canadians: Results from Three National Surveys. Presented at
the XXI Congress of the International Union of Game Biologists: Forests and Wildlife...Towards
the 21st Century. August 15-20, Halifax, Nova Scotia.

Boxall, P.C. 1993. Development ofNontimber Decision Support System - The Alberta Moose
Hunting Study. Presented at The Canadian Association of Forest Economists' 1993 Meeting in
Parksville, B.C. September 27-30, 1993.

Boxall, P.C. and K. McLeod. 1993. Using the Travel Cost Model in Nontimber Valuation:
Ongoing Studies at Canadian Forest Service, Northwest Region. Presented at The Canadian
Association of Forest Economists' 1993 Meeting in Parksville, B.C. September 27-30, 1993.

Boxall, P.C., D. Kuhnke, and B. McFarlane. 1993. Nonconsumptive Wildlife Recreationists II.
The Impact of Biophysical Variables on Participation. Presented at the Integrated Resource
Management Symposium, Canadian Forest Service. November 2-4, Saskatoon, Saskatchewan.

131



Morton, K., W.L. Adamowicz, and P.C. Boxall. 1993. Economic Assessment of Forestry
Activities on Whitetail Deer and Moose Habitat in Northwest Saskatchewan. Presented at the
Integrated Resource Management Symposium, Canadian Forest Service. November 2-4,
Saskatoon, Saskatchewan.

Englin, J., K. Chakraborty, D.O. Watson, and P.C. Boxall. 1993. Valuing the Nonmarket
Impacts of Forest Fires: An Analysis of Canoeing in Nopiming Provincial Park. Presented at
the Integrated Resource Management Symposium, Canadian Forest Service. November 2-4,
Saskatoon, Saskatchewan.

Boxall, P.C., W.L. Adamowicz, K. McLeod, J.J. Louviere, and M. Williams. 1993.
Incorporation ofNontimber Goods and Services in IRM 1. The Alberta Moose Study.
Presented at the Integrated Resource Management Symposium, Canadian Forest Service.
November 2-4, Saskatoon, Saskatchewan.

McFarlane, B.L. 1993. Nonconsumptive Wildlife Recreationists I. A New Constituency for
Forest Managers. Presented at the Integrated Resource Management Symposium, Canadian
Forest Service. November 2-4, Saskatoon, Saskatchewan.

Boxall, P.C. 1993. An economic Interpretation ofIncorporating Wildlife in Integrated
Resource Management Decisions. Presented at Integrating Wildlife into Forest Management,
Course offered by the Faculty of Extension, University of Alberta. November 22-23, 1993,
Edmonton Alberta.

Boxall, P.C. 1993. Valuing Alberta Moose Hunting: RUM and Stated Preference. Departmental
Seminar. Presented to Department of Agricultural Economics, University of Nevada-Reno.
December 8, Reno, Nevada.

Other Presentations and Meetings:

Meeting with Weldwood and Forest Technology School Staff on the Alberta Moose Hunting
Study; February 10, Edmonton, Alberta.

Information Session and Updates on Studies of Human Dimensions of Fish and Wildlife
Management with Alberta Fish and Wildlife Staff; February 25, Edmonton, Alberta.

Met with the Mr. Mclruns, C.E.O., Weyerhauser Ltd. about the nontimber valuation program at
NoFC; March 10, 1993, Edmonton, Alberta.

Chaired the Annual Meeting of the Human Dimensions in Wildlife Study Group, at the Annual
North American Wildlife and Natural Resource Management Conference; March 21, 1993,
Washington, D.C.

Economic Value of Canoeing in Nopiming Park Meeting and Planning Session with Manitoba
Parks and Natural Resource Staff - April 26-27, Beausejour, Manitoba.
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Made presentation to Forestry Canada Executive Committee on research activities in NOR-06-02
in Ottawa during June 1993.

v) Technology transfer:

Provided consultation services to:

The Watchable Wildlife Program on results of nonconsumptive wildlife recreation to assist
in development of their strategic plan.

Alberta Tourism, where participation continued on a Steering Committee responsible for
Eco-Tourism Management Plans where prepared.

Alberta Fish and Wildlife Division, East Slopes Region, where focus groups consisting of
moose hunters were conducted, and opinions on hunting regulations and forestry practices
were collected as part of another study.

Saskatchewan Parks and Renewable Resources staff on pricing and revenue models for
resource licensing, and also to the Director of Wildlife on socioeconomic data usage and
requirements.

Manitoba Natural Resources, Parks Branch, April and July where permit designs were
introduced, data collection on recreationists was discussed, and assistance regarding focus
group study was discussed.

Manitoba Forest/Wildlife Management Project: Kuhnke is member of team that is
developing wildlife habitat suitability models that will be integrated with forest inventory
GIS-based spatial databases to ensure that sustainable populations of wildlife are
maintained in areas of extensive logging and forest management. Substantial participation
by industry is part of this project.

16. Goals 1994-95

1. Continue with research efforts into the travel cost method (TCM), focusing on the linkages
between non-market economic values and the management and condition of forests in the
Northwest Region. Individual projects include:

Continue investigation of the validity of the TCM by evaluating the ability of the model to
derive values similar to those using other economic valuation methods, such as the
contingent valuation method and choice experiments. (Boxall, McFarlane, Kuhnke)

Examining the consistency of some commonly used forms of the TCM with economic theory
using nonparametric demand theory. (Boxall)

iii) Examine time series and cross section site choice data (panel datasets) in a travel cost
framework. (Boxall)

133



Compare recreationists perception of forest recreation site attributes with their revealed
preferences for attributes using the TCM framework. (Boxall)

Examine the feasibility of studying various methods of estimating travel costs between the
residences and recreation areas of recreationists and their impacts on welfare measurement.
(Boxall, McFarlane)

Conduct research into the effects of environmental quality changes on non-market economic
values by focusing on canoeists in Manitoba and Forest Recreation Area campers in Alberta.
Utilize the lottery-rationed model developed earlier to examine the impact of forestry on moose
hunting in Alberta. Field activities and data collection will continue in Manitoba and Alberta
(Boxall, Kuhnke, McFarlane )

Continue representing the three prairie provinces on the Federal-Provincial Committee overseeing
the analysis and reporting of results from the 1991 National Survey on the Importance of Wildlife
to Canadians. Specific activities and achievements will include:

The exploration of forestry database linkages with the survey databases. (Kuhnke)

Establishment of a regional database using the 1981, 1987 and 1991 survey results. (Boxall,
McFarlane)

iii) Continue to lead the provincial representation contingent in reworking the reports and
publications to more accurately reflect provincial needs. Produce further report from the
1991 survey during the year. (Boxall, McFarlane)

4. Continue to explore existing databases for information that contributes to the understanding of
the nonconsumptive utilization of wildlife resources. Specific activities and products will include:

The preparation of manuscripts on: the estimation of demand for nonconsumptive use
(McFarlane, Boxall), and models of participation in nonconsumptive use incorporating
forestry variables (Boxall, Kuhnke).

The preparation of a research proposal to investigate forestry-nonconsumptive wildlife
recreation interactions on a local level (i.e. model forest). (McFarlane)

iii) Data analysis and report preparation on birdwatchers' recreational preferences. (McFarlane)

Establish a new research thrust into the valuation of non-use goods and services provided by the
region's forests. Complete study of the value of changes in the status of endangered species -
Woodland Caribou in the Weldwood FMA utilizing the choice experiment methods developed
under S&T funding. (Boxall, McFarlane, Kuhnke)

6. Continue exploring and establishing linkages with scientists at NoFC, focusing on non-timber
resource relationships. Complete an information report on forest pests and impacts on forest
recreation economic values. (D. Watson)
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7. Confirm Nor. 6-02 as one of the leading socioeconomic research programs in natural resource
management in Canada by:

Having Study Leader serve as President of the Human Dimensions in Wildlife Study Group,
and assisting in the development of a new international journal and conference in 1995 in the
USA.

Strengthening existing relationships and establishing new ones with researchers and
institutions in the United States and Canada.

Conduct technology transfer workshops to recreation area managers in the region to enable
them to understand economic valuation methodologies and improve data collection efforts.

Under the Canada-Finland Forestry Memorandum of Understanding and in conjunction with
colleagues at the University of Wisconsin-Madison, establish joint research efforts with
researchers in Finland on forestry and wildlife recreation linkages.

17. Major Co-operators: 

Internal - FC

Region ID# Title Contact name

Northwest Project Leader Dr. J. Volney

External -

Establishment ID# Title Contact name

University of Alberta Associate Professor Dr. W.L. Adamowicz

Alberta Fish and Wildlife
Division

H. Stelfox, K. Smith, M.
Melnyk

Sask.Parks and Renewable
Resources

B. Smith, B. Crouter

Canadian Wildlife Service Chief, Socioeconomic
Division

F. L. Filion

University of Nevada - Reno Associate Professor Dr. J. Englin

University of Utah Professor Dr. Jordan Louviere

Manitoba Natural Resources
- Parks Branch

Manager of Marketing Jim Crone

University of Manitoba Professor Dr. John Gray

University of Wisconsin -
Madison

Professor and Department
Chairman

Dr. T. Heberlein
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18. Environmental Implications:

Environmental Impact/Assessment Review Statement
FC-NWR EARP Committee Approval Date:
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INOR 6-03

I

I

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date:

STUDY TITLE: Research in forest sociology

Responsibility Centre: Northwest Region

Program: Regional Development

Project Title: Social Science Research

Office Location(s): Edmonton, Alberta

Work Location: Edmonton, Meadow Lake, Ft. Liard, La Ronge

7.	 Study Staff:

Name

Study Leader Tom Beckley

Team Members Dianne Korber

Study Key Words: Forest sociology, forest-dependence, forest-dependent communities, integrated
resource management, social impacts, aboriginal forestry, community forests, co-management,
community development, traditional aboriginal values, traditional aboriginal uses of forests, social
conflict.

Study Activity: 1334

I

1

I
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10. Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

T. Beckley

Dianne Korber

FTEs 1.00 1.00 2.00

Study Background and Problem Analysis: 

Traditionally the vast majority of institutional resources, both in science and natural resource
management have focused on natural systems, biophysical data sets, and discrete disciplinary problems
related to subsets of ecosystems. Largely neglected has been analysis of human dimensions of resource
management problems. Economics research has been utilized in forest management, but other social
science disciplines have had a minor presence, if any at all.

Forest sociology is a growing sub-discipline within sociology. Researchers in the area treat a vast array
of issues related to human interaction with the forest. These include traditional areas of interest such as
forest community stability, forest policy, occupational identification among forest industry workers, as
well as newer areas of interest such as alternative forest management regimes, recreational uses and
users of forests, aboriginal interests in and interaction with forests, social conflict between competing
forest user groups, and the social impacts of global restructuring on forest resources, forest-dependent
communities, and other forestry stakeholder groups.

Many new forestry stakeholder groups are coming to the fore, demanding to be heard in forest policy
debates. At the same time, institutional priorities regarding integrated resource management mandate
the incorporation of the concerns of a broad spectrum of interest groups. The impetus for developing a
forest sociology program at the NOFC stems from the need to better understand the composition and
interests of stakeholder groups that historically have had little policy input - namely aboriginal peoples,
and residents of forest-dependent communities. As well, it is expected that forest sociology at NOFC
will contribute to better integrated resource management planning by providing baseline socio-economic
data to planners.

Study Objectives: 

i) Objectives

1. To establish a active research program in forest sociology in the NW region, including
theoretical and empirical work on such issues as forest-dependence in native and non-native

1

138



communities, the social impacts of forest-dependence, sociological dimensions of integrated
resource management, alternative forest management regimes including, but not limited to,
community forestry and co-management agreements in forestry, social conflict related to forest
management, assessing (non-economic) values that relate to forestry, measuring forest use.

To collect information on special forest products, their use, potential for community
development, compatibility with traditional harvesting and traditional subsistence use of
forests.

To engage in interdisciplinary work with economists and other social scientists on the above
and other relevant issues.

4. To identify and recruit graduate students to expand this research agenda and to help with all
aspects of the project (theory development, literature reviews, field work, survey design and
implementation, etc.)

ii) Deliverables

Short Term (1-5 years)

To produce articles suitable for publication in scientific journals. Focus in the short term will
be on papers related to forest-dependence, co-management and community forestry, and the
applicability of non-market valuation techniques in aboriginal contexts.

To develop contacts within the CFS and with researchers outside CFS engaged in related work.

To demonstrate the utility of forest sociology for improving forest management through
discussing the discipline at conferences, meetings, seminars, and other events.

To participate in activities of the Department of Rural Economy at the University of Alberta,
including committee work, student advising, teaching, etc.

Long Term (5 years and beyond)

This study is oriented toward research. It is unique among all the regional branches of CFS. The
goal is to maintain leadership and gain national and international recognition for a centre of
excellence in forest sociology research.

Study sites identified in the next few years will hopefully remain subjects of analyses in the future.
Topics such as the long term impacts of forest-dependence, or rapid growth or decline due to
changes in the forestry sector, will require time series analyses at specific case study sites.

iii) Significant Linkages

University of Alberta
University of Wisconsin
Auburn University
Renewable Resources, NWT
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Saskatchewan Environment and Resource Management
Mistik Management
University of British Columbia
Arctic Institute

Progress and Achievements:

New Study in 1993-94

Goals and Accomplishments:

No stated goals from 1992-93, new project.

15. Information Activities:

Journal Publications

Gilbert, Jess, and Thomas M. Beckley. 1993. "Ownership and control of farmland: Landlord tenant
relations in Wisconsin". Rural Sociology 58(4).

Book review - Rural Communities: Legacy and Change, by Flora, C. J. Flora, J.Spears, L.
Swanson, with M. Lapping and M. Weinberg. In Rural Sociology. 58(2):310-311.

Information Reports:

None to report

Other Reports

Beckley, Thomas M. 1993. "Social impacts of forest dependence: Community power in a paper
mill town". Proceedings of IUFRO Symposium, Working Party S.6.11-02, September 19-24.
Fredericton, NB, Canada.

Lectures, courses, seminars and scientific addresses

Seminars and Presented Papers:

"Social impacts of timber dependence", presented at Sociology of Economic Change seminar,
University of Wisconsin-Madison, Madison, WI, and at Department of Sociology, Oregon State
University, Corvallis, OR.

Presented seminar on case study field methodologies in the study of forest-dependence to the
Science, Technology, Agriculture, Resources and the Environment seminar at the University of
Wisconsin.

"Forest-dependence in New England", presented at the Annual Meeting of the Rural Sociological
Society, Orlando, FL.
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"Social impacts of forest-dependence", presented at IUFRO Symposium, Fredericton, NB.

"Forest Sociology in the Prairie Provinces", seminar at the Department of Rural Economy,
University of Alberta.

"Nonmarket valuation biases due to aboriginal cultural characteristics", presented with Dr. Martin
Luckert at the Workshop on Integrated Resource Management, Saskatoon, Saskatchewan.

"Forest Sociology at the Canadian Forest Service, Northwest Region", presented to the Western
Economic Diversification Committee, Saskatoon, Saskatchewan.

"Introduction to the discipline of Rural Sociology". Guest lecture for Rural Sociology 355,
Department of Rural Economy, University of Alberta.

v) Technology transfer

Continue participation on the Long Term Plan Working Group of the Lower Liard Valley
Integrated Resource Management Plan.

i) Initiate training of local individuals to assist in the collection of data on forest use in Fort
Liard, NWT.

16. Goals 1994-95 

1. Continue with research efforts on sociological dimensions of forest-dependence. Individual
projects include:

Identification of Canadian site(s) for in-depth, case-study research in pulp and/or sawmill
communities with special focus on the social impacts of forest-dependence in those places.

Continue to publish and present work from Ph.D. research on forest-dependence in New
England (1-2 journal articles).

iii) Publish work on theoretical dimensions of forest-dependence - explaining how it transcends
the commonly used concept of timber-dependence, and how it relates to more general theories
of resource-dependence (1 journal article).

2. Examine aboriginal issues with respect to forestry, forest use, forest values and integrated resource
management.

Survey aboriginal communities with respect to their use of forest resources with special
emphasis on how such uses differ from and perhaps involve conflicts with traditional fibre
production activities (specific projects in Ft. Liard, NWT [NWT 80-16] and Meadow Lake
area [CS 81-00]).

Conduct preliminary data analysis on social conflict over forest management in the Meadow
Lake area.
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Continue collaboration with University of Alberta interdisciplinary team in examining the
applicability of non-market valuation techniques in aboriginal cultural contexts. Two papers
are planned for this project. A theory paper will be submitted for peer review in 1994. A
paper detailing findings will be prepared for publication in 1995.

Develop a data base, through a literature review and site visits, on successful models of
aboriginal management of forest resources from throughout North America.

Examine alternative models of forest management, including co-management agreements in
forestry and community forestry. Publish work in journals and or information reports on the
potential of these alternative models for community development through forest management (1
article and/or information report).

Establish linkages with sociologists at the University of Alberta, and other universities in the NW
region. Establish linkages with personnel at the Native Studies department, and other applicable
departments at the University of Alberta and other universities in the NW region.

17. Major Co-operators:

Internal - CFS

Region
	

ID #
	

Title
	 Contact Name

Northwest
	

Louis Poliquin

External

Establishment ID# Title Contact Name

University of Alberta Professors

Associate Professors

W.E. Phillips
E. Murray
M.K. Lucked
W.L. Adamowicz

University of Wisconsin Professor
Associate Professor

T.A. Heberlein
J. Gilbert

Auburn University Professors

Assistant Professor

C. Bailey
G. Howie
J. Bliss

Arctic Institute Director M. Robinson

Renewable Resource, NWT C. Robinson, B. Larson

Mistik Management G. More

Saskatchewan Environment
and Resource Management

Director, Resource Policy
and Economics Branch

B. Smith

Central Coast Consulting P. Mitchell-Banks

LaRonge Band Forestry coordinator L. Jordan
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18. Environmental Implications

New Study
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NOR 7-01

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: December 9, 1993

STUDY TITLE: Environmental impact assessment in relation to forest ecosystem

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection & Environment

Project Title: Environmental Stresses on Forest Ecosystems

Office Location(s): Edmonton, Alberta

Work Location: Region wide, emphasis on Alberta

7.	 Study Staff:

Name

Study Leader D.G. Maynard

Team Members F.G. Radford

	 	 J.J. Stadt

Study Key Words: acid rain, advisory, ARNEWS, ICP-AES, forest health survey, bio-monitoring,
reduction of forest losses, LRTAP, Armillaria.

Study Activity: 2212
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

D.G. Maynard SE-RES-3
(P)

0.30 0.30 0.30

F.G. Radford EG-6 (T) 0.60 0.60 0.60

J.J. Stadt BI-1 (T)

FTEs 0.90 0.90 0.90

Study Background and Problem Analysis

Industrial development and emissions have potentially deleterious effects on forest vegetation and soils.
Several studies were completed within the Prairie region that looked at potential problems. Expert
advice on the effects of air pollutants and forestry operations to forest ecosystems is required to answer
specific concerns in relationship to potential environmental impacts within the region. In addition,
potential effects of acid deposition on forest ecosystems could go unnoticed until considerable damage
to the forest has occurred. Maintaining an advisory role and carrying out all aspects of the chemical
analyses of soil and plant materials in the Acid Rath-National Early Warning System (AR-NEWS) is
essential to assure that any possible effects of acid deposition on the forest are detected.

Concerns have again been raised about the present and potential impacts on forest health due to sulfur
emissions from sour gas processing plants in west central Alberta. These impacts include the direct
effects of deposition in forest stands, including soils, and the predisposing effects these depositions
may have on exacerbating latent forest insect and disease problems. A study, to be initiated in 1991-92,
(in cooperation with the natural gas industry) that reexamined the existing sites sampled previously in
1981 and 1985, expanded the network, and complete a forest health survey (in collaboration with
Insect-Disease Project, NOR 11). This is a multidisciplinary approach that will provide a more accurate
assessment of sulfur emission impacts on the health of the forest ecosystem which could be used to
improve methodologies and ARNEWS protocols.

Soil factors (e.g., nutrient status) may play a role in the incidence of certain diseases particularly, root
tots. Armillaria root rot is one of the most important diseases of coniferous regeneration in Canada.
Different soils based on site productivity have been found to have variable incidence of Armillaria root
rot; however, the soil properties (if any) associated with conduciveness or suppression of the disease
have not been identified. It would be desirable from a forest management perspective to be able to
hazard rate sites for Armillaria root rot before regeneration takes place.
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12. Study Objectives:

i) Objectives

Determine the impact of air pollutants on the forests of the Northwest Region by: assessing the
effects of sulfur deposition on the forest ecosystem near two sour gas processing plants in west
central Alberta (in collaboration with J. Volney NOR 11-05 forest pests, and K. Mallett, NOR
11-09, Disease surveys) and monitoring of ARNEWS plots (in collaboration with NOR 11-01,
FIDS).

To determine the relationship between nutrient stress and Armillaria root rot in lodgepole pine
(in collaboration with K. Mallett, NOR 11-09).

3. Provide consultative and advisory services to government agencies, industry and the public on
environmental concerns in relationship to acid deposition (air pollution), and its interaction with
biotic factors such as insects and disease.

ii) Deliverables

Short Term (1-5 years)

A draft of an information report on the results of the forest health survey near the two (2) sour gas
processing plants must be submitted to industry by November 1993. The report is scheduled for
publication before fiscal year end, 1993-94. In additional, several journal publications on the various
aspect of the study will be written in the next one (1) to three (3) years.

Consultative and advisory services on environmental problems are provided as required. This is
ongoing and will continue both in the short- and long-term.

The baseline ARNEWS report is being edited and is expected to be published before the end of the
fiscal year, 1993-94. A second report comparing the initial baseline data with data collected five (5)
years later will be published within the next two years. Annual forest health surveys (done by NOR
11 FIDS staff) are to continue and a detailed sampling is scheduled for 1995.

One journal article on the interaction of soil properties and Armillaria root rot is in preparation and a
second manuscript based on three greenhouse studies will be prepared when the final experiment is
completed (in collaboration with K.I. Mallett, NOR 11-09). Several oral and poster presentations
have been given at various conferences and workshops. A forest management field guide based on
the study findings is scheduled for completion at the end of the current Alberta PAIF in 1994-95.

Long Term (5 years and beyond)

The industry contract will end in the fiscal year 1993-94 and further industry support is not
anticipated. A long-term monitoring program is being developed for west-central Alberta through
provincial agencies and the forest and energy sectors. Our input into the development and planning
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of the program has been requested to provide information on forest health monitoring. Consultative
and advisory services on air pollution will continue to be provided as long as the expertise remains.
The ARNEWS is a national program. Annual surveys are to be done and every 5 years a detailed soil
and foliar chemical analysis will be done. A report detailing the results of the chemical analysis and
comparisons to previous samplings will be written.

iii) Significant Linkages:

ARNEWS - Green Plan Biomonitoring initiative
Seed Orchard - Green Plan Integrated Pest Management initiative
Alberta PAIF
NOR 11 - Studies 11-01, 11-05, and 11-09
National Strategic Plan to increase our capability to predict and prepare for the consequences of
human activities and natural disturbances.
Regional Strategic Plan: Mixed wood management, including ecological impacts and vegetation
management.

13. Progress and Achievements

The information report on the baseline ARNEWS chemical and vegetation analysis for the Northwest
region has been revised and is scheduled for publication before March 1994. The resampling and
analysis from the 12 ARNEWS sites has been completed and an outline for a second report comparing
the baseline chemical data with the data collected five (5) years after will be prepared. The baseline data
for the six (6) new ARNEWS sites has been collected and the soils and foliage samples collected (in
cooperation with NOR 11). The five (5) additional ARNEWS include two in Alberta, two in the
Northwest Territories and one in Manitoba. A sixth plot will be established in the Prince Alberta Model
Forest replacing an older site originally established in Prince Alberta National Park.

The forest health survey study was initiated in 1991-92 with financial support provided by Husky Oil
Ltd., and Gulf Canada Resources Limited. The study is for three (3) years and included resampling of
sites, initially sampled in 1981, near two sour gas processing plants of west central Alberta. In addition,
five (5) more sites were set up in mature lodgepole pine, six (6) sites in young lodgepole pine and three
(3) sites in aspen dominated stands were established. A detailed forest health survey including tree
growth analysis (in cooperation with J. Volney, NOR 11-05, and K. Mallett, NOR 11-09) was done. An
interim report was prepared and submitted to the companies in March 1992. A draft of the fmal
Information Report has been completed and publication of the report is scheduled before March 31,
1994.

Consultative and advising services are on-going. Requests from private citizens have increased as a result
of increasing environmental awareness.
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14. Goals and Accomplishments (1993-94)

Prepare a final report (Information Report) on the forest health survey near two sour gas
processing plants in west central Alberta. The report is to be submitted to industry by June, 1993
(in collaboration with K.I. Mallett and W.J.A. Volney, NOR-11-05 and 11-09).

A draft of the final report was provided to industry by the end of November. It is currently being
reviewed by industry representatives and through the NoFC review procedure. It will be published by
the end of March 1994.

Prepare and submit for review a draft report on the comparison of the baseline soil and foliage
chemistry of the Northwest Region ARNEWS sites to the data collected in 1990.

As of the end of October, no progress has been made on this report. The completion of the industry
report and finalization of the initial ARNEWS report have delayed work on this goal. It is
anticipated that work will begin on this report in 1994 and will be completed in the next fiscal year.

Initiate the soil and foliage chemical analysis of the six (6) new ARNEWS sites located in the
NWR. The samples are to be collected by NOR 11 FIDS staff (Study 11-01); some assistance by
NOR-7 staff may be required to familiarize them with sampling protocol.

Soil and foliage was collected for the six (6) new ARNEWS sites including soils for the verification
of the soil description according to the ARNEWS sampling protocol. Detailed soil descriptions had
to be done on each new site. Since no one in FIDS had experience in this area, D. Maynard was
requested to do the soil sampling. As of November 1, the soils have been prepared for analyses.
Total N on the foliage has been completed and analyses for verification of the soil description have
been completed.

Maintain the ICP-AES by preventative maintenance checks and quality control measures.
(Radford)

The ICP-AES was maintained with very little down time. The majority of the samples analyzed were
from NoFC associated projects related to the impact of forestry practices on forest ecosystem and
the forest health survey. Approximately 20,000 analysis will be run on the ICP-AES during 1993-94
including 8,000 for the Analytical Services Laboratory.

5. Invited to present a paper at the Air & Waste Management Association Annual Meeting in Denver
June 13-18, 1993 (in collaboration with K.I. Mallett and W.J.A. Volney, NOR 11-05 and 11-09)
(subject to conference approval).

The paper entitled "Biomonitoring forest health in lodgepole pine of west-central Alberta" was
presented at the annual meeting. The paper was peer reviewed and printed; however, there was no
formal proceedings of the conference.
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Publish a paper entitled "The influence of hexazinone on carbon dioxide evolution and
mineralization of nitrogen, phosphorus, and sulfur in a forest soil". (transferred from NOR 07-05
as this study was terminated).

The paper is in press and will appear in Canadian Journal of Soil Science 73(4).

Prepare a paper on the "Soil nutrient dynamics following a hexazinone application" from the
microplots in Grande Prairie. (transferred from NOR 7-05).

This paper is in preparation. The length of the field season and commitments to complete the
information report for the industry contract have delayed work on this paper. It is hoped that a draft
will be ready for review by the end of the fiscal year (March 31, 1994).

Complete a paper on the effect of soil nutrients on the incidence of  Armillaria infection (in
collaboration with K.I. Mallett, 11-09). (transferred from NOR 7-05)

The paper is currently in preparation. Data analysis of the greenhouse study is being completed. The
preliminary results indicate the nutrient status of the tree is not a factor in the incidence of
Armillaria; however, availability of nutrients to the fungi may be.

Complete the root rot field surveys and greenhouse studies on the correlation of soil properties
and soil moisture on the incidence and mortality ofArmillaria root rot in conifer stands. (in
collaboration with K.I. Mallett, 11-09) (transferred from NOR 7-05).

The field surveys have been completed and the data is currently being analyzed. The calcium
greenhouse study has been completed and the data being analyzed. A third greenhouse study to
assess the influence of soil moisture on the incidence of Armillaria is currently underway.

10. Provide consultative and advisory services and undertake studies to resolve problems related to
industrial development in natural areas as needs and opportunities arise in consultation with the
Program Director. Attend workshops and symposia.

Concern over environmental issues continues to be relatively high. Information and consultative
services were provided to several government agencies including providing information to the
West-central Regional Airshed Monitoring Program (group of government agencies, industry, and
non-government environmental groups).

15.	 Information Activities

Journal Publications

Maynard, D.G. 1993. The influence of hexazinone on carbon dioxide evolution and mineralization
of nitrogen, phosphorus and sulfur in a forest soil. Can. J. Soil Sci. 73: (in press).

Information Reports

Maynard, D.G.; Fairbarns, M.D. 1994. Boreal ecosystems dynamics of ARNEWS plots: Baseline
studies in Prairie Provinces. Inf. Rep. NOR-X-327.
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Maynard, D.G.; Stadt, J.J.; Mallett, K.I.; Volney, W.J.A. 1994. Biomonitoring forest health in
west-central Alberta. Inf. Rep. NOR-X-000.

iv) Lectures, courses, seminars, and scientific addresses

D.G. Maynard, J.J. Stadt, K.I. Mallett; W.J.A. Volney; D. McCoy. 1993. Biomonitoring forest
health in lodgepole pine of west-central Alberta. Presented at the 86th Annual Meeting &
Exhibition of the Air & Waste Management Association, Denver, Colorado, June 13-18,
1993. (16 pages)

16.	 Goals 1994-95

Prepare and submit for review a draft report on the comparison of the baseline soil and foliage
chemistry of the Northwest Region ARNEWS sites to the data collected in 1990.

Prepare a paper on the "Soil nutrient dynamics following a hexazinone application" from the
microplots in Grande Prairie.

Prepare and submit for publication two papers on the influence of soil moisture and soil nutrients
on the incidence of Armillaria in lodgepole pine and white spruce (in collaboration with K.I.
Mallett, NOR 11-09).

Maintain the ICP-AES by preventative maintenance checks and quality control measures.
(Radford)

5. Provide consultative and advisory services and undertake studies to resolve problems related to
industrial development in natural areas as needs and opportunities arise in consultation with the
Program Director. Attend workshops and symposia.

17. Major Co-operators: 

Internal - Canadian Forest Service

Region	 ID#
	

Title	 Contact name

External -

Establishment ID# Title Contact name

Husky Oil Ltd. Environmental Affairs Mr. D. McCoy

Gulf Canada Resources Ltd. Environmental Affairs Mr. B. Patterson

1
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18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The forest health and root rot surveys involved visual monitoring of the tree health, collection of
soils and foliage for chemical analysis and the removal of two trees per site. No physical,
chemical or biological agents were applied in this study. This would have no adverse
environmental effects. The ICP-AES and analytical services laboratories follow current safety
practices with respect to the Workplace Material Information System (WHMIS) and Hazardous
waste disposal.

CFS-NWR EARP Committee Approval Date: December 21, 1992.
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NOR 7-04

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: December 9, 1993

STUDY TITLE: Environmental impact and residue chemistry of forestry herbicides

Responsibility Centre: Northern Forestry Centre

Program: Forest Protection and Environment

Project Title: Environmental Stresses on Forest Ecosystems

Office Location(s): Edmonton

Work Location: Northwest Region

7.	 Study Staff:

Name

Study Leader S. Sidhu

Study Leader J. Feng

Study Leader C. Feng

Team Members L. Lywak

Study Key Words: Herbicides, metabolites, persistence, degradation, adsorption, desorption, residue
chemistry, environmental impact, forest ecosystem, site preparation, vegetation management.

Study Activity: 

2212

1
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10.	 Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

S. Sidhu SE-RES-
4(P)

0.3 0.30 0.4

J. Feng SE-RES-
2(P)

0.2 0.20 0.2

C. Feng CH-2(P) 0.4 0.25 0.2

L. Lywak EG-4(T) 0.2 0.20 0.2

S. Roadhouse EG-2 0.5 0.10

Raven PSC-EE 0.3

L. Pham PSC-EE 0.4

Oishi PSC-EE 0.3

FTEs 2.6 1.05 1.0

11. Study Background and Problem Analysis

Herbicides, as well as nonchemical methods of weed control such as site scarification, prescribed
burning, mechanical and manual treatments provide a wide range of options for forest vegetation
management. Even though the effectiveness of herbicides for control of weed species in forestry has
been recognized since the introduction of the phenoxy herbicides, their use in forestry has lagged far
behind that of agriculture. At present, forestry use of herbicides in Canada is less than 0.5% of the total
used in agriculture. The limitation in the use of herbicides as a silvicultural tool is to some extent a result
of the lack of information available on the environmental impact of these compounds in the natural
environment. While various herbicides have been tested for efficacy by Forestry Canada over the last
several decades, priority for environmental impacts of herbicide has varied. In addition, the agrochemical
industry has never had a research and development program of any duration for forestry use of
herbicides in Canada.

Currently, the Forest Pest Management Institute (FPMI) of Forestry Canada, as a National Institute, has
the mandate to conduct herbicide research for forest resource management in Canada. The aims of
FPMI's Herbicide Research Project are to accelerate the development of new herbicides, to refine and
improve methods of utilizing existing products, and to improve application technology and formulation
characteristics to enhance effectiveness of the herbicides while minimizing the impact on the forest
ecosystem.
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At the time the study was initiated, one of the major areas of concern, with significant data gaps, was the
fate of herbicides entering the forest ecosystems. Available information on residue chemistry and
environmental impact of forest herbicides under Canadian climatic conditions, particularly in the boreal
forest, was very limited. Therefore, NoFC in consultation with provincial forestry agencies proposed to
carry out research, relevant to the Western and Northern Region, on the persistence, mobility,
degradation, and fate of forest herbicides and their metabolites in the terrestrial environment. In addition,
attempts were made to assess the impact of herbicide application on the plant community as a whole to
evaluate the influence of this silvicultural practice on plant community structure and forest productivity.
These studies were considered essential if sufficient information is to be generated to make informed
decisions about herbicide were use in this region.

In order to avoid fragmentation of environmental impact and residue research studies, NoFC will ensure
that the data collected is available to FPMI, provincial governments, and the public. Also, the
information obtained from this study will be integrated into vegetation management
guidelines/prescriptions to be developed through a parallel study on "Field Testing and Evaluation of
Forestry Herbicides" in NOR-10 (Silviculture). Initially, three major herbicides, namely Roundup,
Velpar, and Garlon, will be considered for study.

12. Study Objectives:

i) Objectives

Determine the fate of herbicides in the forest ecosystems, by studying persistence, leaching,
lateral movement, degradation, metabolism, and adsorption/desorption characteristics in
regionally important forestry substrates under laboratory and field conditions.

Evaluate the impact of herbicides on the structure, composition, and dynamics of forest plant
communities, including mycorrhizal aspects.

3) Provide federal, provincial, and industrial resource managers in the region with advice on the
environmental effects of the use of herbicides in forestry applications.

The study supports the "environmental quality" initiative of the Forestry Canada's National
Strategic Plan by providing environmental impact information for the integrated forest
management systems while maintaining the forest environmental quality; supports the
"Regional Research Priority" under mixedwood management, including ecology and
vegetation control; and develops environmentally friendly forestry practices for sustainable
forestry under the Green Plan.

ii) Deliverables

Short Term (1-5 years)

Study has already resulted in a number of PAIF-reports, journal papers and presentations at
workshops, symposia and technical abstracts documenting environmental impacts of hexazinone
and selected mechanical methods of vegetation control for site preparations.
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Long Term (5 years and beyond):

A report evaluating the efficacy and environmental impact of Pronone 10G and selected
mechanical methods of vegetation management beyond 5 years after application of treatments will
be prepared in 1995-96. The information eventually will be included in vegetation management
guidelines/prescriptions and in DS S-module of the 'environmental impact of vegetation
management and forestry practices' in cooperation with Nor-04 (Stand Productivity) and Nor-10.

iii) Significant Linkages:

Alberta Forest Service: Grande Prairie Forest; Reforestation & Reclamation Branch; Research
Branch (terminated in 1990)

Alberta Environment, Chemical Control Branch
Weyerhaeuser Canada Ltd. (formerly Procter & Gamble Cellulose, Grande Prairie)
DuPont Canada; United Agriproducts; and Pro-Serve, Inc.
Expert Committee on Weeds, Western Canada Section
CAPCO-National Check Sample Program
Forest Pest Management Institute
University of Toronto, Forestry Science
University of Alberta: Forest Science; Soil Science

13. Progress and Achievements

The Herbicide Environmental Impact Study has progressed well during the last six (6) years. Several
new herbicide application systems were evaluated for drift control or for reducing the amount of
herbicide used in research trials. Vegetation, forest litter, soil, soil leachate, water, and sediment
samples have been collected for the last 6 years after the herbicide application in the fall, 1986.
Residues of hexazinone and its metabolites were analyzed for all samples collected during and before
1992. New methodologies for determining the hexazinone residues in soil and vegetation were
developed.

A total of 14 journal papers, two government reports, one review, abstracts, 29 Expert Committee on
Weeds (ECW) research reports resulted from the Grande Prairie study, and one review paper
(proceedings) on the environmental behaviour and safety of forestry herbicides (glyphosate and
hexazinone) in Canada were produced. The journal papers were related to the effect of glyphosate,
hexazinone (Velpar and PRONONE 10G), and triclopyr on the seedling growth and myconhizal fungi;
the distribution pattern of PRONONE 10G granules from aerial and ground applicators; the release of
hexazinone from PRONONE 10G granules under laboratory and field conditions; vertical movement
of hexazinone residues in soil leachate; the application of liquid hexazinone (Velpar L) by a
logarithmic sprayer; analytical methods; early changes in vegetation composition and structure;
hexazinone residues in vegetation and their implication for wildlife; and dynamics of nutrients in
foliage of common boreal species. A final report on the environmental impacts of the vegetation
management project (Canada-Alberta FRDA) and a research report for the Canada-Alberta FRDA
project were published. The review paper and ECW research reports as well as presentations at its
annual meetings.
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An application of PRONONE 10G was made by using a newer tractor-mounted granule applicator to
the crop release plots (Method I) of the Grande Prairie study in spring 1989. The plots are monitored
for the herbicide deposition rates and granule distribution pattern, as well as the off-site movement and
persistence of herbicide residues in the low, wet areas where soil samples were collected on an on-going
bases for three years after application, and completed in 1992/93. The final vegetation sampling of site
preparation plots (Method II) was completed in summer of 1992 (5 years after planting and herbicide
treatment); those of crop release plots (Method I) was completed in summer of 1993 (5 years after
planting and 4 years after herbicide treatment).

Consultation and advice were provided to various provincial, federal and industrial agencies on a
continuing basis. Under technology transfer, available information was communicated in the form of
published papers, reports, and presentations at professional meetings. Acknowledgements were
received from chemical industries who had successfully registered their products by including research
results of our studies.

The experimental plots of the Grande Prairie study should be maintained for further sampling for the
detection of longer-term (10-12 years) impacts of site preparation and crop release methods on
vegetation and soil. This would result in maximizing the scientific information returns from the high
initial cost of the study. The analysis of the field data collected in 1992 and 1993 would yield
information on the medium-term (5-6) impact of chemical and mechanical treatments for site
preparation and conifer release. Sampling of the permanent plots after 10-12 years for a long-term
impact of vegetation methods and understanding the early succession in aspen clearcuts is
recommended. The plots could also be used for the study of nutrient dynamics in soils and foliage and
site productivity in the medium and long-term.

The study has been extended till the end of March 1995 to complete field trials, data synthesis, and
reporting.

14. Goals and Accomplishments (1993-94)

Publish a journal paper, "Hexazinone and its metabolites in boreal vegetation". (Sidhu, J.
Feng)

Published In Weed Science 41: 281-287 (see Journal publications under section 15)

Submit the paper, "Foliar nutrient dynamics in some boreal mixedwood species for 3 years
following hexazinone application", to Forest Ecology and Management Journal. (Sidhu)

The paper has undergone an internal and editorial review and will be submitted to the Journal in
a few weeks.

3) Publish a paper, "A 5-year Scenario of vegetation management in mixedwood cutover in
Alberta" in Can. J. For. Res. (Sidhu, I Feng, Maynard)

Accepted in the peer-reviewed Proceedings of the "International Conference on Vegetation
Management- Ecology, Practice and Policy" (see section 15). Galleys proofs were received and
corrected. Proceedings Volume due in November 1993.
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Prepare a contract proposal for sampling vegetation in the crop release plots of the Grande
Prairie study and serve as scientific authority for the contract (Canada AlbertaPAIF, Sidhu
and Navratil)

Contract proposal was prepared and all field tasks were completed by middle of August 1993.
Over 600 small plots were sampled for vegetation composition and structure by strata and
species and planted seedlings for growth, vigor and competition. The field data has already been
transferred to computer files and some preliminary analysis has been initiated.

Calculate, examine, and evaluate results of gas chromatography on all residue samples;
organize and process field and soil data collected from Grande Prairie Method I & II areas;
and enter all resulting data into database manager files using personal computer and
FOXPRO software. (C. Feng)

Database manager programs were built using FOXPRO in which each soil sample was profiled,
including sample ID, lab ID, sampling time, location, depth, weather condition, soil horizon,
moisture content, bulk density, etc. Data entry of above was complete. Final data calculation and
data entry for hexazinone residues and metabolites are in progress.

Perform statistical analysis and interpretation, and building and testing simulation modeling
for herbicide persistence and movement using Grande Prairie data. (J. Feng)

Simulation models for the movement and dissipation of hexazinone in soils were first built into
submodels, tested with theoretical values, and combined using STELLA software and Macintosh
computer. To accommodate large number of field data, including weather, soil, moisture, and
residues, the STELLA model was translate into FOXPRO and linked to FOXPRO database
manager. The work was interrupted during the field season (re. NOR-708) and will be continued
in January, 1994.

Additional Goals: 

Serve as a member on "Herbicide Policy Committee: Alberta"

Served on the committee, reviewed a 135-page report on glyphosate, prepared research priorities
and monitoring recommendations for the policy committee.

15.	 Information Activities 

	i)	 Journal Publications

Sidhu, S.S., Feng, J.C. 1993. Hexazinone metabolites in boreal vegetation. Weed Science 41:
281-287.

Sidhu, S.S., Feng, J.C., Maynard, D.G. 1993. A 5-year Scenario of vegetation management in a
mixedwood cutover in Alberta. The International Conference on Vegetation Management-
Ecology, Practice and Policy. University of Alabama, Auburn, Alabama. 52 MS pages [exact
pages not available at this time]
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v)	 Technology transfer:

See "Sect. 13. Progress and Achievements" above for activities in technology transfer.

16. Goals 1994-95

Publish a journal paper "Foliar nutrient status in three boreal species for the years following
hexazinone application" carried over from 1991-92. (Sidhu)

Prepare Journal paper on the medium-term impact of the chemical and mechanical methods of
site preparation on vegetation composition and structure including biodiversity. (Sidhu)

Prepare a Journal paper on medium-term response of pine and spruce seedlings to hexazinone,
disk-trenching and double disking. (Sidhu)

Prepare a Journal paper on competition and growth of softwood seedlings 5-6 years following
vegetation management treatments. (Navratil, Sidhu)

Provide information and advice to federal, provincial and industrial agencies in the region on
environmental effects of use of herbicides in forestry. Participate in committees and working
groups on vegetation management and forestry herbicides. (Sidhu, J. Feng, C. Feng)

Prepare a final report for the Canada-Alberta PAIF (Project #8013, Sidhu and Navratil).

Finalize data entry and proof-read all files in the database manager (C. Feng); and continue
developing simulation model for herbicide movement in soils (J. Feng).

Prepare for review two manuscripts for journal publication, entitled: (i) 'Dissipation and
degradation of hexazinone in Alberta forest soils; (ii) 'Methods for preparing and long-term
storage of soil samples treated with hexazinone'.

17. Major Co-operators:

i)	 Internal - FC

Region ID# Title Contact name

Forest Pest Management Institute Research Scientist
Research Scientist
Chemist
Research Scientist
Biologist
Biologist

P. Reynolds
N. Payne
D. Thompson
R. Prasad
P. Kingsbury
D. Kreutzweiser
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External -

Establishment ID/ Title Contact name

AFS Grande Prairie Forest Forester In Charge E. Ritche

AFS Reforestation & Reclamation
Branch

Forester
Director

G. Ehrentraut
T.J. Drew

AFS Research Branch (terminated in
1990)

Alberta Environ. Protection
Reforestation branch
Range and Land
Management

Director

Client Services
Head, Range and
Land Management

S. Navratil

D. McCullough
M. Anderson

Weyerhaeuser Canada Ltd. (formerly
Procter & Gamble Cellulose, Grande
Prairie)

Environmental
Protection, Manager

L. Steeves

Alberta Environment, Chemical
Control Branch

Biologist V. Servant

Pro-Serve, Inc. Chemists V. Stomes
R. Rogers

CAPCO-National Check Sample
Program

Co-chairpersons B. Wakeford
G. Graham

University of Toronto, Forestry
Science

Professor D.N. Roy

University of Alberta: Forest Science;
Soil Science

Professors R. Wein
F. Yeh

18. Environmental Implications:

i) Environmental Impact/Assessment Review:

Prior to the implementation of the Study, public consultations and field tours were held in May
1986 in Grande Prairie jointly by Forestry Canada, Alberta Forest Service, Alberta Environment,
and Procter & Gamble Cellulose. Agriculture Canada and Alberta Environment permits were
obtained for the application of herbicide. The NoFC Environmental Screening Committee

I
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evaluated the proposed study activities. On the basis of information provided by the study
leaders, the committee concluded that these activities were not potentially detrimental to the
environment (for environmental implications of herbicide application, also see NOR-10 &
NOR-36-02-01). There were no treatment following the initial experimental set up. The
subsequent years (1988 to 1995) will only involve standard vegetation and soil monitoring.

ii) FC-NWR EARP Committee Approval Date: 1986

Original approval date: 1986
Updated: January 12, 1993
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NOR 7-06

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: December 9, 1993

STUDY TITLE: Analytical Services Laboratory

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection & Environment

Project Title: Environmental Stresses on Forest Ecosystems

Office Location(s): Edmonton, Alberta

Work Location: Northern Forestry Centre

7.	 Study Staff:

Name

Study Leader Y.P. Kalra

Study Leader D.G. Maynard

Team Members J. Shuya

F.G. Radford

Study Key Words: Analysis, soils, vegetation, water, chemistry, Research support.

Study Activity: 

2251
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10. Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

Y.P. Kara CH-2(P) 1.0 1.0 1.0

D.G. Maynard SE-RES-
3(P)

0.1 0.1 0.1

J. Shuya (Vice) EG-4 1.0 1.0 1.0

F. Radford EG-6(T) 0.2 0.2 0.2

Study Background and Problem Analysis

Many of the studies at NoFC require high quality analysis of soil, plant and water samples in order to
meet their objectives. In some cases analytical techniques must be modified or developed to meet the
specific requirements of the users. Maintaining a high quality analytical laboratory suitable to support
ongoing research and the continuing improvement, modification and development of techniques are
essential to meet the needs of the users at NoFC.

Study Objectives:

i) Objectives

Maintain a high quality analytical laboratory suitable to support ongoing research studies
by providing precise analyses of soil, vegetation, and water samples. High quality analysis
is provided to the ARNEWS biomonitoring program of the Green Plan through the
analysis of soils and foliage from the Pacific/Yukon and Northwest Regions.

Develop analytical techniques as required by user request.

ii) Deliverables

Short Term (1-5 years)

Continue to provide high quality analysis to support ongoing studies within the NWR. Publish
scientific articles on new and modified soil analytical techniques as the opportunities arise.
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Long Term (5 years and beyond)

Continue to provide high quality analysis to support ongoing studies within the NWR.

iii) Significant Linkages:

Various studies within NoFC including Nor 4, 10, 11, 16, 28 and 36.
Green Plan - ARNEWS
Group of Analytical Laboratories (GOAL - Canadian Forest Service Working Group)
Canadian Society of Soil Science
Western Enviro-Agricultural Laboratory Association (WEALA)
Association of Official Analytical Chemists (AOAC)

Progress and Achievements

The analytical services laboratory provides support services to NOR-4, 7, 10, 11, 16, 28, and 36 on an
ongoing basis. The laboratory will do approximately 22 000 analysis on 2 000 samples in 1993-94.
Quality control has been maintained through participation in the LRTAP check sample program. The
Information Report on analytical methods (NOR-X-319) has been well received in the analytical
laboratory community. The original print run of 1500 copies have been distributed and a second
printing was run. The french version was published in November, 1992.

The working group for CFS's analytical laboratories (GOAL) has enhanced the communication among
CFS's laboratories and increased the profile of the labs within the organization. The analytical
laboratory continues to gain international recognition through participation in the International
Symposium on Soil Testing and Plant Analysis and Mr. Kalra's status as Associate Referee for the
AOAC in the standardization of pH measurements in soils. Fifty-three laboratories from 4 countries,
participated in the AOAC program coordinated by Mr. Kalra.

Goals and Accomplishments (1993-94)

Provide analytical services to research scientists and cooperators as requested and approved
by the Program Directors. This may include a substantial commitment to do the analysis of
the six (6) new ARNEWS plots established within the Northwest Region and possibly eight (8)
new ARNEWS plots in the Pacific/Yukon region. (Kalra)

Analytical services were provided to NOR-4, 7, 10, 11, 16, 28 and 36. Approximately 22,000
analyses on 2, 000 samples were completed as requested.

Manage and arrange safe disposal of old chemicals. Undertake duties related to the storage
of chemicals and WHMIS. (Shuya)

Approximately 2500 L of liquids and 62 kg of solids were disposed of according to the
hazardous waste legislation.
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Participate in two inter-laboratory check sample program (Long Range Transport ofAir
Pollutants, GLFC, Canadian Forest Service and Wageningen Agricultural University,
Wageningen, The Netherlands). (Kalra, Maynard)

The laboratory completed one round robin on foliage analysis for the Long Range Transport of
Air Pollutants and round robin on soil analysis for Wageningen Agricultural University. In
addition, soil samples from WEALA and coordinated by the Energy Resources Conservation
Board were also completed. Participation in these round robins is necessary for the laboratory to
maintain high quality analysis. Yash Kalra co-authored (with G.J. Koteles, I.K. Morrison, and
J.R. Ramakers, GLFC) a paper on the results of the LRTAP inter-laboratory check sample
program at the International Symposium on Soil Testing and Plant Analysis, Olympia,
Washington, August 14-19, 1993.

Publish a chapter on nitrate and ammonium nitrogen in soils in the Canadian Society of Soil
Science methods manual, 3' edition. (Maynard, Kalra)

The chapter was completed and the book was published in June, 1993.

Serve as Associate Referee for the method validation on pH measurements in soils for the
Association of Official Analytical Chemists (AOAC). This will include submission of methods
and the general validation procedure to the General Referee. (Kalra)

The results from 53 laboratories and 4 countries were sent to our laboratory for compilation and
preliminary statistical analysis. The data was analyzed and a report on the preliminary results
was submitted to the General Referee for the AOAC.

Present a poster paper entitled "A comparison of extractants for the determination of cation
exchange capacity and extractable cations by a mechanical vacuum extractor" by Y.P. Kalra
and D. G. Maynard at the 1993 International Symposium on Soil Testing and Plant Analysis,
Olympia, WA, August 14-19, 1993.

The paper was presented at the Symposium.

7)	 Participate in the activities of the Group of Analytical Laboratories (GOAL), Western
Enviro-Agricultural Laboratory Association (WEALA) and Canadian Society of Soil
Science(CSSS). (Kalra)

Attended the annual meetings of GOAL in Sault Ste. Marie, October 7-8, 1993 and WEALA in
Calgary, October 21, 1993. Served as Secretary of the Canadian Society of Soil Science for
1993.
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Information Activities

i) Journal Publications

Jones Jr., J.B.; Kalra, Y.P. 1992. Soil testing and plant analysis activities - The United States and
Canada. Communications in Soil Science and Plant Analysis 23: 2015-2027.

Maynard, D.G.; Kalra, Y.P. 1993. Nitrate and exchangeable ammonium nitrogen. p. 25-38
(Chapter 4) in M.R. Carter, ed. Soil sampling and methods of analysis. Lewis Publishers, Boca
Raton, Florida.

iv) Lectures, courses, seminars and scientific addresses

Kalra, Y.P.; Maynard, D.G. 1993. A comparison of extractants for the determination of cation
exchange capacity and extractable cations by a mechanical vacuum extractor. Presented at the
International Symposium on Soil Testing and Plant Analysis, Olympia Washington, August 14-
19, 1993. (Abstract only)

Kalra, Y.P; Koteles, G.J.; Morrison, I.K.; Ramakers, J.R. 1993. Forestry Canada's interlaboratory
study for the analysis of plant materials. Presented at the International Symposium on Soil Testing
and Plant Analysis, Olympia Washington, August 14-19, 1993. (Abstract only)

Goals 1994-95

Provide analytical services to research scientists and cooperators as requested and approved by
the Program Directors. (Kalra)

Manage and arrange safe disposal of old chemicals. Undertake duties related to the storage of
chemicals and WHMIS. (Kalra)

Participate in two inter-laboratory check sample program (Long Range Transport of Air
Pollutants, GLFC, Canadian Forest Service and Wageningen Agricultural University,
Wageningen, The Netherlands). (Kalra, Maynard)

Continue as Associate Referee for the method validation on pH measurements in soils for the
Association of Official Analytical Chemists (AOAC).

Participate in the activities of the Group of Analytical Laboratories (GOAL), Western Enviro-
Agricultural Laboratory Association (WEALA) and Canadian Society of Soil Science(CSSS).
(Kara)

Publish a paper entitled "A comparison of extractants for the determination of cation exchange
capacity and extractable cations by a mechanical vacuum extractor" by Y.P. Kalra and D.G.
Maynard in Communications in Soil Science and Plant Analysis presented at the 1993
International Symposium on Soil Testing and Plant Analysis, Olympia, WA, August 14-19,
1993.
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7)	 Publish a paper entitled "Forestry Canada's interlaboratory study for the analysis of plant
materials" by Kalra, Y.P; Koteles, G.J.; Morrison, I.K.; Ramakers, J.R. presented at the 1993
International Symposium on Soil Testing and Plant Analysis, Olympia WA, August 14-19,
1993.

17. Major Co-operators: 

Internal - FC

Region ID# Title Contact name

Ontario LRTAP Ian Morrison

External -

Establishment ID# Title Contact name

Wageningen Agric.
Univ.

Inter-laboratory
check sample
program

Dr. Victor
Houba

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The analytical service laboratory follows current safety practices with respect to the Workplace
Hazardous Material Information System (WHMIS) and Hazardous waste disposal.

CFS-NWR EARP Committee Approval Date: January, 1993.

1

I

1
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NOR 07-07

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: December 9, 1993

STUDY TITLE: Baseline Ecology and Impact of Forestry Practices in Mature Forest Communities

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection & Environment

Project Title: Environmental Stresses on Forest Ecosystems

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan

7.	 Study Staff:

Name

Study Leader D.G. Maynard

Study Leader S.S. Sidhu

Team Members L.L. Lywak

F.G. Radford

Study Key Words: Forestry Practices, Integrated Forest Resource Management, biodiversity, long-
term, forest productivity, soils, vegetation, impact on forests.

Study Activity: 2233I
I
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

D.G. Maynard SE-RES-3(P) 0.5 0.5 0.6

S.S. Sidhu SE-RES-4(P) 0.6 0.6 0.5

L.L. Lywak EG-4(T) 0.65 0.65 0.65

F.G. Radford EG-6(T) 0.2 0.2 0.2

TOTAL 1.95 1.95 1.95

Study Background and Problem Analysis

The stress on forest ecosystems from forestry related activities, air pollution, recreational and other
uses is increasing. Variations in and controls on ecosystem productivity are not well understood.
Fundamental research on a long-term basis is required to understand the structure and function of the
major forest ecosystems in the Northwest Region. Without a basic understanding of how these
systems function and change over time and space, it will be difficult to assess the effects of stresses,
such as forestry practices and climate change on sustained productivity of the ecosystem.

Soil is fundamental to any forest management and productivity strategy. Present and future concerns
will be the result of new technologies or of intensification of forest management in areas where
relevant information is lacking. Management strategies such as whole tree harvesting, shorter
rotations, and intense site preparation are being proposed. Increased nutrient losses associated with
harvest raises questions about adequate long-term soil nutrient supplies for future stands and hence
productivity declines. At present we can not answer questions regarding long-term productivity of
most sites. There are few appropriate analytical procedures, sampling is often inadequate and
published estimates of soil nutrient supply are not always meaningful as the information has been
determined on =manipulated, undisturbed stands.

Vegetation is one of the key components of a forest ecosystem and is an expression of interactions of
the biological and physical factors operative in the system. The current vegetation composition and
structure of a forest ecosystem is an imprint of the past interactions among soil, biota, climate, and
disturbances. Baseline information on vegetation of selected forest ecosystems within the Northwest
Region is essential for establishing a base against which future natural changes and impacts of
human disturbances can be evaluated. This includes: i) species composition and their dominance, ii)
structure, diversity, and species interactions, and iii) vegetation dynamics in relation to short- and
long-term natural variations.
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The National Strategic Plan of Canadian Forest Service recognizes forest environmental quality as
one of the four areas of its strategic initiatives. Integrated resource management is one of five new
initiatives identified in the Northwest Region strategic plan. Canada's Green Plan stresses the
"sustainability" of our forest resources which includes the maintenance of their ecosystem
productivity and biodiversity. An opportunity for studying the forest ecosystem and how various
stresses impact on productivity could be provided through the Model forests program outlined in the
Green Plan. The purpose of the proposed baseline study is to provide needed scientific information
against which changes in forest ecosystems as a result of impacts such as forestry management
practices, acid rain, and climate change can be compared.

12.	 Study Objectives:

i) Objectives

To provide baseline information on aspen, lodgepole pine, and jackpine dominated
ecosystems of the boreal forest against which short- and long-term changes related to
forestry practices can be compared.

Gain an improved knowledge of the soils and vegetation within selected boreal ecosystems
to assess and recommend forestry practices to minimize the impact of logging and other
human activities on long-term productivity of the forest ecosystem.

ii) Deliverables

Short Term (1-5 years)

1994-95: Reports on the baseline soil and vegetation conditions at the two sites.

1995-96: Reports and scientific articles of the initial impacts of different harvesting techniques
on the soils and vegetation:

Nutrient dynamics in foliage and soils in relation to stand age in jack pine and aspen stands in
boreal mixedwoods.

Composition, structure and diversity of vegetation in different aged aspen and jack pine stands.

1996-1997:
Short-term effect of harvesting and organic debris removal on nutrient dynamics in soils and
vegetation.

Changes in vegetation structure and composition as aresult of harvesting and debris removal in
selected aspen stands in Alberta.

Vegetation response to clearcutting in an over-mature jack pine forest in Saskatchewan.

Changes in vegetation in reponse to clearcutting in small patches in an aspen forest in
Saskatchewan.
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Long Term (5 years and beyond)

Maintain undisturbed sites within Meadow Lake Provincial Park. Continue to monitor soil and
vegetation at the harvested sites and assess differences in soils and vegetation with those in
undisturbed sites. This would provide information on the natuiral successional and long-term
impacts of forestry practices on site productivity.

iii) Significant Linkages:

I. Corns NOR 2-01 (Ecological Site Classification)
I. Edwards NOR 10-13 (Silviculture)
Saskatchewan Partnership Agreements In Forestry
Alberta Partnership Agreements In Forestry
Weldwood, Hinton Division
Green Plan, Forestry Practices Initiative
Foothills Model Forest
Meadow Lake Provincial Park
Vegetation Management Program - Canada-Saskatchewan PAIF

Meadow Lake Provincial Park.

The sub-objectives of the Meadow Lake Provincial Park study are: i) to establish a knowledge
base for different age stands of jack pine and aspen dominated forests and ii) to use the
information from mature and old successional stages of these forests to study the impact of clear
and patch cutting on the composition, structure and diversity of vegetation, and nutrient
dynamics and regeneration of the dominant canopy species.

Ten 50 m x 2 m plots were laid out in each of 11 sites (recently burned site had only 8 plots).
The two sites to be logged (1 aspen and 1 jack pine) had 20 50 m x 2 m plots. The plots were a
minimum of 50 m apart and 50 m from edges. The plots were distributed systematically to cover
the entire stand area.

The vegetation was sampled by strata and species. Ten 1 m x lm quadrats were sampled for
herbaceous vegetation and five 2 m x 2 m quadrats for shrubs and understory in each
50 m x 2 m plots. A complete inventory of all trees (dead and alive) from each plot was done.
Measuremnts included DBH and height. A forest and health survey was carried out by NOR-11
staff on sxi (6) of the sites (including the two to be logged). Vegetation sampling was done for
two years on the sites to be logged and one year on the other sites. Ten samples (one from each
plot) from 9 to 13 understory species were collected for chemical analysis for two years on the
sites to be logged and one year on the others.

Soils were collected for chemical analysis at all sites for two years. Two surface organic horizon
samples and one sample of the top three (3) mineral horizons were collected at each plot. Two
samples of the surface organic horizons from each plot were collected for bulk density. Two
samples of live biomass from each plot were collected by strata and species for nutrient budget
determinations.
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The jack pine site to be harvested will be clearcut in the winter of 1993 using chainsaws and
skidders. The area to be harvested is 5 ha. The stand is to be divided into two parts, with 10 - 50
m x 2 m in each half. The harvested area had to be designed in this manner to meet the
requirements of the Park and to control dwarf mistletoe that has heavily infested this site. This
design is essentially an unreplicated experiment and standard statistical techniques are
inadequate (Hulbert, S.H. 1984. Pseudoreplication and experimental design. Ecological
Monographs 54: 187-211). We propose to use a statistical design suggested by Eberhardt, L.L.
and J.M. Thomas (1991. Designing environmental field studies. Ecological Monographs 61: 53-
73). The basic approach is to employ matched control and logged plots for which baseline data
were obtained prior to logging Impacts will be evaluated in terms of a shift of the ratio of the
matched plot data following the logging (Eberhardt and Thomas 1991).

The aspen site to be harvested will consist of 5 - 100 m x 100 m clearcuts using chainsaws and
skidders. Each cut area will include two of the 50 m x 2 m plots. The remaining 10 plots will
remain as controls. The areas to be cut were selected randomly and are intersperied. The design
follows examples used by Hulbert (1984). Standard analysis of variances (ANOVA) can be used
on this experiment once the four assumptions for ANOVA are met. Non-parametric tests will be
used when departures from the assumptions cannot be corrected.

Foothills Forest

The sub-objectives of the Foothills Forest is to test the null-hypothesis: There are no significant
short- and long-term changes in the composition and structure of vegetation, nutrient dynamics
and site productivity as a result of harvesting, soil compaction, and chipper residue application
in an aspen/white spruce stand of the Mayberne Soil Association.

Twenty-seven plots 100 m x 15 m were established in the fall of 1992. The plots were this size
to allow the feller bunchers to remove the trees without having to drive onto the plots. The
experimental design was a a 3 x 3 factorial with 3 replicates per treatment. The two factors are
compaction rate and chipper residue depths. The 3 compaction rates were zero, medium and high
(compaction done by skidders dragging logs down the middle of each plot). Compaction rates
were estimated by taking neutron probe measurements before and after 6, 12 and 16 runs of the
skidders. The medium compaction rate was considered to be 6 skidder runs and the high
compaction rate 16 skidder runs. The chipper residue depths were zero, 1-5 cm and 6-10 cm.
Chipper residue was spread on a randomly selected 10 m x 5 m subplot within a treatment plot.
A standard two-way factorial ANOVA will be used once the four assumption for an ANOVA
are met. Non-parametric tests will be used when departures from the assumptions cannot be
corrected.

At each plot in 1992 one soil pit was randomly located and a detailed description done. Samples
from each horizon were collected for chemical analysis. Methods of analysis followed the
procedures outlined in our Methods Manual. Chemical measurements to be done pre- and post-
harvest include: pH, cation exchange capacity, exchangeable cations Ca, Mg, K, Na, Al, Fe, and
Mn, ammonium nitrogen, nitrate nitogen, sulfate, and phosphate. Total analysis of the soils will
also be done. Physical measurements include bulk density, particle size analyis, moisture content
and soil temperature measurements down the profile.
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Vegetation sampling was done in July of 1993. Total cover (%) was estimated by strata and by 	 1
species of herbaceous vegetation in 10 -1mx lm quadrats per treatment plot. Shrubs,
understory and tree canopy were estimated in 10 - 2 m x 2 m quadrats. Visual estimates of %
total cover by strata and species of fallen and decaying logs were also done. The plots were
permanently marked and vegetation sampling will be done on the reestablished plots in 1994 and
1995.	 1

Estimates of above-ground biomass and nutrient pools were also determined. Ten aspen trees
from the two dominant diameter classes (20-30 cm and 31 -40 cm) were cut down. Composite
samples of foliage and branches for diameter classes < 0.5 cm, 0.5 - 2.0 cm and > 2.0 cm for the
lower, middle and upper crown of the canopy for each tree. Two root samples (> 2 cm and < 2
cm diameter) were taken for each tree. Biomass estimates of herbaceous and shrubs were also
done. In the vicinity of each tree, the % cover of all species was recorded in a lmx lm
quadrat. All herbs and low shrubs were removed and three species were separated out. The same
technique was used in a 2 m x 2m quadrat for all shrubs. A 10 cm x 10 cm plug of the surface
organic horizons was taken from the centre of each 1 m x lm quadrat for bulk density
determination.

Old Plots (A15 plots)

The sub-objective of the A 15 study is : To assess the long-term impact of old forestry practices
(diameter limit cutting) on the species composition and structure, diversity and nutrient status of
sites 3-40 years after selective logging.

Nineteen 30 to 40-yr old CFS plots were relocated in June to August 1993. The plots were 40 m
x 40 m. At each plot, a soil pit was dug and a detailed description done. Samples from each
horizon were collected for chemical analysis. On sites where the topography and drainage were
different, a second pit was dug. Within each plot 15 -2 m x 2 m and 15 - 1 m x lm quadrats
were randomly located. Vegetation sampling for total cover was estimated by strata and species
in the same way for the other two studies.

13.	 Progress and Achievements 

Two study areas were established, one in Meadow Lake Provincial Park, Saskatchewan (Canada-
Saskatchewan PAIF funding) and the other in the Foothills Model Forest, near Edson (Green Plan
Forestry Practices and Canada-Alberta PAIF). The location of the study areas depended upon
several factors, two of the key parameters being protection from future development and location of
the Green Plan Model Forest.

A contract under the Green Plan Forestry Practices initiative was issued and several old Canadaian
Forest Service sites were found. A report on the old Canadian Forest Service plots has been
prepared and an annotated bibliography of western Canada Boreal Mixedwood forest has been
submitted. The bibliography is currently being reviewed and will be published as an Information
Report (W.L. Strong, author; in cooperation with I. Corns NOR 02-01).

I
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Measurement of selected soil properties, successional studies and vegetation analysis were done on
19 of these old plots during the summer of 1993. Collation of the data will be started during the
winter.

Twelve plots, eight (8) in jack pine stands of various ages and four in aspen stands were established
in Meadow Lake Provincial Park in 1992. Soils were classified and samples collected from all
twelve sites. Vegetation descriptions and samples were collected from seven (7) of the jack pine
and one of the aspen sites. Tree measurements were also done at all 12 sites. Soil sampling was
done on all sites again in 1993. Vegetation descriptions and samples were collected from two sites
(one jack pine, one aspen) that are scheduled for harvesting in the winter of 1993. Additional
vegetation plots were established at these locations in 1993. In addition, a thirteenth plot was
established in a recent burn (May 1992).

Twenty-seven plots, 15 x 100 m were established in two areas within Weldwood's FMA and the
Foothills Model Forest in the fall of 1992. Soil descriptions, tree measurements and soil samples
were collected at all plots. Baseline vegetation data was collected in July. The plots were harvested
in September 1993 and treatments (2 rates of compaction and 2 depths of chipper residue) were
applied in October.

14.	 Goals and Accomplishments (1993-94)

1. Continue to measure soil and vegetation conditions at Meadow Lake Provincial Park and the
Foothills Model Forest sites prior to harvesting in late August through the fall of 1993
(Model Forest location is in collaboration with I. Corns NOR 02-01 and I. Edwards 10-13).

Meadow Lake Provincial Park: In 1993, ten additional plots were located at each site to
provide adequate replication on the sites to be harvested and eight (8) plots were set up in a
recently burnt site. Soil samples were collected from all 12 sites established in 1992 plus the
burnt site. Tree heights were measured in 150 sample plots from the 13 sites. Vegetation cover
by strata (trees, shrubs, forbs, grasses, mosses and lichens) and species was measured in 100
quadrats for shrubs and 200 quadrats for herbs in each of the two (2) sites scheduled for
harvesting in the winter of 1993. Vegetation sampling was also done in eight (8) plots in a
recently burned site established in 1993. Nine to 13 dominant species were sampled for
chemical analysis from all strata in 20 plots from each of the two sites to be logged in 1993 and
a recently burnt site. Standing live biomass was sampled in 2 quadrats per plot in all plots of
three (3) sites (2 to be logged and one burnt).

In addition, bulk density measurements of the surface organic horizon were completed for all 13
sites established in 1992 and 1993.

Foothills Model Forest: Ten subplots for shrubs and understory and 10 for herbaceous
vegetation per treatment plot were established in all the 27 treatment plots in the Foothills
Model Forest study area. This included 270 subplots for herbs, 270 subplots for shrubs and
understory. The vegetation plots were sampled for species composition, cover by height strata
and species. In addition, vegetation samples were collected for the trees and the major understory
species for determining nutrient budgets and nutrient removal by whole-tree harvesting.
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Coordinate with co-operators, the harvesting of the plots at both sites (Model Forest location
is in collaboration with I. Corns NOR 02-01 and I Edwards NOR 10-13).

The Model Forest location was harvested in September 1993 by Weldwood. Three compaction
treatments (zero, medium, and high) were done by the skidder operators as the trees were
removed from the site. The organic matter treatments were applied in October (whole tree
harvesting with no chipper residue, chipper residue 1-5 cm and chipper residue 6-10 cm).

The harvesting in Meadow Lake Provincial Park was delayed because of financial constraints
within the park. Consultations with the Park, Mystic Management, and the local native band
(Waterhen Lake First Nations) have provided a option that will allow for harvesting during the
winter. Two areas are to be harvested. A 150-yr old jack pine stand will be clearcut (about 5 ha).
A 70-yr old aspen stand will be cut; five small openings (100 x 100 m) equivalent to total of five
(5) ha will be clearcut.

Sample selected 30 to 40 year old Canadian Forest Service sites (A-15) for soil nutrients,
plant cover estimates, and biodiversity (in collaboration with I Corns NOR 02-01).

Nineteen, 30 to 40-yr old CFS plots were relocated. Fifteen 2m X 2m subplots for sampling
shrub and lm X lm subplots for herbs were randomly located within each of the 19 plots and
permanently marked. Vegetation was sampled in these subplots for composition and cover by
strata and species. Soils were classisfied, and sampled for nutrient analysis. The soil analysis is
on-going and the vegetation will be collated this winter. Much of the information on these sites
(e.g. type of harvesting, measurements taken, etc.) has to be synthesized. The results of the
information collected in 1993 will then be assessed based on the previous treatments and
measurements. The evaluation of this information will determine the direction of this study (e.g.
whether or not to continue using these plots).

4. Prepare interim reports for the various funding agencies (Canada AlbertaPAIF, Canada-
Saskatchewan PAIF, Green Plan and Foothills Model Forest) on the baseline soil and
vegetation data.

An interim report prior to May of 1993 was completed for the Saskatchewan PAIF. A detailed
report on the progress of the Green Plan Forestry Practices Initiative is to be completed before
the end of December 1993. Other updates have been provided to both the Alberta and
Saskatchewan PAIF as required.

15. Information Activities

v) Technology transfer:

A talk on soil and forests was presented as a part of the Meadow Lake Provincial Park's summer
public information program, July 30, 1993.
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16. Goals 1994-95

Measure soil and vegetation conditions at Meadow Lake Provincial Park (MLPP) and the
Foothills Model Forest (FF)sites following logging in 1993 and in the case of the Model Forest
site, following the application of the chipper residue and compaction (Model Forest location is in
collaboration with I. Corns NOR 02-01 and I. Edwards 10-13).

Complete vegetation data (MLPP, FF) inputs, check accuracy and perform statistical analysis
leading to preparation of reports and publications in 1995-96 and 1996-97 (see Deliverables in
section 12).

Complete the assessment of the selected 30 to 40-yr old Canadian Forest Service sites (A-15)
and determine a strategy for (S. Sidhu provides lead role in collaboration with D. Maynard and I.
Corns NOR 02-01).

Prepare reports (Final reports for PAIF) for the various funding agencies (Canada-Alberta PAIF,
Canada-Saskatchewan PAIF, Green Plan and Foothills Model Forest) on the baseline soil and
vegetation data.

5. Coordinate a collaborative research agreement with Roger Hayward, Foothills Forest to analyze
soil and foliage from an operational field study in the Foothills Forest to assess the impact of
chipper residue applications to lodgepole pine regeneration and productivity.

17. Major Co-operators:

Internal - CFS

External -

Establishment ID# Title Contact name

Meadow Lake
Provincial Park

Park Management
Specialist

Bob Wilson

Weldwood Canada Ltd,
Hinton

Silviculture Bill Rugg
Diane Renaud

Foothills Model Forest Operations Forester Roger Hayward

I
I
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18.	 Environmental Implications:

Environmental Impact/Assessment Review Statement

The first year of the study involved the establishment of plots and collection of samples.
Harvesting is to be done in late August and fall of 1993 by the cooperating agencies. The
harvests at both locations fall within the jurisdication of the provincial governments. In the case
of the Meadow Lake Provincial Park study, the two harvested areas will be in the order of 5 ha
and are not near any water bodies. The logging must be approved by the Meadow Lake
Provincial Park Superintendent and Park Management Specialist following public consultations.
The area harvested under the Foothills Model Forest is part of Weldwood's current harvest plan
and the clearcuts will be about 20 ha. The harvesting plan has been approved by Alberta Forest
Lands and Wildlife. At both sites the major objective is to assess the environmental impact of
various forestry practices on the soil and vegetation productivity.

CFS-NWR EARP Committee Approval Date: January, 1993.

1
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NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: December 9, 1993

STUDY TITLE:	 The effects of watershed characteristics and disturbances on the water
quality of boreal forest streams.

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection and Environment

Project Title: Environmental Stresses on Forest Ecosystems

Office Location(s): Edmonton, Alberta

Work Location: Boreal Forest, Alberta

7.	 Study Staff:

Name

Study Leader J. Feng

Study Leader C. Feng

Study Leader G. Hillman

Team Members B. Robson

L. Lywak

Y. Kalra

Study Key Words: Boreal forest, stream water quality, nutrient dynamics, beavers, research and
development, mitigation, simulation modelling.

Study Activity: 2211
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

J. Feng SE-RES-2
(P)

0.40 0.70 0.70

C. Feng CH-02 (P) 0.60 0.75 0.80

G. Hillman SE-RES-2
(P)

0.75 0.75 0.60

B. Robson EG-05 (T) 0.50 0.50 0.50

L. Lywak EG-04 (T) 0.15 0.15

Y. Kalra CH-02 (P) 0.20 0.10 0.10

Total FTEs 2.45 2.80 2.85

Study Background and Problem Analysis

Part of the complex relationship between forests and water lies in the contribution of 1) the forest in
regulating soil moisture, water table, stream flow, and maintaining water quality and 2) the water as
a vital life support medium, transporting agent, chemical solvent, and catalyst. The complexity
depends upon the type of forest, nature of precipitation; upon geology, topography and soils; and
upon the interaction of physical and biochemical cycles within the aquatic ecosystem.

Particulate and dissolved organic matter in boreal streams are important food sources for fish and
freshwater biota. Dissolved organic matter is also an important component of the organic energy
budget of temperate stream ecosystems and is frequently measured as dissolved organic carbon
(DOC) in fresh water quality studies. Benthic algae, fungi, and bacteria are the organisms most likely
to assimilate naturally occurring DOC from the water column.

Changes in aquatic concentrations of chemicals (dissolved organic matter, nutrients, and elements)
due to natural or other disturbances may have direct impact on the aquatic ecosystem by altering pH,
dissolved oxygen, water temperature, energy pool, and available food sources sustaining aquatic
biota, and may lead to changes in the structure of the food-web.

In recent years, there has been considerable industrial development in Alberta's boreal forest where
new pulp mills, saw mills and other types of forest products plant have come on stream. These plants
require considerable amounts of wood to sustain them, and the harvesting of this wood may be
accompanied by changes in the flow and water quality of streams draining affected watersheds. There
is, however, for the boreal forest, very little information on the extent of such changes.

1
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The need for this type of information is exemplified in the Peace River area where farmers have
claimed that, during peak runoff events in the past, their farmlands (in the White Zone) were flooded
by waters draining from the higher elevation forested watersheds in the Green Zone. There were
concerns that this situation will be aggravated when extensive logging occurs in the forested
watersheds.

Because the Daishowa-Marubeni International Ltd. Forest Management Area is located in the Peace
River Forest and because the company is logging there, Daishowa decided to address these concerns.
The company, together with its consultant and Alberta Department of Environmental Protection,
initiated a study on the Spring Creek watershed which is in the boreal forest and near Valleyview.
The purpose was to determine the impact of aspen harvesting on water yield, and to determine the
time required for the vegetation to recover to the extent that the anticipated increase in water yield is
restored to, or near, preharvest streamflow levels. The Spring Creek watershed was chosen because it
contained sufficient mature aspen to justify harvesting and conducting the experiment, and because it
was monitored, in an undisturbed state, with respect to streamflow and meteorology during a 20-year
period (1968-1988). Subsequently, Rocky Creek was chosen as the subwatershed of Spring Creek
that was to be harvested and Bridlebit Creek was chosen as the control. Any changes in streamflow
due to forest harvesting will be monitored and evaluated by Alberta Environmental Protection using a
customized storage-effective drainage runoff model and other techniques.

By this time, the Canadian Forest Service (CFS) was one of the participating agencies and it was
proposing to implement a comprehensive study, on the impact of a number of disturbances, including
timber harvesting, on water quality of the Spring Creek watershed. The quality and flows of streams
draining boreal forest watersheds may be greatly influenced by the special features of the boreal
forest i.e., mixedwoods stands, pure aspen stands, varied topography, lakes, wetland (bogs, fens and
swamps; organic soils), and beaver activity. Rocky Creek, for example, is vegetated primarily by
aspen stands, and contains a 120-ha lake at its northern boundary and a large fen with some small
bogs along its borders. Portions of the creek are contained in valleys with steep sides - at such
locations the channel itself has a steep gradient. Because of the abundance of aspen and the presence
of water, beaver activity in and around streams is intense. The Bridlebit Creek watershed is similar to
Rocky Creek, but contains no large lake or fen.

Beaver activity can have a profound effect on riparian areas and on the quality and dynamics of
stream waters. Beaver dams may impound a portion or the entire volume of water draining a
watershed. Often the stream will be reduced to a trickle, most of which may be seepage below or over
the dams. Conversely, when a heavy storm causes significant runoff response, such runoff may be
sufficient to breach one or more dams. The result is a sudden surge of water and nutrients down the
channel with the flow consisting of the original storm runoff plus the water that was previously
stored behind the now-breached dams. Similarly, the water quality will reflect the qualitative
characteristics of both the original storm runoff and the characteristics of the stored water. This
needs to be demonstrated, however, because there is very little information on the effects of beaver
activity on stream water quality, stream dynamics and riparian areas in the boreal forest.

Because fens and bogs, common in the boreal forest, are characterized by organic soils and relatively
high water tables, the water issuing from such areas may influence the quality of water reaching the
stream channels differently from water issuing from areas with mineral soils. The presence of a large
fen toward the northern end of the Rocky Creek watershed and a wetland area in the lower portion of
the same watershed provides an opportunity to determine the effects of these wetlands on water
storage and quality. Information derived from this kind of investigation will provide baseline data on
the interactions between wetlands and streams within the boreal forest.

179



Roads crossing streams may affect stream water quality by contributing sediment and other materials
through erosion and blowing dust. The road-stream intersections near the Rocky Creek and Bridlebit
stream gauges provide suitable locations from which to monitor this particular interaction. For the
boreal forest, there is little information on the effects of road crossings on stream water quality.

A new dimension, that of groundwater quality and hydrology, was added to the entire investigation
when the Hydrogeology Division of Alberta Environmental Protection agreed to participate in the
study.

12.	 Study Objectives:

i) Objectives

	

1.	 To monitor the water quality characteristics of a small watershed in the boreal forest in
response to natural and human-induced conditions by:

measuring water quality parameters to determine if there is evidence of a shift in these
parameters which may indicate an impact and recovery related to forest harvesting;

measuring water quality parameters to identify any changes and impacts to these
parameters relative to winter and all-weather roads crossing streams;

measuring water quality parameters of flows upstream and downstream from beaver
ponds;

identifying the effect of wetlands on water quality parameters.

	

2.	 To develop a simulation model for predicting the effects of natural and human-induced
disturbances, and subsequent recovery, on the water quality of boreal forest streams.

The above objectives relate to the Forest Environmental Quality section of the National Strategic
Plan which states the need for increased capability to predict and prepare for the consequences
of human disturbance on forest ecosystems.

The objectives are part of Regional Strategic Plan initiatives to develop decision-making tools
and guidelines for resource management in environmentally benign ways (Issue V). They are
also part of new program thrusts (45) to integrate valuation and management of timber and non-
timber forest resources.

ii) Deliverables

Short Term (1-5 years)

Published results of the initial studies will provide basic information, presently lacking, on the
water quality of streams as they exist in the boreal forest. The influence of natural systems such
as wetlands on stream water quality, and the effects of human and beaver activities on water
quality and riparian areas will be documented.

180



In dealing with current limited resources in research, traditional "wait-and-see" approaches have
been gradually replaced with the dynamic simulation modeling approach. Knowledge in
simulation modeling is growing rapidly, and a lot of interest has been shown in the development
of user-friendly models to predict chemical movement in watersheds. This study includes the
development of a simulation model for predicting chemical movement and site recovery in terms
of water quality of boreal forest streams.

Long Term (5 years and beyond)

Conventional watershed studies require a 10- to 20-year pretreatment database followed by
long-term posttreatment monitoring. Furthermore, with the current knowledge in climatic
change, the concept of long-term stability of ecosystems becomes questionable. An alternate
approach is taken in this study in which only one year of pretreatment data was obtained.
However, long-term posttreatment monitoring is still required to evaluate the site recovery and
to retroactively assess the effect of logging immediately following site disturbance. It is our hope
that the method tested in this study will eliminate the need for data covering a long pretreatment
period. The database derived from this study will provide a sound foundation in verifying the
water quality simulation model. The end-product can be used as a time-saving and cost-effective
tool in forest resource management.

Utilization of hardwoods in aspen and mixedwood forests is relatively new. With the
introduction of advanced technology in hardwood pulping, demonstration of environmentally
conscientious and scientifically sound research on the interaction of forest-aquatic ecosystems
related to logging practices will be valuable. Research sites for this study located on the Spring
Creek watershed in the Grande Prairie Forest, near Valleyview will lend themselves to visits by
various interest groups (both government and public) to view the advanced forest-environmental
research work conducted through the combined efforts of federal, provincial, industrial and
private researchers.

The study may provide information on the time it takes for vegetation to recover sufficiently to
restore stream water quality to its preharvest levels.

iii) Significant Linkages:

Significant linkages were established with Daishowa-Marubeni International Ltd; (responsible
for developing the logging plan for Rocky Creek subwatershed and implementing the treatment
by harvesting the timber); with the Hydrology Branch, Alberta Environmental Protection
(responsible for coordinating research on, and providing access to, the Spring Creek watershed,
as well as maintaining stream gauges and meteorological stations on the watershed); with the
Hydrogeology Branch, Alberta Environmental Protection (responsible for installing piezometers
and groundwater wells to determine groundwater quality and storage); with Grande Prairie
Forest, Land and Forest Services, Alberta Environmental Protection (loans equipment, provides
storage facilities and assistance in the field).

Methodologies and Statistical Considerations

The Rocky Creek watershed was established as the one to be logged and Bridlebit Creek is to
serve as the control. Rocky Creek will be patch-logged in winter 1993-94 entailing removal of
aspen from at least 25% of the watershed. Both watersheds were monitored in 1993, before
logging, and will continue to be monitored for an indefmite posttreatment period, starting in
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spring 1994.

The experimental design for the CFS study requires that the upper portion of the treated
watershed (built-in control area) be excluded from any type of logging, road construction or
other man-induced disturbances. Measuring/sampling stations have been set up at points along
the stream channel both in the undisturbed reach and in the reach that passes through the logged
area; and above and below the main access road at the watershed outlets. Additional stations will
be established in spring 1994, including i) above and below beaver ponds, and ii) upstream and
downstream from the wetlands.

As directed under objective 1 and four sub-objectives, measurements of a number of water
quality variables such as dissolved organic carbon, pH, anions and cations, dissolved oxygen,
temperature, specific conductance, and suspended sediment will be compared: upstream vs
downstream from winter and all-weather roads crossing streams (sub-objective b); upstream
from beaver ponds vs downstream (sub-objective c); upstream from wetland areas vs
downstream (sub-objective d); and Rocky Creek vs Bridlebit Creek. Any changes that take place
within the control reach and within the portion of the channel adjacent to the logged area will be
assessed in terms of sub-objective a. Ground water wells and piezometers have been established
on reserve blocks, cut blocks, and adjacent to the main weirs at both Rocky Creek and Bridlebit
Creek to monitor changes in groundwater quality and levels. Attempts will be made to relate
changes in groundwater quality to changes in stream water quality. Appropriate statistical
analyses will be used to make all comparisons.

Data will be obtained using automatic stream gauging stations, automatic water samplers and
stage/discharge rating curves (to be developed). Special efforts will be made to ensure that data
is obtained during the infrequent storm runoff events. Discharge data are essential to determine
the total yield of various ions, suspended sediment, dissolved organic carbon, etc. from upstream
areas. They will also provide information on the influence of wetlands and beaver dams on
streamflow and water storage.

This study includes the development of a simulation model (objective 2) for predicting the
effects of natural and human-induced disturbances, and subsequent recovery, on the water
quality of boreal forest streams. Results of the field study and site information collected by other
researchers will be used to test and improve the effectiveness of the model.

13.	 Progress and Achievements

In 1992, the Canadian Forest Service submitted a research proposal on the impact of forest harvesting
and road construction on water quality to the Canada-Alberta Partnership Agreement in Forestry
(PAIF) committee for funding. The proposal was accepted and the study eventually became part of a
larger study on Spring Creek involving Daishowa-Marubeni International Ltd; The Hydrology Branch
and the Hydrogeology Branch, Alberta Environmental Protection and Grande Prairie Forest, Land and
Forest Service, Alberta Environmental Protection.

In early 1993, after a number of surveys and a public hearing had been completed, Rocky Creek was
selected as the to-be-treated watershed. The adjacent Bridlebit Creek watershed was selected as the
control. A logging plan prepared for Rocky Creek showed that at least 25% of the watershed was to be
patch clearcut. The cut blocks were marked out in the field in fall 1993.
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During the period April-October, 1993 access trails for ATVs were cut and maintained through the
upper portions of the Rocky Creek watershed and six sites selected along Rocky Creek - three in the
built-in control reach and three in the treatment reach.. Each site was instrumented with an automatic
water sampler, a stilling well, an instrument shelter and a float. Each shelter housed a data logger and
a water level recorder. The float supported sensors that measured water pH, specific conductance,
temperature and dissolved oxygen. The water samplers were timed to take samples every three to
twelve hours and the samples were removed to Edmonton for laboratory analyses. Additional
installations were established upstream and downstream from the main road near the main stream
gauges maintained by Alberta Environmental Protection on Rocky Creek and Bridlebit Creek. The
effective measuring period was late June to early October, 1993.

Following Peer Review in late 1993, the scope of the water quality study was expanded to include the
effects of watershed characteristics and natural disturbances on the water quality of boreal forest
streams.

14.	 Goals and Accomplishments (1993-94)

Install, activate and maintain integrated stream gauge/water sampling systems on Rocky and
Bridlebit Creeks; and establish stage/discharge rating curves for each hydrometric station
using natural control sections, water elevation readings and current meter measurements.
(Hillman, Robson)

Eight integrated stream gauge/water sampling systems were installed on Rocky Creek; two others
were installed on Bridlebit Creek. Data were collected from these systems for the months of
August through to early October. Stage/discharge rating curves for these stations will be
developed from measurements to be taken during summer 1994.

To collect suspended sediment samples and stream water data for dissolved oxygen, pH,
conductivity and temperature. (Hillman, Robson)

Suspended sediment samples and other physical water quality data were collected on Rocky and
Bridlebit Creeks during the months of August through to early October.

Develop, modify, streamline, and maintain operations in water chemistry sampling, field
laboratory in Valleyview, and analytical laboratories at NoFC. (J. Feng, C. Feng)

Major efforts were spent in preparing access trails to upper stream sites and building pools for
water intake, field storage shed and signs, and 'groundwater wells. Water samplers were installed,
calibrated, tested, operated, and removed for winter storage. Procedures and equipment for water
sampling, field storage and shipping were developed to protect the integrity of samples.
Analytical facilities including cold storage, wet chemistry and analytical laboratories are designed,
tested, and fully operational.

Collect, process and analyze water samples for chemical contents, including DOC, nutrients
and elements, and process and compile water chemistry data for statistical evaluation (C.
Feng, J. Feng)

Stream water samples were collected from all ten sampling stations at several time intervals and
different months during the field season. Groundwater samples were collected once in duplicates
from 18 wells at the end of the field season. Sample preparation and analysis are in progress.
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Process and compile hydrologic data to useable form using computer and proprietary
software. (Hillman, Robson)

Ongoing - to save time, a macro is being developed to handle repetitive procedures in logged data
processing.

Process and compile water chemistry data for statistical evaluation. (C. Feng, J. Feng)

Will begin the next fiscal year.

7. Study the potential approaches for simulation modelling of dissolved chemicals in
streamwater. 	 Feng)

The result of field trials would provide a valuable database for the testing of simulation models.
Future collaboration with a professor (a modeller) at University of Regina is highly likely.

Information Activities:

N/A -- new project

Goals 1994-95

Prepare and submit a fmal research report as required by the Canada-Alberta Partnership
Agreement in Forestry (J. Feng, C. Feng, Hillman)

Restore and improve access trails and crossings in the Rocky Creek watershed after winter
harvesting. (J.Feng, C.Feng, Hillman, Robson)

Continue to maintain integrated stream gauging/water sampling systems on Rocky and Bridlebit
Creeks; and establish stage/discharge rating curves for each hydrometric station using natural
control sections, temporary impoundment structures, water elevation readings and current meter
measurements. Collect suspended sediment samples and stream water data for dissolved oxygen,
pH, conductivity and temperature. (Hillman, Robson)

Continue to modify and improve sampling and sample handling procedures for efficiency and cost
saving and ;initiate publication. Conduct intensive sampling for both streamwater and groundwater
during the first post-harvesting field season. Process and analyze water samples for chemical
contents, including DOC, nutrients and elements. (J. Feng, C. Feng)

Install or relocate additional stream gauging/water sampling systems, upstream and downstream
from wetlands and beaver ponds on the Rocky Creek watershed. (J.Feng, C.Feng, Hillman,
Robson)

Establish computer programs using FOXPRO software for compiling a water chemistry database
and statistical evaluation of results. (J. Feng, C. Feng)

7. Process and compile hydrometric and other data to useable form using a computer and proprietary
software. (Hillman, Robson)

17. Major Co-operators:
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Internal - CFS

External -

Establishment ID# Title Contact name

Alta. Environmental Protection, Tech.
Serv. Div., Hydrology Branch

Peace River Basin
Hydrologist

John Taggart

Daishowa-Marubeni International
Ltd.

Woodland Biologist Bob Wynes

Alta. Environmental Protection, Tech.
Serv. Div.,
Hydrogeology Branch, Evaluation
Section

Head Bernard Dousse

Sr. Hydrologist Marc Zubel

RH Swanson & Associates Consultant Bob Swanson

Forest Science Department
University of Alberta

Professor Richard Rothwell

The Grande Prairie Forest and Valleyview Ranger Station have provided field support.

18. Environmental Implications:

The experimental plan was reviewed by the NoFC Environmental Screening Committee for
environmental implications on January 6, 1993.

The actual statement of the NoFC Environmental Screening Committee is as follows:

"We have reviewed the proposed water quality research study for Rocky Creek. The harvesting
operation will follow the Daishowa Canada Co. Ltd. Timber Harvesting Planning and Operating
Ground Rules agreed to by the company and Alberta Forest Service. Mitigation of any problems are to
be dealt with under the contents of the agreement. The logging operation falls under provincial
jurisdiction and is not subject to the Federal screening process. The monitoring and study of water
quality falls within the mandate of the screening committee. The monitoring and study of water quality
will have no significant adverse environmental effects."

I

I
I

I
I

I
I
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NOR-7-09

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: December 9, 1993

STUDY TITLE: Environmental Impact Assessment in Relation to Forest Ecosystems

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection and Environment

Project Title: Environmental Stresses on Forest Ecosystems

Office Location(s): Edmonton, Alberta

Work Location: Northwest Region

7. Study Staff:

Name

Study Leader J.D. Johnson

Team Members D.G. Maynard

S.S. Sidhu

J.C. Feng

M. Newman

	 	 J. Ball

Study Key Words: Environmental Assessment and Review Process (EARP), regional screening
committee, specialist knowledge, forestry activities, sustainable development.

Study Activity: 2316

1

1
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10. Study Resources:

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

D. Johnson BI-02 (P) 0.50

D. Maynard SE-RES-03(P) 0.10

S. Sidhu SE-RES-04(P) 0.10

J. Feng SE-RES-02(P) 0.10

M. Newman F0-02(P) 0.10

J. Ball FO-01(P) 0.10

FTEs 1.00

Study Background and Problem Analysis

Increasing public concern for maintenance of a quality environment, greater emphasis on pollution
control, and increased recognition of the non-timber value of the forest has increased awareness of the
need for environmental assessment in Canadian Forest Service. The 1984 EARP Guidelines Order and
the Canadian Environmental Assessment Act (Bill C-13) have increased the importance of the
assessment of potential environmental impacts related to Canadian Forest Service activities. Public
participation in the environmental impact assessment process will be greater under the new Act and
Canadian Forest Service must be prepared to accommodate this. Involvement in the evaluation of
potential environmental impacts of Canadian Forest Service initiated projects and the provision of
expert advice to other federal government departments in aid of their environmental impact assessment
work will continue and likely expand as a result of the new Act. Greater participation in regional
environmental impact assessment technical committees is anticipated. Greater liason with Canadian
Forest Service Headquarters will be necessary to standardize environmental impact assessment
procedures, practices and management across the country. This study was set up specifically to deal with
the increasing demand for environmental impact assessment work.

Study Objectives:

i) Objectives

1. To provide reviews of projects/studies for environmental implications through the Northern
Forestry Centre's Environmental Screening Committee. This objective has linkages to forest
environmental quality under the National Strategic Plan and integrating multiple-use forest
management activities and increasing public awareness of forest research and development
under the Regional Strategic Plan.

I
I
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To provide a Canadian Forest Service representative to the regional Environmental Assessment
Coordinating Committee (EACC) and its related technical subcommittees. This objective is
linked to overall environmental quality under the National Strategic Plan and integrating
multiple-use forest management activities, especially in the area of interdepartmental
cooperation, under the Regional Strategic Plan.

To provide specialist knowledge on request to other federal government departments conducting
environmental impact assessments. Strategic Plan linkages for this objective are similar to those
of Objective 2.

4. To provide a Northwest Region representative to the Canadian Forest Service's national EARP
committee. This objective is strongly linked to forest environmental quality under the National
Strategic Plan and public information and integrated multiple-use forest management under the
Regional Strategic Plan.

Deliverables

Short Term (1-5 years)

Adoption of a more participatory approach to environmental assessment at the project planning
stage as required under the new Canadian Environmental Assessment Act will lead to a more
environmentally conscious approach to Canadian Forest Service activities, strongly linked to forest
environmental quality under the National Strategic Plan. Greater cooperation with other federal
government departments is likely because of the need to standardize the approach to environmental
assessment across the country.

Long Term (5 years and beyond)

Acceptance of environmental assessment as a routine part of the project planning process and a
commitment to the principles of sustainable development and the maintenance of biodiversity as a
regular part of the Canadian Forest Service's activities.

Significant Linkages:

Most studies conducted in the Northwest Region will be involved in the environmental assessment
process to some extent. Liason with other Canadian Forest Service establishments will be
maintained through the national EARP committee. Interaction with other federal government
departments, particularly DOE, DFO and TC will likely increase as a result of the new Canadian
Environmental Assessment Act.

13. Progress and Achievements

Certain aspects of this study date back nearly 20 years. In the 1970s, environmental impact studies were
carried out in the Mackenzie Valley and Keewatin District, and advice was provided at formal hearings
(Berger Commission, EARP Panel hearings). Later CFS, as part of Environment Canada, was
represented on the Regional Screening and Coordinating Committee (RSCC) and all of its technical
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subcommittees, providing expert advice on development proposals relating to impacts on forestry,
vegetation and terrain. The RSCC has evolved into the Environmental Assessment Coordinating
Committee (EACC) with continuing participation of the Canadian Forest Service. Environmental
assessment work has also been ongoing for a number of years under other projects and studies (eg.,
NOR-7-01). All studies initiated since 1985 have been reviewed by NoFC's regional Environmental
Screening Committee.

Review and advisory services are continuing. Five uranium mine proposals in Saskatchewan are
currently undergoing panel reviews. Operational activities under the Green Plan, including the Model
Forest proposals, are undergoing environmental review. The national Canadian Forest Service EARP
committee is developing guidelines for the implementation of standardized environmental assessment
across the Department.

14. Goals and Accomplishments (1993-94)

Continue the review of projects/studies for environmental implications through NoFC's
Environmental Screening Committee. (Maynard, Johnson, Sidhu, Feng)

Proposals submitted to the three Model Forests in the region were reviewed, as well as a number of
regional studies as part of the annual project review process.

As the Canadian Forest Service's representative on the regional EACC, review development
proposals for potential environmental impacts. (Johnson)

The five uranium mine proposals in northern Saskatchewan undergoing panel reviews consumed
most of the review time expended for the year. Panel reports on four (4) of the developments were
released and commented on in November and December, 1993.

Act as the Canadian Forest Service's representative on the Mining, Transportation,
Hydrocarbon, Tar Sands and Heavy Oils, and Pulp and Paper Technical Subcommittees of the
EACC. (Johnson)

These committees were inactive during the year.

Provide expert advice to other federal government departments on request to assist them with
their environmental impact assessments. (Johnson)

Advice was provided to DOE and DFO personnel as part of their mandated environmental
assessment work.

5. Act as the Northwest Region's representative on the Canadian Forest Service's national EARP
committee. (Johnson)

A meeting of the national committee is planned before the end of 1993-94 to discuss the current
status of EARP in CFS as well as policies and procedures under the new CEAA, but with
departmental reorganization this has been delayed until adjustments to the new NRCan system are

made.
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Develop class assessment screening and project register forms for regional Canadian Forest
Service staff to use in assessing the environmental implications of their projects. (Environmental
Screening Committee)

Class assessments were developed for chemical and mechanical site preparation. A class
assessment is being developed for tree planting. Finalization of project register forms awaits
proclamation of the CEAA and headquarter's directives.

Represent the Canadian Forest Service on the Application Review Committee of the
Environmental Partners' Fund, Alberta and N.W.T Region. (Johnson)

Forty-nine applications have been reviewed and screened for environmental implications by the
Environmental Partners' Fund during 1993-94 fiscal year.

16. Goals 1994-95

Continue the review of projects/studies for environmental implications through the NoFC
Environmental Screening Committee. (NOR 07: Maynard, Johnson, Sidhu, J. Feng; NOR-06:
Boxall; NOR-10: Edwards; NOR-42: Ball - Manitoba; NOR-46: Newman - Saskatchewan)

As the Canadian Forest Service's representative on the regional EACC, review development
proposals for potential environmental impacts. (Johnson)

Provide expert advice to other federal government departments on request to assist them with their
mandated environmental impact assessment work. (Johnson)

Act as the Northwest Region's representative on the Canadian Forest Service's national EARP
committee. (Johnson)

Develop class assessment screening and project register forms for regional Canadian Forest Service
staff to use in assessing the environmental implications of their projects. (lead role S. Sidhu in
collaboration with D. Maynard (NOR-07) and D. Johnson)

Represent the Canadian Forest Service on the Application Review Committee of the Environmental
Partners' Fund, Alberta and N.W.T. Region. (Johnson)

17. Major Co-operators: 

i)	 Internal - CFS

Region
	 1D#
	

Title
	

Contact name
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ii)	 External -

Establishment
	

ID#
	

Title	 Contact name

18. Environmental Implications:

Environmental Impact/Assessment Review Statement:

N/A

CFS-NWR EARP Committee Approval Date:

N/A
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Name

Study Leader S.Lux

Team Members C. Rentz

S. Navratil

P. Todd

NOR 10-03

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: February 9, 1994

STUDY TITLE: Silvicultural investigations

Responsibility Centre: Northwest Region

Program: Forest Resources

Project Title: Mixedwood Silviculture

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan, Manitoba

7.	 Study Staff:

Study Key Words: Mixedwoods, planning, free-to-grow, stand tending, early stand development,
harvesting and mechanization of silviculture, forest management systems, technology transfer.

Study Activity: 2223, 2211
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I10.	 Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Previous Budget Revised Forecast Upcoming

A-base

Salaries 00.00 00.00

O&M 23.88 33.60

Capital 5.00

G & C

TOTAL: 23.88 38.60

11.	 Study Background and Problem Analysis

A sustained and even increased supply of economically usable timber is a key element in the long-term
economic health of Northwest Region and of Canada as a whole. Timber supply is affected by many
factors, including available capital, accessibility and marketability of different species, utilization
standards, process technology and efficiency, land base and changes in land allocation, losses to
insects, disease and fire scale and effectiveness of silvicultural practices and possibly major climatic
shifts (greenhouse effect).

Changes in any of these factors can affect timber supply and the nature and extent of silvicultural
problems.

Currently one of the most acute regional silvicultural problems revolves around the need to
successfully establish and bring softwood (both pine and spruce) to a free-to-grow state on
mixedwood sites. Mixedwoods occur in a wide variety of site,age,composition and condition classes in
the Northwest Region. Spruce understories are common. Previous work on harvesting to protect
understories has not addressed the urgent need for layout and harvesting strategies to mitigate
blowdown, especially on fresh to moist sites. Stand selection criteria which adequately reflect
blowdown risk based on tree, stand and site factors are required. This requires a landscape rather than
individual cutblock or stand approach. There is a need for modified standards and survey techniques
which address common density-stocking patterns in various mixtures of "advanced" growth protected
understory and new deciduous regeneration following harvest, and subsequently for growth and yield
methodologies which can deal with such conditions.

I

I

I

I

I

I

I

I

I
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12.	 Study Objectives:

i) Objectives:

To assess harvesting and tending options in mature mixedwood stands on fresh to moist sites
to mitigate spruce blowdown risk following aspen harvest.

Develop stand selection criteria based on tree stand stability and site to factors which reflect
blowdown risk for spruce.

Develop and initial growth and yield framework for stands following harvest to protect
understory spruce.

To conduct silviculture R&D and publish scientific and technical reports of silvicultural
interest, regionally and nationally, within a forest management systems (DSS) framework,
including harvesting, regeneration and early stand tending sub-systems.

To provide liaison and input as required to harvesting and mechanization of silviculture
programs (FERIC), emphasizing biological aspects, and to promote the development and
dissemination of silvicultural knowledge through work with national, regional, and local
committees, workshops and other related techniques.

To continue monitoring mortality study on immature lodgepole pine in the foothills
of west-central Alberta.

ii) Deliverables

Short Term (1-5 years)

To provide baseline information for project 1480 of aspen and spruce regeneration, and white
spruce residuals for growth and yield.

To collect pre- and post-harvest baseline inventory data relating to C-A PAIF: 8032.

Long Term (5 years and beyond)

To develop silvicultural and harvesting options for management of Boreal Mixedwoods.

iii) Significant Linkages:

Provide data for Nor-10-12 and C-A PAIF: 8033 in regard to wind damage information
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Progress and Achievements

Project 1480 demonstrated the integration of silvicultural and harvesting techniques for protecting
white spruce understories in mixedwoods. The operational testing of the two-stage harvesting and
tending model was completed on a variety of mesic sites. The results of this experiment will be
valuable for future R&D supportive of new provincial and industrial mixedwood management
strategies.

Goals and Accomplishments (1993-94)

Remeasurement of Project 1480 on all plots for aspen and spruce regeneration and white
spruce residuals for growth and yield after the growing season. (Lux, Rentz, Todd)

Remeasurement of Project 1480 plots was completed in fall of 1993. This includes
approximately 400 PSPs in nine (9) areas throughout west-central Alberta. Analysis of data
is in progress. (Lux, Rentz)

Collect baseline data for C-A PAIF: 8032 consisting ofpre-harvest inventory and data
required for wind damage assessment. (Rentz, Lux)

Pre-harvest baseline data for PAIF 8032 was completed. This includes approximately
28 km of 5 meter wide transects in 11 harvesting blocks. Inventory data has
been analized on the above blocks. (Lux, Rentz)

Establish pre-harvest plot boundaries and initiate post-harvest assessment of future crop trees
on the new trial of C-A PAIF: 8032, Daishawa Canada FMA. (Lux, Rentz)

Pre-harvest plot boundaries were completed and machine corridor strips were laid out
for all blocks but F-1-1 (to be done by Daishawa). Logging just completed on summer
blocks.

Establish wind damage monitoring plots on new trial ofproject Canada-Alberta PAIF: 8032,
Daishawa Canada FMA. (Todd, Navratil) (Cross-reference to NOR-10-12)

IDesigned methodology for wind damage monitoring; sampled white spruce and aspen
and assessed stand structure. Initiated and supervised two contracts for stem analyses
of aspen and white spruce and windfirmness analyses of white spruce understory.
(Navratil, Todd)

Complete supervision of FERIC and Brace Forest Services contracts of project Canada-
Alberta PAIF: 8032 (Navratil) (NOR-10-12).

Complete supervision of the 1993-94 FERIC and Brace Forest Services contracts for the
project Canada- Alberta PAIF: 8032. (Navratil)

Completed supervision of two contracts with University of Alberta for wind measurements on the
Iproject site C-A PAIF: 8032. (Navratil)
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Initiated photo interpretation of post-harvest air photos in co-operation with Lands and Forest
Services, Alberta Environmental Protection.

Continued to update Canadian Forest Service plot reservation system for the Northwest Region.

	

15.	 Information Activities 

iii) Other reports:

Three reports produced on contract by Brace Forest Services:

Establishment report "Protecting White Spruce Understories When Harvesting Aspen"
Status report "Protecting White Spruce Understories When Harvesting Aspen"

3. PAIF report "Protecting White Spruce Understories When Harvesting Aspen"

v) Technology transfer:

A workshop and field tour, orgainized by PAIF 8032 working committee, was held
in Peace River on Jan 17-20, 1994. It was attended by 74 people representing 12
forest companies from three provinces and 2 provincal governments.

	

16.	 Goals 1994-95

Measure post-harvest transects C-A PAIF: 8032. (Lux, Rentz)

Assess wind damage and tree characteristics in harvested stands. (Todd, Navratil)

Complete supervision of 1993-94 FERIC and Brace Forest Services contracts. (Navratil)

Data analysis, compilation and graphics for CFS-NOFC special report. (Lux, Rentz)

Complete supervision of contract with U of A for wind measurement on site of C-A PAIF
8032. (Navratil)

Terminate NOR10-08 and incorporate into 10-03:
- continue to follow-up mortality and damage exaiminations on twenty-six areas in west-

central Alberta. Code, edit and store data and prepare a summary file report. (Rentz, Lux)

	

17.	 Major Co-operators: 

i) Internal - FC

Region ID# Title Contact name

NWR NOR 10-13 Forest Soil Research Dr. I. Edwards
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ii) External -

Establishment ID# Title Contact name

Weldwood Canada C/A FRDA 1480 Understory Protection Bob Udell

Daishawa C/A PAIF 8032 Understory Protection Steve Luchkow

Blueridge Lumber C/A FRDA 1480 Understory Protection Brian Davies

18.	 Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concludes that these
activities are not potentially detrimental to the environment.

FC-NWR EARP Committee Approval Date: March 31, 1993.
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NOR 10-08

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: February 9, 1994

STUDY TITLE:	 Evaluation of mortality in stands of young trees in plantations and
scarified areas

Responsibility Centre:	 Northwest Region (8133)

Program:	 Forest Resources

Project Title:	 Mixedwood Silviculture

Office Location(s): 	 Edmonton, Alberta

Work Location: 	 Alberta

Study Staff:

Name

Study Leader C.L. Rentz

Study Key Words: Jack pine, Pinus banksiana Lamb., lodgepole pine, Pinus contorta Dougl., white
spruce, Picea glauca (Moench) Voss, insect damage, tree diseases, stocking standards, site classes,
reforestation, browsing, rodent damage, technology transfer, juvenile tree survival and growth.

Study Activity: 2222

Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

C.L. Rentz EG-05 (T) 0.25 0.25 0.20

FTE 0.50 0.50 2.20

1
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Study Background and Problem Analysis

In recent years there has been an increased awareness that Canada's forests are not going to last
forever without assistance from forest managers. Many of the areas that are harvested, or have been
burned do not naturally regenerate themselves with the desired tree species and density, and require
site preparation or planting in order to provide satisfactory stocking levels. Whatever the procedure
used, the operation is expensive, especially if it has to be repeated on the same site. Surveys are
therefore conducted in order to determine whether or not the area under consideration is adequately
stocked. However, the standards for making this decision are somewhat arbitrary because of the tree
mortality that will occur between the time when the survey is conducted and when the tree is fmally
ready for harvesting. At the moment, a value of 80% stocking is considered to be adequate, but this
is not necessarily valid for all sites. With jack pine and lodgepole pine especially, there is every
reason to believe that the amount of mortality will vary between sites. Some of this variability will
be related to edaphic factors, but some will also be due to the differing effects of insect and disease
attacks on trees in various sites.

What seems to be required, then, is an assessment of tree mortality from the time of establishment
until crown-closure at age 25 to 35 years. An estimate of this mortality can be obtained by
establishing plots in a number of different age classes, on a variety of sites, and assessing the
mortality for a relatively short period of time. This will allow a composite survival curve to be drawn
up for each ecological site, possibly in about 5 years, which can be modified as more information
becomes available. These curves should provide the information needed to determine what
modifications, if any, of the stocking standards in relation to site class are required.

Each sampling unit will be a plot of 20 trees, and as many of these plots will be established in each
area as in practical, typically 40 such plots per area. Several replicates will be established in a
number of site and age classes. They will then be examined periodically to determine the amount and
cause of mortality.

Insect and disease attack on jack pine and lodgepole pine are probably more important than in white
spruce. Therefore, initial emphasis will therefore be concentrated on these two species.

Study Objectives:

To determine whether or not pine tree survival from establishment to age 35 years is related to site
conditions, and if so, to prepare a set of survival curves for each site class.

ii) Deliverables

Short Term (1-5 years):

Publish information report "Factors Affecting the Survival of Immature Lodgepole Pine in the
Foothills of West-Central Alberta". (Ives)
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Progress and Achievements

Analyses of the data collected in the Hinton study indicate that continuing the study for another
five-year period would be very worthwhile. The present data cover a 7-year period (1981-88), and
therefore do not include a complete snowshoe hare cycle. These animals are apparently increasing
in numbers at the present time, and fresh damage is starting to increase. Atypical hare damage to
the basal stem of 25-year-old trees was common in three sample areas during the peak of the last
cycle, but may be an unusual case. The trees in several widely spread out areas are now approaching
the same age, and continuation of study would allow an evaluation of how common this type of
damage is.

Also, present life table construction depends upon pooling data from a large number of areas in
order to cover the desired range in age classes. Another five years data for most of the areas would
allow construction of more life tables since the amount of pooling required for their construction
would be reduced. Four new plots have been established since 1984. A few plots should therefore
be established in young regeneration, in order to provide an estimate of current mortality in young
stands.

Analyses of the data on jack pine survival in Manitoba indicate that factors responsible for most of
the mortality of lodgepole pine in Alberta are of minor importance for jack pine in Manitoba. The
infrequency of examination precluded the construction of life tables for jack pine survival, but
drought appears to be the most important factor. It was suggested that these plantations be
examined in 1990 and again in 1991 but this was not possible and the future of the Manitoba data is
now in question.

Rentz has been conducting all of the field work and data coding and editing for this study during the
last six years. Ives retired in March 1989, and Rentz is now study leader. Ives will be available for
advice on a part-time basis and should be able to prepare the information reports in 1991-92 if this
is desirable.

Goals and Accomplishments (1993-94)

Upgrade the twenty six areas in Hinton area by replacing lost tags, moving tags from pins to
branches and repainting tagged trees as required.

Upgrading of the twenty-six areas in the Hinton region was not accomplished due to lack of funding.

Conduct an examination of sample trees in late July and August to determine the 1992-1993
mortality and damage rate due to various factors whenever possible.

A quick survey of the twenty-six areas was done but due to the lack of funds only a
survey of actual mortality was done.

3. Code,edit and store data obtained from goal 2, and prepare a summary file report.

Mortality data was coded. Mortality data being edited and stored at this time. File
report on mortality to be completed by March 1994.
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I 4. Participate in a panel to discuss options regarding the future of this study and the direction it will
follow.

No panel discussion regarding the future of the study; however, the study will be
incorporated into study 10-03.

Information Activities 

ii) Information Reports:

Information Report "Factors affecting the survival of immature lodgepole pine in the
foothills of west-central Alberta" published May 1993. NOR-X-330

Goals 1994-95

Terminate NOR-10-08 and incorporate goals into NOR-10-03.

17.	 Major Co-operators: 

Internal - FC

Region
	 ID#
	

Title
	 Contact name

External -

Establishment ID# Title Contact name

Weldwood Canada
Ltd.

Mortality Study Bill Rugg

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concludes that these
activities are not potentially detrimental to the environment.

FC-NWR EARP Committee Approval Date: March 31, 1993.

I
I
I
I
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NOR 10-12

NATURAL RESOURCES CANADA
FORESTRY CANADA

NORTHWEST REGION
STUDY WORK PLAN

1993-94

Project Review Date: February 9, 1994

STUDY TITLE: Aspen silviculture in mixedwood and hardwood management.

Responsibility Centre: Northwest Region (8133)

Program: Forest Resources

Project Title: Mixedwood Silviculture

Office Location(s): Edmonton, Alberta

Work Location: Northwest Region

7. Study Staff:

Name

Study Leader S. Navratil

Team Members D. MacIsaac (transferred to NOR 10-XX) •

F. Dendwick

vice - R. Hayward (not filled)

P. Todd

3 summer students

Study Key Words: Aspen regeneration, aspen silviculture, white spruce regeneration, mixedwood
silviculture, silviculture systems, vegetation management, competition estimates, release treatments,
regeneration prescriptions.

Study Activity: 2223
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

S. Navratil SE-RES-03 (P) 1.00 1.00 0.90

D. MacIsaac F0-01 (P) 1.00 1.00 1.00

F. Dendwick EG-05 (T) 1.00 1.00 1.00

P. Todd F0-01 (P) 1.00 1.00 0.50

FTEs 4.50 4.50 3.40

Study Background and Problem Analysis

With dramatic increase in aspen utilization in the Prairie provinces successful renewal and management
of hardwood and mixedwood stands becomes critical. In Alberta alone, annual harvest of aspen will reach
6 million m3 in 1991 and 8.5 million m3 in 1993 to satisfy the consumption of the current and newly
announced forest industry. The 1991 aspen utilization level can be projected to about 50,000 ha of
cutover area to be regenerated to aspen annually.

Necessary knowledge and techniques are urgently required to develop aspen silviculture systems
responsive to the objectives of intensive and extensive management and hardwood and softwood
production. R&D and technology transfer on regeneration, stand establishment and stand development
that;

encourage aspen regeneration and promote hardwood growth

deter and control aspen competition for the benefit of softwood regeneration and resource on
designated areas,

c) ensure the optimal growth and stand development of mixed (aspen & conifer) regeneration and
juvenile stands has become the most significant and pressing challenge.

NoFC has been in the forefront of R&D on aspen and vegetation management and the study in its
present form combines current research needs and past experience. Foresters . need tools, alternative to
herbicide use, for controlling unwanted aspen competition. Non-chemical methods of aspen control
such as site preparation and mechanical release need to be tested more vigorously than in the past and
their biological specifications developed. Similarly, pre-harvest, single-tree treatments are becoming
more significant as environmentally safe methods. The trials in progress established under the 1989-
90 Canada-Alberta FRDA Vegetation Management - Aspen control project reflect the above needs
and new approaches such as mechanical release trials are in progress.

I
I
I
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Industry and provincial governments have acknowledged the magnitude of regeneration and juvenile
stand problems on mixedwood and softwood cover types. Competition assessments and free-to-grow
projections to decide whether the renewal phase has been successful are in the forefront of current
forestry issues. Particularly needed is information that will enable us to accurately estimate future
growth, species composition, development and yield of new, largely mixed forest. In response, the
work on aspen ingress,competition, growth trajectories in aspen-conifer regeneration and juvenile
mixed stands has been expanded. This knowledge is a prerequisite for evaluating silvicultural
treatments and for modelling and forecasting juvenile stand development. Its linkage with site
classification (NOR-02) and Growth and Yield (NOR-4) will make it possible to rank sites and stands
for treatments and silviculture investments and to relate juvenile stand growth to wood supply
projections and management planning.

The expected greater use of forest management systems using a multidisciplinary approach and a
variety of silviculture systems will require a synthesis of the knowledge on regeneration capabilities of
aspen and associated species - white spruce, balsam poplar, white birch - and its integration with the
better understanding and linkage of harvesting-renewal cycle. The ultimate goal of the acquisition of
knowledge base is an expert system that predicts regeneration density and initial growth and stand
development and advises decision-makers on the most suitable harvesting and silviculture strategies
and treatments.

12.	 Study Objectives:

i) Objectives

To develop silviculture systems for management of the aspen resource in pure hardwood
stands and as a component of mixedwood stands.

To conduct silviculture R&D on chemical and non-chemical means of aspen competition
control for the maximum establishment and early development of conifers in mixedwood
stands.

To assess aspen and balsam poplar ingress, competition, growth trajectories and juvenile
stand development for formulation of silviculture treatments and management strategies
for mixed stands.

To develop silviculture systems to enhance white spruce regeneration in the renewal of
mixedwood and hardwood stands.

5.	 To develop knowledge bases and concepts for aspen and white spruce Regeneration/
silviculture modules of Decision Support Systems.
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ii) Deliverables

Short Term (1-5 years)

Silviculture prescription for the renewal of aspen stands including site sensitivity and
harvesting impact guidelines.

Vegetation management strategies for aspen control in Boreal mixedwoods.

c. Stand tending guidelines for juvenile aspen-conifer stands, including juvenile growth
projections and aspen reproductive biology.

Long Term (5 years and beyond)

Alternative silvicultural systems for management of hardwood and mixedwood stands.

Silviculture modules for Aspen and Mixedwood Decision Support Systems in the Northwest
Region.

iii)	 Significant Linkages:

NOR-10-13 Edwards NOR-42: Man. District Office Ball
NOR-10-14 MacIsaac NOR-46: Sask. District Office Froc
NOR-04 Cieszewski,Bella NOR-37: NoFC-TDU Sidders
NOR-07-04 Sidhu
NOR-02 Corns

13.	 Progress and Achievements

Direction and scope of the study has widened in response to the current R&D needs in mixedwood
and hardwood management and NoFC Strategic Plan initiatives. The development of silviculture
system for the aspen resource in hardwood and mixedwood stands and for associated species - white
spruce and balsam poplar, remains the overall, ongoing goal.

The need for R&D into management of hardwood and mixedwood stands under the framework of
forest land management system and for the development of Aspen and Mixedwood DSS (Northwest
Region's Strategic Plan 1990-95) will require a sizable synthesis of the current and past knowledge
on aspen regeneration and silviculture and white spruce regeneration.

As a result, the acquisition of knowledge bases and formulation of the Regeneration Modules for
Aspen DSS and Mixedwood DSS have gained a high priority among the study components. A
variety of regeneration options will need to be formulated for silviculture prescriptions (PSPs)
addressing a multitude of management, site and silviculture alternatives. The Regeneration modules
aim to integrate the regeneration silvics of aspen and associated forest tree species such as white
spruce, balsam poplar and white birch, intensity levels of management, harvesting principles, site
suitability and site limitations and other. Simultaneously, a strong emphasis is being placed on the
concepts of silviculture systems, autecology and synecology of the species, dynamics of the renewal
processes and stand development as opposed to decision-making on separate treatments.
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Some aspects of this were initiated at a limited scale in 1991-92. The major efforts are now
underway funded by the new PAIFs in the region and Green Plan initiatives.

Regeneration surveys (e.g., Saskatchewan Productive Forest Land Depletion Survey) in the region
have raised concerns about deficiencies in aspen regeneration after harvesting hardwood and
mixedwood cover types. The observed inadequate aspen regeneration likely results from a
combination of site factors, topography and harvesting activities. One solution how to alleviate and
prevent the problem is to develop a hazard rating system for predicting aspen regeneration
deficiencies. The system, structured later as an expert system, would become an essential
component of the Regeneration module of Aspen DSS. This work is linked to soil research study
NOR-10-13.

The main components of R&D on aspen control are the trials established under the 1985-90
Canada-Alberta FRDA Vegetation Management project and the Single-tree treatment trial jointly
with Weyerhaeuser Canada, Drayton Valley. All trials have progressed well and their continuation
has been extended by funding from the new Canada-Alberta PAIF. Three new trials of competition
release by non-chemical, mechanical means have been established and monitored in Alberta (Alberta
Forest Service, Rocky Mountain House Forest and Weldwood, Hinton) and in Saskatchewan.

Further work concentrates on a better understanding of the processes that create competition linking
aspen regeneration, aspen control and competition studies, and economic analysis of renewal
alternatives for mixedwoods.

The extent of mixed regeneration after harvesting mixedwood and softwood cover types is
increasing in the region. Our work on aspen ingress and competition in mixed regeneration has been
designed to answer some of the concerns about competition, free-to-grow status and yield
performance of mixed juvenile stands. Modelling approaches are, and will be increasingly used to
define the dynamics of competition and stand development in mixed regeneration and to evaluate the
validity of renewal and stand tending strategies. Intensive competition studies involving PSP
establishment and long-term, sequential measurements will be needed to explain and model the
interactive processes in crop tree response to competition and site. The outcome of this work will be
recommendations to clients on free-to-grow issues and a Competition/Mixed regeneration module of
Mixedwood DSS.

14.	 Goals and Accomplishments (1993-94)

Transfer the Project Leader responsibilities to I. Edwards.

The project leader responsibility transferred to I.Edwards as of November 15, 1993.

Chair and report on August 1993 RRTC meeting in Alberta; (pending staffing).

Organized jointly with TDU the 1993 Annual RRTC meeting, Sept.93; the chairmanship
transferred to D.Sidders at the meeting; concurrent workshop organized by TDU (NOR-37).
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3. Continue Vegetation Management studies.

Analyze and interpret data from the 1992 measurements ofMajor Trial Grande Prairie;
Satellite trials A,B,C.; Single-tree treatment trial (vice R. Hayward and S. Sidhu)
Canada AlbertaPAIF: 8037; C-A PAIF: 8013.

Re-measurements of the Major Trial Grande Prairie completed with S.Sidhu, C-A PAIF:
8013; partial analysis of Satellite B and Satellite A data in progress under contract (see 4d)
no other progress (vice-Hayward term replacement not approved).

Complete and submit manuscript "Site preparation effects on aspen regeneration" to
For. Mgmt Note or Forestry Chronicle (Navratil/Hayward).

The relationships of aspen regeneration and site preparation interpreted, minimum progress
in manuscript preparation.

Prepare a draft of journal paper:Glyphosate residues in the wood of treated trees, co-
authored with J. Feng NOR-7-04.

No progress due to other duties.

Complete manuscript Fifth year performance of planted white spruce and lodgepole
pine on a vegetation management trial in Grande Prairie, ForCan Information Report
(Todd).

The first review completed, submitted for second review.

e. Remeasure three (3) mechanical release trials (3 year results) in Edson and Rocky
Mountain House (Dendwick).

Three-year remeasurements of mechanical release trials completed (Dendwick)

f Interpret mechanical release trials in Saskatchewan, jointly with Saskatchewan District
Office (NOR-46).

No work on mechanical release trials in Saskatchewan.

4. Coordinate and provide input to the Competition and juvenile stands study.
(These activities are also reported in NOR-10-14 (MacIsaac)

Initiate a new study (MacIsaac).

Framework and scope of the new study designed in May 1993. Study work plan developed,
with new study to commence in April 1994.

Publish Forest Management Note, coauthored with MacIsaac.

For. Mgmt. Note #57 published.
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Complete and submit manuscript: 'Interactive growth of aspen and lodgepole pine in
juvenile stands in Alberta", Scand. J. of For. Res. coauthored with MacIsaac.

Manuscript in 50% completion, delayed due to additional analyses

Start analysis of aspen-white spruce growth interactions and aspen morphology data.

Analyses of aspen-white spruce competition from Sat.A and Sat B data in progress under
contract; minor analysis of aspen growth and morphology at PFC, Victoria.

5. Provide input into C-A PAIF: 8032 project: Harvesting options to favour white spruce in
Boreal mixedwoods and supervise C-A PAIF: 8033 project: Wind risk criteria and
remeasurements.

Establish wind damage monitoring plots on the new trial of the project C-A PAIF: 8032,
Daishowa Canada FMA (Todd/Navratil). (cross-referenced with #10-03, C-A PAIF:
8033).

Designed methodology for wind damage monitoring; collected data from wind monitoring
plots; initiated and supervised two contracts for stem analyses and windfirmness analyses of
white spruce understorey (Navratil/Todd) (cross-referenced with #10-03, Alb.PAIF 8033).

Complete supervision of the 1993-94 FERIC and Brace Forest Services contracts of the
project Canada AlbertaPAIF: 8032 (NOR-10-03).

Supervised contracts of FERIC (G and C) and Brace Forest Services for the project Canada-
Alberta PAIF 8032.

Complete supervision of Wind measurement, Univ. of Alberta contract, Canada-Alberta
PAIF: 8033.

Completed supervision of two contracts with University of Alberta for wind measurements
on the site of the project C-A PAIF: 8032 and Analysis of wind statistics in Alberta, C-A
PAIF: 8033) ; C-A PAIF Report " Extreme value analysis of wind gusts in Alberta"
completed and printed.

Upgrade the Canada-Alberta PAIF: 8033 file report "Silviculture systems for minimizing
wind damage in released white spruce understorey: for publication in Forestry Chronicle
or as a Green Plan Forest Practices Report (NOR 36-88).

Manuscript Minimizing wind damage in silviculture systems of Boreal mixedwoods" is in
75% completion; the contract for its graphics, formatting, editing is in place.

1
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6. Continue work on aspen regeneration knowledge base for DSS.

Analyze and interpret Saskatchewan provincial regeneration survey data base (with
Todd).

Analysis of Saskatchewan provincial regeneration survey data well in progress (with Todd).

Initiate formulation of the knowledge base and decision trees for aspen regeneration
module (tentative, pending the time allocation of three months and funding from the
Green Plan DSS and assistance from a knowledge engineer).

No funding and prerequisites secured; no progress.

7. Aspen regeneration and autecology.

Analyze and interpret the 1992 data from Balsam poplar residuals effects on aspen
regeneration study (with Dendwick).

All data (1992+1993) from balsam poplar residuals studies analyzed and interpreted (with
Dendwick).

Continue Aspen re-growth after release cut study by establishing trials in 10-15 year old
stands; link to Foothills Model Forest projects (with Dendwick).

New field trial of Aspen regrowth after release established under the Foothill Model Forest
(with Dendwick).

Draft a paper "Juvenile growth of aspen of seed and sucker origin":, coauthored with
C. Cieszewski (NOR-4-10).

Additional analyses required; rolled over to the 1994-95 year

Publish a paper "Aspen ingress of seed origin on lodgepole pine cutovers in Alberta" in
Can J For. Research.

Manuscript in 90% completion, will be completed by April 30,1994.

8. Coordinate the project Silviculture systems for white spruce natural regeneration..

a. Scientific authority of White spruce natural regeneration monograph, Cnada-Manitoba
PAIF:8031). (in 1993/94 stage 2: manuscript preparation).

Supervised the contract for and completed the first stage of White spruce nat. reg.
monograph resulting in the report "Synopsis of information on white, Engelmann, and black
spruce natural regeneration in North America " by Peterson and Peterson; its publication
pending the decision whether to publish as Information Report or PAIF Report ( C-M PAIF:
8031); responsibility for the second stage of Monograph preparation transferred to I.
Edwards.
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Assessments of "old" CFS silviculture trials.

In Manitoba, C-M PAIF participate in interpretation of growth and yield and aspen
trial; jointly with I Bella and J. Ball.

In Manitoba, C-M PAIF: 8008 analysis and interpretation of CFS shelterwood trials is in
progress under contract, jointly with I.Bella, NOR-04

In Alberta, C-A PAIF: 8043; jointly with L Bella, NOR-04.

• In Alberta, C-A PAIF: 8043, field remeasurements of CFS Partial cut trials completed,
analysis is in progress, jointly with I.Bella and J.Gal , NOR-04

Participate in Dynamics and Ecology of White Spruce Understorey studies with V.
Lieffers, Univ. ofAlberta, C-A PAIF: 5015, C-A PAIF: 8045 and Green Plan, Forestry
Practices.

Completed field work and initiated a contract for analysis of White spruce understorey
development under aspen canopy, Whitecourt area, C-A PAIF: 8039; linked to C-A PAIF:
8045 Assessing ecology and physiology of white spruce understorey, V.Lieffers, Univ. of
Alberta.

9. Site sensitivity to harvesting impacts on aspen regeneration.

Analyze and interpret aspen site sensitivity survey in Sask., jointly with Sidders (7'DU-
NoFC) and soil survey jointly with Edwards (NOR 10-13). C-S PAIF:8026.

Analysis of aspen survey data in progress by contract (G and C Lakehead University); soil
survey data compiled (I.Edwards); C-S PAIF: 8026.

Analyze and interpret the 1992 data of "retrospective" study (skid trails and landings) in
Edson forest (with Dendwick) and link to soil bulk density studies of Edwards (10-13).

Additional data collection in 1993 completed; analyses and interpretation of aspen
regeneration data completed ( with Dendwick ).

c. Initiate "active" harvesting impact study with FERIC and Weyerhaeuser Canada, pending
the preparation of plans under contract with FERIC, jointly with Edwards (NOR 10-13),
Canada Alberta PAIF: 8040.

Harvesting impact study with FERIC postponed; priorities changed to the greenhouse
assays of temperature and soil moisture effects on suckering carried out by a contract with
Univ. of Alberta and to field measurements of soil temperature, Peace River (C-A PAIF:
8040); linked to greenhouse assays of soil compaction (I.Edwards, NOR 10-13).
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Continue remeasurements (AFS contract), analysis (contract) and interpretation of C-A PAIF:
8029 project Coniferous performance and aspen regeneration on site prepared areas jointly
with Reforestation Branch, Alberta Environmental Protection.

Supervised three contracts: a. field remeasurements of Alberta Forest Service Microsite trials,
completed; b. data input, completed; c. statanalysis of data in progress, ( G and C, Lakehead
University), C-A PAIF: 8029. 

Continue committee involvement and continue technology transfer.

Forestry Canada Mixedwood Silviculture Committee; assist in planning of the 1994
Mixedwood Symposium.

Participated in Forestry Canada Mixedwood Silviculture Committee; the 1994 Mixedwood
Symposium, GLFC, cancelled.

Co-chairman for North America of IUFRO SI.05-12 Working Party Northern
Silviculture; coordinate the 1994 Working Party meeting with the 1994 Mixedwood
Symposium and verify memberships in Canada and USA.

Initiated planning of the 1994 Meeting and Innovative Silviculture Systems Conference,
Edmonton and update of the membership list.

Adjunct Professor and Graduate Studies Committees member, Department of Forest
Science, University of Alberta.

Adjunct Professor, School of Forestry, Lakehead University, Thunder Bay.

e. Technical and professional presentations as required (see list).

f Prepare and present an invited paper Vegetation Management Strategy for aspen in
Boreal mixedwoods, Vegetation Management Conference, Vancouver, November 1993.

Prepared and presented an invited paper Sustained aspen productivity on hardwood and
mixedwood sites, Ecology and Management of BC Hardwoods Conference, Vancouver,BC,
Dec.1-2, 1993.

1	 12. Training under Development leave Jan. 11 - April 9 1993.

Training completed.

13. Initiated Shelterwood system project under Foothills Model Forest, jointly with V. Lieffers, U
of Alberta and Model Forest staff



Goals Transferred to the New Study NOR 10-14 (Dan MacIsaac)

These activities are also reported in NOR-10-14 (MacIsaac).

Alberta Aspen-Lodgepole Pine Competition

a) Complete and publish a journal paper on aspen lodgepole pine competition, coauthored
with Navratil.

Manuscript in 50% completion, delayed due to additional analyses (Navratil, MacIsaac).

Canada Manitoba PAIF: 8026 - Competition and Juvenile Growth in Mixed Regeneration

Complete analysis of relationship between hardwood competition indices and white
spruce from western Manitoba.

Analysis of competition indices for white spruce data from western Manitoba completed.

Validate competition index for black spruce for Duck Mountain area, against 1991 Pine
Falls area data.

Competition index for black spruce in Duck Mountain validated against 1991 Pine Falls
data.

Develop ecological thresholds for black and white spruce for use in the design of Free-to-
Grow standards.

Analysis mostly completed which defines ecological thresholds for black and white spruce in
design of Manitoba Free-to-Grow standards.

Continue summer data collection (jack pine, or black spruce in Northern Manitoba).

Data collection initiated and completed for jack pine in The Pas region.

3. Canada-Alberta PAIF: 8028 - Hardwood Competition and Growth of White Spruce in Mixed
Regeneration.

Continue analysis and modelling of competition relationships.

Analysis started on 1992 and 1993 data, initially concentrated on determining the ecological
relationships between white spruce growth and site conditions in young cutblocks.

Continue data collection of white spruce-hardwood competition.

Detailed white spruce-hardwood competition plots were surveyed in the Rocky Mountain
House area.
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Aspen Growth/Morphology.

a) Assist in analysis of aspen morphology data set, with Navratil.

A formatted data set was provided for contract analysis.

Design and establish validation study for Basal Diameter Ratio competition index as a
Foothills Model Forest study.

Validation study established and 1993 vegetation measurements and aspen competition removal
completed (360 plots).

Create draft report on competition analysis of Manitoba mixedwood regeneration for 1991-
1993 data.

Draft report completed.

Help coordinate open house display as chairperson of 1994 NoFC Open House Forest
Ecology Subcommittee.

Forest Ecology Open House display mostly finished, with completion in April 1994.

15. Information Activities

Information activities which involve MacIsaac are also reported in NOR-10-14 (MacIsaac).

Journal publications

Blundon, D.J.; MacIsaac, D.A.; Dale, M.R.T. 1993. Nucleation during primary succession in the
Canadian Rockies. Canadian Journal of Botany 71(8):1093-1096.

Information Reports

Todd, P.199x Growth and mortality of planted lodgepole pine and white spruce five years after site
preparation and release treatments. Can.For.Serv.,Information Report NOR ????

Peterson,E.B.;Peterson, N.M. 1993. (tentative, see below)

iii. Other reports

Brown, K.M. 1993. The Alberta Microsite trials. Silviculture-Regeneration project #4. Volumes I,II,II
and IV. 600+ p. Internal 1992-93 Progress reports of Canada-Alberta PAIF project A-8029;
S.Navratil, Scientific Authority.

Flesch,T.K., Wilson,J.D. 1993. Extreme value analysis of wind gusts in Alberta. Canada- Alberta
Partnership Agreement Report, 46 p. (Project No.A-8033, S.Navratil, Scientific Authority)
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MacIsaac, D.A. 1994. Analysis of competition and juvenile growth in mixed regeneration in
Manitoba. Initial Draft.

Navratil, S. 1994. Sustained aspen productivity on hardwood and mixedwood sites, pp.xx, In
Proceedings of Ecology and management of BC Hardwoods, Vancouver, BC, Dec.1-2, 1993.

Navratil, S.; MacIsaac, D.A. 1993. Competition index for juvenile mixed stands of lodgepole pine
and aspen in west-central Alberta. Forest Mgmt. Note 57, Forestry Canada, Northern Forestry
Centre, Edmonton, Alberta.

Peterson,E.B.; Peterson, N.M. 1993. Synopsis of information on white, Engelmann, and black spruce
natural regeneration in North America, Canada-Manitoba Partnership Agreement and Canada-
Alberta Partnership Agreement Report, 199 p., 2 Appendices. ( Projects No. M-8031, A-8039,
S.Navratil, Scientific Authority)

Lee, P.; MacIsaac, D.A. in press Protected areas in the context of biodiversity and ecosystem
management - Can Alberta's "Special Places 2000" initiative make the grade? in Forestry on the
Hill. Special Issue on Protected Areas. March 1993. Canadian Forestry Association, Ottawa,
Ont.

iv. Lectures, courses, seminars and scientific addresses

MacIsaac, D.A. 1993. Boreal Forest Ecology and Management. Alberta Volunteer
StewardsWorkshop, June 3 1993, Exshaw, Alberta. (Workshop Presentation).

Navratil, S. 1993. Aspen silviculture in mixedwood and hardwood management. A presentation at a
joint workshop of Forestry Canada-and Paprican, May 19, 1993, Edmonton.

Navratil, S.; MacIsaac, D.A. 1993. Competition measurements in juvenile mixed stands of lodgepole
pine and aspen, A presentation at the workshop of Northern Interior Vegetation Management
Association, Sept. 1993, Prince George, BC.

Navratil ,S. 1993. Aspen: the queen of Boreal ecosystems and a fibre source. A presentation at the
public meeting of Daishowa-Marubeni Advisory Committee, Nov. 17, 1993, Peace River,
Alberta.

Navratil, S. 1993. Ecology and silvics of hardwoods in Boreal forest. A course in the Module I. of
Alberta Advanced Silviculture Programme, October 22, 1993, Hinton, Alberta.

Navratil, S. 1993. Silviculture projects in the Foothills Model Forest. A presentation at the Northwest
Region, Model Forest Meeting, Dec. 7-8, 1993, NoFC, Edmonton.

Navratil, S. 1994. Reducing the risk of wind damage. A presentation at the workshop Harvesting
options to favour immature white spruce and aspen regeneration in Boreal mixedwoods, January
17-18,1994, Peace River, Alberta.
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Navratil, S. 1994. Autecology and silvics of the genus Populus. A course taught in Ecology and
Ecosystem Management, Faculty of Extension, Univ. of Alberta, Edmonton, Jan.21, 1994.

Navratil, S.; MacIsaac, D.A. 1993. Lodgepole pine-aspen competition in Alberta. Dec 3 1993.
Technical presentation to BC Ministry of Forests meeting on provincial Free-to-Grow standards.

MacIsaac, D.A. 1993. Presentation on careers in the biological sciences as part of a career forum
panel presentation to University of Alberta students. Nov. 4 1993. Hosted by U.of A.Career and
Placement Services.

v. Technology transfer

Responded to over 35 requests for information on regeneration and silviculture in Boreal forest
reviewed manuscripts and reports as required.

16. Goals 1994-95 

Organize the program/speakers of Innovative Silvicultural systems Conference, Edmonton, Oct.3-
6,1994 and preparation of Proceedings, jointly with other organizers R.Bronstein,D.Sidders, TDU
(NOR-37).

Continue Vegetation Management studies:

Complete analysis and interpretation of aspen-white spruce growth and competition interactions,
Satellite A and B data, started under contract in 1993-94; C-A PAIF: 8028 and C-A PAIF: 8037
(see 4c); initiate analysis of the 1993 remeasurements of Major Grande Prairie trial, jointly with S.
Sidhu, C-A PAIF: 8013.

Complete and submit manuscript "Site preparation effects on aspen regeneration" to Forestry
Chronicle (Navratil/Hayward).

Prepare a draft of journal paper : Glyphosate residuals in the wood of treated trees, co-authored
with J. Feng NOR-7-04.

Complete review and publish Information Report "Growth and mortality of planted lodgepole pine
and white spruce five years after site preparation and release treatments using Donaren disc
trencher, a Rome disc, hexazinone and brush saws" (Todd).

e. Enter and analyze 3-year results from mechanical trials in Alberta (Dendwick); review progress
and results from mechanical trials in Saskatchewan, with Saskatchewan District Office (NOR-46).

3. Coordinate and provide input to Competition and juvenile stands studies.

Complete initiation of a new study for MacIsaac (NOR-10-14).

Complete and submit manuscript "Interactive growth of aspen and lodgepole pine in juvenile
stands in Alberta", Scand.J. of For Res., coauthored with MacIsaac (NOR-10-14).
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Aspen and white spruce growth interactions and competition: complete analysis and interpretation
of Satellite A and B data; start analysis of Alberta data set, C-A PAIF: 8028, with MacIsaac
(NOR-10-14).

Prepare summaries of exploratory analysis of Alberta 1992-93 data sets, Canada-Alberta PAIF:
8028, with D. MacIsaac (NOR-10-14).

e. Continue work on growth and morphology of juvenile aspen; tentative, pending decisions re DSS
modules or STIM (CFS,PFC) or MGM (AEP, U of A) activities.

4. Provide input into C-A PAIF: 8032 project: Harvesting options to favour white spruce in Boreal
mixedwoods and supervise C-A PAIF: 8033 project: Wind risk criteria and remeasurements.

Complete supervision of the 1993-94 FERIC and Brace Forest Services contracts.

Co-author with Brace and Sauders, CFS-NoFC Special Report "Protecting white spruce
understorey" (Tentative title), Establishment report of C-A PAIF: 8032 project.

Complete supervision of the contract with Univ. of Alberta for Wind measurements on the site of
C-A PAIF: 8032 project.

Assess wind damage and tree characteristics in the stands of C-A PAIF: 8032 project, with Todd.

e. Complete and publish C-A PAIF report "Principles and silvicultural systems for minimizing wind
damage in released white spruce understorey"; contract for graphics, editing and printing under
Green Plan Forest Practises and C-A PAIF: 8033.

5. Participate in development of the Regional Mixedwood DSS.

Complete analysis and interpretation of Saskatchewan provincial regeneration survey, and pending
results prepare an internal report for the Province of Saskatchewan, with Todd.

Assist a Knowledge Engineer-DSS in developing concepts and knowledge bases for Regeneration
modules of DSS.

6. Aspen regeneration and autecology.

Initiate a draft Retention of balsam poplar residuals on hardwood cutblocks: quality of aspen and
balsam poplar regeneration, coauthored with Dendwick.

Complete and submit a paper "Juvenile growth of aspen of seed and sucker origin; coauthored
with C.Cieszewski ( NOR 4-10).

c. Complete and publish a paper "Aspen ingress of seed origin on lodgepole pine cutovers in
Alberta", Can. J. For. Res.
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Continue Aspen regrowth after release project, Foothills Model Forest (Dendwick).

Link and establish trials on Single-tree, pre-harvest treatments under the Foothills Model Forest
(Dendwick).

7. Participate in the Project Silviculture systems and white spruce natural regeneration

Complete publication of the report "Synopsis of information on white, Engelmann,and black
spruce natural regeneration in North America" by Peterson and Peterson, C-M PAIF: 8031 or
NOFC Info. Report.

Continue analyses and interpretation of "old"CFS shelterwood trials, Manitoba, jointly with
I.Bella,NOR 4, C-M PAIF: 8008.

Continue analyses and interpretation of "old"CFS partial cut trials, Alberta, jointly with I.Bella
and J.Gal, NOR 4, C-A PAIF: 8043.

Continue analyses of Ecology, establishment and growth of white spruce understorey data with
V.Lieffers, U of Alberta, C-A PAIF: 8045, C-A PAIF: 8039.

8. Site sensitivity to harvesting impacts on aspen regeneration

Complete analyses and interpretation of aspen sensitivity survey data, Sask.; incorporate soil
survey data, jointly with I.Edwards, NOR 10-13 and D.Sidders (TDU-NoFC [NOR-37]), C-S
PAIF: 8026.

Draft a manuscript on the results from skid trails-landing study in Edson Forest, "Density and
growth of aspen on skid trails and landings after logging hardwood stands" (Navratil and
Edwards); link to soil bulk density data and draft a manuscript, "Relationship of soil bulk density
and porosity and aspen regeneration growth eight years after logging",(Edwards and Navratil).

Analyze and interpret the results of greenhouse assays of soil temperature and soil moisture effects
on aspen suckering, jointly with A. Naith, Univ. of Alberta; C-A PAIF: 8040 continue greenhouse
assays on soil temperature and soil moisture interactions by a new contract.

Initiate concepts and formulation of Site sensitivity guidelines for province and forest industry
clients, jointly with I. Edwards, D. Sidders, TDU, Alberta Environmental Protection, Alberta
Enviornmental Centre, C-S PAIF: 8026, C-A PAIF: 8040.

e. Data for Harvesting impacts on aspen regeneration study will be collected on the Silvicultural
systems trials (C-A PAIF: 8032), Manning; link to a complementary study of Soil changes (I.
Edwards NOR 10-13); develop a contract for FERIC's participation, initiate an operational trial
of soil temperature and aspen regeneration, cooperatively with Daishowa-Marubeni (with
Dendwick) (C-A PAIF: 8040).

9. Coniferous performance and aspen regeneration on site-prepared areas, C-A PAIF: 8029. Coordinate
with the contractor and staff of Alb. Envir. Protection interpretation and synthesis of the 1993-94
analyses; supervise a contract for this activity.
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Continue Shelterwood system project, Foothills Model Forest jointly with V. Lieffers (U. of Alberta)
and D. Sidders, TDU (site preparation). (NOR-37)

Continue committee involvement and technology transfer

Canadian Forest Service Mixedwood Silviculture Committee; participate as needed and prepare a
presentation for March 1994 meeting.

Co-Chairman for North America of IUFRO S1.05-12 Working Party Northern Forest Silviculture
and Management; plan and organize the 1994 meeting in Edmonton.

Adjunct Professor and Graduate Studies Committees member, Department of Forest Science,
University of Alberta.

Adjunct Professor, School of Forestry, Lakehead University, Thunder Bay.

Technical and professional presentations as required.

Prepare a paper on "Silviculture systems protecting white spruce understorey", (tentative title), co-
authored with Brace for Innovative Silvicultural Systems Conference, Edmonton, Oct.3-6,1994.

17. Major Co-operators: 

i)	 Internal - FC

Region
ID # Title Contact name

NWR NOR-10-03 Silvic. investigations S. Lux

NWR NOR-10-13 Forest soils I. Edwards

NWR NOR-07-04 Environmental impact
of herbicides

S. Sidhu

NWR NOR-04 Stand Productivity Bella
C. Cieszewski

NWR C-M PAIF: 8008 Remeasurement of "old"
CFS silv. trials

Ball

NWR C-A PAIF: 8043 Remeasurement of "old"
CFS silv. trials

I. Bella
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ii	 External -

Establishment ID # Title Contact name

Univ. of Alberta Green Plan Forest
Practices

Dynamics of white
spruce

Lieffers

FERIC C-A PAIF:8032 Harvesting options T. Sauders

Alberta Forest
Service

C-A PAIF:8029 Coniferous and
aspen regeneration

D. Patterson
K. Branter

FERIC C-A PAIF:8040 Site sensitivity T. Sauders

Weldwood Canada Model Forest Silv. research Rugg

Daishowa Canada C-A PAIF:8032 Harvesting and silv.
systems

S. Luchkow

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

FC-NWR EARP Committee Approval Date: March 31, 1993

I
I

I
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NOR 10-13

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: February 9, 1994

STUDY TITLE: Forest Soil Research In Boreal Mixedwood Management

Responsibility Centre: NoFC

Program: Forest Resources

Project Title: Mixedwood Silviculture

Office Location(s): Edmonton, Alberta

Work Location: Grande Prairie, Edson, Hinton, Drayton Valley, Whitecourt, Manning, AB; Hudson
Bay, SK

7.	 Study Staff:

Name

Study Leader I.K. Edwards

Team Members J.J. van Dyk

[Student]

Study Key Words: Soils, harvesting, soil disturbance, site degradation, regeneration, juvenile growth,
site productivity, stand development, Picea glauca (Moench) Voss, Pinus contorta Dougl., Populus
tremuloides Michx., Populus balsamifera L.

Study Activity: 2223
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

I.K. Edwards SE-RES-02 (P) 1.00 1.00 1.00

J.J. van Dyk EG-05 (T) 1.00 1.00 1.00

[Student]

FTEs 2.00 2.00 2.00

Study Background and Problem Analysis

Development of technology for utilization of aspen for pulp and assorted wood products has resulted in
a sharp increase in interest in, and importance of, this tree species. The increased utilization of aspen
has presented forest managers of boreal mixedwood and aspen ecosystems with new problems, not the
least of which relates to stand management. For example, depending on the system used in harvesting
boreal mixedwood forests, the result is a range in disturbance of soil and site conditions. The degree of
disturbance manifests itself in problems related to regeneration, competition, juvenile growth, and,
subsequently, stand development.

Currently, in harvesting the dominant species or overstory in a mixedwood stand, consideration has to
be given to preservation of the sub-dominant species or understorey component of the stand.
Frequently, when the stand is opened by selective harvesting, the remaining trees are prone to
windthrow and/or blowdown. Soil characteristics are implicated in these phenomena. Therefore,
characterization of soils in mixedwood and aspen stands, determination of the relationship between
such characteristics and windthrow/blowdown phenomena, and development of a windthrow hazard
rating for soils within such stands is a priority.

Investigation and solution of problems encountered in the management of boreal mixedwood and aspen
ecosystems will facilitate development of a Decision Support System (DSS) or technical modelling
framework, through which forest managers will be assisted in using the land judiciously and with
minimal impact on productivity. [Development of operational DS S for integrated management of
boreal mixedwood and aspen forests is one of the new program thrusts of the regional Strategic Plan.]
Completion of an adequate DSS, including contributions based on studies of soil-plant interaction, will
provide relevant prescriptions for enlightened harvesting, site preparation, and stand
establishment/management practices in boreal mixedwood and aspen forests.

Completion of an adequate management framework for boreal mixedwood and aspen ecosystems
within the Northwest region should include studies of soil-related problems, particularly those
concerning the assessment of site disturbance and the effects of forest management activities on
vegetational succession. Also, soil compaction, following harvesting, is known to increase bulk density
and reduce plant establishment and growth over the long term. Development of a DSS should include
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measures for the avoidance or mitigation of such disturbances, based on sound forest soil studies,
including a review of relevant historic Canadian Forest Service R & D in the Northwest Region. The
maintenance of long term productivity is compatible with the principle of sustainable forest
development as stated in the national Strategic Plan.

12. Study Objectives:

i) Objectives

Plan and conduct forest soil research and development studies to solve soil-related problems
in mixedwood management. [National and Regional Strategic Plans]

Provide knowledge, advice, and consultation related to regeneration, competition, juvenile
growth, and stand development for a range of disturbed and undisturbed soil and site
conditions for major tree species in boreal mixedwood forests, within a DSS framework.
[Regional Strategic Plan]

Prepare and supervise contracts related to forest soil research and development in the
Northwest Region. [National and Regional Strategic Plans]

Plan and conduct research to promote and expedite transfer of soil science information
relevant to nursery and regeneration problems among forestry clientele. [National and
Regional Strategic Plans]

ii) Deliverables

Short Term (1-5 years)

Prepare report on the effect of soil disturbance on regeneration and growth of lodgepole pine
on 15-year old cutblocks. [National and Regional Strategic Plans] (Objective #1)

Prepare preliminary report on the relationship between soil disturbance and regeneration and
growth of aspen on 8-year old cutblocks. [National and Regional Strategic Plans, Canada-
Alberta PAIF] (Objective #1)

Long Term (5 years and beyond)

Prepare report on criteria and guidelines for managing aspen sites that are sensitive to post-
harvest impacts on regeneration. [Regional Strategic Plan, Canada-Alberta PAIF]
(Objective #1)

Publish a site sensitivity rating system for preventing deficiencies in aspen regeneration.
[Regional Strategic Plan, Canada-Alberta PAIF] (Objective #1)

3. Provide information on the relationship between soil properties and aspen regeneration, for
use within a DSS framework. [Regional Strategic Plan] (Objective # 2)
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iii) Significant Linkages:

(Regional): Geographic Information Systems, Forest Inventory and Site (NOR-2); Environmental
Stresses on Forest Ecosystems (NOR-7); Model Forests (NOR-26); Canada-Alberta PAIF (NOR-
44); Canada-Saskatchewan PAIF (NOR-46); Weldwood of Canada Ltd., Hinton, AB; Daishowa
Canada Ltd., Peace River, AB; Alberta Forest Service; Saskatchewan Department of Parks and
Renewable Resources.

(National): Green Plan (Forestry Practices); Model Forests.

Progress and Achievements

Since initiation of the study in 1991, literature concerning the effect of harvesting on soil physical and
chemical characteristics has been reviewed. Four 8-year old aspen cutblocks (total 80 ha) near Edson
were investigated to determine the relationship between soil disturbance alon skidtrails and aspen
regeneration and growth. Regression analysis showed that soil bulk density is inversely related aspen
suckering and growth. The analysis also indicated that, in terms of aspen regeneration, soil sensitivity to
harvesting activity increased with an increase in clay content. Similar work on a fifth (aspen) cutblock is
in progress.

Three 15-year old lodgepole pine cutblocks at Grande Prairie were sampled intensively to determine
if soil disturbance during wet-weather logging had a residual effect on soil characteristics and tree
growth. Three hundred soil samples were collected and analysed physically and chemically, and 720
trees were measured. Data analysis has been initiated with the assistance of a summer student.

Goals and Accomplishments (1993-94)

Prepare a report on the effect of soil disturbance on growth of lodgepole pine on 15-year old
cutblocks in the Grande Prairie Forest. [Information Report]

A first draft of the report, "Effect of soil disturbance on soil properties and growth of lodgepole pine
in 15 year old cutblocks at Grande Prairie", is completed and is ready for review.

Initiate planning, review FERIC proposal, and develop work plan for a joint (Navratil, Edwards,
FERIC) study of the impact of seasonal harvesting methodologies on aspen regeneration in
boreal mixedwood ecosystems. [Canada/Alberta PAIF: 8040]

The FERIC proposal was reviewed and a technical critique was submitted to the organization. No
reply was received. It was later learnt that the FERIC personnel that had been designated for the
project were occupied with another in northern Alberta and would not be able to undertake the
work. With concurrence of the Program Director, the project was cancelled and the funds were
redirected to the study of the impact of compaction, soil moisture, and soil temperature on aspen
suckering. [Canada/Alberta PAIF: 8040]
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Develop protocol for a greenhouse study to determine the effect of soil compaction on suckering
of aspen root cuttings.

Two hundred 12.5-cm cuttings of roots of mature aspen trees have been collected from two soil
types (coarse- and fine textured) in preparation for the greenhouse experiment. Bulk samples of
each soil type were also collected. Custom-made plastic containers have been purchased and bench
layout and treatments have been designed. We are awaiting the use of a soil press to be loaned by U
of A, following its use in a current course.

Initiate soil characterization of experiment areas within the white spruce understory
project [No. 1480] at Drayton Valley, Whitecourt, and Hinton.

Two hundred soil samples were collected as the experiment areas in all three sites were traversed
and soil profiles were examined and described following the excavation of numerous soil pits. Bulk
density and porosity determinations have been completed but chemical analysis and statistical
compilation are yet to be done.

Review plant growth and soil data from aspen cutblocks near Hudson Bay, SK and prepare
preliminary site sensitivity rating (in cooperation with NOR 10-12: Navratil).

Reviewed description of 800 soil horizons from pits representing 50 sites on 20-year old aspen
cutblocks at Hudson Bay, SK, and collected and compiled by a U of S contractor. Developed coding
for data to facilitate its statistical analysis, following combination with aspen plant data collected at
same sites by Forestry Canada [Navratil]. Soil data ready for electronic entry and subsequent
statistical analysis. Data entry and statistical analysis work will be contracted out.

Develop proposal and initiate work [in cooperation with NOR 2 (Corns) and NOR 7 (Maynard)
to assess the impact of forestry practices on mixedwood and hardwood ecosystems. [Subject to
approval under Green Plan: Foothills Model Forest]

Prepared outline of research activities to investigate the effect of harvesting aspen on soil
properties. Prior to harvesting, two proposed logging areas were sampled for bulk density and
porosity. Immediately after harvesting in late fall, sampled areas that received "moderate" and
"heavy" traffic. Collected data to determine the correlation between the core- and neutron probe
methods for determining bulk density and moisture content. Follow-up sampling will be done to
determine how logging effects change with time.

7. Complete soil sampling on fifth aspen cutblock on which regeneration along skidtrails is being
studied [NOR 10-12, Navratil], conduct physical and chemical analyses, and perform a
statistical analysis of the data. [C/A PAIF 8040]

Completed soil sampling of aspen cutblock; also completed all physical and chemical analyses,
including bulk density and porosity determination Statistical analysis, using the SAS software, is
in progress.

224



8. Prepare contract specifications and documentation on the work to be performed, assemble list of
potential contractors, and coordinate the solicitation of bids and letting of a contract, "Review
literature on natural regeneration of white spruce and prepare, review, and edit a monograph on
natural regeneration of white spruce in boreal mixedwood forests in Western Canada".

Reviewed previous contractor report on scope of a white spruce monograph, prepared contract
specifications and documentation, and coordinated the selection of a contractor, I D Systems,
Winnipeg, MB. Duration of the contract is December 1, 1993 to December 31, 1994.

Information Activities

Technology transfer:

J. Hunt, Researcher, Silvicultural Operations, FERIC, Vancouver, B.C. Conducted literature review
and provided written advice/recommendation on the application of wood waste to forest soil for
reclamation and fertility purposes.

Goals 1994-95

Publish an Information Report, "Effect of soil disturbance on soil properties and growth of
lodgepole pine in 15 year old cutblocks at Grande Prairie".

Complete greenhouse study to determine the effect of soil compaction on suckering of aspen root
cuttings, analyze data and draft a report.

Prepare first draft of two journal reports, a) "A retrospective study of density and growth of aspen
following harvest" [Navratil/Edwards], and b) "Relationship between soil physical properties and
aspen growth 8 years after logging" [Edwards/Navratil].

Complete analysis and interpretation of aspen site sensitivity data, and, jointly with Navratil (NOR
10-12) and Sidders (NOR 37). [C/S PAIF 8026]

Initiate, jointly with Navratil (NOR 10-12), development concepts and formulation of site sensitivity
guidelines for harvesting aspen to minimize regeneration deficiencies. [C/A PAIF 8040]

Conduct first-season, post-harvest sampling of soil from Emerson Creek cutblocks for
determination of bulk density and porosity, as part of a joint study with Corns (NOR 2) and
Maynard (NOR 7) to assess the impact of forestry practices on mixedwood and hardwood
ecosystems. [Green Plan: Foothills Model Forest]

Complete physical and chemical analyses of soils in white spruce understory project (No. 1480), and
interpret data for soil characterization of harvested sites at Drayton Valley, Whitecourt, and Hinton,
AB.

Initiate soil characterization of research areas used in studies of alternative harvest methods and soil
microclimate within aspen cutblocks at Manning, AB. [Supports Lux (NOR 10-03), Navratil
(NOR 10-12), Brace (contract). [C/A PAIF: 8032]
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9. Act as Scientific Authority for a contract to review literature, and prepare, review and edit a
monograph on natural regeneration of white spruce in boreal mixedwood forests in Western Canada.

Major Co-operators: 

i)	 Internal - FC

Region ID# Title Contact name

NWR NOR 10-03 Silvicultural Investigations S. Lux

NWR NOR 10-12 Aspen Silviculture S. Navratil

NWR NOR 02-01

NOR 07-01

NOR 37

Forest Ecology

Environmental Impact

Technology Dev. Unit

I. Corns

D. Maynard

D. Sidders

ii) External -

Establishment ID# Title Contact name

Daishowa C/A PAIF: 8032 Harvesting to Favour
White Spruce

Steve Luchkow

Weldwood Model Forests
NOR 26

Soil Amelioration Diane Renaud

AFS NOR 10-13 Soil Disturbance David Patterson

Environmental Implications:

Environmental Impact/Assessment Review Statement

Study activities result in soil disturbance through collection of soil samples (70 cm' cores) and
digging of soil pits (75-100 cm deep); all excavations are refilled. The activities are linked to
other studies (NOR 2 (Corns), NOR 7 (Maynard), NOR 10-03 (Lux), and NOR 10-12
(Navratil), for which prior approval under the environmental impact assessment and review
process has been obtained.

CFS-NWR EARP Committee Approval Date: March 31, 1993.

1
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NOR 10-14

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: February 9, 1994

STUDY TITLE: Ecology and Successional Dynamics of Mixedwood Forests

Responsibility Centre: NoFC

Program: Forest Resources

Project Title: Mixedwood Silviculture

Office Location(s): Edmonton

Work Location: Northwest Region

7.	 Study Staff:

Name

Study Leader D. MacIsaac

Team Members S. Navratil

2.5 summer students

Study Key Words: White spruce regeneration, mixedwood silviculture, silviculture systems,
ecosystem-based management, competition estimates, competition dynamics, ecosystem associations,
microsite, biodiversity, successional dynamics, environmental indicators.

Study Activity: 2223
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

D. MacIsaac F0-01 (P) 0 1

S. Navratil SE-RES-03
(P)

0 0.2

FTEs 0 1.2

Study Background and Problem Analysis

We are in a crucial period in the management in the boreal forests in the Northwest Region. This
situation is due to the significant increase in the utilization of both softwoods and hardwoods in the
Prairie Provinces in the past 10 years. With this dramatic increase in utilization, successful renewal
and management of hardwood and mixedwood stands becomes critical. More knowledge and new
techniques are required to develop mixedwood silviculture systems responsive to the industrial
objectives of intensive and extensive management and hardwood and softwood production. There is
also a need for a strong quantitative base for the silvicultural decisions made in young stands.
Silvicultural activities and decisions made within the first 15 years of a stand's development, are
propagated and magnified throughout the life of the stand. Hardwood and understorey competition
problems at this stage can result in significant growth reduction of conifers or even mortality in the
stands. This concern has been mirrored in the recent drive to develop Free-To-Grow guidelines
throughout the Prairie Provinces.

Much silvicultural research to date has examined relatively simple above-ground competitive
relationships in single competitor-crop tree systems. While this is a required and important thrust in
silviculture research, from our analysis done in NOR 10-12, it is very apparent that competition
dynamics in young stands is fairly complex, and there is a need to incorporate other aspects including
other understorey vegetation, and well as microsite-level parameters. Predication of juvenile tree
growth can be enhanced by incorporation of these aspects in the quantitative analysis. Ecological
research on competition dynamics should include other non-tree competitors.

While timber extraction rates are increasing, there is a growing concern about the longer term effects
of forestry operations on boreal ecosystems. Issues related to non-timber values are gaining
prominence. For example, there are concerns on the effects of clearcutting on plant biodiversity and
successional pathways, at both the cutblock and landscape level. The recently updated strategic plan,
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"The Canadian Forest Service: Preparing for the Future" mirrors these concerns, through its increased
emphasis on environmentally-responsible forest practises. Environmental forestry is one of the
strategic directions identified. With the increase in forestry activity, a shift may be occurring in forest
stand age class structure towards early successional communities. While they may be becoming more
widespread, much is not known about the dynamics of these early successional associations.
Development of successful silviculture systems requires incorporation of these concerns. One area of
interest that merits further investigation is the concept of environmental indicators. Some understorey
plant species may have the potential to be utilized as reliable indicators of potential site productivity.

This new study is derived from NOR 10-12 (Mixedwood Silviculture). Muchof the new study will be
a consolidation of competition dynamics work currently being done in NOR 10-12. As such, no new
resources are required to set up this study; a small portion of O&M from NOR 10-12 is being
diverted to this study. In NOR 10-12, development of silviculture models, regeneration modules and
stand development models has concentrated on tree dynamics (ingress, competition and growth
trajectories). Over the next few years, the new study will mirror work done in NOR 10-12, but will
concentrate on young plant community dynamics of both trees and understorey vegetation. There will
be multiple linkages between the two projects, with analysis of competition ancImicrosite
relationships and development of quantitative models provided by NOR 10-14. Over the next few
years, new linkages will be developed with other NoFC staff involved in ecological research in the
Northwest Region.

12.	 Study Objectives:

These objectives and deliverables are based on the current work carried out on competition
dynamics. Modified objectives and deliverables may be developed as linkages with other ongoing
and new ecological studies at NoFC are created. These linkages are being developed and include,
for example, possible projects with NOR 02 such as predicting ecosystem units and biodiversity
studies in Weldwood's FMA.

i) Objectives

To provide quantitative information to the mixedwood silviculture study (NOR 10-12) on
the dynamics of multispecies competition and its effects on conifer tree development in
juvenile stands.

To determine the effects of ecosystem associations, soils and microsite conditions on the
competitive relationship between other plants (hardwood trees and understorey vegetation)
and conifer trees.

To develop recommendations on current Free-To-Grow guidelines for Manitoba and
Alberta.

To develop components (knowledge bases and concepts) related to competition dynamics
for inclusion in white spruce and pine regeneration and silviculture systems modules of
Decision Support Systems.
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5.	 To develop models which describe the changes in successional pathways and plant
biodiversity in young stands.

ii) Deliverables

Short Term (1-5 years)

Validation of competition index developed for lodgepole pine-aspen in west-central Alberta.

Conclusions of quantitative analysis and recommendations on efficacy and modifications to
Free-To-Grow standards for mixed stands in Alberta.

Conclusions of quantitative analysis and recommendations on Free-To-Grow guidelines for
Manitoba.

Development of plant community dynamics components of juvenile growth model for
mixedwood stands.

e. Information on early successional pathways and changes in plant biodiversity in regenerating
stands.

Long Term (5 years and beyond)

Plant community components of alternative ecosystem-based silvicultural systems for
management of hardwood and mixedwood stands in the Northwest Region.

Development of early succession competition and plant dynamics models for use in
silviculture systems and mixedwood modules of Decision Support Systems.

iii. Significant Linkages:

NOR-10-12	 Navratil	 Aspen silviculture in mixedwood and hardwood
management.

The following individuals were approached, and will be consulted on possible linkages as NOR
10-14 develops.

NOR-07-07	 Maynard/Sidhu	 Baseline Ecological studies of mature forest
communities.

NOR-02-01	 Corns	 Forest Ecology and Site Productivity
NOR-05-09	 DeGroot	 Fire Environment Research
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Progress and Achievements

Although this is a new project, it is, in part, a continuation of the competition dynamics research
work done by Dan MacIsaac in collaboration with S. Navratil under NOR 10-12. Progress and
achievements on competition dynamics research are listed in the NOR 10-12 Study Work Plan.

Goals and Accomplishments (1993-94)

Although this is a new project, it is, in part, a continuation of the competition dynamics research
work done by Dan MacIsaac in collaboration with S. Navratil under NOR 10-12. The goals
completed by Dan MacIsaac under NOR 10-12 for 1993-94 are listed below. These activities
are also reported in NOR-10-12 (Navratil).

1.	 Alberta Aspen-Lodgepole Pine Competition

Publish Forest Management Note, coauthored with Navratil.

For. Mgmt. Note #57 published.

Complete and publish a journal paper on aspen lodgepole pine competition, coauthored
with Navratil.

Manuscript in 50% completion, delayed due to additional analyses (Navratil, MacIsaac).

2.	 Canada ManitobaPAIF: 8026 - Competition and Juvenile Growth in Mixed Regeneration

Complete analysis of relationship between hardwood competition indices and white
spruce from western Manitoba.

Analysis of competition indices for white spruce data from western Manitoba completed.

Validate competition index for black spruce for Duck Mountain area, against 1991 Pine
Falls area data.

Competition index for black spruce in Duck Mountain validated against 1991 Pine Falls
data.

c. Develop ecological thresholds for black and white spruce for use in the design of Free-to-
Grow standards.

Analysis mostly completed which defines ecological thresholds for black and white spruce in
design of Manitoba Free-to-Grow standards.

231



d. Continue summer data collection (lack pine, or black spruce in Northern Manitoba).

Data collection initiated and completed for jack pine in The Pas region.

3. Canada AlbertaPAIF: 8028 - Hardwood Competition and Growth of White Spruce in Mixed
Regeneration

Continue analysis and modelling of competition relationships.

Analysis started on 1992 and 1993 data, initially concentrated on determining the ecological
relationships between white spruce growth and site conditions in young cutblocks.

Continue data collection of white spruce-hardwood competition.

Detailed white spruce-hardwood competition plots were surveyed in the Rocky Mountain
House area.

4. Aspen Growth/Morphology

a. Assist in analysis of aspen morphology data set, with Navratil.

A formatted data set was provided for contract analysis.

Design and establish validation study for Basal Diameter Ratio competition index as a
Foothills Model Forest study.

Validation study established and 1993 vegetation measurements and aspen competition removal
completed (360 plots).

Create draft report on competition analysis of Manitoba mixedwood regeneration for 1991-
1993 data.

Draft report completed.

7. Help coordinate open house display as chairperson of 1994 NoFC Open House Forest
Ecology Subcommittee.

Forest Ecology Open House display mostly finished, with completion in April 1994.

Initiate a new study (Maclsaac).

Framework and scope of the new study designed in May 1993. Study work plan developed,
with new study to commence in April 1994.

Start analysis of aspen-white spruce growth interactions and aspen morphology data.

Analyses of aspen-white spruce competition from Sat .A and Sat B data in progress under
contract; minor analysis of aspen growth and morphology at PFC, Victoria.
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15. Information Activities

The information activities completed by Dan MacIsaac under NOR 10-12 for 1993-94 are listed
below. Information activities which involve Navratil are also reported in NOR 10-12.

i.	 Journal publications

Blundon, D.J.; MacIsaac, D.A.; Dale, M.R.T. 1993. Nucleation during primary succession in
the Canadian Rockies. Canadian Journal of Botany 71(8):1093-1096.

Other reports

Navratil, S.; MacIsaac, D.A. 1993. Competition index for juvenile mixed stands of lodgepole
pine and aspen in west-central Alberta. Forest Mgmt. Note 57, Forestry Canada, Northern
Forestry Centre, Edmonton, Alberta.

Lee, P.; MacIsaac, D.A. in press Protected areas in the context of biodiversity and ecosystem
management - Can Alberta's "Special Places 2000" initiative make the grade? in Forestry on
the Hill. Special Issue on Protected Areas. March 1993. Canadian Forestry Association,
Ottawa, Ont..

MacIsaac, D.A. 1994. Analysis of competition and juvenile growth in mixed regeneration in
Manitoba. Initial Draft.

Lectures, courses, seminars and scientific addresses

MacIsaac, D.A. 1993. Boreal Forest Ecology and Management. Alberta Volunteer Stewards
Workshop, June 3 1993, Exshaw, Alberta. (Workshop Presentation).

Navratil, S.; MacIsaac, D.A. 1993. Competition measurements in juvenile mixed stands of
lodgepole pine and aspen, A presentation at the workshop of Northern Interior Vegetation
Management Association, Sept. 1993, Prince George, BC

Navratil, S.; MacIsaac, D.A. 1993. Lodgepole pine-aspen competition in Alberta. Dec 3 1993.
Technical presentation to BC Ministry of Forests meeting on provincial Free-to-Grow
standards.

MacIsaac, D.A. 1993. Presentation on careers in the biological sciences as part of a career
forum panel presentation to University of Alberta students. Nov. 4 1993. Hosted by U. of A.
Career and Placement Services
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v.	 Technology Transfer

Responded to requests for information on mixedwood silviculture in the boreal forest and
reviewed manuscripts and reports as required.

16. Goals 1994-95

1) Alberta Aspen-Lodgepole Pine BDR Validation Study (Model Forest Study 1092)

Complete establishment report detailing project initiation and summary of 1992 data.
Measure competition plots in 1993.

2) Canada-Manitoba PAIF: 8026 - Competition and Juvenile Growth in Mixed Regeneration.

Complete comparative analysis for 1991-1993 data.
Complete final version of Agreement Report on "Analysis of competition and juvenile growth
in mixed regeneration in Manitoba".
Assist in development of Manitoba Free-to-Grow standards.
Test draft Free-to-Grow standards in the field, and prepare summary of results.

e) Present results of competition study at Manitoba CIF meeting in Jan. 1995.

3) Canada-Alberta PAIF: 8028 - Hardwood Competition and Growth of White Spruce in Mixed
Regeneration.

Complete analysis of 1992-1993 data, and initiate analysis of 1994 data.
Continue analysis and modelling of ecological and competition relationships.
Continue data collection of white spruce-hardwood competition.
Continue analysis and interpretation of aspen-white spruce growth interaction of vegetation
management trials, Satellite A and B and Alberta data set, with Navratil (NOR 10-12)

e) Prepare summaries of exploratory analysis of Alberta 1992-93 data sets, with Navratil (NOR
10-12).

4) Aspen Growth/Morphology.

a) Provide data sets and participate in analysis of aspen growth and morphology data set, with
Navratil (NOR 10-12).

Complete and submit manuscript "Interactive growth of aspen and lodgepole pine in juvenile
stands in Alberta", Scand. J. of For. Res. coauthored with Navratil (NOR 10-12).

Complete initiation of the new study NOR 10-14.

7) Review in-house and external publications.
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8) Continue committee involvement and technology transfer, including:

I

Chairman of Forest Ecology Committee for NoFC 1994 Open House.
Membership on Canada-Alberta PAIF Subcommittee A.

c. technical and professional presentations as required.

9) Complete planning of linkages with other NoFC projects to fit into longer term goals of new study
NOR 10-14.

17. Major Co-operators: 

i.	 Internal - FC

These are current cooperators in the Canadian Forestry Service outside of NoFC.

Region
ID # Title Contact name

NWR MB PAIF 8026 Competition and Juvenile
Growth in Mixed
Regeneration

Jim Ball

I
I

ii	 External -

Establishment ID # Title Contact name

Manitoba Forestry
Branch

MB PAIF 8026 Competition and
Juvenile Growth in
Mixed
Regeneration

Jeff Delaney, John
Dojack, Lloyd
Yarn

Foothills Forest Model Forest Validation of
Competition Index
for Pine-Aspen

Roger Hayward

Alberta Lands and
Forest Services

Alb. PAIF 8028 Competition and
Juvenile Growth of
White Spruce in
Mixed
Regeneration

Tom Lakusta,
Dave Morgan

I

1
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18. Environmental Implications:

Environmental Impact/Assessment Review Statement

FC-NWR EARP Committee Approval Date: July 4, 1994.
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1	 NOR 11-01

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: February 25, 1994

STUDY TITLE: Forest Insect and Disease Survey

Responsibility Centre: Northwest Region (8135)

Program:

Project Title: Forest Insect and Disease Management Systems and Surveys

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan, Manitoba, and the Northwest Territories

7. Study Staff:

Name

Study Leaders Volney, J. Brandt

Team Members H. Cerezke

Y. Hiratsuka

D. Langor

Mallett

R. Brett

H. Gates

P. Maruyama

Myrholm

Williams

D. Ip

M. Grandmaison

I
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Study Key Words: Detection, forest entomology, forest pathology, pest depletion losses, survey methods.

Study Activity: 2311

10. Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name
Category Previous Budget Revised Forecast Upcoming

J. Volney SE-RES-3
(P)

0.80 0.80

Brandt FO-2 (P) 1.00 1.00

H. Cerezke SE-RES-2
(P)

0.10 0.10

Y. Hiratsuka SE-RES-5
(P)

0.10 0.10

D. Langor SE-RES-2
(P)

0.30 0.40

Mallett SE-RES-2
(P)

0.10 0.10

R. Brett EG-4 (T) 1.00 1.00

H. Gates EG-5 (T) 1.00 1.00

P. Maruyama EG-6 (T) 0.10 0.10

Myrholm EG-4 (T) 0.45 0.45

Williams EG-4 (T) 0.55 0.55

D. Ip FO-2 (P) 0.10 0.10

M. Grandmaison EG-5 (T) 0.90 0.90

FTEs 6.50 6.60

1
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Study Background and Problem Analysis

The Forest Insect and Disease Survey (FIDS) unit in Canada dates back some 50 years. During this period
of continuous operation, a wealth of information has been accumulated. The information provides a record
of native and introduced insects and diseases inhabiting and attacking forests and trees, their distributions,
damage effects on trees, natural control agents, life cycle development, and behaviour within the Northwest
Region. Applying a wide variety of sampling procedures that have been developed over a long period of
time provides a method of continually updating the knowledge of forest insect and disease infestations and
other forest disturbances within the region. These procedures also provide the basis for generating forest
pest caused loss estimates, in pest risk analyses, in assessing pest controls, and in implementing integrated
pest management strategies. During the period 1982 to 1987, FIDS data identified annual losses due
growth reduction and tree mortality of 3 765 000 m 3 per year. The FIDS unit also takes part in nationally
directed surveys such as acid rain monitoring, pest outbreak prediction, and plant quarantine concerns.

The survey, identification, reporting, and prediction of losses due to insects, diseases, and other damage
agents form an integral part of intensive forest pest management strategies and other land use interests.
These duties must be maintained on a annual basis because of the dynamic nature of pest populations,
forest growth, and development. Thus there is a need to monitor pest conditions regionally and to
maintain strong linkages with other regions and for national and international perspectives, for such
diverse problems as pinewood nematode, scleroderris canker, Asian gypsy moth, or introductions of
parasitoids/predators for biological control programs.

Prompt and accurate identification of forest insects and diseases is essential to surveys, pest extension
services, damage appraisal studies, and pest management. To maintain and improve diagnostic and
taxonomic service capabilities, it is necessary to maintain reference collections of forest insects and
diseases, data on insect and disease hosts and distributions (ie. FIDS INFOBASE), as well as a
reference literature collection.

The incorporation of sound pest management strategies by regional clientele rely heavily upon efficient
and comprehensive FIDS operation. To meet this need the various functions of FIDS require continual
updating to incorporate new technologies such as insect pheromones, GIS applications, improved data
gathering, recording and processing, and improved pest sampling/monitoring procedures.

Study Objectives:

i) Objectives

Obtain and maintain an updated knowledge of forest pests and their natural control
agents and other tree damaging agents in the Northwest Region required for
developing and administering federal policy, programs, and research in forest
protection and for pest management strategies.

Provide information and knowledge on forest pests and abiotic agents and their
impact on forest growth, productivity, and health through preparation of annual
reports, pest leaflets, and other publications, and by transferring technology, advice,
and assessment information on forest pests to clientele.

3. Conduct plant quarantine related activities that may assist in preventing the
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introduction or spread of foreign pests into Canada's forests, or the export of
Canadian forest pests via transportation of forest products to foreign countries.

Conduct short term research on topics related to forest protection, sampling
procedures, damage impact assessment methodologies, and pest biologies.

Provide diagnostic and taxonomic services to clients, NoFC personnel, outside
agencies, and scientists.

6. Maintain regional collections of insects, mites, fungi, and photographic slides. FIDS
INFOBASE must be maintained and updated as required.

ii) Deliverables

Short Term (1-5 years)

An annual published report of regional pest conditions, and a component for a
national overview of pests.

The surveys and records provide a permanent data base that supports a variety of
forest research projects, quarantine programs, and the regional and national insect
collections and herbaria. The data base also provides information to improve pest
outbreak prediction and impact relationships.

Annual surveys of ARNEWS plots provide a component of the regional and national
perspective on the state of Canada's forest health.

Through a variety of problem oriented surveys, data and reports will be generated to
address specific forest management concerns.

Provide pest diagnostic and advisory services.

Prepare a field guide to forest pests of the prairie provinces.

Long Term (5 years and beyond)

1. Prepare a regional FIDS survey and sampling methods manual.

iii) Significant Linkages:

A major component of NOR 11-01 involves the identification of insects and diseases and
other tree damage agents. For this service, FIDS relies on taxonomic expertise at NoFC (ie.
Studies NOR 11-03, 11-06, 11-09, and 11-10), the Biological Research Institute,
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Ottawa, and other specialists at other FC regional centres. The FIDS data base (FIDS INFOBASE
or the Forest Insect and Disease Survey Information system) is maintained at PNFI. The data base
is accessible through a computer system linked to PNFI. Other linkages with PNFI involve host and
pest species catalogues, ARNEWS data analyses, calculation of depletion estimates, and GIS and
other computer training specialties.

The field operation and conduct of FIDS activities utilize a variety of methodologies for
sampling and processing data efficiently. On-going research on important pests (eg,
spruce budworm, jack pine budworm, spruce beetle, Armillaria root rot, western gall rust,
terminal weevils, and other regeneration pests) provide linkages for new survey and
sampling methodologies (re: Studies NOR 11-03, 11-05, 11-06, 11-09, 11-10).

ARNEWS samples of soil and foliage require chemical and nutrient analyses and are
therefore linked directly with NOR 7 (Environmental Stresses/Forest Ecosystems).

At a more general level, NOR 11-01 functions interact with other Projects at NoFC,
specifically NOR 10 (Mixed Silviculture), NOR 16 (Canadian Forests/ Climate Change),
NOR 33 (Technology Transfer/ Communications), all four PAIF's, and NOR 53
(Computing/Data Processing Services).

iv) Methodologies

The operational aspect of FIDS uses a variety of established procedures. New techniques
for data gathering, recording, and processing are adapted and incorporated as they
become available. Each individual survey assignment is assessed for appropriate
methodologies and statistical design.

13.	 Progress and Achievements

Regional FIDS activities have focused on detecting, monitoring, and mapping current
infestations of the major pest species (spruce budworm, jack pine budworm, forest tent
caterpillar, mountain pine beetle, etc.). This information has been updated annually,
summarized in regional and national reports, and reported at annual Forest Pest Control
Forum meetings. The annual summary of data has added to the knowledge base of regional
outbreak patterns, pest distribution patterns and conditions, and has provided timely, useful
information for major client agencies in developing management strategies.

Special surveys have been undertaken in support of national, regional, and provincial
requests, and in response to a variety of client agencies.

All permanently located ARNEWS plots have been and will continue to be maintained for
long-term monitoring of the effects of acid rain, as part of a nationally directed program.

FIDS has regularly provided a variety of information to regional client agencies in the form
of extension calls, pest leaflets, lectures, field demonstrations, published information on life
history, impact and control, pest identification, and recommendations on pest management.
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14.	 Goals and Accomplishments (1993-94)

Survey, map, and report on major forest pests of the region.

Major pests of the region were surveyed, mapped and reported on, with assistance from
federal, provincial, and industrial agencies, and included surveys on the spruce budworm, jack
pine budworm, aspen defoliators, mountain pine beetle, spruce beetle, Douglas-fir beetle,
spruce gall midge, gypsy moth, and Dutch elm disease. Results were reported in the 1993
FIDS annual regional report, FID Notes, and various meetings (see 8 below).

Publish the 1992 FIDS report, prepare an edited version of this report for the national report on
pest conditions, and prepare a 1993 pest status report of regional pest conditions.

The 1992 FIDS annual regional report was published and an edited version sent to HQ on
computer disc for inclusion in the annual national report on pest conditions. The 1993 FIDS
annual regional report is in press.

Assemble data on regional pest depletion losses compiled for the period 1982-87 and complete a
summary report of the regional pest depletion losses. An edited version of this report is to be
sent to HQ. Assemble pest depletion loss estimates for the period 1988-92.

An information report was completed on forest pest depletion estimates for the Northwest Region
from 1982 to 1987. The report is in press. An edited version of this report was sent to HQ. Work
on the depletion report for the period 1988 to 1992 was started.

Provide scientific and advisory service on pest management, and technology transfer workshops
and information sessions as requested.

Scientific and advisory services and technology transfer highlights are summarized as follows:

lectures provided on forest pests to students at the University of Alberta;

workshops and presentations on forest pests and pest management:
Insect and Disease Management in Christmas Tree Production, Faculty of
Extension, University of Alberta;
Terminal Weevil Impact and Management, ALFS, Swan Hills;
White Pine Weevil Management, Stand Tending Workshop, Edmonton;
Insects Associated with White Spruce Cone and Seed Injury, Faculty of Extension,
University of Alberta;
Historical Perspective of Mountain Pine Beetle in Kootenay National Park, Radium;
Forest Insects and Diseases, Alberta Vocational Centre, and Parkland Immanuel
Christian School, NoFC;
Forest Insects, Edmonton Public Library, and NAIT;
Woodborer Management, High Level Forest Products, High Level;
Forest and Ornamental Insect and Disease Problems, Calgary Vocational College;
Sampling Spruce Budworm, Alberta Recreation and Parks Service;
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c) field identification of tree and seedling pests given at Pine Ridge Forest Nursery.

Provide diagnostic and taxonomic services for determination offorest and shade tree insects
and diseases.

Pest identification, diagnostic, and control information was provided to a large number of
regional clientele upon request. Seventy-two insects/mites were identified. About 150 disease
specimens were also identified.

Maintain, update, reorganize, and improve regional reference collections (insects, mites, and
diseases, photographic slides, FIDS INFOBASE, FIDS library).

Work on this goal was continued. About 800 insects were added to the insect reference collection.
A preliminary list of photographic slides contained in the FIDS collection was produced. A FIDS
reference library was created. All FIDS reports and files were archived.

Conduct pest surveys in designated genetic and tree improvement plantations, high-value stands
and forest nurseries as requested.

Surveys for pest and damage incidence were completed at Pine Ridge Forest Nursery and its
associated genetic plantations. A file report (Mallett and Brandt 1993, File Rep. NOR-11-09-
9301) was prepared. No requests were made to survey any other genetic plantations or seed
orchards.

Represent Natural Resources Canada on various national, regional, provincial, and other
meetings, committees, and advisory groups as requested.

Representation was provided at the following meetings and on the following committees and
advisory groups:

FIDS Head annual meeting, Petawawa, June;
Strategic Planning for Research, Ottawa, November;
Alberta Advanced Silviculture Institute, Hinton, October;
Regional Insect and Disease T.A.C., Winnipeg, October;
Spray Efficacy Research Group, Winnipeg, October;
Jack Pine Budworm Information Working Group, Sault Ste. Marie, October;
Northern Ontario Pest Review, Sault Ste. Marie, October;
National Forest Pest Control Forum, Ottawa, November;
Pheromone Working Group, Ottawa, November;
Forest Pest Management Technical Committee, Ottawa, November;

k) FIDS Head annual meeting, Ottawa, November;
1) Green Plan IFPM Steering Committee, Sault Ste. Marie, November;

NWR and P&YR Forest Pathologist Meeting, Kamloops, January;
C.I.F.-RMS Technical Meeting, Rocky Mountain House, January;
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Integrated Forest Pest Management Planning Workshop, Edmonton, February;
Forest Insect and Disease Management Committee meetings, Edmonton, January;
Workshop on the Evolving Role of the Federal Government in Disease and Pest Control,
Edmonton, January
Several planning meetings with ALFS Forest Protection Branch on young stand surveys
and pest impact assessment;
Emergency Preparedness Canada Committee meeting, Edmonton, October;
Exercise Wingblight (a test of Alberta Critical Pest Response Plan), Edmonton,
November;
Alberta Horticultural Advisory Committee meeting, Edmonton, November.
Spruce budworm management meeting with ALFS, Edmonton, October;
Alberta-B.0 Interagency Insect and Disease Workshop (Alberta/national parks/British
Columbia/ Natural Resources Canada), January;
Genetic Plantation Surveys Meeting with ALFS, Edmonton, February;
Alberta Critical Pest Task Force meetings (8);
Insect and Disease Management Workshop, Radium, B.C., October.

aa) Western Committee on Crop Pests, Winnipeg, November;
ab) Integrated Forest Resource Management Symposium, October;

Organize and conduct the Regional Insect and Disease Technical Advisory Committee meeting.

Organization, attendance, and reporting of regional pest conditions was provided at the annual
meeting. The meeting was held in Winnipeg. Minutes and recommendations were sent to the 4
FRACs .

Re-survey the 17 regionally established ARNEWS plots and establish two (2) new plots,
summarize the 1992 ARNEWS data for contribution to the annual national report on the status
of forest health, and submit 1993 ARNEWS data summaries to PNFI for data analysis.

Surveys were conducted in 14 regionally established ARNEWS plots (three plots were dropped
from the network). Three new plots were established and surveyed: one each in the Foothills, Prince
Albert, and Manitoba Model forests. The NW Region's contribution to the 1992 annual national
report was completed and submitted to HQ. Data from 1993 ARNEWS surveys were submitted to
Petawawa for analysis.

Prepare contributions toward a regional FIDS survey and sampling methods manual.

A literature review was initiated on sampling methods for spruce budworm and forest tent
caterpillar.

Continue surveys of pest conditions in PSPs registered in Manitoba and prepare an updated
status report.

Surveys of pest conditions were conducted in 10 PSPs in Manitoba and an updated status report
was completed. A total of 173 PSP sites have been assessed.
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Establish an additional 10 assessment/stand condition and impact plots in each of the prairie
provinces, specifically to monitor for Hypoxylon canker, aspen insect fauna, root/but rots, and
abiotic agent influences affecting aspen.

Twelve aspen PSPs were assessed in Alberta, 10 PSPs in Saskatchewan, and 10 PSPs in Manitoba.
Aspen stand were assessed for pests and abiotic agent incidence.

Establish an additional 5 plots in young conifer stands in each province/territory for assessment
of pests and damage conditions.

Five young conifer stands were assessed for pest and damage conditions in Alberta and
Saskatchewan. One stand was assessed in Manitoba.

15. Investigate special concerns and requests of client agencies on forest pests or forest conditions.

Special concerns and requests of client agencies on forest pests or forest conditions were addressed
by various personnel with the study.

Aerial survey of spruce budworm infestation with ALFS, Footner Lake Forest,
July;

Aerial survey of spruce budworm infestation with ALFS, Athabasca and Lac
La Biche forests, July;

Aerial survey of spruce budworm infestations in Saskatchewan with
Saskatchewan Environment and Resource Management, July;
Aerial survey of spruce budworm infestations in the NWT with NWT
Renewable Resources, July;

Aerial survey of aspen defoliators in Saskatchewan with Saskatchewan
Environment and Resource Management, July;

Aerial survey for Douglas-fir beetle and mountain pine beetle tree mortality
with Parks Canada, Jasper National Park, August;

Aerial survey for mountain pine beetle tree mortality with Parks Canada,
Banff National Park, August;

Survey and identify pest conditions in the Grassy Lake white spruce plantations in
Saskatchewan, May (Brandt 1993, File Rep. NOR-1101-93-01);

Survey the Malonek plantations in Saskatchewan, June;

Investigate woodborer problems at High Level Forest Products, May-August Langor
1993, File Rep. NOR-1110-9301);

k) Inspect young spruce and pine plantations in Manitoba, Repap, July.
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Survey northern Alberta for spruce gall midge to determine the impact of this pest on spruce
stands.

Thirty-two plots were examined for spruce gall midge. Preliminary results were reported in the
1993 FIDS report. More surveys are scheduled for next year.

Continue preparation of a Field Guide to the Forest Pests of the Prairie Provinces: field
photography, preparation of colour plates, write text.

Review committee selected. Table of contents, reference section, and 8 chapters in draft form. Some
field photography and plate preparation completed.

Coordinate and lead project NOR-11: Forest Insect and Disease Management Systems and
Surveys, and provide advice to clients as required.

Goal accomplished.

Provide functional guidance to studies initiated under the Partnership Agreements in Forestry.

Goal accomplished.

15. Information Activities 

Information Reports:

Brandt, J.P. 1993. Forest insect and disease conditions in west-central Canada in 1993 and
predictions for 1994. Nat. Resour. Can., Can. For. Serv., Northwest Reg., North. For. Cent.,
Edmonton, Alberta. Inf. Rep. NOR-X-335 (in press).

Brandt, J.P.; Amirault, P.A. 1993. Forest insect- and disease-caused depletions to forests of
west-central Canada: 1982-87. Nat. Resour. Can., Can. For. Serv., Northwest Reg., North.
For. Cent., Edmonton, Alberta. Inf. Rep. NOR-X-333 (in press).

Cerezke, H.F.; Brandt, J.P. 1993. Forest insect and disease conditions in Alberta, Saskatchewan,
Manitoba, and the Northwest Territories in 1992. For. Can., Northwest Reg., North. For.
Cent., Edmonton, Alberta. Inf. Rep. NOR-X-332.

Hiratsuka, Y.; Zalasky, H. 1993. Frost and other climate-related damage of forest trees in the
prairie provinces. For. Can., Northwest Reg., North. For. Cent., Edmonton, Alberta. Inf. Rep.
NOR-X-331.

Other Reports:

Brandt, J.P. 1993. The strawberry root weevil, Otiorhynchus ovatus (L.). Pages 3-4 in Forest
Insect and Disease Notes: A-023 April 1993.

Brandt, J.P. 1993. 1993 predictions of major forest pests. Pages 5-6 in Forest Insect and
Disease Notes: A-023 April 1993.
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Brandt, J.P. 1993. Highlights of seasonal forest health and pest conditions. Pages 1-3 in Forest
Insect and Disease Notes: A-024 August 1993.

Brandt, J.P. 1993. Update of major forest pests in the Northwest Region in 1993 and
predictions for 1994. Pages 5-8 in Forest Insect and Disease Notes: A-025
December 1993.

Brandt, J.P. 1994. Pruning trees and shrubs. Nat. Resour. Can., Can. For. Serv., Northwest Reg.,
North. For. Cent., Edmonton, Alberta. For. Leafl. 27.

Brandt, J.P. 1994. Gypsy moth. Nat. Resour. Can., Can. For. Serv., Northwest Reg., North. For.
Cent., Edmonton, Alberta. For. Leafl. 29.

Brandt, J.P. 1994. Wood borers in hardwoods. Nat. Resour. Can., Can. For. Serv., Northwest Reg.,
North. For. Cent., Edmonton, Alberta. For. Leafl. 31.

Brandt, J.P. 1994. L'elagage des arbres et des arbrisseaux. Ressour. nat. Can., Serv. can. for., Reg.
Nord-Ouest, Cent. for. Nord, Edmonton (Alberta). Depliant for. 27.

Brandt, J.P. 1994. La spongieuse. Ressour. nat. Can., Serv. can. for., Reg. Nord-Ouest, Cent. for.
Nord, Edmonton (Alberta). Depliant for. 29.

Brandt, J.P. 1994. Les perce-bois des feuillus. Ressour. nat. Can., Serv. can. for., Reg. Nord-Ouest,
Cent. for. Nord, Edmonton (Alberta). Depliant for. 31.

Brandt, J.P. 1993. Forest insect and disease survey of the Grassy Lake white spruce plantations
north of Love, Saskatchewan 1993. Nat. Resour. Can., Can. For. Serv., Northwest Reg.,
North. For. Cent., Edmonton, Alberta. File Rep. NOR-1101-93-01.

Cerezke, H.F. 1994. Bronze birch borer. Nat. Resour. Can., Can. For. Serv., Northwest Reg., North.
For. Cent., Edmonton, Alberta. For. Leafl. 26.

Cerezke, H.F. 1994. L'agrile du bouleau. Ressour. nat. Can., Serv. can. for., Reg. Nord-Ouest, Cent.
for. Nord, Edmonton (Alberta). Depliant for. 26.
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Cerezke, H.F. 1993. Surveys of pests and damage in 1992 in the Huallen Seed Orchard near
Grande Prairie, Alberta. Nat. Resour. Can., Can. For. Serv., Northwest Reg., North. For.
Cent., Edmonton, Alberta. File Rep. NOR-1101-01.

Cerezke, H.F. 1993. Surveys of pests and tree conditions in provincial genetic tree plantations
in 1991 and 1992. Nat. Resour. Can., Can. For. Serv., Northwest Reg., North. For. Cent.,
Edmonton, Alberta. File Rep. NOR-1101-02.

Grandmaison, M. 1993. Forest insect and disease conditions in Manitoba in 1992. Nat. Resour.
Can., Can. For. Serv., Northwest Reg., North. For. Cent., Edmonton, Alberta. File Rep.
Grandmaison-1993-1.

Grandmaison, M. 1993. Forest insect and disease conditions in Manitoba in 1993. Nat. Resour.
Can., Can. For. Serv., Northwest Reg., North. For. Cent., Edmonton, Alberta. File Rep.
Grandmaison-1993-2.

Hiratsuka, Y. 1994. Spruce needle rusts. Nat. Resour. Can., Can. For. Serv., Northwest Reg., North.
For. Cent., Edmonton, Alberta. For. Leafl. 25.

Hiratsuka, Y. 1994. Les rouilles des l'aiguilles de l'apinette. Ressour. nat. Can., Serv. can. for., Reg.
Nord-Ouest, Cent. for. Nord, Edmonton (Alberta). Depliant for. 25.

Ip, D.W. 1993. Balsam poplar leaf blight. Page 2 in Forest Insect and Disease Notes: A-024
August 1993.

Langor, D.W. 1993. Woodborer investigations at the DMI mill yard in High Level. Nat.
Resour. Can., Can. For. Serv., Northwest Reg., North. For. Cent., Edmonton, Alberta. File
Rep. NOR-1110-9301.

Langor, D.W. 1994. Western ash bark beetle. Nat. Resour. Can., Can. For. Serv., Northwest Reg.,
North. For. Cent., Edmonton, Alberta. For. Leafl. 24.

Langor, D.W. 1994. Le scolyte du frêne de l'Ouest. Ressour. nat. Can., Serv. can. for., Reg. Nord-
Ouest, Cent. for. Nord, Edmonton (Alberta). Depliant for. 24.

Mallett, K.I. 1993. Balsam fir mortality survey. Pages 1-3 in Forest Insect and Disease Notes:
A-023 April 1993.

Mallett, K.I. (compiler) 1992. Forest Insect and Disease Notes. Nat. Resour. Can., Can. For.
Serv., Northwest Reg., North. For. Cen., Edmonton, Alberta, A-023 April 1993; A-024
August 1993; A-025 December 1993.

Mallett, K.I.; Brandt, J.P. 1993. Survey report of pests in the Pine Ridge Forest Nursery near
Smoky Lake, Alberta. Nat. Resour. Can., Can. For. Serv., Northwest Reg., North. For. Cent.,
Edmonton, Alberta. File Rep. NOR-11-09-9301.
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Myrholm, C.L.; Cerezke, H.F. 1994. Pitch blister moths. Nat. Resour. Can., Can. For. Serv.,
Northwest Reg., North. For. Cent., Edmonton, Alberta. For. Leafl. 30.

Myrholm, C.L.; Cerezke, H.F. 1994. Les noduliers des pins. Ressour. nat. Can., Serv. can.
for., Reg. Nord-Ouest, Cent. for. Nord, Edmonton (Alberta). Depliant for. 30.

Volney, W.J.A. 1993. Jack pine budworm. Pages 2-5 in Forest Insect and Disease Notes: A-
024 August 1993.

Volney, W.J.A. 1994. Jack pine budworm. Nat. Resour. Can., Can. For. Serv., Northwest Reg.,
North. For. Cent., Edmonton, Alberta. For. Leafl. 32.

Volney, W.J.A. 1994. Tordeuse du pin gris. Ressour. nat. Can., Serv. can. for., Reg. Nord-Ouest,
Cent. for. Nord, Edmonton (Alberta). Depliant for. 32.

Volney, W.J.A. 1993. The impact of the spruce budworm on tree growth in the Footner Forest,
Alberta. Nat. Resour. Can., Can. For. Serv., Northwest Reg., North. For. Cent., Edmonton,
Alberta. Confidential File Rep.

iv) Lectures, courses, seminars, and scientific address:

Brandt, J.P. 1993. Insect and disease management in Christmas tree production. Lecture. Faculty of
Extension, University of Alberta. October, 1993.

Cerezke, H.F. 1993. Insects associated with white spruce cone and seed injury. Forest Tree Seed
Management Seminar. Lecture. Faculty of Extension, University of Alberta.

Cerezke, H.F. 1993. Historical perspective of mountain pine beetle in Kootenay National Park.
Insect and Disease Management Workshop. Parks Canada, Radium. October, 1993.

Gates, H. 1993. Forest and ornamental insect and disease problems. Calgary Vocational College.
January, 1993.

Gates, H. 1993. Sampling spruce budworm. Presentation to Alberta Recreation and Parks Service.
Big Knife Provincial Park. March, 1993.

Hiratsuka, Y. 1993. Rust fungi. Lecture. Mycology, University of Alberta.

Hiratsuka, Y. 1993. Forest tree rusts. Lecture. Forest Pathology, University of Alberta.

Langor, D.W. 1993. White pine weevil management. Stand Tending Workshop, Edmonton.

Langor, D.W. 1993. Bark beetles. Lecture. Forest Entomology, University of Alberta. February,
1993.
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Langor, D.W. 1993. Terminal and root collar weevils. Lecture. Forest Entomology, University of
Alberta. February, 1993.

Langor, D.W. 1993. Terminal weevil impact and management. Presentation to Alberta Land and
Forest Services, Swan Hills. May, 1993.

Langor, D.W. 1993. Woodborer management. Presentation to High Level Forest Products. High
Level. November, 1993.

Langor, D.W.; Williams, D. 1993. Forest insects. Presentation to Edmonton Public Library and
NAIT.

Mallett, K.I. 1993. Seed diseases. Forest Tree Seed Management Seminar. Lecture. Faculty of
Extension, University of Alberta.

Myrholm, C.L.; Williams, D. 1993. Forest insects and diseases. Northern Forestry Centre.
Presentation to high school and vocational school students. November, 1993.

Volney, W.J.A. 1993. Spruce budworm's biology and management. Lecture. University of Alberta.
March, 1993.

Volney, W.J.A. 1993. Management of mixedwood pests. Lecture. University of Alberta. March,
1993.

Volney, W.J.A. 1993. Ecological imperialism and developing nations. Lecture. University of
Alberta. October, 1993.

16. Goals 1994-95

Survey, map, and report on major forest pests of the region. (J. Brandt, FIDS staff)

Publish the 1994 FIDS report and prepare an edited version of this report for the national report on
pest conditions. (J. Brandt)

Assemble data and complete a summary report on regional pest depletion losses for the period 1988
to 1992. An edited version of this report is to be sent to HQ. (J. Brandt)

Provide scientific and advisory service on pest management and technology transfer workshops and
information sessions as requested. Conduct a seed and cone insect workshop for ALFS. (J. Brandt,
H. Cerezke, FIDS staff)

5. Provide diagnostic and taxonomic services for determination of forest and shade tree insects and
diseases. (Y. Hiratsuka, D. Langor, and J. Brandt and FIDS staff)

250



Maintain, update, reorganize, and improve regional reference collections (insects, mites, and
diseases, photographic slides, FIDS INFOBASE, FIDS library). Validate FIDS INFOBASE against
enclosure slips. (Y. Hiratsuka, D. Langor)

Conduct pest surveys in designated genetic and tree improvement plantations, high-value stands and
forest nurseries as requested. (J. Brandt, FIDS staff)

Represent Natural Resources Canada on various national, regional, provincial, and other meetings,
committees, and advisory groups as requested. (J. Volney, J. Brandt)

Organize and conduct the Regional Insect and Disease Technical Advisory Committee meeting. (J.
Volney)

Re-survey the 17 regionally established ARNEWS plots, summarize the 1993 ARNEWS data for
contribution to the annual national report on the status of forest health, and submit 1994 ARNEWS
data summaries to PNFI for data analysis. (J. Brandt, FIDS staff)

Prepare a plan and identify sections for a regional FIDS survey and sampling methods manual. (J.
Brandt, scientific staff)

Conclude surveys of pest conditions in PSPs registered in Manitoba and prepare a report. (D. Ip, M.
Grandmaison)

Survey seven (7) aspen PSPs in Alberta, 11 aspen PSPs in Saskatchewan, and three (3) aspen PSPs
in Manitoba to assess stand condition and impact of pests such as Hypoxylon canker, aspen insect
fauna, root/but rots, and abiotic agent influences affecting aspen. Prepare an information report to
summarize the results of the 90 aspen PSPs surveyed from 1992 to 1994. (J. Brandt, FIDS staff)

Survey nine (9) young conifer stands in Alberta and six (6) in Saskatchewan to assess pest and
damage conditions. Prepare an information report to summarize the results of the 90 young conifer
stands surveyed from 1992 to 1994. (J. Brandt, D. Ip, FIDS staff)

Investigate special concerns and requests of client agencies on forest pests or forest conditions. (J.
Brandt, FIDS staff)

Survey northern Alberta and the Northwest Territories for spruce gall midge to determine the impact
of this pest on spruce stands. Write a report to summarize the results of the 1993 and 1994 surveys.
(J. Brandt, FIDS staff)

Develop and test a methodology to assess impacts of pests. (J. Brandt, K. Mallett, FIDS staff)

18. Complete preparation of a Field Guide to the Forest Pests of the Prairie Provinces. (D. Langor
[NOR-11-10], Y. Hiratsuka [NOR-11-06] )
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Coordinate and lead project NOR-11: Forest Insect and Disease Management Systems and Surveys,
and provide advice to clients as required. (J. Volney, FIDS staff)

Provide functional guidance to studies initiated under the Partnership Agreements in Forestry.
(J. Volney)

17.	 Major Co-operators: 

i)	 Internal - FC

Region ID# Title Contact name

Pacific Region FIDS Head G. Van Sickle

Ontario Region FIDS Head G. Howse

ii)	 External -

Establishment ID# Title Contact name

Agriculture Canada Program Officer
Program Officer
Program Officer

T. Happichuk
H. Koga
B. Wiebe

Alberta Land and
Forest Services

Manager, Insect and
Disease

H. Ono

S. Ransinghe

Environment Canada Climatological
Services

P. Kyle

Manitoba Natural
Resources

Chief, Forest
Protection Section
Biologist

R. Westwood

K. Knowles

Northwest Territories
Renewable Resources

Director, Forest
Management

Larson

Carlisle

Parks Canada Westhaver

Saskatchewan
Environment and
Resource
Management

Forester
Resource Officer

Walter
G. Carter

Forest Industry in the
Northwest Region
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18. Environmental Implications:

Environmental Impact/Assessment Review Statement: Not applicable
FC-NWR EARP Committee Approval Date: March 31, 1993.



Name

Study Leader H.F. Cerezke

Team Members

NOR 11 -03

FORESTRY CANADA
NORTHWEST REGION

STUDY WORK PLAN
1994-95

Project Review Date: February 25, 1994
bionornics

STUDY TITLE: Pheromone applications and bieneies-of important forest insects

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection and Environment

Project Title: Forest Insect and Disease Management Systems and Surveys

Office Location(s): Edmonton, Alberta

Work Location: Northwest Region

7.	 Study Staff:

Study Key Words: Forest Habitats, plantantions, nurseries, regeneration, pest management, bark
beetles, wood borers, root collar weevils, semiochemicals, pheromones.

Study Activity: 2232
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Study Resources:

Personnel Information:

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

H. Cerezke SE-RES-02 (P) 0.40 0.40 0.90 0.90

H. Gates EG-5 (T) 0.80 0.80

FTEs 1.20 12.0 0.90 0.90

Study Background and Problem Analysis:

This study currently focuses on three important forest insects: mountain pine beetle (Dendroctonus
ponderosae), spruce beetle (D. rufipennis), and Warrens root collar weevil (Hylobius warreni).

Mountain Pine Beetle (MPB): An outbreak of the MPB developed in southern Alberta and
Saskatchewan about 1976 and, over the next 10 years, caused mortality to an estimated 3.48 million
lodgepole and several thousands of limber pine trees. During the outbreak period, large-scale salvage
logging and sanitation cuttings were initiated as necessary strategies to help contain the MPB and to
reduce timber losses. Various studies were initiated with client agencies to investigate use of aerial
photography for outbreak assessment, impact, and potential for spread, hazard rating systems,
deployment of semiochemicals for detection, monitoring, and control strategies, and biological studies.
During 1982 to 1986, a variety of collaborative field bioassay studies on mountain pine beetle
semiochemicals was undertaken with Drs. H. Wieser and E.A. Dixon, University of Calgary, Dr. J.H.
Borden, Simon Fraser University, Alberta Recreation and Parks, and Alberta Forest Service. While
most of the information collected during these studies has been summarized in various reports and
publications, the current focus is aimed primarily at completing reports of unpublished data.

Spruce Beetle (SB): The spruce beetle, an endemic species throughout the region, caused over
80,000m3 of mortality to mature white spruce in northern Alberta between 1982 and 1984, and caused
additional mortality in 1986, and agin in 1990, 1991, and 1992. The continued losses in mature and
overmature spruce forests prompted interest in the development of improved methods to detect and
monitor population change and to assess stand hazard. Studies of spruce beetle chemical ecology were
initiatied in 1987 to test and develop improved semiochemical baits for commercial applications in
spruce beetle management. Many of these studies were undertaken in collaboration with Drs. H. Wieser,
E.A. Dixon, and J.H. Borden, as well as with B.C., U.S., and Alberta forest services, and Crestbrook
Forest Industries. Considerable data have been collected in various field trials where semiochemicals
were deployed as bait in traps and on trees since 1987, much of which remains unreported. Current and
future studies are aimed at completion of the examination of collected insect materials, analyses of data
and preparation of reports.
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Warrens Root Collar Weevel: On-going surveys in young coniferous stands (conducted mostly under
NOR 11-01) throughout the three prairie provinces have revealed that root collar-girdling weevils
(Hylobius spp.) are among the five most important agents causing tree mortality, and their wounds have
been associated with several root decay and staining fungi. Two species mainly have been determined to
be economically important in the Northwest Region, namely the pine root collar weevil, H radicis and
Warrens root collar weevil, H warreni. The former species is known only from southeastern Manitoba
where it has been primarily associated with declining young Scots pine plantations growing on dry
sandy soils. Hylobius warreni, on the other hand, is of much greater importance because it occurs
throughout the region, attacks young to mature lodgepole pine, jack pine, and white spruce trees as well
as other hosts, and occurs in a variety of forest habitats. While most tree mortality caused by this weevil
occurs in stands less than 25 years old, its feeding wounds continue to accumulate through to stand
maturity and thus contribute to reduced tree giowth and stand vigor.

A large body of information has been accumulated on the distribution, ecology, behavior, and impact of
H warreni in the Northwest Region as well as in other regions of Canada. There is a need to compile
and synthesize this information into a document useful to forest managers and to incorporate
management guidelines compatible with present forest management practices. Current and future plans
are aimed at preparing such a document.

12. Study Objectives:

i) Objectives

Develop and test new pheromone techniques and applications for the management of imporant
forest insects.

Undertake bionomic studies of important forest insect pests that can provide management
strategies for reducing their risk and losses.

3) Provide technology transfer and new pest information applicable to regional client agencies
and to the FIDS program.

ii) Deliverables

Short and Long Term:

on an on-going basis and as required, provide technical advice to regional client agencies on
insect identifications, risks and impacts, and methodologies for survey and monitoring;

provide advisory role on bark beetle surveys and assessment to FIDS staff and in the Model
Forests;

-- prepare Forest Leaflets on three (3) or more of the important species;

-- prepare technical and scientific reports for publication and to aid the forest manager.
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iii) Significant Linkages:

This study has maintained strong linkages with FIDS surveys (NOR 11-01) for information on
areas of infestation and sampling methodology, with provincial forest agencies, industries, and
Canadian Parks Service on pest management decisions and surveys, with University of Calgary and
Simon Fraser for collaborative studies on field bioassay tests of bark beetle semiochemicals, and
with Phero Tech Inc., for specific bait preparation specifications.

13. Progress and Achievements:

During the early years of this study, i.e., 1970s to early 1980s, a number of investigations were made on
various insect problems including the spruce bud midge, birch leaf miners, seed and cone insects,
Warrens root collar weevil, sawyer beetle, jack pine budworm and the spruce budworm. Various reports
and publications were prepared that summarized these early investigations.

In 1982, collaborative studies were initiated on semiochemicals of the MPB, and from 1987 to the
present, the focus was shifted to studies of the chemical ecology of the spruce beetle. Highlights of these
studies since 1982 are as follows:

the studies focusing on MPB and SB have contributed to the general knowledge and understanding
of the chemical ecology of these species in western Canada and the U.S.;

the studies have helped to promote semiochemical use as a useful survey tool and has been applied
in Alberta and Saskatchewan since 1983 in detection and monitoring programs;

the studies provide a basis for a sampling method for estimating population levels of the SB and to
help assess stand risk;

the studies have helped to develop practical applications for MPB and SB semiochemical use,
identified new attactants and inhibitors, resolved some behavioral questions in beetle attraction,
attack pattern and distribution, and have helped to identify some natural insect predator responses
to synthetic and natural attactants;

the studies of MPB and SB have helped define optimal responses to various release rates, to
different release devices and to different compound combinations (several technical reports
summarize some of the data and a U.S. patent was obtained for a spruce beetle semiochemical
lure);

the field bioasssay experiments of MPB and SB have provided important leads toward
identification of attractant semiochemical blends for two other important bark beetle species, the
Douglas-fir beetle and the larch beetle;

fulfilled numerous advisory and consultative services to client agencies for technical information on
bark beetles, wood borers and root collar weevils;

-- established a field baiting experiment with Parks Canada to monitor for Douglas-fir beetle with
semiochemicals;
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established cooperative trials with Alberta Forest Service to test SB attraction in control strategies;

participated in numerous workshops and field demonstrations that have included the technical
transfer of information on bark beetles, woodborers and root collar weevils;

recently compiled and summarized research literature on root collar weevils (Hylobius and
Steremnius spp.) in Canada in a book chapter; much of this information can be included in the
proposed major publication on Warrens root collar weevil.

Goals and Accomplishments (1993-94)

1. Prepare a first draft of a proposed publication on the biology and management of Warren root
collar weevil and submit to review by October 29, 1993.

Goal completed.

Information Activities:

i) Journal Publications

Manuscript prepared, approved locally and submitted to Canadian Entomologist; title as follows:

Cerezke, H.F. Warren root collar weevil, Hylobius warreni Wood (Coleoptera: Curculionidae) in
Canada: ecology, behavior, damage relationships, and management.

iii) Other Reports

Revisions of the following paper are in progress; statistical analyses have been re-run in SAS and
draft revisions are underway:

Cerezke, H.F., Wieser, H., Dixon, E.A. Mountain pine beetle attack pattern on semiochemical-
baited and unbaited lodgepole pine in southwest Albert.

Cerezek, H.F. 1994. Bronze birch borer. Forestry Leaflet #026.

(c) Myrholm, C.L., Cerezek, H.F. 1994. Pitch blister moths. Forestry Leaflet #027.

iv) Lectures, Courses, Seminars and Scientific Addresses

Lecture to forestry students, University of Alberta. Topic: insect management in boreal spruce.

Contributed to "Forest Tree Seed Management" seminar, Department of Extensions,
University of Alberta. Topic: White spruce seed quality and quantity affected by insects in
Alberta.

(c) Presented report at Radium, B.C., for "Insect and Disease Management Workshop". Topic:
Histrocial perspective of mountain pine beetle in Kootenay National Park.
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(d) Served as an Associate Editor for Canada Entomologist.

v) Technology Transfer

Participated in a field tour with Alberta Forest Service, Slave Lake Forest, to confirm bear-
damaged white spruce.

Participated in an aerial survey with Parks Canada in Jasper National Park to classify and map
tree mortality caused by Douglas-fir beetle.

Identified cone and seed insects and injury of white spruce cones for Alberta Forest Service.

Provided numerous insect and damage diagnostics to a variety of clientele, including
confirmation of new distribution records of the poplar- and willow-borer in Alberta.

16. Goals: 1994-95

Prepare revisions as necessary for acceptance of final draft by Canadian Entomologist for paper on
Warren root collar weevil.

Complete revisions of co-authored paper and submit to journal:

Cerezke, et al. Mountain pine beetle attack pattern on semiochemical-baited and unbaited
lodgepole pine in southwest Alberta.

Prepare paper and submit to journal:

Cerezke, H.F. Attack pattern and brood productivity on three pine hosts.

Summarize file data on response of spruce beetle, larch beetle, and Douglas-fir beetle to field trials
with semiochemicals and prepare reports.

5. Conduct survey (subject to completing Goals #1 to #4) of lodgepole pine genetic plantations (G127
series) in cooperation with Alberta Forest Service, to assess particularly Hylobius warreni damage
and incidence and cultural control effectiveness. Prepare summary report.

17. Major Cooperators:

i) Internal - CFS

Region
	

ID#
	

Title
	

Contact Name
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ii) External -

Establishment ID# Title Contact Name

ALFS Manager, Insect
and Disease
Program

Mr. H. Ono

Parks Canada

University of
Calgary,
Department of
Chemistry

Chemists Dr. H. Wieser
Dr. E.A. Dixon

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

CFS-NWR EARP Committee Approval Date:

I

I
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I	 NOR 11-05

I

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: February 25, 1994

STUDY TITLE: Damage appraisal of major forest pests

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection and Environment

Project Title: Forest Insect and Disease Management Systems and Surveys

Office Location(s): Edmonton, Alberta

Work Location: Region-wide

7.	 Study Staff:

Name

Study Leader W.J.A. Volney

Team Members A. Yoharmes

Study Key Words: Damage, appraisal, impact, hosts, forest pests, management, mortality, risk, growth
loss, stand dynamics, population dynamics, benefit/cost, pest management.

Study Activity: 2232

I
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10. Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

W.J.A. Volney SE-RES-3
(P)

0.70 0.70 0.20

A. Yohannes EG-5 (T) 1.00 1.00 1.00

Term & Stdnt. .50

FTEs 1.70 1.70 1.20

Study Background and Problem Analysis

Sound pest management systems require information on the resource values threatened by pests. This
information can only be obtained from an understanding of pest epidemiology and their effects on host
stands. Two different time horizons are considered in developing these pest management systems.
These are the short-term and the long-term horizons. They are related to the need for treatments under
current pest conditions, and forecasting pest impacts on the timber supply in the integrated resource
management system respectively. The basic scientific information required to design pest management
systems is therefore embodied in a description of the interactions among pest population dynamics,
stand dynamics and control strategies. This description permits an evaluation of the socio-economic
impact of pests on resource values and the benefit/cost integration required to embed pest management
systems in the integrated resource management system.

This study aims to provide the descriptions of the physical pest impacts and the information on pest
population dynamics to make long-term and short-term predictions of their effects on stand yield. An
attempt is also to be made to identify critical sources of pest generation mortality and natality so as to
be able to manipulate populations effectively.

Study Objectives:

i) Objectives

To develop methods to evaluate the significance of specific forest pests in terms of measured
111damage to trees and forest stands.

To develop or modify appraisal methods for assessment of losses caused by forest pests.

3. Design forest pest management systems which optimize the return from stand management
activities.

1
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Deliverables

Short Term (1-5 years)

Journal publication on sampling jack pine budworm for population assessment.

Journal publication on the behaviour of jack pine budworm populations in Wisconsin over the
past 30 years.

I Journal publication on mortality rates of jack pine in the prairie provinces following the last
outbreak.

-- Journal publication on sampling spruce budworm on white spruce in northern Alberta.

1 -- Journal publication on the effect of B.t. sprays on the dynamics of spruce budworm
populations in northern Alberta.

-- Report on the behaviour of tent caterpillar outbreaks in the past 20 years.

Long Term (5 years and beyond)

A pest management system for the jack pine budworm in the prairie provinces (Technology
Transfer materials).

A pest management system for the spruce budworm affecting white spruce stands in the
Northwest Region (Technology Transfer materials).

A decision support system to manage pests of the mixedwood forest. (Technology Transfer
materials and computer based DSS).

Significant Linkages:

Linkages to other studies: 

NOR 11-01: Provision of statistical advice, data capture protocols, sampling regimes, and
survey design.

Collaboration on defoliator bionomics.

Collaboration on population biology of insects affecting galls of western gall rust
galls. 

NOR 11-03:

NOR 11-06:  

NOR 11-09: Collaboration on the effect of root disease in modifying effects of defoliators on
forest stands.    
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NOR 11-10:	 Diagnostics of parasitiods of major defoliator pests.

NOR 02-04:	 G.I.S. applications to forest pest damage assessment.

NOR 06-04:	 Collaboration on econometric analysis of pest impacts.

NOR 07-01:	 Collaboration on analysis of impacts of sulphur deposits in lodgepole pine
stands.

NOR 16-01:	 Evaluation of interaction of climate change with pest populations.

NOR 36-01:	 Functional supervision of I & D staff and consulting on pest concerns in
Manitoba.

NOR 36-02:	 Functional supervision and consulting of pest management program in Alberta.

NOR 36-03:	 Consulting and delivery of pest management program in Saskatchewan.

NOR 36-04:	 Consultation on pest management program in Northwest Territories.

Linkages to Other Forestry Canada Establishments:

PNFI:	 Assistance with development of North American Jack Pine Budworm Decision
support System.

FPMI:	 Diagnostic of pathogen incidence in spruce budworm cadavers.
Dr. K. van Frankenhuyzen.

Green Plan:	 Impact of the spruce budworm on white spruce stands. Nation wide co-operative
of impact scientists.

Linkages to External Agencies:

Alberta Forest Service: Hawk Hills Spruce Budworm Project. With H. Ono, Alberta Forest
Service.

Saskatchewan Environment and Resource Management and Weyerhaeuser Canada Ltd.:
Management of spruce budworm populations in the Big River area.

University of Alberta 1: Role of parasites in endemic populations of the forest tent caterpillar.
With J. Spence, Dept Entomology.

University of Alberta 2: Latitudinal variation in spruce budworm phenology. With Dr. J. Spence,
Dept. Entomology.
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University of Alberta 3: Effects of Btk on non-target Lepidoptera in non-forested gaps. With J.
Spence, Dept. Entomology.

U.S. For. Serv. Jack pine budworm population behaviour in Wisconsin, With Dr. D. McCullough,
Michigan State University, East Lansing, Michigan United States of America.

GNWT Renewable Resources: Impacts of spruce budworm on forest resources of the NWT.
With R. Larson, Timber Management Division.

iv)	 Methodologies

Damage studies: Information gathered for these studies is derived from multi-stage sampling
designs using mensurational plots and measurement procedures. The calculation of volumes uses
equations derived from Provincial Forestry Inventories. Plots and effort is allocated using optimal
allocation routines developed for provincial forestry inventories.

Population studies: Analysis of variance using general linear model procedures and their
analogues used in the analysis of categorical data are applied in evaluating differences in
population densities and attributes respectively. Optimization procedures using cost functions
and variance components derived from distribution studies are used in developing sampling
routines for insect populations.

13. Progress and Achievements

Information report reviewing impact of pests on forests of the Northwest Region.

Development of long-term predictor of jack pine budworm outbreaks in the Northwest Region
(Journal Publication).

Development of methodology to develop pest management systems to manage defoliators in forest
stands of the Northwest Region (three (3) symposium proceedings articles).

Review of population dynamics of North American spruce budworms feeding on conifers (book
chapter).

Journal publication on distribution and estimation of jack pine budworm caused defoliation

Journal publication on the occurrence of light rings in jack pine.

Journal publication on the phenology of white spruce and spruce budworm in northern Alberta.

Journal publication on remote sensing to estimate top kill volumes.

Journal publication on population behaviour in northwest Wisconsin.
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14. Goals and Accomplishments (1993-94)

Complete journal publication on sampling jack pine budworm for population assessment for
internal review.

Paper preparation being completed.

Complete journal publication on the behaviour ofjack pine budworm populations in Wisconsin
over the past 30 years for internal review.

Paper in press, Canadian Journal of Forest Research.

Prepare for internal review: journal publication on mortality rates ofjack pine in the prairie
provinces following the last outbreak of the jack pine budworm.

Analysis underway.

Prepare for internal review: journal publication on sampling spruce budworm on white spruce in
northern Alberta.

Draft in report to be rewritten.

Complete report on the effect of B.t. sprays on the dynamics of spruce budworm populations in
northern Alberta.

Draft in report to be rewritten, updates from 1993 included.

Maintain and monitor jack pine budworm impact plots in Manitoba and Saskatchewan and
assess jack pine budworm populations at extant intensive study sites.

All Saskatchewan plots were monitored data base updated.

Continue studies of spruce budworm impacts in northern Alberta and complete the report on the
impacts of the budworm in Footner Forest.

Report completed and forwarded to Deputy Minister, Alberta Lands and Forest Services.

Continue studies on the impact of sulphur deposits on lodgepole stands in the Rocky/Clearwater
Forest. Prepare progress report.

Study continued, data analyzed and section in information report written. Information report in
review.

J

J
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Continue study to evaluate the efficacy of B.t. sprays used to control spruce budworm in
Saskatchewan. Focus is to be on the non-target Lepidoptera.

Studies on non-target lepidoptera initiated, 13 plots monitored weekly. Presented talk at IRM
Symposium, Saskatoon; November 1993

Continue studies of the impact of aspen defoliators on aspen stands.

All Alberta Lands and Forest Services PSP data acquired and Geographic Information System Files
on locations and defoliation histories integrated.

11. Serve on the dissertation committees offour (4) graduate students at the University of Alberta.

Participated on dissertation committees of five students.

Design and coordinate study on the impact of spruce budworm on the productivity offorests in
the Northwest Territories.

Study designed and delivered to NWT Natural Resources. Contracts to process stem analysis
materials written and being supervised.

Write "News and Comment" article on multi-cetury regional western spruce budworm outbreaks.

Article written and published Trends in Ecology and Evolution 9:43-45.

Contribute to a perspectives paper on forest management in the boreal forest.

Contributions on pest impacts and significance of forestry prepared and integrated in initial draft.

Develop sampling protocol to study phenology of Large Aspen Tortrix (LAT) and relate its
development to climate change.

A contract was developed to obtain and analyze climatic and LAT development information from
the Northwest Region.

16. Develop and present a workshop for the Advanced Silviculture Training Module on forest insect
population dynamics.

A workshop was prepared and presented to the Training Module in October, at Hinton.

15. Information Activities 

i) Journal Publications

Hall, R.J., Titus, S.J., Volney, W.J.A. 1993. Estimating top-kill volumes with large- scale photos of
trees defoliated by the jack pine budworm. Can J. For. Res. 23:1337-1346.
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Volney, W.J.A. 1994. Multi-century regional western spruce budworm outbreak patterns. Trens in
Ecolo & Evolution 9:43-45.

ii) Information Reports

Maynard, D.G., Stadt, J.J., Mallett, K.1., Volney, W.J.A. 1994. Sulfur impacts on forest health in
west-central Alberta. Natural Res. Can., Can For. Serv., North. For. Centre. Info. Rept. NOR-
X-334.

iv) Lectures, courses, seminars and scientific addresses

Course Lectures: 5 for University of Alberta, Forest Entomology & Insect Ecology Courses.

Scientific Lectures:

Alberta Native Plant Council. "Forest tree/insect interactions", Edmonton, October.
Jack Pine Budworm Workshop. "The Dynamics of Jack Pine Budworm Populations in
Northwestern Wisconsin". Sault Ste. Marie, October.

Workshops Chaired:

v) Technology Transfer:

Techniques to control the spruce budwormin northwest region. prescriptions given to
Weyerhaeuser Canada Ltd. Big River Project.

Volney, W.J.A. 1994. Jack pine budworm. Forestry Leaflet.

16.	 Goals 1994-95

Complete journal publication on sampling jack pine budworm for population assessment for
internal review and submit to journal.

Prepare for internal review a journal publication on mortality rates of jack pine in the prairie
provinces following the last outbreak of the jack pine budworm.

Prepare for internal review a journal publication on sampling spruce budworm on white spruce in
northern Alberta.

Update data files on the effect of B.t. sprays on the dynamics of spruce budworm populations in
northern Alberta by resampling area.

5. Maintain and monitor jack pine budworm impact plots in Manitoba and Saskatchewan and assess
jack pine budworm populations at extant intensive study sites.
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Continue studies of spruce budworm impacts in northern Alberta and adapt the report on the
impacts of the budworm in Footner Forest for publication.

Revise report for publication on the impact of sulphur deposits on lodgepole stands in the
Rocky/Clearwater Forest for publication.

Monitor the efficacy of B.t. sprays used to control spruce budworm in Saskatchewan and impacts
on the non-target Lepidoptera. Monitor plots established in 1993.

Prepare summary statistics of the impact of aspen defoliators on aspen stands in Alberta

Serve on the dissertation committees of five (5) graduate students at the University of Alberta.

Prepare summary statistics on impacts of spruce budworm in select stands in the Northwest
Territories and Manitoba.

12. Prepare phenological isopleths for large aspen tortrix in the prairie province and evalute effects of
climate on Large Aspen Tortrix.

17.	 Major Co-operators: 

Internal FC

Region ID# Title Contact name

Pacific Region Dr. Rene Alfaro

External -

Establishment ID# Title Contact name

Alberta Forest Service Manager, Insect and Disease
Programs

Mr. H. Ono

Saskatchewan Department of
Natural Resources

Forester, Pest Management Mr. B. Walters

Manitoba Natural Resources Chief Forest Protection
Biologist

Dr. R. Westwood

Mr. K. Knowles

NWT Renewable Resources Director, Forest Management Mr. R. Larson

Weyerhaeuser Canada Ltd. Operations Manager Mr. G. Curniski

Gulf Canada Ltd Mr. B. Paterson

Husky Oil Ltd Mr. D. McCoy
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18. Environmental Implications:

Environmental Impact/Assessment Review Statement
FC-NWR EARP Committee Approval Date: March 31, 1993.
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NOR 11-06
NATURAL RESOURCES CANADA

CANADIAN FOREST SERVICE
NORTHWEST REGION

STUDY WORK PLAN
1994-95

Project Review Date: February 25, 1994

STUDY TITLE: Research on forest tree rusts and other forest tree diseases

Responsibility Centre: Northern Forestry Centre

Program: Protection & Environment

Project Title: Forest Insect and Disease Management Systems and Survey

Office Location(s): Edmonton, Alberta

Work Location: Edmonton (laboratory, greenhouse), Alberta, Saskatchewan & Manitoba (field)

7. Study Staff:

Name

Study Leader Y. Hiratsuka

Team Members Technician P.J. Maruyama

Technician K. Jakubec

PDF P. Chakravarty

Visiting Scientist A. Yoshinaka

Graduate Student D. Santiago

Graduate Student P. Crane

Graduate Student C. Li

Study Key Words: Genetics/tree improvement, Forest pathology, Integrated pest management, Reduction
of forest losses, forest tree rusts, pine stem rusts, Cronartium, Endocronartium, western gall rust,
biocontrol, mountain pine beetle, blue stain fungi, Ceratocystis spp., aspen decay and stain.

Study Activity: 2232
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IStudy Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

Y. Hiratsuka SE-RES-5
(P)

0.90 0.90

P. Maruyama EG-6 (T) 0.90 0.00

K. Jakubec EG-5 (T) 1.00 1.00

FTEs 2.80 1.90

Study Background and Problem Analysis

Western gall rust

Western gall rust has been identified as the most important disease in artificial regeneration and
intensive management situations of lodgepole and jack pines in the region. It is essential to include
genetic resistance to western gall rust as an important characteristics to consider in genetic
improvement programs of hard pines.

Taxonomy, biology, and pathology of forest tree rusts

An estimate of the losses attributable to forest tree rusts in this region has not been obtained, but rusts
have caused significant growth loss and mortality of major forest tree species of the region including
lodgepole and jack pines, white and black spruces, aspen, balsam poplar, and alpine and balsam firs.
In addition, several rust species endemic to the region have been recognized as serious pathogens or
potentially dangerous pathogens in other areas where forestry practices are more intensive. It is
important to clarify identity, life history, host range, cytology, damage potential, conditions of
infection, and taxonomy of forest tree rusts of the region to cope with the present and future problems
with this group of tree diseases.

C. Short-term investigation of selected forest tree diseases

Short-term research activities on selected tree diseases becomes necessary from time to time when
diseases are identified as important in certain forest management practices in the region, recognized as
important by the public or news media, or identified as suitable topics for joint research activities with
outside agencies.

1
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D. Aspen decay and stain

Although aspen together with balsam poplar occupies about 40 % of all growing stock in the prairie
provinces, aspen has been considered to be economically undesirable tree species until the middle of
1980s. However, in recent years aspen became an important tree species for industrial utilization
especially for production of pulp and particle board (OSB). Decay and stain are the biggest problems
of aspen utilization especially for otherwise desirable CTMP processing. In future when intensive
management of aspen will be practised, such disease as Armillaria root rot, leaf rusts (Melampsora
spp.), and Hypoxylon canker as well as several insect pests will become important factors for
successful cultivation, and their information will be essential for any aspen genetic improvement
programs.

12.	 Study Objectives

i) Objectives

To study biology, cytology, pathology, host-parasite relationship, inoculation techniques, and
resistance screening methods of western gall rust to contribute to the genetic improvement
programs and management of lodgepole and jack pines in the prairie provinces.

To study taxonomy, morphology, pathology, and life-cycle of forest tree rusts, especially those of
pine stem rusts of Canada and related species elsewhere in the world, with the aim of compiling a
defmitive manual of forest tree rusts of Canada (or North America), and a monograph of pine
stem rusts, and to contribute to the taxonomy, nomenclature, and terminology of rust fungi.

To conduct short-term investigations of selected forest tree diseases of the region such as Dutch
elm disease, Armillaria root rot, mortality caused by mountain pine beetle, and decay & stain of
aspen.

To select or develop novel biological control method(s) to reduce loss caused by western gall rust
and other pine stem rusts.

To create aspen clones with superior growth characteristics, desirable wood quality, insect
repellency, and disease resistance using biotechnological, pathological and entomological
methods.

To identify, collect, and maintain aspen clones with superior growth characteristics, superior
wood quality, resistance to forest tent caterpillar feeding, and resistance to leaf rusts
(Melampsora spp.) which occur naturally within the range of aspen in North America.

To conduct microbiological investigation of aspen decay and stain and develop biological or
biorational control strategies of major defect causing organisms.

To determine the cause of "blackish gall" of aspen, discover the relationship of "blackish gall"
and decay development, and propose a new strategy of biological protection of decay.
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Deliverables

Short term (1-5 years)

Complete and publish "Field Guide for Classification and Measurement of Aspen Decay and Stain"
(with AFS personnel) 1994-95

Compile and publish "Western Gall Rust" Information Report 1996-97

Develop a biological control strategy for western gall rust and other pine stem rusts which uses free
moving rust feeding insects as vectors of aggressive mycoparasite(s), and demonstrate the
applicability with a selected system (Epuraea obliquus - Scytalidium uredinicola). (1993-94)

Publish "Field Guide to forest diseases and insects of the Canadian prairie provinces" 1994-95
(NOR-1101)

Long term (5-10 years)

Complete and publish "Monograph of pine stem rusts (Cronartium and Endocronartium)" 1997-98
Revise "Illustrated Genera of Rust Fungi" 1997-98

Revise "Forest Tree Diseases of the Prairie Provinces of Canada" 1998-99

Significant Linkages

Objectives of this study have strong linkages to a Regional Strategic Plan issue, namely Reduction of
forest losses. The study is also linked closely to Green Plan initiatives of Integrated Pest Management
and Forest Practices.

University of Alberta (Adjunct Professor in Department of Forest Science and Department of Plant
Science since 1980).

A part of an international cooperative project on pine stem rusts with staff of University of Tsukuba
funded by the government of Japan.

A part of Green Plan BIOCOND Network

iv) Experimental Design, Sampling, Methodologies

Following techniques and methodologies are used regularly in the study:

Compound light microscopy with various specimen handling procedures and staining methods
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Scanning Electron Microscopy

Cultural studies of fungi with various media and conditions

Greenhouse inoculation experiments

Data processing with SAS and other statistical programs

13. Progress and Achievements 

A. Western gall rust investigation

Morphology, life cycle, nuclear cycle, and taxonomy of the pathogen have been investigated and
reported. Comparative studies of cytology and morphology resulted in a new explanation and
interpretation of the western gall rust life cycle and the establishment of a new genus,
Endocronartium.

Three aggressive hyperparasites (Monocillium nordinii, Cladosporium gallicola, and Scytalidium
uredinicola) were discovered and investigated with A. Tsuneda (NSERC Visiting Fellow, 1982-
84). Mode of parasitism and production of bioactive metabolites produced by these fungi were
investigated and documented in journal publications. A new strategy of biological control
involving a mycoparasite (Scytalidium urdedinicola) and a beetle (Epuraea obliquus) has been
proposed and multidisciplinary investigations have been supported by CFS S & T Opportunity
Fund for three years (1991-94).

Active investigations of host-parasite interaction, resistance testing techniques, axenic culture of
the pathogen, and epidemiology of the disease are in progress with the cooperation of P. Blenis
(U of A), A. Hopkin (NSERC Visiting Fellow), E. Allen (Ph.D. student, U of A).

A cooperative investigation with the province of Manitoba to test jack pine genetic improvement
material (eastern breeding district) has been underway since 1988. Field surveys of genetic
family plantations and inoculation experiments with selected families were conducted in 1988-
89 and 1989-90. Similar work has been conducted in Saskatchewan since 1989 (western
breeding district). Screening of 110 families of lodgepole pine seedlings was conducted in 1992-
93 and 1993-94 in cooperation with tree improvement programs of Alberta Forest Service (Dr.
N. Dhir) and will continue till the end of 1994-95 fiscal year.

B.	 Taxonomy, biology, and pathology of forest tree rusts

5. Distribution, taxonomy, life cycle, morphology, cytology, damage, epidemiology, and control of
pine stem rusts were compiled and published in a major, fully illustrated, publication entitled
"Pine stem rusts of Canada" with J.M. Powell in 1977.
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Incidence and identity of hyperparasitic fungi, rust-feeding insects, and animal damage to pine
stem rusts have been recorded and published by J.M. Powell.

Organized and coordinated the 3rd International IUFRO "Rusts of Pine" Working Party
conference in 1989 in Banff, Alberta and published a proceedings of the conference as an
information report from NoFC (NOR-X-317).

Information for the monograph on pine stem rusts is being compiled.

An information report entitled "Impact of pine stem rusts of hard pines" with J.M. Powell
(NoFC), G.A. Van Sickle (PFC) was published in 1988.

C. Short-term investigation of selected forest tree diseases

Together with S. Takai of GLFC, host-parasite interaction of Dutch elm disease was investigated
and a specific toxin of the disease (cerato-ulmin) was discovered.

Bioactive metabolites of forest fungi such as Gremmeniella abietina, Ceratocystis spp.
associated with mountain pine beetle, and Stereum purpureum were investigated with W. Ayer
(U of A).

Pathological and chemical investigations of fungi associated with mountain pine beetle have
been jointly conducted by W. Ayer (U of A), R. Swanson (NoFC), and Y. Yamaoka (NoFC), and
a significant discovery was made. A fungus that is both an effective colonizer and an agent that
stops water flow in MPB-attacked trees was identified. One journal paper has been published
and two are under review..

Aspects of distribution, biological species identification, detection method, and pathogenicity
tests of Armillaria root rot have been conducted by K. Mallett (NoFC), M. Mugala (U of A), and
P. Blenis (U of A). The Armillaria root rot investigations are transferred to the new study with
K. Mallett (NOR-11-09) in 1988.

D. Aspen decay and stain

Since 1984, investigation of aspen decay and stain in conjunction with aspen utilization
especially CTMP pulping process has been conducted with the support from C/A PAIf. Two
information reports were published: one a review of previous work (1984) and another one a
manual for classification and measurement of decay and stain (1990). Proposals for expanded
cooperative investigation with University of Alberta, University of Calgary, Millar Western Pulp
C., Alberta Forest Service, and Pulp and Paper Institute of Canada (PAPRICAN) have been
approved late 1992 and work has been continued to 1993-94 fiscal year.

Microbiological and chemical investigations of aspen decay and stain with Dr. W. Ayer and Ms.
L. Sigler of the University of Alberta has been supported for three years (1990-93) by NSERC
Strategic Grant. The final report was prepared and submitted to NSERC. The project produces
23 refereed journal papers, three theses (1 Ph. D. and two M. Sc.) as well as many presentations
in various national and international scientific meetings.
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14. Goals and Accomplishments 1993-94

A. Western Gall Rust study

1. Continue western gall rust investigation, in conjunction with ongoing jack pine genetics and
tree improvement program with J Klein, and Manitoba Department ofNatural Resources in
Manitoba and Saskatchewan. This is supported by C/M PAIF and C/S PAIF funding.

Examine and analyze results of inoculation experiments conducted in 1993.

Examined and analyzed results of inoculation experiments conducted in 1993 and
formulated the plan of inoculation experiments for 1994.

Plan and conduct inoculation experiments based on the results of 1992 inoculation
experiment results and field observations. As in 1993, inoculation experiments will be
conducted at Pineland Tree Nursery, Hadashville, Manitoba

A series of inoculation experiments involving more than 1,000 seedlings has been conducted
at Pineland Tree Nursery, Hadashville, Manitoba by MNR personnel.

Conduct field evaluation ofjack pine family plantations in Saskatchewan Manitoba
border area (Central Breeding District, Klein 1982) involving more than 10,000
seedlings planted in four different sites 18 years ago.

Field evaluation of jack pine family plantations in Saskatchewan-Manitoba border has been
partly completed and will be completed in 1994 field season with MDNR personnel. Data
will be analyzed and a preliminary summary report will be produced.

Complete a report containing results of field surveys and inoculation experiments
(Eastern Breeding District) from 1985 to 1992 possibly for an information report.

Rough draft of a report containing results of field surveys and inoculation experiments from
1985 to 1992 (Eastern Breeding District) has been completed and ready for review.

2. Continue co-operative work on western gall rust resistance evaluation of lodgepole pine in
conjunction with tree genetics and improvement with AFS personnel (Drs. Dhir and
Barnhardt) supported by a C/A PAIF funding.

a) Assist AFS personnel to plant seedlings of resistant and susceptible families from 1992
inoculation experiments in high WGR incidence areas in west-central Alberta for field
testing.

Seedlings of selected families of lodgepole pine exhibited high level of western gall rust
resistance in green house inoculation experiments together with some seedlings from
susceptible families have been provided for field planting by AFS personnel.
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Analyze 1993 inoculation experiment results and write a report with Alberta Forest
Service cooperators.

A report summarizing results of 1993 inoculation experiments has been submitted to AFS
cooperator (Dr. N. Dhir) for evaluation and a possible joint publication.

Plan and conduct green house inoculation experiments of about 100 lodgepole families
provided by AFS in NoFC greenhouse in 1993.

112 families of lodgepole pine provided by AFS ( ca.3,300 seedlings) have been inoculated
successfully and the results will be analyzed for possible written report.

Continue to work on and early genetic evaluation of jack pine and white spruce (Dr. F. Yeh,
University of Alberta).

Started to supervise a Ph. D. student on the project with Dr. F. Yeh of the University of Alberta.

Continue to work on an information report on western gall rust with Dr. P. V. Blenis. of the
University of Alberta aiming to be published in 1995-96 fiscal year.

Some progress has been made to compile information for the proposed information report.

Results of ultrastructural investigation of the cytology of western gall rust with Dr.M
Neuwirth and Arlene Oatway ofAlberta Environmental Centre will be examined and
considered for publication.

A manuscript was prepared and submitted to a journal (Mycologia).

C. Taxonomy, biology, and pathology of forest tree rusts

Plan and conduct pine stem rusts survey in Far Eastern region offormer USSR in 1993 with a
Russian mycologist (Dr. Z. Azbukina) and several Japanese collaborators.

Conducted a field survey of pine stem rusts (mainly for their alternate host infections) in various
locations in the Far Eastern Region of Russia with Japanese cooperators.

7. Complete a journal paper describing a new rust fungus of  Clitoria sp. from Brazil for review.

Draft of the journal paper was completed and sent to the co-author (Prof. F. Ferreira, Brazil) for
his input.
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8. Continue investigation of potential biological control of western gall rust using an insect
vector and a mycoparasite. (Canadian Forest Service S & T Opportunity Fund project).

Investigate physiology of Scytalidium uredinicola especially sporulation and spore
survival with a contractor.

Significant progress has been made to understand physiology and overwintering of
Scytalidium uredinicola.

Investigate life cycle, feeding habit and ecology of a beetle species Epuraea obliquus with
a U ofA graduate student.

A graduate student (C. Currie) of the University of Alberta co-supervised by J. Volney
(CFS) and J. Spence (Univ. of Alberta) supported by CFS S & T Opportunity Fund
investigated life cycle and feeding habits of Epuraea obliquus and obtained significant
results.

Investigate metabolites produced by Scytalidium uredinicola, especially bioactive
compounds which possibly are involved in killing western gall rust spores, with Dr. W.
Ayer of the University ofAlberta.

Several new bioactive metabolites have been discovered and characterized by chemists at
the laboratory of Dr. W. Ayer of the University of Alberta.

Write a report of the work up to the end of 1993-94 fiscal year for S & T Opportunity
Fund report.

A comprehensive report of the three year project has been prepared and will be submitted.

D. Aspen decay and stain

9. Continue project with U of A cooperators on microbial and chemical studies of aspen decay
and stain and compile final report of the three year NSERC Strategic Grant ending in
October 1993. Prepare several journal publications resulting from the project.

The final report of the three year grant has been prepared and submitted to NSERC. Many new
and interesting fungi were discovered and many interesting bioactive metabolites were isolated
from fungi. A M. Sc. thesis was completed by Ms P. Crane on black gall of aspen in relation to
decay incidence.

10. Continue coordinate and participate in cooperative project funded by C/A PAIF with several
outside agencies and formulate proposals for extending the work based on the results
generated by the end ofMarch 1993.

Several C-A PAIF projects have been approved for 1993-94 and cooperative work with
University of Alberta (Drs. B. Dancik, 0. Rajora, F. Yeh), University of Calgary (Dr. T. Thorpe)
PAPRICAN, FERIC and Millar Western Pulp Ltd.
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Start cooperating with Drs. J.Saddler and Bruil of the University of British Columbia to
screen selected fungi for possible industrial use (for bioprotection of wood chips and
biopulping).

Several fungi antagonistic to stain fungi have been sent to University of British Columbia to be
screened for efficacy for biological degradation of resin acids of conifer wood chips for pulping
to reduce toxic waste. One of the fungi sent from NoFC is one of the best candidates for further
testing.

Initiate cooperative work with Dr. B. Callan of Pacific Region to compile information of
Populus fungi of western Canada.

Initial contacts has been made for cooperative work with Dr. Callan. Specimens of Melampsora
and Septoria on Populus species in our herbarium have been examined to clarify identity of these
fungi.

15. Information Activities:

i)	 Journal Publications

Myrholm, C.; Hiratsuka, Y. 1993. A new method of inoculation of hard pines with
Endocronartium harknessii. Can. J. Pl. Path.15 : 29-33.

Tsuneda, A.; Murakami, S.; Sigler, L.; Hiratsuka, Y. 1993. Schizolysis of dolipore-
parenthesome septa in an arthroconidial fungus associated with Dendroctonus ponderosae
and in similar anamorphic fungi. Can. J. Bot.71: 1032-1038.

Klein-Gebbinck, H. W.; Blenis, P. V.; Hiratsuka, Y. 1993. Fire weed (Epilobium angustifolium)
as a possible inoculum reservoir for root-rotting Armillaria species. Plant Pathology 42:
132-136.

Blenis, P. V.; Chang, K. F.; Hiratsuka, Y. 1993. Disease and spore dispersal gradients and
disease gradients of western gall rust. Can. J. For. Res. 23: (In press)

Hutchison, L. J.; Sigler, L.; Hiratsuka, Y. 1994. Hvphozyma lignicola sp. nov., a yeast-like
hyphomycete from black galls and cankers of trembling aspen (Populus tremuloides). Mycol.
Res. 97: 1409-1415.

Hiratsuka, Y.; Chakravarty, P.; Miao, S.; Ayer, W. A. 1994. Potential for the biological
protection of blue stain in Populus tremuloides with a hyphomycetous fungus Stachybotris
cylindrospora. Can. J. For. Res. 24: (In press)

Chakravarty, P.; Hiratsuka, Y. 1994. Evaluation of Lecythophora hoffmannii as a potential
biological control of a blue stain fungus in Populus tremuloides. Z. Pflanzenkr.
Pflanzenschutz. (In press)
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Information Reports

Hiratsuka, Y.; Zalasky, H. 1993. Frost and other climate-related damage of forest trees in the
prairie provinces.For. Can. Northwest Reg., North. For. Cent., Edmonton, Alta. NOR-X-
331.

Other reports

Hiratsuka, Y. 1993. Spruce needle rusts. Pest Leaflet. For. Can., Northwest Reg., North. For.
Cent., Edmonton, Alberta. For. Leafl. 25.

Papers and Posters Presented at scientific meetings:

Hutchison, L. J.; Chakravarty, P.; Hiratsuka, Y. 1993. Systematics and microbial ecology of
some wood-inhabiting fungi associated with Populus tremuloides in Alberta and northern
British Columbia. The 13th Annual meeting of Great Lakes-St.Lawrence Winter Workshop
in Mycology. Boyce Thompson Institute, Cornell University, Ithaca, New York, March 6-7,
1993.

Hutchison, L. J.; Hiratsuka, Y. 1993. The identity and ecology of filamentous fungi isolated
from black galls of trembling aspen. Mycological Society of America Meeting, Athens,
Georgia June 19-23, 1993.

Hiratsuka, Y. 1993. Significance of pleomorphy in taxonomy, phylogeny and spore terminology
of rust fungi (Uredinales)Pleomorphy in rust fungi. Invited symposium presentation, VI
International Botanical Congress, Yokohama, Japan Aug.28-Sept.3, 1993.

Hiratsuka, Y.; Chakravarty, P.;Miao, S.; Ayer, W. A. 1993. Potential for biological protection of
blue stain of aspen with a hyphomycetes fungus. Poster presentation at Forest Science Open
House, University of Alberta. March 1993.

Crane, P.; Blenis, P. V.; Hiratsuka, Y. Black gall of aspen: anatomy of a plant tumour. Poster
presentation at Forest Science Open House, University of Alberta. March 1993. June 3,
1993.

Lectures, courses, seminars and scientific addresses

Rust fungi. Guest lecture in a mycology course at the University of Alberta.

Forest tree rusts. Guest lecture in a forest pathology course at the University of Alberta.
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16. Goals for 1994-95:

A. Western Gall Rust study

1. Continue western gall rust investigation, in conjunction with ongoing jack pine genetics and tree
improvement program with J. Klein, and Manitoba Department of Natural Resources in Manitoba
and Saskatchewan. This is supported by C/M PAIF and C/S PAIF funding till the end of 1994-95
fiscal year.

Examine and analyze results of inoculation experiments conducted in 1993.

Plan and conduct inoculation experiments based on the results of 1993 inoculation
experiments and field observations. Inoculation experiments will be conducted at Pineland
Tree Nursery, Hadashville, Manitoba with staff of MDNIt

Complete field evaluation of jack pine family plantations in Saskatchewan-Manitoba border
(Central Breeding District, Klein 1982) involving in more than 10,000 seedlings planted in
four different sites 20 years ago.

Complete and start review process of a report containing results of field surveys and
inoculation experiments from 1985 to 1992 (Eastern Breeding District) possibly for an
information report.

2. Continue co-operative work on western gall rust resistance evaluation of lodgepole pine in
conjunction with tree genetics and improvement with AFS personnel (Drs. Dhir and Barnhardt)
supported by a C/A PAIF funding.

Analyze 1993 inoculation experiment results and write a report with Alberta Forest Service
cooperators.

Assist AFS personnel to plant seedlings of resistant and susceptible families from 1993
inoculation experiments in high WGR incidence areas in central Alberta for field testing.

c) Plan and conduct green house inoculation experiments of about 110 lodgepole families
provided by AFS in NoFC greenhouse in 1994.

Continue to work on the early genetic evaluation of jack pine and white spruce (Dr. F. Yeh,
University of Alberta) especially for resistance for western gall rust and other diseases.

Continue to work on an information report on western gall rust with Dr. P.V. Blenis of the
University of Alberta aiming to be published in 1995-96 fiscal year.
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C. Taxonomy, biology, and pathology of forest tree rusts

Complete a journal paper describing a new rust fungus of Clitoria sp. from Brazil for review.(with
Prof. F. Ferreira of the University of Vicosa, Brazil)

Continue examinations of Melampsora on Populus species in the region to clarify identity of
species.

D. Biological control of western gall rust

Compile a fmal report and write a journal publication on potential biological control of western
gall rust using an insect vector and a mycoparasite supported by CFS S & T Opportunity
Fund.(with Dr.Volney, Dr. Spence and C. Currie).

Continue to investigate life cycle, feeding habit and ecology of a beetle species Epuraea obliquus
with a U of A graduate student (C. Currie). A grant proposal has been submitted to Alberta
FDRT fund. Spence and Volney).

Investigate metabolites produced by Scytalidium uredinicola, especially bioactive compounds
which possibly are involved in killing western gall rust spores, with Dr.W. Ayer of the University
of Alberta.

D. Aspen decay and stain

Compile the fmal report of the three year NSERC Strategic Grant ending in October 1993.
Prepare several journal publications resulted from the project.

Continue coordinate and participate in cooperative project funded by C/A PAIF with several
outside agencies and formulate proposals for extending the work based on the results generated
by the end of March 1993.

Continue cooperating with Drs. J.Saddler and Bruil of the University of British Columbia to
screen selected fungi for possible industrial use (for bioprotection of wood chips and biopulping).

Initiate cooperative work with Dr. B. Callan of Pacific Region to compile information of Populus
fungi of western Canada.

Complete manuscript of a publication entitled "Field guide to identifiction and measurement of
aspen decay and stain" with AFS cooperators with the funds from CAPAIF.
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17. Major Co-operators: 

i) Internal - FC

Region ID# Title Contact name

NW Research Scientist Klein

Pacific Research Scientist B. Callan

ii) External -

Establishment ID# Title Contact name

University of Alberta Professor Dr. W. A. Ayer

University of Alberta Professor L. Sigler

Alberta Forest Service Head, Forest
Measurement

D. Morgan

Alberta Forest Service Head, Genetics & tree
improvement

Dr. N. Dhir

Manitoba DNR Biologist Knowles
I. Pines

University of Alberta Professor Dr. F. Yeh

University of Alberta Professor Dr. B. Dancik

University of Calgary Professor Dr. T. Thorpe

University of Tsukuba Professor Dr. K. Katsuya

18. Environmental Implications:

Environmental Impact/Assessment Review Statement
FC-NWR EARP Committee Approval Date: March 31, 1993.
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NOR 11-09

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: February 25, 1994

STUDY TITLE: Operational research studies into important tree diseases.

Responsibility Centre: Northwest Region

Program: Forest Protection

Project Title: Forest Insect and Disease Management Systems and Surveys

Office Location(s): Edmonton, Alberta

Work Location: Northwest Region

7.	 Study Staff:

Name

Study Leader K.I. Mallett

Team Members C. Myrholm, K. Schriener

Summer Student

Study Key Words: Armillaria root rot, pine stem rusts, dwarf mistletoe, poplar diseases and decay,
nursery diseases, seed and cone diseases, taxonomy, pathogenicity, control, Forestry Pathology, Root
Diseases, Biomonitoring, Acid Rain, Integrated Pest Management, Reduction of forest losses.

Study Activity: 2234, 2232
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcomin
g

K.I. Mallett SE-RES-2
(P)

0.90

C. Myrholm EG-4 (T) 0.55

K. Schreiner BI-01 (P) .80

FTEs 1..45

Study Background and Problem Analysis

For effective forest management, accurate and reliable methods of disease identification, damage, and
loss assessment are necessary. As well, information on the biology of forest pathogens, and control
measures must be available to the forest resource manager.

In the Northwest Region, the economically important tree diseases are Armillaria root rot, hard pine
stem rusts, dwarf mistletoe, nursery diseases, poplar decay and deterioration, and seed and cone
diseases.

Armillaria root rot, caused by Armillaria species, has been identified as one of the most important
disease problems in the region. Most recent work has centred on the identification of the Armillaria
species in the region, their distribution, and pathogenicity. Little is known about the impact of the
disease on plantations or intensively managed conifer stands. Information regarding early detection
and survey techniques are limited, and also information regarding the biology of the Armillaria in the
region and control measures.

Pine stem rusts are thought to impact young conifer stands through mortality, growth and yield loss.
Research to date has focused on biology of the hard pine rusts. Information on breeding for resistance,
epidemiology, impact, and control measures needs to be developed.

Dwarf Mistletoe of jack and lodgepole pines is a highly destructive disease in the region. Much
information has been collected concerning the biology of dwarf mistletoe, but more information is
required on impact and control measures.

With the increase in Poplar utilization, there is a greater demand for investigations into poplar
diseases, and deterioration. Methodology is required to determine the amount of decay in poplar
stands for inventory purposes. As old growth forests are used, and poplar regeneration and stand
management become important, other poplar disease problems will arise. It is important that these
problems be identified and the appropriate control measures be developed.
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The use of planted stock is becoming increasingly important in intensive forest management. There is
a need to study the diseases of conifer seedlings in forest nurseries in the region. Diseases, such as
storage moulds of seedlings and damping-off, can cause large losses to nurseries. Little information is
available to nursery personnel on the impact of these disease, or their control.

Little is known about the seed and cone diseases of the region. More study is required to provide for
nursery and breeding program personnel with accurate and reliable information on these diseases.

This study attempts to address the need to: develop impact information and survey techniques for the
major disease causing agents for nurseries, plantations and natural stands; study the biology of the
major disease causing agents and develop appropriate control strategies; advise forest managers and
forest resource users on the major disease causing agents.

12.	 Study Objectives:

Objectives:

To study the taxonomy, distribution, ecology, and pathogenicity of important disease causing
agents in Northwest Region.

To study the impact of disease causing agents in nurseries, plantations, and in natural stands.

3. To develop early detection, survey techniques, and control strategies for disease causing agents in
nurseries, plantations, and natural stands.

Objectives

The objectives of this study are directly related to Integrated Pest Management component of the
Green Plan and the reduction of forest losses issue of the Regional Strategic Plan.

Deliverables

Short Term (1-5 years)

A journal article on "The fungi associated with terminal weevils in the Northwest region".

A journal article on "Armillaria root rot and soil nutrients".

A journal article on "Armillaria root rot and soil moisture".

A journal article on the "Mating system of Phellinus tremulae".

An information report on the "Forest health of lodgepole pine stands around sour gas plants
near Rocky Mountain House".

Produce three (3) issues of "Forest Insect and Disease Notes".
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Long Term (5 years and beyond)

A journal article on the epidemiology of Phellinus tremulae.

A journal paper on the nuclear cycle of Phellinus tremulae.

To develop a site hazard rating system for Armillaria  root rot.

A journal article on the Forest health survey of the forests surrounding the sour gas plants in
the Rocky Mountain House area.

Significant Linkages:

NOR 11-09 is linked to the NOR 11-01, NOR 11-05, NOR 07-01, NOR 07-05, NOR 06-1, and
C/M PAIF: 8035.

Methodologies

Research studies performed in NOR 11-09 use methodology that is currently accepted by the
forest pathology research community. All papers undergo peer review to insure that methodology
is acceptable. The design of most studies is done to insure statistically valid results. Experiments
are designed with adequate replication and with a clear statistical analysis in mind. Most
experimental data are analyzed using the Analysis of Variance statistical procedure.

13. Progress and Achievements

Research studies were conducted on the taxonomy and distribution of the Armillaria mellea complex in
the region. Specimen collections were made and identified. Three species of Armillaria have been found
in the Northwest region, A. ostoyae, A. sinapina, and A. calvescens. A host list for the species and a
distribution map has been developed. Identification methods such as the L-DOPA technique for
identifying the various species have been developed. Studies into the incompatibility system of some
Armillaria species have revealed valuable information regarding intraspecific and interspecific
incompatibility. Techniques for identifying Armillaria root rot centers in cutover areas have been
initiated.

The A. mellea complex species present in the region have being tested for their ability to kill native
conifer species. Results to date suggest that both A. ostoyae and A. sinapina are both pathogenic to
native conifers.

Studies into the cause of mortality of jack pine budworm defoliated jack pine in Saskatchewan have
shown that there is a relationship between Armillaria root rot and jack pine budworm damaged trees.

A study into the population structure of Phellinus tremulae was initiated. Results suggest that there is a
tetrapolar mating system. Experiments to date have shown that heterokaryotic isolates that are
genetically identical will grow into one large colony when paired on agar media. Heterokaryotic isolates
that are genetically different show vegetative incompatibility. This may provide a tool for studying the
epidemiology of P. tremulae in the field.
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"Light rings" tree rings that are characterized as having a small number of latewood cells than normal
rings were discovered in jack pine trees that had been defoliated by jack pine budworm and Armillaria
root rot.

A major forest health survey around two sour gas processing plants has been completed. There is no
evidence of widespread forest decline in the area. Aspen poplar mortality increases significantly on sites
with high concentrations of sulfur in the soil.

14. Goals and Accomplishments (1993-94)

1. a) Submit for internal review a journal article on soil and foliar nutrients in relation to
Armillaria root rot in lodgepole pine. (in conjunction with D.G. Maynard NOR-07-05).

A paper entitled "Armillaria root rot and soil properties in young lodgepole pine stands" was
prepared and submitted for internal review.

Submit for internal review a journal article on fungi associated with terminal weevils. (in
conjunction with D. Langor (NOR 11-10).

More samples became available for analysis during the summer. Fungi from these samples are
being identified. This information is being incorporated into the draft paper.

Prepare a final report (information report) on the forest health survey near two sour gas
plants in west central Alberta. The report is to be submitted to industry by June, 1993 (in
collaboration with D.G. Maynard (NOR 09-05) and W.J.A. Volney (NOR 11-05).

An information report entitled "Sulfur impacts on forest health in west-central Alberta" was
prepared and published.

d) Prepare a journal article on the mating system of  Phellinus tremulae.

A journal article entitled "The mating system of Phellinus tremulae" was prepared and
submitted for review.

2) A field test of the efficacy of a snow mould fungus on the control of blue joint grass, will be
conducted, (K. Mallett and K Schriener in conjunction with V. Leiffers, U of A and D. Gaudet
Agriculture Canada) iffunded by the C/A PAIF.

Two sites for the field testing of snow mould for biocontrol of Calamagrostis canadensis were
chosen and research plots established. Plant species and percent cover information were collected
from each plot. The plots were inoculated with the snow mould in October of 1993. A low
temperature growth chamber experiment designed to study the effect of length of exposure to the
snow mould on C. canadensis was initiated. A protocol to measure the amount of non-structural
carbohydrate in the diseased grass roots was developed.
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Analyze tree growth data collected in 1992. Identify and measure stand openings and collect tree
discs from trees within and outside the opening. (C/A PAIF:8016 in cooperation with B. White
(NOR 06-01).

Tree growth data collected in 1992 was analyzed. Disks from twenty trees taken from another
disease center were collected and analyzed. A root rot survey protocol was tested on ten mature
lodgepole pine stands in west central Alberta.

Armillaria root rot hazard rating (C/A PAIF: 8019 in conjunction with D. Maynard
[NOR 07-05]).

A greenhouse experiment on soil moisture and Armillaria root rot will be conducted.
A greenhouse experiment on the effect of calcium on Armillaria root rot will be conducted.

c. Selected young stands of lodgepole pine will be surveyed for root disease and soil samples
will be collected and analyzed for soil moisture, pH, organic matter and selected elements.
(C/A PAIF:8017 and Green plan 1189).

A greenhouse study on the effect of soil moisture on lodgepole pine is in progress.
A greenhouse study of the effect of soil calcium on Armillaria root rot was completed and the
data assessed.

c. Five young lodgepole pine stands with varying levels of Armillaria root rot were intensively
sampled. Soil samples form these stands are being analyzed. Rhizomorphs from soil samples
were measured and recorded. This information will be used to evaluate whether it may be used
as a predictive tool for Armillaria root rot.

Red and jack pine seedlings will be planted in June of 1993 and evaluated in the fall. (C/M PAIF:
8035 in conjunction with D. Ip. [NOR 42])

Red and jack pine seedlings were planted in May of 1993. A seedling assessment was made in the
fall of 1993. A draft file report on the project was produced.

Evaluate spruce budworm impact plots for root disease (Green plan in conjunction with J.
Volney and R. Alfaro.)

Three spruce budworm impact sites near High Level, Alberta were evaluated for root disease. Five
trees at each site were felled and their root systems excavated, dissected, and volume measured.
Disks were taken from each tree for stem analysis. Rhizomorphs from soil samples taken from 36
stands were collected and measured .

7) Epidemiology of white rot of aspen.

a. As part of an ongoing study into the epidemiology of  Phellinus tremulae conks, from within
several aspen clones and determine their genetic relatedness.

This goal was not achieved due to time constraints.
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b. The nuclear cycle ofPhellinus tremulae will be further investigated by hyphal tipping
dikaryotic isolates and determining the resulting colony's nuclear condition and by
microscopically studying nuclear movement.

The nuclear cycle was investigated through hyphal tipping of hyphae and observing nuclear
behaviour with image analysis equipped microscope.

Trap bags set in the mixedwood site at Hinton, Alberta will be collected and evaluated for
Armillaria colonization. Spruce mortality will be evaluated in the non-harvested stand adjacent
to the cutover plots.

Evaluation of trap bags and spruce mortality survey was postponed until the spring of 1994. Trap
logs were placed in the soil at two Wesbogie sites to study the epidemiology of Armillaria on newly
planted seedlings.

Produce three (3) issues of "The Forest Insect and Disease Notes". (in cooperation with
personnel from NOR-11).

Three issues of FID Notes were produced and circulated to 380 clients.

15. Information Activities 

i) Information Reports

Maynard, D.G.; J.J. Stadt; K.I. Mallett; and W.J.A. Volney. 1994. Sulfur impacts on forest health in
west-central Alberta. Natural Resources Canada, Canadian Forest Service, Northwest Region,
Northern Forestry Centre. Inf. Rep. NOR-X-334.

iii) Other reports

Maynard, D.G.; J.J. Stadt; K.I. Mallett, K.I.; W.J.A. Volney.; and D. McCoy,. 1993. Biomonitoring
forest health in lodgepole pine of west-central Alberta. Air and Waste Management Association.
Invited Paper. 86th Annual meeting Denver, Colorado June 13-18, 1993.

Mallett, K.I. 1994. Armillaria root rot in the prairie provinces. Southern Interior Silviculture
Committee. Invited Paper. Grand Forks B.C. Aug. 23-25 1993.
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iv) Technology Transfer:

Mallett, K.I. 1993. Stand tending and Armillaria Root Rot. Stand Tending Workshop. Edmonton.
March 10-11 1993.

Mallett, K.I. 1993. Armillaria root disease. Alberta Lands and Forest Service Forest Protection
Workshop. Rocky Mountain House. July 29, 1993.

Mallett, K.I. 1993. Pine Pest Workshop. Sandilands Provincial Forest. September 7-8, 1993

Mallett, K.I. 1993. Seed diseases. Forest Tree Seed Management Course. Faculty of Extension,
University of Alberta. Edmonton. December 6, 1993.

Mallett, K.I., (Compiler). 1993. Forest Insect and Disease Notes. For. Can., Northwest Reg., North.
For. Cent., Edmonton, Alberta, A023., April 1993; A024 August 1993; A025 December 1993.

Mallett, K.I.; Brandt, J. 1993. Survey report of pests in the Pine Ridge Forest Nursery near Smoky
Lake, Alberta. Natural Resources Canada, Northern Forestry Centre. File Report NOR-11-09-
9301

	

16.	 Goals	 1994-95 

	

1. a)
	

Submit for external review and revise as necessary a journal article on soil and foliar
nutrients in relation to Armillaria root rot in lodgepole pine. (in conjunction with D.G.
Maynard NOR-07-05)

Submit for internal review a journal article on fungi associated with terminal weevils. (in
conjunction with D. Langor (NOR 11-10)

Submit for external review and revise as necessary a journal article on the mating system of
Phellinus tremulae.

	

d)	 Prepare a journal article on the effects of fertilizer and soil moisture on lodegpole pine. (in
conjunction with D.G. Maynard NOR-07-05)

2. Evaluate the efficacy of a snow mould fungus on the control of blue joint grass in field trials at
Whitecourt and Candle Lake. Collect snow mould isolates from blue joint grass in the field.
Evaluate the effect of time of inoculation with snow mould on the control of blue joint in the
growth chamber. (K. Mallett and K. Schriener in conjunction with V. Leiffers, U of A and D.
Gaudet Agriculture Canada) [C/A PAIF: 8016, C/S PAIF: 8084])

3. Analyze tree growth data collected in 1993. Analyze and compare growth data from diseased and
healthy trees. Prepare an economic analysis of growth losses. (C/A PAIF:8016 in cooperation with
B. White [NOR 06-01])
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4. Armillaria root rot hazard rating. (C/A PAIF: 8019 in conjunction with D. Maynard [NOR 07-05])

A greenhouse experiment on soil moisture and Armillaria root rot will be completed

Selected young stands of lodgepole pine at different altitudes and with high and low soil pH
will be surveyed for root disease. (C/A PAIF:8017 and Green Plan 1189).

c.	 The effect of soil nutrients on rhizomorph growth and food base breakdown will be studied.
(C/A PAIF:8017 and Green Plan 1189)

5. Red and jack pine seedlings will be planted in June of 1994 and evaluated in the fall. (C/M PAIF:
8035 in conjunction with D. Ip. [NOR 42])

Evaluate spruce budworm impact plots for root disease. (Green Plan in conjunction with J. Volney
and R. Alfaro)

Epidemiology of white rot of aspen.

As part of an ongoing study into the epidemiology of Phellinus tremulae conks, from within
several aspen clones and determine their genetic relatedness.

The nuclear cycle of Phellinus tremulae will be further investigated by hyphal tipping
dikaryotic isolates and determining the resulting colony's nuclear condition and by
microscopically studying nuclear movement.

Trap bags set in the mixedwood site at Hinton, Alberta will be collected and evaluated for
Armillaria colonization. Spruce mortality will be evaluated in the non-harvested stand adjacent to
the cutover plots. (in conjunction with P. Blenis U of A, Green Plan: Armillaria
root rot Network )

Perform a literature review on Atropellis canker and locate old CFS Atropellis plots. (Green Plan :
Tree Canker Network)

17.	 Major Co-operators: 

i)	 Internal: FC

Region ID# Title Contact name

Ontario Green Plan - Seed Orchard Pests A. Hopkin

Pacific Green Plan - Integrated Pest
Management
Root Rot Network

R. Alfaro
J. Sutherland

Newfoundland Green Plan: Tree Canker Network J. Berube

I

I
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ii)	 External -

Establishment ID# Title Contact name

Husky Oil Ltd. Environmental
Coordinator

David McCoy

Gulf Oil Ltd. Environmental
Coordinator

Bernie Patterson

Agriculture Canada C/A PAIF: 8016 Research Scientist Denis Gaudet

University of
Alberta

C/A PAIF: 8016 Professor Victor Leiffers

University of
Alberta

Associate Professor Peter Blenis

18. Environmental Implications:

The NoFC Environmental Committee has evaluated the proposed study activities. On the basis of the
information provided by the study leader, the committee concludes that these activities are not
potentially detrimental to the environment.

Environmental Impact/Assessment Review Statement
FC-NWR EARP Committee Approval Date: March 31, 1993

1
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NOR 11-10

I

I

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

I

1

Project Review Date: February 25, 1994

STUDY TITLE: Forest Insect Biosystematics and Biodiversity

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection

Project Title: Forest Insect and Disease Management Systems and Surveys

Office Location(s): Edmonton, Alberta

Work Location: Prairie Provinces and North West Territories

7. Study Staff:

Name

Study Leader Dr. D. Langor

Technician D. Williams, P. Rodri . es

Summer Student P. Rodrigues, D. Raven,
T. Clarke

Study Key Words: weevils, taxonomy, management, biodiversity, ecology.

Study Activity: 2232
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

D. Langor SE-RES-02
(P)

0.70 0.60

D. Williams EG-04 (T) 0.55 0.45

P. Rodrigues EG-04 0.30

P.Rodrigues
D. Raven
T. Clarke

Summer
students

FTEs 1.55 1.05

Study Background and Problem Analysis

Some groups of insects of importance to forestry are closely related and resemble each other
morphologically. Without adequate ways to discriminate among similar species this may lead to some
confusion in biological studies and in the implementation of management plans. Therefore, there is a need
to understand the taxonomy of these species in order to determine species boundaries and to find
characters to discriminate among similar species. Taxonomic studies are usually based on an examination
of morphological characters. Because some species are poorly differentiated morphologically, biochemical
and genetic methods (e.g., electrophoresis, DNA sequencing, RFLP, etc.) are required to discriminate
among these species. Additionally, life history studies also provide important biological information
which assists in separating such species. This study is focused on the taxonomy, ecology, and
management of bark and terminal weevils of the genus Pissodes.

The environmental impacts of forestry practices is a major concern in the Northwest Region and across
Canada. As a group, insects comprise the most diverse component of forest ecosystems and are vital
elements in the ecology of these ecosystems. Clearcutting and fragmentation of forests are known to
adversely influence biodiversity (local extinction of species) and abundance (increase in detrimental
species) of insects. Since a very large proportion of the commercial forests of the Region are committed
for cutting, there is an urgent need to evaluate potential impacts of forestry practices on all aspects of
forest ecosystems in order to make recommendations to minimize these impacts. This study will
investigate the impacts of clearcutting and forest fragmentation on the arthropod faunas of pine and aspen
ecosystems.

1
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12.	 Study Objectives:

i) Objectives

Undertake biosystematic, faunistic, and ecological and management studies of Pissodes weevils
and other selected important forest insect taxa.

Assess impacts of forestry practices on the arthropod faunas of major forest ecosystems in the
Northwest Region.

ii) Deliverables

Short Term (1-5 years):

journal and TT publications on the taxonomy, ecology, and management of Pissodes spp. and
bark beetles in the prairie provinces.

taxonomic descriptions of new species of Pissodes in China.

bibliography of North American Pissodes literature.

journal and TT publications on the impacts of clearcutting and forest fragmentation on arthropod
diversity in the boreal forest.

journal and TT publications on the parasitoids of the spruce budworm and forest tent caterpillar.

Long Term (5 years and beyond)

taxonomic revision of North American Pissodes, including keys to discriminate among species,
based on morphological, biochemical and genetic studies.

initiate taxonomic studies on other forest insects.

establish pest management programs (biocontrol, silvicultural) for terminal weevils in the NWR.

develop a database on the ecology of terminal weevils and their natural enemies in the prairie
provinces.

develop a database on the impact of clear cutting and forest fragmentation on biodiversity of
boreal forest in Alberta and use this data to contribute to a decision support system to help
industry minimize environmental impacts of forestry practices in the major forest ecosystems of
the region.

produce a field guide to the aspen pests of the prairie provinces.
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Significant Linkages:

Internal:

NOR 11 01: diagnostic/ advisory services and collections management
NOR 11 05: parasitoids of spruce budworm
NOR 11 06: field guide on forest pests of the prairies
NOR 11 09: fungi associated with Pissodes

External:

Dr. J. Spence (U. of A )• impacts of forestry practices on biodiversity, natural enemies of forest tent
caterpillar.

Dr. F. Sperling (U. of Ottawa): molecular systematics of Pissodes.

Mr. R. Zhang (Academia Sinica, Beijing, China) & Mr. S. Yingxian (Southwest Forestry College,
Kunming, China): taxonomy of Chinese Pissodes.

Ms. P. Camsell (AFS, Slave Lake): silvicultural control of Pissodes.

Methodologies

Ecological Field Studies (Pissodes and scolytids): Where necessary, temporary plots were
established in the field (dimensions varied according to experiment). Infested host material was
returned to the lab and processed. Fungi were cultured on 2% malt extract. Insects were extracted
from host, head capsules measured to determine instar, mortality was tallied and causes of mortality
noted. Flight activity was monitored using baited, cylindrical, sticky traps. Behaviour was observed
in the field and lab. Data were analyzed using non-parametric tests and ANOVA.

Taxonomic Studies (Pissodes): Morphological characters were assessed and measured using a
microscope and ocular micrometer. Morphometric data will be analyzed using discriminate analyses
and cluster analysis. RFLP analysis of mitochondrial DNA was done using the polymerase chain
reaction and agarose gel electrophoresis. DNA sequencing was done using PCR and an automatic
DNA sequencer.

Geographical variation in litter-dwelling arthropod communities in mature aspen forests was
assessed by comparing collections from 21 stands at six (6) locations in north central Alberta. The
variation in litter arthropod communities in stands of various ages was studied in 18 sites near Lac
la Biche. Arthropods were sampled using continuous pitfall trapping during the snow-free season.
Traplines consisted of 6 traps ca. 50 m apart. Traps were unbaited, used ethylene glycol as a
preservative, and were emptied at ca. 10-day intervals. Number of species and diversity were
compared using rarefaction. Community similarity was assessed using cluster analysis.
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13. Progress and Achievements

A laboratory to analyze DNA sequences and restriction sites is set up. DNA has been extracted from 130
Pissodes specimens. A 1585 by region of mitochondrial DNA from all specimens has been amplified
using PCR and assayed using 10 restriction enzymes. The data provided several good diagnostic for
distinguishing among species of P. strobi, P. terminalis, and P. nemorensis. Two manuscripts are in
preparation.

A study of morphological variation in Pissodes, in search of character systems to help discriminate
among species, is ongoing. In particular the morphology of P. strobi and P. terminalis is being compared
to find characters to discriminate among adults and larvae. Characters have been measured on ca 400
adult Pissodes of both species. Some data have been entered into a computer database and are being
statistically analyzed.

A survey of the fungi disseminated by P. strobi and P. terminalis in the prairie provinces has been
completed. A manuscript is being prepared. A three year study of the life history and life tables of
Pissodes terminalis in lodgepole pine has been completed, data have been analyzed, a FMN has been
published, another journal manuscript is being prepared. A survey of the predators and parasites of P.
strobi and P. terminalis in the Northwest Region has been completed and a reference collection prepared.
This information will appear as a part of future publications. About 800 papers on Nearctic Pissodes 
have been compiled, citations entered into the ProCite database, in preparation for an annotated
bibliography.

A study to assess the impacts of aspen overstory removal on the growth and yield of and incidence of
Pissodes strobi on understory white spruce was commenced near Slave Lake. Three treatments of
overstory removal and controls (no removal) were replicated three times in 1992. Four different
treatments were replicated twice in 1993. Permanent plots were established for long term monitoring of
G&Y, and tree condition and pest incidence was measured. These baseline data have been entered into a
computer database.

Three years data has been collected about the effects of clearcutting on the biodiversity of ground-
dwelling arthropods (ground beetles, rove beetles, ants, and spiders) of lodgepole pine forests in west
central Alberta. Data on the ground beetles has been analyzed. Two journal papers and two book chapters
have been published or are in press and one tech transfer paper has been published. The other three taxa
of arthropods are in the process of being identified. A study of arthropod diversity was commenced in
aspen forests in Alberta in 1992. Geographical variation in litter-dwelling arthropod communities in
mature aspen forests was assessed over two years by comparing collections from 21 stands at six (6)
locations in north central Alberta. The variation in litter arthropod communities in stands of various ages
was studied in 16 sites near Lac la Biche. Samples are currently being sorted, identified, and data
analyzed. A journal paper on spatial variation in the litter fauna is in preparation. Preliminary collections
of moths were made from two age classess of aspen stands in 1993. Specimens are being processed and
identified.
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A survey of the predators and parasitoids of forest tent caterpillar in Alberta has been completed and
construction of identification keys finished. A manuscript is in preparation. A survey of the insects and
mites feeding on aspen in the Northwest Region is continuing.

Studies of the life history and life tables of two bark beetle species, the western ash bark beetle
(Hylesinus californicus) and Pityophthorus pulchellus tuberculatus have been completed and one journal
paper and one Forestry Leaflet (ash bark beetle) published.

14. Goals and Accomplishments (1993-94)

Continue a morphological study ofPissodes: (a) examine morphological characters ofP. strobi
and P. terminalis and analyze data; (b) describe new species of Pissodes from China and prepare
illustrations for publication [In collaboration with Mr. R. Zhang (Academia Sinica, Beijing) and
Mr. S. Yingxian (Southwest Forestry College, Kunming)] ; (c) initiate morphometric study ofP.
nitidus from China and Japan to determine if populations are conspecific.

(a) About 400 specimens of P. strobi and P. terminalis adults from across their ranges have been
measured for numerous genitalic, abdominal, head, and pronotal characters. Preliminary analyses
have been completed for some characters. Some characters are somewhat useful for discriminating
among the species. Measurements on other characters are continuing. (b) specimens have been
examined but descriptions are delayed until arrival of specimens or descriptions of new species from
Japan. (c) genitalia have been dissected and examined for several specimens from China and Japan.

Continue a molecular study ofPissodes: (a) Prepare a journal paper on mtDNA restriction site
variation as a diagnostic tool in the P. strobi species complex; (b) collect information on RFLP
variation in P. strobi and P. nemorensis. [In collaboration with F Sperling, U Ottawa]

Two journal papers are in preparation and nearing completion. One will be submitted in March.
additional populations of P. nemorensis have been examined from the eastern U.S. and BC.

Preliminary data suggest that the current taxonomy of P. nemorensis and P. schwarzi may be
incorrect and argues for more detailed study.

Submit for internal review a journal paper on fungi associated with P. strobi and P. terminalis
[with K Mallets, NOR 11-09].

Additional fungi were isolated from both species of weevils and are currently being identified.

Continue abstracting papers for a bibliography ofNorth American Pissodes literature.

Additional references were added and abstracted.

5. Complete preparation of a journal paper on the life history and life tables ofP. terminalis in
lodgepole pine in Alberta.

About 50% of this paper has been completed.
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Continue investigation of the effects of removal of aspen overstory on the growth and yield of as
well as P. strobi incidence in, understory white spruce: (a) reassess growth of and pest incidence
on trees in treatments set up in 1992; (b) establish three new trials in the Slave Lake Forest. [In
collaboration with P. Camsell, AFS, C/A PAIF: 8017]

(a) About 2000 trees on 108 permanent sample plots were reassessed in three replicated
experiments set up in 1992. (b) Ten study blocks (each 4 ha) were delineated, 90 PSPs (9 per block)
were established, and about 1000 trees were measured for growth and health. In 1994 aspen
overstory will be removed evenly throughout the stand (4 treatments and control, replicated twice).

Publish a journal paper on the life history of the western ash bark beetle.

Published in The Canadian Entomologist 125:801-814.

Prepare a manuscript on the life history of  Pityophthorus pulchellus tuberculatus.

Data analyses are complete. Writing delayed due to other priorities.

Continue study of impacts of clearcutting and forest fragmentation on arthropod biodiversity in
aspen stands: (a) collect second years' data on geographic variation in litter arthropod
communities; (b) continue to sample litter arthropods in aspen stands near Lac la Biche to assess
community variation associated with age structure of stands; (c) evaluate immediate effects of
forest harvesting on communities of litter arthropods; (d) initiate survey biodiversity of
phytophagous fauna in aspen stands of various ages; (e) initiate study of insects associated with
snags (grad. student). [In collaboration with J. Spence, U Alberta, C/A PAIF:8020, AFDRT]

(a) Samples were collected at 6 different sites from April to October and sorted. All carabid beetles
have been identified and data entered in a computer database. Most staphylinid beetles will be
identified by the end of March. (b) Samples were obtained from 16 stands of 4 age classes from
April to October and sorted. All carabids and staphylinids have been identified to the lowest taxon
possible and data entered into a computer database. (c) Harvesting did not occur on experimental
stands. (d) Moths were trapped in two stands of different ages using blacklight traps and hand
collecting. Many specimens have been sorted, mounted, and identified. (e) A study of arthropod
biodiversity in snags and coarse woody debris was commenced by James Hammond (M.S. student).

Prepare initial draft of Info. Rep. on the parasitoids and predators of the forest tent caterpillar in
Alberta. [In collaboration with D. Parry and J. Spence, U Alberta]

All figures have been drafted, keys written and tested, and most text written.

Co-supervise three (3) graduate students: S. Digweed, J. Hammond, R. McQueen.

Co-supervision has entailed visitation of field sites, provision of assistance in the field and lab,
reviewing proposals and progress reports, and committee meetings.
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Attend White Pine Weevil Workshop in Richmond, B.C. and present a paper.

Workshop attended and paper presented on 'Species diagnostics and mtDNA variation in the
Pissodes strobi species group'.

Write a paper for the Proceedings of the White Pine Weevil Workshop.

Paper titled 'Diagnostics of the Pissodes strobi species group in western Canada, using
mitrochondrial DNA characters' was prepared.

By request, advise Western Canada Wilderness Committee on establishing a biodiversity
research program in old growth spruce forests near Fort Vermilion, Alberta.

Advised and helped a summer student set up a project to inventory arthropods. Identified some
specimens.

By request, advise High Level Forest Products about control of woodborer problems in their
sawmill yard.

Advised and helped a summer student set up a research program to investigate the origin, extent,
and management of the woodborer problem. Gave a workshop on woodborer management to HLFP
personnel. Wrote a File Report summarizing data collected and recommendations.

On invitation, attend 'Boreal Old Growth Forest Symposium' in Helsinki, Finland and present a
paper. On invitation, give seminar at the University ofHelsinki, Dept. of Forest Protection.

Attended meeting from 28-31 March and presented a paper on biodiversity research in Alberta.
Gave a seminar on the Ecology and Management of Terminal Weevils.

Write a book chapter titled, 'Carabid Responses to Logging and Management Implications for
Boreal Forests' [In collaboration with J. Niemelei, University ofHelsinki and J. Spence, Univ. of
Alberta].

Chapter written and in press.

Write a journal article titled, 'Insect biodiversity studies in the boreal forests of Alberta, Canada'
for a Finnish journal [In collaboration with J. Niemelei, University ofHelsinki and J. Spence,
Univ. ofAlberta].

Paper written and in press in Metsantutkimuslaitoksen Tiedonantoja.

Prepare poster for NoFC Open House.

Poster prepared on 'Ecology, Taxonomy, and Management of Terminal Weevils'

20. Revise paper on spruce budworm parasitoids and submit to journal. [Williams]

Paper submitted to Entomophaga
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15. Information Activities

i) Journal Publications/ Book Chapters

Langor, D.W. and C.R. Hergert. 1993. Life history, behaviour, and mortality of the western ash bark
beetle, Hylesinus californicus (Swain) (Coleoptera: Scolytidae), in southern Alberta. Canadian
Entomologist 125:801-814.

Langor, D.W., J.R. Spence, J. Niemeld, and H. Carcamo. 1994. Insect biodiversity studies in the
boreal forests of Alberta, Canada. Metsantutkimuslaitoksen Tiedonantoja (in press).

Niemeld, J,. J.R. Spence, D.W. Langor, Y. Haila, and H. Tukia. 1994. Carabid responses to logging
and management implications for boreal forests. In, Stork, N. and R. Harrington (eds.), Insects In
A Changing Environment, Academic Press (in press).

Other reports

Langor, D.W. 1993. Woodborer investigations at the DMI mill yard in High Level. Can. For. Serv.,
North. For. Cent., File Report NOR-1110-9301, Edmonton, Alberta.

Langor, D.W. 1993. The lodgepole terminal weevil in Alberta (Coleoptera: Curculionidae). pp. 5-6, In
D.W. Langor (compiler), Proceedings of the 40th Annual Meeting of the Entomological Society of
Alberta, Jasper, Alberta, 15-17 October 1992. [Abstract]

Langor, D.W. 1993. (Compiler). Proceedings of the 40th Annual Meeting of the Entomological
Society of Alberta, Jasper, Alberta, 15-17 October 1992.

Langor, D.W. 1994. Western Ash Bark Beetle. Can. For. Serv., North. For. Cent., Forest Leaflet 24,
Edmonton, Alberta.

Niemeld, J., J.R. Spence, D.W. Langor, and Y. Haila. 1993. pp. 6, In D.W. Langor (compiler),
Proceedings of the 40th Annual Meeting of the Entomological Society of Alberta, Jasper, Alberta,
15-17 October 1992. [Abstract]

Lectures, courses, seminars and scientific addresses

Langor, D.W. and F.A.H. Sperling. Species diagnostics and mtDNA variation in the Pissodes strobi
species group (Coleoptera: Scolytidae). (1) Entomological Society of Canada meeting, Sept. 1993,
Sault Ste. Marie, Ont. (2) White Pine Weevil Workshop, January 1994, Richmond, BC.

Two lectures ['Bark Beetles' and 'Terminal and Root Collar Weevils'] given to Forest Entomology
class at U. of Alberta, February 1994. [Langor]

Seminar titled 'Biology and Management of Terminal Weevils in North America' given at Dept. of
Forest Protection, University of Helsinki, Finland, in April 1993.
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v) Technology transfer:

Gave talk and demonstration on forest insects to (1) kids at the Edmonton Public Library. (2) Junior
Forest Wardens (3) students from NAIT. [Langor, Williams]

Co-taught the Forest Entomology section of the Univ. of Alberta Forestry Camp at the Hinton
Forestry School, May 1993. [Langor].

Gave a talk on white pine weevil impact and management to 18 AFS personnel in Swan Hills, May
1993. [Langor]

Conducted an inspection of young spruce and pine plantations in Manitoba and gave
recommendations for research and management for Forestry Canada, Manitoba Natural Resources,
and Repap Ltd. personnel. [Langor]

Gave a workshop on woodborer management to employees of High Level Forest Products, November,
1993. [Langor]

16. Goals 1994-95

Continue a morphological study of Pissodes: (a) complete a morphological examination of P. strobi
and P. tenninalis adults and analyze data; (b) commence a morphological study of larvae of terminal
weevils; (c) commence description of new species of Pissodes from China [In collaboration with Mr.
R. Zhang (Academia Sinica, Beijing) and Mr. S. Yingxian (Southwest Forestry College, Kunming)];
(d) continue morphometric study of P. nitidus from China and Japan to determine if populations are
conspecific.

Continue a molecular study of Pissodes: (a) Publish 2 journal papers on mtDNA variation in the P.
strobi species complex; (2) continue to collect information on RFLP variation in Pissodes. [In
collaboration with F. Sperling, U. Ottawa]

Prepare a journal paper on fungi associated with P. strobi and P. terminalis [with K. Mallett,
NOR 11-09].

Publish a bibliography of North American Pissodes literature on computer diskette.

Publish a journal paper on the life history and life tables of P. terminalis in lodgepole pine in Alberta.

Continue investigation of the effects of removal of aspen overstory on the growth and yield of, as well
as P. strobi incidence in, understory white spruce: (a) re assess growth of and pest incidence on trees
in treatments set up in 1992; (b) remove overstory from treatment blocks set up in 1993 and reassess
growth of and pest incidence on trees. [In collaboration with P. Camsell, AFS, C/A PAIF: 8017]

7. Prepare a manuscript on the life history of Pityophthorus pulchellus tuberculatus.
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Continue study of impacts of clearcutting and forest fragmentation on arthropod biodiversity in aspen
stands: (a) prepare a journal manuscript on spatial variation in litter arthropod communities; (b)
evaluate immediate effects of forest harvesting on communities of litter arthropods; (d) survey
biodiversity of phytophagous fauna in aspen stands of various ages using canopy fogging and
blacklight traps. [In collaboration with J. Spence, U. Alberta, C/A PAIF:8020, AERT]

Submit for internal review an Info. Rep. on the parasitoids and predators of the forest tent caterpillar
in Alberta. [In collaboration with D. Parry and J. Spence, U. Alberta]

10. Co-supervise 4-5 graduate students: S. Digweed, J. Hammond, R. McQueen, Jeff Battigelli, and one
other.

17. Major Co-operators: 

Internal - FC

Region ID# Title Contact name

NWR NOR-11-06 Dr. Y. Hiratsuka

NWR NOR-11-09 Dr. K. Mallet

External -

Establishment ID# Title Contact name

Univ. of Alberta Dr. John Spence

Univ. of Ottawa Dr. F. Sperling

Academia Sinica,
Beijing, China

Mr. Runzhi Zhang

18. Environmental Implications:

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On the
basis of information provided by the study leader, the committee concludes that these activities are not
potentially detrimental to the environment.

FC-NWR EARP Committee Approval Date: 21 January 1993

I
I

I
I
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NOR 16-01

NATURAL RESOURCES CANADA
CANADIAN FOREST CANADA

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: March 1, 1994

STUDY TITLE: Canadian Forests and Climate Change

Responsibility Centre: Northwest Region (8135)

Program:

Project Title: Scientific leadership and coordination for the Forestry Canada research program on
climate change.

Office Location(s): Edmonton, Alberta

Work Location: Canada, the world

7. Study Staff:

Name

Study Leader M. Apps

S. Zoltai

Study Key Words: Boreal forests, climate change, greenhouse effect, carbon cycle, forest productivity,
bioenergy, simulation modelling, ecophysiological modelling, BOREAS, N-BIOME, FORET, ZELIG,
FORENA, FORCYTE, LINKAGES, JABOWA.

Study Activity: 2211, 2217

1

306



Study Resources:

Personnel Information

1992-93 Fiscal Year 1993-94 1994-95

Employee
Name

Category Previous Budget Revised Forecast Upcoming

M. Apps SE-RES-4
(P)

0.50 0.50 0.50

S. Zoltai SE-RES-5
(P)

0.17 0.17 0.17

FTEs 0.67 0.67 0.70

Study Background and Problem Analysis

Climate change is increasingly recognised as a threat to the environmentally sustainable economic
development of the Canadian Forest Sector. While the issue of global climate change and our response to
it remains controversial, there is now a large measure of consensus amongst the world's scientists that
significant changes will take place in the coming decades. Regardless of how the future climate unfolds
in detail, there is an urgent need to identify and explore adaptation and mitigation strategies which will
allow the forestry community to take advantage of the opportunities which might arise and to prepare for
the potential detrimental impacts of such changes. As Canada enters a new era of forest management
under the banner of "sustainable development", it is imperative that we focus existing knowledge, and
where necessary develop new understanding, of the potential impacts of these changes: climate change
poses what is perhaps the most severe long-term threat to the health and productivity of Canada's
forests.

For policy makers, decisions will be required to be made in an aura of great scientific uncertainty. While
there is a consensus that "the trees we are planting now will mature and decline in an environment to
which they are increasingly poorly adapted", precise estimates of these changes and their impacts are not
available, and are not likely to be forthcoming in the near term.

Uncertainties exist both in the timing and magnitude of the climate change and in the response of forest
ecosystems to any such change. Nevertheless, basing management strategies on assumptions of
unchanging ecological and climatic conditions will obviously lead to significant errors if the climate
changes projected with the enhanced greenhouse effect prove to be the future reality.

Forestry activities can affect a number of critical ecosystem characteristics which can enhance (positive
feedback) or mitigate (negative feedback) climate change. How do alternative forestry and land-use
practises influence the global carbon cycle, surface albedo, surface energy and momentum exchanges,
and the small- and large-scale hydrologic cycle?
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These are critical questions to address if the Canadian forestry sector is to meet the challenges that the
threat of climate change poses for (environmentally) sustainable (economic) development. We need to
develop predictive capability by encapsulating existing knowledge in decision-support structures;
simulation modelling provides one of the few mechanisms for achieving this goal. In general, the same
practices which optimise environmental sustainability, also optimise the long-term economic
development and returns from traditional forest industry. Optimising future wood supply is likely to also
optimise future carbon sequestration, for example.

The immediate challenge for CFS research is to formulate and then communicate the best estimates (or
even guesses in the absence of hard data) that science has to offer about 1) the consequences of
environmental change on the resource sustainability and 2) the management strategies which best meet
economic and environmental needs.

CORE assigned CFS-NWR a leadership role for the implementation of a national climate change
program. As a first step in this direction a National Climate Change Action Plan (NCCAP) has been
developed which draws upon the expertise of the Canadian Forest Service Climate Change Working
Group. The basic tenet of the NCCAP is that the required national research program must be based on
teamwork making use of the talents of scientists at each of the Forestry Centre establishments.

In keeping with CORE's charge, the NCCAP outlines a scientific leadership role to be filled by the NWR
as lead centre in the delivery of the national program. One of the main functions of this leadership role is
to foster the establishment of these inter-establishment teams. The responsibilities of the lead centre are
spelled out in the NCCAP and will be further refined by CORE and senior CFS management. The
objective of this study is to implement this leadership structure and provide scientific leadership and
coordination at all levels of Canadian Forest Service involvement.

This study also provides coordination and leadership for significant national and international research
activities on climate change and forests which are underway or planned for the region. The following are
of particular, immediate relevance:

BOREAS. (BOReal Ecosystem Atmospheric Study). This Canada-US (NASA) joint project was started
in 1992, culminating with intensive field campaigns in 1994, at two boreal forest sites near the northern
(Nelson House, Manitoba) and southern (Prince Albert National Park) ecotones. These two sites form
fixed points for a conceptual transect (proposed under several studies in the 1991-92 S&T proposal)
which have become a focus for CFS climate change process research. One of the key issues to be
addressed by BOREAS is that of spatial scaling; how to integrate up from processes at the leaf and
micro-site level to response at the stand and whole forest level - an issue of paramount importance to the
CFS climate change research. (Apps was appointed in 1990 by the Canadian-NASA management
committee to serve on the BOREAS Science Steering Committee).
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NBIOME. (Northern Biosphere Observation and Modelling Experiment). This ten- year multi-
disciplinary, inter-agency project is one of two from Canada which have been accepted in NASA's EOS
(Earth Observing System) program. This project attempts to link observational databases (satellite
remote sensing, biomass and soils inventories) to process modelling of organic matter
dynamics and carbon sequestration in Canada's terrestrial ecosystems, including forests, agricultural,
wetlands and tundra systems. Opportunities for leveraging external resources for CFS's climate change
research program are considerable and one of the cornerstone activities of NBIOME (proposed by Apps
and involving University as well as Government researchers) is the study of ecosystem carbon dynamics
across a transect through the grassland- boreal forest - sub-arctic woodlands, including the BOREAS
sites. Apps is one of the original Co-investigators named in the proposal to NASA, is a member of the
NBIOME Science Steering Committee, and has played an active role several inter-agency workshops on
NBIOME.

GEWEX. (Global Water and Energy Exchange Experiment). This project, an IGBP project, is in the
advanced stages of planning. It is designed to provide a basic understanding of water yield from forested
areas, with strong implications for climate change. While field sites have yet to be confirmed, it can be
anticipated that both the BOREAS and MBIS sites will be strongly considered.

MBIS. (MacKenzie Basin Impact Study). This study is a group of interagency projects being organized
by the Canada Climate Centre (AES, Environment Canada) to study the potential effects of climate
change on the biotic and physical environment of this major drainage system and their possible socio-
economic impacts. CFS-NWR participates in an advisory role as a member of the Working Committee.
CFS-Pacific have proposed projects for MBIS, which may provide collaborative opportunities. (Zoltai
acts as the principal CFS-NWR point of contact).

NCCAP. (National Climate Change Action Plan). This implementation plan compliments Forestry
Canada's Strategic Plan. It consists of a framework and a set of specific national-scope and
establishment-specific research activities and calls for regular reviews and revisions to adaptively
monitor progress. CFS-NWR has been designated as lead centre, with significant responsibilities for
coordination and scientific leadership of the national research program (as discussed above). (Apps and
Zoltai have acted as principal authors of the NCCAP).

IFBRA. (International Boreal Forest Research Association). This international body was formed during
1991 at a meeting in the USSR attended by Government representatives from Canada, the USSR and the
United States. Dr. Eldon Ross (USDA Forest Service) will act as its first chairman. Two major working
groups were established, one on Forest Inventory and the other on Global Change and Forest Ecosystem
function. Dr. Glen MacDonald (MacMaster University) agreed to serve as the International Chair for the
latter with Dr. M. Apps as the Deputy Country Coordinator.

CBM. (Carbon Budget Model of the Canadian Forest Sector). This national-scope research project is
being conducted jointly with ESSA Ltd. (principal investigator Werner Kurz) funded under the ENFOR
program. It has involved a number of scientists from several FC establishments under the leadership of
M. Apps. Phase 1, an assessment of the current carbon inventory of all Canadian forest ecosystems and
the budget for reference year 1986 was completed in 1990. Phases 2 and 3, 1991-1992, address the
impact of climate change and forest resource policy on the Canadian carbon budget. (See also NOR
16-05) (Apps is responsible for the project and coordinates FC involvement in addition to acting as
scientific authority for the ESSA contract).
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12. Study Objectives:

i) Objectives

To provide leadership and program coordination for the regional research program on
climate change and forests of the Northwest region.

To play a leadership role in the National Climate Change research program.

3. To act as science spokesperson on climate change related issues as required.

Deliverables

Short Term (1-5 years)

Long Term (5 years and beyond)

Significant Linkages:

13. Progress and Achievements 

14. Goals and Accomplishments (1993-94)

Continue to act as Team Leader (Apps) and alternate Team Leader (Zoltai) for Green Plan
National Climate Change Initiative.

Apps served as Deputy Country Coordinator for Canada (Global Change and Ecosystem
Function Working Group) of the International Boreal Forest Research Association and
participated in the IBFRA workshop/meeting in Alaska, September 1992.

Continue to participate in the activities of the International Boreal Forest Research
Association IBFRA) by a) acting as Deputy Country Coordinator for Canada (Global Change
and Ecosystem Function Working Group) 0/1.Apps) and b) participating in the IFBRA
workshop/meeting in Norway, September 1993. (MApps)

Apps served as an active member of the BOREAS Executive Committee throughout the year
and hired a BOREAS field Officer (J. Niederleitner). Significant BOREAS accomplishments
include selection of BOREAS Science Teams, successful NSERC grant application ($ 4.75M),
selection of most study sites, acceptance of Environmental Impact Statements, site ecological
descriptions and preliminary vegetation surveys.

3. Continue as appointed member of the BOREAS Executive Committee. (Apps)

Canadian Forest Service teams performed the field ecological surveys required for BOREAS
site selection and documentation. A draft descriptive report is being prepared and will be
published when completed.
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Subject to successful funding through PAIF, supervise acquisition of BOREAS and BFTCS
biometry data (Apps, Niederleitner)

Logistics support for BOREAS and BFTCS field work was provided by CFS-NWR staff.

Continue to provide scientific coordination and leadership in NBIOME by serving as an
active member of its Science Steering Committee. (MApps)

Zoltai performed the duties of regional project leader for CFS-NWR climate change project.

Continue to provide leadership and program coordination for regional research activities on
climate change and forests of the Northwest region. (Zoltai, Apps).

Apps was appointed Team Leader for the National Climate Change Program by ADM Hardy,
with Zoltai as his alternate. Various administrative and fmancial tasks were performed
throughout the year.

Continue to participate in the Canadian Forest Service Climate Change and Modelling
Working Group. (Apps, Zoltai)

Apps and Zoltai continue to represent CFS-NWR on the Climate Change Working Group. A
meeting was held in Edmonton in December to plan the coming year events. No meetings of the
Modelling Working Group were held.

Continue to act as chairman of Canadian Forest Service Climate Change Working Group.
(Zoltai)

Zoltai served as chairman of the Climate Change Working Group.

Continue to act as Canadian Forest Service team leader on the Carbon Budget Model for the
Canadian Forest Sector (see also NOR16-05). (Apps)

Apps continued to act as team leader for the Carbon Budget Model project.

Act as spokesperson at regional, national and international level on climate change related
science issues as required. (Apps, Zoltai)

Apps and Zoltai represented Canadian Forest Service at a number of International meetings and
workshops on Climate Change issues. Apps was an invited participant at two Intergovernmental
Panel on Climate Change Workshops (Joensuu, Finland and Wood's Hole, USA) and the
International Boreal Forest Research Association Meeting (Alaska).

Act as team leader for BFTCS (Boreal Foreste Transect Case Study).

Apps continued to act as the team leader for this initiative. A draft science plan for the BFTCS
was prepared and a science workshop held at NoFC Nov 30-Dec 2 to share progress reports
between the many (20+) collaborators from several universities and six (6) CFS establishments
(PFC, NWR, GLFC, FPMI, PNFI, MFC).
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Produce Climate Change Newsletter Two issues of the Climate Change Newsletter (IMPACT)
have been published.

Two issues of the Climate Change Newsletter (IMPACT) were published.

Begin organisation of the 1994 IBFRA meeting and Conference on "Global Change and the
Boreal Forest" for Saskatoon, September 1994. (Apps)

Call letters for papers prepared and other logistic arrangements undertaken for hosting the 1994
IBFRA meeting and Conference on "Global Change and the Boreal Forest" for Saskatoon,
September 1994. (Apps)

Prepare and submit application for NATO Advanced Research Workshop. (Apps)

Apps acted as convening Chair of International Steering COmmittee and coordinated
preparation of a successful application to host a NATO ARW (Advanced Research Workshop)
on "The Role of Forest Ecosystems and Forest Resource Management in the Global Carbon
Cycle" was prepared and submitted. An award of 1,700,000 BF was made to Apps as Director.

Begin logistic arrangements for NATO Advanced Resaerch Workshop. (Apps)

Forty-five internationally recognised scientists were invited and logistical arrangements initiated
for holding the NATO ARW in Banff, September 1994. (Apps)

Organize Workshop at IIASA (International Institute of Applied Systems Analysis to plan
international project to assess circumpolar boreal and temperate carbon budgets. (Apps)

A scoping workshop was organised at IIASA (International Institute of Applied Systems
Analysis) and attended by very senior scientists from Russia, Canada, US, Holland, Finland and
Austria. A working paper/Science plan for an international project to assess circumpolar boreal
and temperate carbon budgets was developed and a science steerign committee established.
(Apps)

Particpate in various international workshops and Symposia relating to global climate
change and forests. (Apps)

CFS was represented at a number of national and international workshops and Symposia
relating to global climate change and forests, including:

First International Siberian Ecological Expedition (Siberia, Noyabrsk, Russia, August 15-
30, 1993)
TAIGA Workshop "Taiga Aerospace Investigations using GIS Approaches", Moscow,
Russia, 8-12 November 1993
IEA Bioenergy Environmental Seminar, Elsinore Denmark, 20-21 Sept, 1993
IGBP, Global Change and Terrestrial Ecosystems Focus 3 Workshop, 'Global Change
Impact on Agriculture and Forestry', Seattle, 12-15 April, 1993
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Workshop "Terrestrial Biospheric Fluxes: Quantification of Sinks and Sources of CO2",
Bad Harzburg, Germany, 1-5 March, 1993.
4th International CO2 Conference, Carqueiranne, France, 13-17 Sept, 1993
IPCC Working Group 1 "Scientific Assessment" workshop "Link between Emissions and
Atmospheric Concentrations of CO2", Carqueiranne France, 18 September, 1993
4th IBFRA Meeting, Bin Norway, 27 September - 2 Oct, 1993.
BOREAS Workshop "First BOREAS Experiment Plan", Winnipeg, Manitoba, 26-27
May,1993, 1993
BOREAS Workshop "Second BOREAS Experiment Plan", Cool Font, West Virginia, Oct
20-22, 1993
Workshop "Data Analysis and Modelling of Cross-Scale Processes", Gainsville, Florida, 23
Oct - 1 November, 1993
Workshop "Third Technical Meeting on Natural Sources and Sinks of Greenhouse
Gasses",Downsview, April 20-22, 1993
IGBP-GCTE Workshop on Experimental Transects, San Francisco, 15-19 August, 1993.

Many of these included invited presentation and/or acting as session or working group chair.

15.	 Information Activities

Additional Publications are listed in separate, related projects such as NOR 16-02 and NOR 16-
05.

NWR Staff: Two Issues of Climate Change Newsletter "Impact"

Kiil A.D., Apps M.J., Zoltai S.C., Stewart R.B., Malhotra S.S. 1994. Green Plan Climate Change
Executive Report, 1993/94, FC-NWR and HQ File Report.

Kiil A.D., Apps M.J., Zoltai S.C., Stewart R.B., Malhotra S.S., 1993. Green Plan Climate Change
Progress Report, 1992/93, FC-NWR and HQ File Report.

Apps M.J., Niederleitner J., Seburn D., Varem-Sanders T., Siltanen M, 1994. BOREAS Biometry
and Auxiliary Sites; Locations and Descriptions. (Version 1.0). CFS, Northwest Region,
Northern Forestry Centre, Edmonton, Canada, 33 pg.

Apps, M.J., 1993. NBIOME: A biome-level study of biospheric response and feedback to potential
climate changes. World Res. Rev. 5(1), 41-65.

Sampson R.N., Apps M.J., Brown S., Cole V.C., Downing J., Kauppi P., Ojima D.S., Smith T.M.,
Solomon A.M., Twilley R.R., and Wisniewski J. Workshop Summary Statement: Terrestrial
Biospheric Carbon Fluxes: Quantification of Sinks and Sources of CO2. Water Air and Soil
Pollution 70: 3-15, 1993

Apps M.J. Northern Forests and Global C Cycles in Changing Climate. In Report of "Third
Technical Meeting on Natural Sources and Sinks of Greenhouse Gases", Toronto, 20-22 April,
1993, Atmospheric Environment Service, Downsview, Ontario, 59-62. (Also Chairman of
Working Group 7 Report, p 17-18)
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Niederleitner J., Varem T., Apps M., Zoltai S.C. 1993. A preliminary Description of the vegetation
and soils at potential BOREAS tower sites. Report to BOREAS, Forestry Canada Northwest
Region, Northern Forestry Centre, Edmonton, Canada, 114 pg.

Sellers P.J., Hall F.G., Apps M.J., Baldocchi, D., Cihlar, J.C., Den Hartog J., Goodison B.G.,
Kelly, R.D., Lettenmeir, D., Margolis, H., Nelson, A., Ranson, J., Roulet, N., Ryan, M.).
BOREAS EXPLAN (Experiment Plan) Version 0 and Version 1, 1993, 3 Volumes, Published
by NASA, Goddard Space Flight Centre, GreenBelt, Maryland, 1993.

Woodwell, G.M., Mackenzie, F., Apps, M.J., Houghton, R.A., and Gorham, E. 1994. Will the
Warming Feed the Warming? In: G. Woodwell (Ed.). 'Biospheric feedbacks in the global climate
system: will the warming speed the warming?' Oxford Univer. Press, New York. IN PRESS

Apps, M.J. and LaBau, V.J. 1993. Working Group "Ecological Factors" Report to First
International Expedition of International Boreal Forest Researchers to Siberia, Noyabrsk,
Russia, August 15-30, 1993 (Also being prepared as a Working Report by International
Institute of Applied Systems Analysis IIASA)

Apps, M.J. 1993. Working Group "Carbon and Bioproductivity Studies" Report International
TAIGA Workshop "Taiga Aerospace Investigations using GIS Approaches", Moscow, Russia,
8-12 November 1993 (Also being prepared as part of an Occasional Report by National
Aeronautical and Space Administration NASA)

Apps, M.J. Working Group Report "Priority Transects" to International Workshop, 'Global Change
Impact on Agriculture and Forestry',IGBP, Global Change and Terrestrial Ecosystems Focus 3,
Seattle, 12-15 April, 1993

Hall, F.G., P.J. Sellers, M.J. Apps, D. Baldocchi, J.Cihlar, B. Goodison, H. Margolis, A. Nelson,
1993. BOREAS: Boreal ecosystem-atmosphere study. I.E.E.E. Geoscience and Remote Sensing
Newsletter, March 1993, 9-18.

16. Goals 1994-95

Continue to provide scientific leadership for the National Climate Change Initiative: Team Leader
and Chair (Apps), Working Group Chair (Zoltai), Lead Establishment Regional Director (Malhotra),
HQ Coordinator (Stewart).

Continue to serve as Carbon Budget Working Group Chair for IBFRA. (Apps)

Continue to represent CFS interests as appointed member of the BOREAS Executive Committee.
(Apps)

Subject to successful funding through GP and PAIF, supervise acquisition of BOREAS and BFTCS
biometry data (Apps, BOREAS Field Officer)

5. Continue to serve on NBIOME Science Steering Committee. (Apps)
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Continue to provide leadership and program coordination for regional research activities on climate
change and forests of the Northwest region. (Zoltai, Apps).

Continue to participate in the Canadian Forest Service , Climate Change and Modelling Working
Group. (Apps, Zoltai)

Continue to act as chairman of Canadian Forest ServiceForestry Canada Climate Change Working
Group. (Zoltai)

Continue to act as Canadian Forest Service team leader on the Carbon Budget Model for the
Canadian Forest Sector (see also NOR16-05). (Apps)

Act as spokesperson at regional, national and international level on climate change related science
issues as required. (Apps, Zoltai)

Organize the 1994 IBFRA meeting and Conference on "Global Change and the Boreal Forest" for
Saskatoon, September 1994 and arrange for peer-review publication of the proceedings. (Apps)

Continue to act as Chair of International Steering Committee and Director for the NATO Advanced
Research Workshop "The Role of Forest Ecosystems and Forest Resource Management in the
Global Carbon Cycle". Act as editor of the Peer-reviewed book (Springer-Verlag). (Apps)

Participate in various international workshops and Symposia relating to global climate change and
forests. (Apps, Zoltai, Stewart)

14. Provide public relations support and publication of appropriate public information material related
to the Climate Change initiative (Malhotra)

17.	 Major Co-operators: 

Internal - FC

Region
	

Title
	

Contact name

External -
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18. Environmental Implications:

Environmental Impact/Assessment Review Statement

As there is no explicit field component to this study (actual field activites are incorporated in
individual studies), no environmental implications were identified.

CFS-NWR EARP Committee Approval Date: March 31, 1993.
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NOR 16-02

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: March 1, 1994

STUDY TITLE: Long-term carbon sequestration in Canadian peatlands.

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection and Environment

Project Title: Canadian Forests and Climate Change

Office Location(s): Edmonton, Alberta

Work Location: Northwest Region

7.	 Study Staff:

Name

Study Leader S.C. Zoltai

Team Members R.M. Siltanen

Study Key Words: Climate change, peat accumulation, peat dynamics

Study Activity: 2211, 2217
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Study Resources:

Personnel Information

1992-93 Fiscal Year 1993-94 1994-95

Employee
Name

Category Previous Budget Revised Forecast Upcoming

S.C. Zoltai SE-RES-5 (P) 0.41 0.41 0.40

R.M. Siltanen EG-5 (T) 0.00 0.00 0.40

FTEs 0.41 0.41 0.80

Study Background and Problem Analysis

The study of peatland ecology has shown that different kinds of peatlands develop under different
climatic conditions. General droughtiness and fluctuating water tables preclude peat formation on the
prairies; bog formation requires a certain minimum of precipitation. Permafrost development is
directly related to temperature regimes, as is the thawing of permafrost in peat.

Peatlands are a major terrestrial ecosystem where atmospheric carbon is sequestered for long-term
storage (thousands of years). About 40% of the Boreal and Subarctic regions of Canada are covered
by peatlands, storing vast amounts of carbon each year in the form of peat. Although peat is subject to
very slow anaerobic decomposition, with methane as a byproduct, long term accumulation rates show
that peatlands are effective reservoirs of carbon. It is estimated that 9 - 30% of the total biomass of
peatlands eventually becomes peat; the magnitude of the variation depends on the kind of peatland and
climatic regime.

Peat is composed of plant remains in various stages of decomposition that have grown and
accumulated in situ in areas of poor drainage. Many of the peat macrofossils are readily identifiable.
By comparing the present environmental limits of the fossil plant communities identified in the peat,
the paleoenvironments of the peatlands can be established at any given time in the past. This gives a
powerful tool to examine and determine the magnitude climatic changes and their geographical extent
within the past 8,000 years. This knowledge can be applied to indicate the effect of anticipated
climates on peatland development, and by inference, on the regional water table.

An extension of this technique to the examination of plant pollen or remains of other organisms, such
as protozoa or ostracodes, in the peat can provide an indication of past climatic conditions and
vegetation development through the past millennia. This would provide important information on
vegetation- climate interactions, stability or rate of adjustment to changing conditions by the
vegetation. The paleoenvironments therefore serve as analogs of changes to be expected under
changing climatic conditions.

1
1
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12.	 Study Objectives:

i) Objectives

Determine the long-term rate of peat accumulation in different types of peatlands in a north-
south transect in west-central Canada, including the BOREAS sites.

Using the remains of biota in the peat, create analogs for interpreting climate-vegetation
interactions under the expected changing climate scenarios, by

examining plant and invertebrate remains in peat along the Aspen Parkland - Boreal
Forest ecotone;

determining the effect of climatic warming on permafrost dynamics along the southern
limit of permafrost in peatlands.

ii) Deliverables

Short Term (1-5 years)

Determine the long term rate of peat accumulation at or near each Boreal Transect Study
sites;

Determine the paleoecological evolution of each peatland and its surroundings;

Supply evidence of environmental stability or instability at each Boreal Forest Transect Case
Study site.

Reconstruct the paleoclimatic conditions leading to peatland development at various sites in
the Aspen Parkland.

Long Term (5 years and beyond)

Determine the long term peat accumulation rates in different peatland types in different
climatic zones;

Provide analogs for the development of both upland vegetation and peatlands under a
warmer and possibly drier climate in boreal and subarctic peatland types.

iii) Significant Linkages:

The study is oriented to provide a wetland component to the Boreal Forest Transect Case Study.
The long-term carbon sequestration rate is intended to be used as basic data for the Carbon
Budget model (NOR 16-05). Three of the peatland sites are used for litter decomposition study
to compare the short-term decomposition rates in the peatlands with corresponding uplands. The
pollen analyses will provide an indication of past forest - climate interactions as possible
analogs for the forest dynamics study (NOR 16-04).
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iv) Methodologies

Field: Peatlands are selected for study within 10 km of the Boreal Forest Transect Case Study
sites. The peatlands are cored at one or more plots, as indicated by the complexity of the
peatland. Entire cores are collected in small, manageable sections. Part of the peat material is
used for chemical analysis, and part is saved for macro- and microfossil analysis. Field
measurements (pH, decomposition) are made at the time of collection. Additional peat material
are collected by coring for radiocarbon analysis as necessary and from the base of the peat. The
pH and conductivity of the water from the top of the water table are determined and sampled.
The vegetation is examined in transects and described. Trees are measured and aged.

Laboratory: The peat material is dried and ashed, the ash dissolved in HC1 (see: Ali, Zoltai and
Radford 1988, Can. J. Soil Sci.), and the elements determined by ICP spectrometer. Peat
macrofossils are determined to the genus level under a dissecting microscope. Efforts are made
to identify Sphagnum to the species or group level. Other fossils (ostracodes, gastropods,
insects), if present, are identified. Pollen analysis is performed by fully qualified palynologists
under contract, using standard techniques developed by Faegri and Iverson (1975. Textbook of
pollen analysis). The age of the peat is determined by the radiocarbon method.

13.	 Progress and Achievements

Long term peat and organic matter accumulation rate was determined for 66 peatland sites in the
boreal and subarctic peatland regions. It was found that the dry mass of the peat column can be
directly related to age and hence to peat accumulation.

Other studies have shown that peat development did not begin in the southern part of the boreal forest
until after 6000 years before present. This was due to warmer-drier climatic conditions during the time
period following the disappearance of glaciers. During this period peatlands did not exist as far north
as the line between Athabasca, La Ronge and Wabowden. Inferred climatic conditions show 16-29%
greater aridity 6000 years ago than at present.

Initial studies of permafrost degradation in peatlands at the southern limit of permafrost indicate a
steady degradation of permafrost beginning about 1850. This degradation is taking place mainly in
thin permafrost bodies where the permafrost did not penetrate into the mineral soil under the peat.
Indications are that such permafrost bodies developed during the "Little Ice Age" (about 1300 A.D. to
1850 A.D.). The mean annual temperature has risen 0.5° to 1.0°C since 1850, and the southern limit
of permafrost receded 50 to 100 km to the north.

These and additional studies indicate that the rate of peat accumulation and storage varied with major
shifts in climatic conditions. A network of peat sampling points would identify the regional pattern of
peatland development. A large part of the sampling is already in place across the Boreal forests of
Alberta, Saskatchewan, and Manitoba, as well as the Mackenzie valley. Future work should reduce the
existing information gaps especially in ecotonal locations.
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14.	 Goals and Accomplishments (1993-94)

Document peatland site at Gillam, core frozen and unfrozen sections, perform chemical and
macrofossil analyses of the peat, obtain C 14 dates of basal and other critical peat sections
(Zoltai, Siltanen):

One core was obtained from a palsa and one core from the adjoining fen. Macrofossil analysis
completed, chemical analysis pending.

Locate, core and analyse permafrost collapse features in peatlands along the BFTCS to
determine the time of collapse by dendrochronological or radiocarbon dating methods
(Zoltai, Siltanen)

Permafrost collapse features were cored at six locations along the BFTCS. Macrofossil studies
were completed, and radiocarbon dates obtained from two locations. Dendrochronological
analysis of 21 leaning trees were completed.

Locate, core and analyse peatlands along the boreal-grassland ecotone to determine the
climatic parameters, timing of peatland development, and the rate of peat deposition (Zoltai,
Siltanen)

One fen was cored near Turtleford, Sask., and radiocarbon dates were obtained. Paleoclimate
parameters were determined from the ostracod assemblages.

Complete data work on carbon dataset of Canadian forest soils. Perform summary analyses
and provide dataset for use with the CBM-CFS. Initiate publication of report on the dataset
and analyses (linked with 16-05) (Siltanen, Zoltai)

Carbon database for non-agricultural soils of Canada is completed. Summary analysis
performed and data available for use. Manuscript is under preparation.

Prepare manuscript on bog landforms of continental western Canada, in relation to climate.

Manuscript prepared and accepted by Arctic and Alpine Research.

Prepare manuscript on disequilibrium response of permafrost in western Canada

Manuscript prepared and submitted to Climate Change.

7. Prepare manuscript on permafrost distribution in peatlands 6000 years ago.

Manuscript prepared and submitted to Geographie physique et Quaternaire.
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15.	 Information Activities

i) Journal Publications

Vitt, D.H., Halsey, L.H. and Zoltai, S.C. 1994. The bog landforms of continental western
Canada in relation to climate and permafrost patterns. Arctic and Alpine Research 26:
xx-xx.

Halsey, L.A., Vitt, D.H. and Zoltai, S.C. Disequilibrium response of permafrost in boreal
continental western Canada to climate change. Submitted to: Climate Change.

Zoltai, S.C. Permafrost in peatlands of western Canada during the Holocene warm period 6000
years ago. Submitted to Gèographie physique et Quaternaire.

Other reports

Kiil, A.D., Apps, M.J., Zoltai, S.C., Stewart, R.B. and Malhotra, S.S. 1994. Green Plan Climate
Change Initiative, Executive Report 1993/94.

Lectures, courses, seminars and scientific addresses

Zoltai, S.C. 1993. Peatland dynamics as climate indicators. Departmental Colloquium, Dept. of
Geography, University of Alberta, Edmonton.

v) Technology Transfer

Advisory Committee member of one M. Sc. (Geography) candidate (K. Harper)

Examining Committee member of one M.Sc. (Geography) candidate (D. Sebum)

	

16.	 Goals 1994-95

Investigate and sample permafrost peatlands in north-central Saskatchewan and Alberta. (Zoltai,
Siltanen)

Prepare manuscript on paleoenvironments of peatlands at the prairie margin. (Zoltai)

3.	 Prepare for publication data on the size of carbon sink in peatlands of west-central Canada.
(Siltanen, Zoltai)

	

17.	 Major Co-operators: 

The work is to be carried out in direct support of BOREAS, BFTCS and NBIOME project; specifically,
the background information on peatland dynamics and long term peat accumulation rates.
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i)	 Internal - CFS

I

I

Region ID# Title Contact name

NW Region NOR 1605 Carbon Budget M.J. Apps

ii)	 External -

Establishment ID# Title Contact name

U. of Alberta Peatland Dynamics D.H. Vitt

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

Environmental damage to the cored site will consist of trampling by foot travel, extracting a
5-cm diameter core from the peat by a hand-operated tool. The area affected by trampling
during coring is less than 1 m2.

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concludes that these
activities are not potentially detrimental to the environment.

CFS-NWR EARP Committee Approval Date: March 31, 1993.

I
I
I

I

I
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NOR 16-03

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: March 1, 1994

STUDY TITLE: Vegetation-climate interaction measurement and modelling

Responsibility Centre: Northern Forestry Centre

Program: Forest Protection and Environment

Project Title: Canadian Forests and Climate Change

Office Location(s): Edmonton, Alberta

Work Location: near Prince Albert, Saskatchewan

7. Study Staff:

Name

Study Leader E. H. (Ted) Hogg

Team Members P. A. (Rick) Hurdle

Study Key Words: Climate change, Ecophysiology, Boreal Forest, Aspen, Modelling

Study Activity: 

10. Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee Name Category Previous Budget Revised Forecast Upcoming

E.H. Hogg SE-RES-2 (P) 1.00 1.00 1.00

P.A. Hurdle EG-5 (T) 1.00 1.00 1.00

FTEs 2.00 2.00 2.00

1
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11. Study Background and Problem Analysis

Recent global change predictions indicate relatively large changes in the future climate of the western
Canadian interior. Moisture deficiency could become a critical factor driving future change in the
southern boreal forest of western Canada, where the climate is presently much drier than its counterparts
in eastern North America and Europe.

Scaling issues are fundamental to understanding both 1) biological reponses of the boreal forest to
climate and 2) the feedbacks of the boreal forest on global and regional climatic processes. The
complexity of these processes is such that we have formed linkages with larger, interdisciplinary research
teams. Thus, we are participating in both BOREAS (Boreal Ecosystem - Atmosphere Study) and BFTCS
(The Boreal Forest Transect Case Study). BOREAS is a team of over 200 scientists who will intensively
study boreal forest-atmosphere interactions using a variety of ground based, air-borne and remote
sensing methods in 1994 at two supersites near Prince Albert, Saskatchwan and Thompson, Manitoba.
BFTCS is a CFS initiative headed by Mike Apps that aims to conduct climate change research on
ecosystem processes along a 900 km transect across the full width of the boreal forest and including the
two BOREAS sites, over a longer (>5 year) time period than that planned for BOREAS.

Because BOREAS field activities will span one or two growing seasons, the strongest contribution will
be to improve understanding of interscale relationships of diurnal and seasonal processes. However,
predicting future responses of the boreal forest will also require an improved insight into ecological
responses to climate, many of which operate under much longer time scales (decades to centuries). These
include, for example, the effects of climate on forest regeneration and growth, and the accumulation of
carbon in peatlands.

The major concern in the present study is to examine the degree to which moisture deficiency is limiting
the growth and distribution of major boreal tree species, and to examine how global change may affect
the functioning of the western Canadian boreal forest in the future.

Analyses of vegetation-climate relationships have been conducted as a preliminary means of identifying
the long-term climatic and ecological factors that are most important in controlling the southern
boundary of the boreal forest in western Canada. Thermal characteristics of climate, such as growing
degree days and summer temperature, have been found to correspond poorly with forest zonation in this
region. In contrast, the isoline where annual precipitation (P) equals potential evapotranspiration (PET)
fits closely with the southern boundary of the boreal forest. It is thus concluded that the southern limit of
the western Canadian boreal forest is governed, either directly or indirectly, by moisture deficiency. This
conclusion is also supported by the presence of a steep regional gradient in the quantity of annual runoff,
which exceeds 100 mm over most of the boreal forest and ranges from <5 - 25 mm in the grassland to
the south.

However, questions concerning these longer-term, regional processes remain to be answered. First, is the
present distribution of the boreal forest determined directly by climate, through drought effects on tree
regeneration and survival, or is it a result of past disturbance regimes (e.g., a high, drought-induced fire
frequency on the prairies in the past)?
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Forests located near the southern limit of the boreal forest are expected to be most sensitive to drier
climates in the future. The present climate of the aspen parkland is similar to the predicted future climate
of the southern boreal forest. Thus comparing forest responses across the regional climate moisture
gradient can provide a useful analog for future responses to global change. This study focuses on
ecophysiological responses in aspen, because as a mature tree, this species is highly vulnerable to direct,
drought-induced mortality. Involvement in BOREAS will provide an excellent opportunity to compare
ecophysiological responses of aspen across a climate gradient and will also provide comparisons with the
other tree species. BOREAS will also provide a solid basis for modelling diurnal and seasonal processes
in the boreal forest, that can then be used as a foundation in "scaling up" these processes to longer time
periods.

Some of the longer-term processes, such as the chronic reduction in growth that can follow severe
drought events, are most readily examined from an analysis of forest responses to climate in the past.
The approach taken in this study will be to use ecophysiological measurements to to develop and
calibrate an ecosystem process model, then to validate the long-term performance of the model using
tree-ring analysis (with I.D. Campbell and T. Varem-Sanders). The present model requires detailed, daily
weather data that is often available only for the past few decades (e.g. solar radiation, relative humidity).
Thus longer-term analyses (up to 100 years) will be made using a simplified version of the model that
requires only monthly temperature and precipitation data as climate inputs.

For the major boreal conifers, the most critical issue for the future may be whether or not they could
continue to regenerate successfully under drier future climates. This concern has lead to a new research
initiative, supported by the Saskatchewan PAIF, on the regeneration of planted conifers across a climate
moisture gradient in Saskatchewan, from the boreal forest to the much drier, grassland regions in the
south.

12. Study Objectives:

i)	 Objectives

To concurrently measure ecophysiological and microclimatic processes as a means of
identifying and quantifying the most important factors controlling primary production and
distribution of major tree species across climatic gradients in the boreal forest and aspen
parkland.

To develop process model(s) to enable prediction of future changes in forest productivity in
existing vegetation types in response to various scenarios of climate change.

To develop model(s) that link site-specific, short-term ecophysiological processes to regional,
longer term responses of the boreal forest to changing climate.
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Deliverables

Short Term (1-5 years)

Computer simulation models and publications to bring an increased understanding of how
different climate change scenarios are likely to affect the productivity, distribution and
ecosystem functioning of major forest types near the southern limit of the boreal forest.

Contributions of knowledge on ecophysiological, ecological, and microclimate responses to
cooperating CFS Green Plan studies and clients, including quantitative functional linkages to
other modelling initiatives.

Long Term (5 years and beyond)

Improved predictions of how the boreal forest will respond to global change, and through our
involvement with larger-scale projects such as BOREAS, an improved ability to predict
biophysical feedbacks of the boreal forest on global CO2 levels and climate.

Publications from research and modelling activities to improve our ability to predict global
change impacts on the functioning and carbon balance of forests and peatlands in the western
Canadian boreal forest.

Significant Linkages:

Boreal Forest Transect Case Study (Mike Apps, team leader)

This comprises several CFS studies from across Canada who have a common interest in climate
change effects on the western Canadian boreal forest.

Boreal Ecosystem-Atmosphere Study (BOREAS)

This is an intensive, short-term (1993-95) study of the interactions between the boreal forest
and the atmosphere, focusing on the role of these interactions in 	 governing global climate
change.

iv)	 Methodologies: N/A (Peer Review was held January 1992)

13. Progress and Achievements 

The previous research scientist, R.H. Swanson, retired in 1991 and E.H. Hogg was hired in January
1992.
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In April 1992, E.H. Hogg submitted a joint proposal with other CFS researchers for participation in
BOREAS. The proposal was accepted, and Hogg and Hurdle have been actively participating in
BOREAS field activities and meetings since then. A drought-stressed jack pine stand in the Nisbet forest
was initially accepted as a BOREAS site. Subsequent decisions within BOREAS lead to the loss of the
Nisbet site, and the addition of a new mixedwood site. Thus the research activities formerly planned for
Nisbet will now be conducted in aspen-spruce mixedwood.

In 1992, an intensive research site was established in the aspen parkland at Batoche, Saskatchewan, as
part of the BFTCS. A meteorological tower was installed, and the installation has been continuously
recording detailed meteorological conditions since October 1992. Leaf area index, litter fall, and stand
characteristics were also measured. Testing was conducted and improvements were made to the
instrumentation required for measurements of sap flow and photosynthesis.

An analysis of the climatic factors governing the southern limit of the boreal forest was initiated in 1992,
which lead to the conclusion that moisture stress is a critical factor governing forest growth and
distribution in the southern boreal forest (see also Section 11).

Preliminary tests of an ecosystem process model (Forest-BGC), originally developed at Missoula,
Montana by Steve Running and Joseph Coughlan, were made in 1992.

14. Goals and Accomplishments (1993-94)

Continue to construct and document a working model offorest ecosystem processes in response to
climate. The first version will focus on the aspen parkland at Batoche, where several key
parameters such as leaf area index/biomass and stand structure have already been measured.

A model patterned after Forest-BGC has been constructed and simulations of the aspen parkland at
Batoche have been made over the period 1961-91 using daily meteorological data from Saskatoon,
and using Batoche data for 1992-1993. Due to the unusually cool, wet summer at Batoche in 1993, a
second season of physiological data is needed before aspen responses to moisture deficits can be
adequately modelled.

Implement ecophysiological instrumentation and leaf-canopy level measurements at the Batoche
aspen site. These measurements will be used to validate the preliminary model.

Sap flow was monitored continuously on 12 aspen in four (4) contrasting microsites at Batoche from
May-October 1993. Photosynthesis, stomatal conductance and leaf water potential were also
measured at two contrasting microsites at Batoche on five days between July and September 1993.
Leaf litter fall was measured for a second year, and increment cores were collected to be used in
assessing long-term performance of the model.

3. Initiate cooperative research with BOREAS and BFTCS at two intensive BOREAS sites near Prince
Albert, Saskatchewan.

Participated in two BOREAS workshops, two site selection field trips, and the August 1993 Intensive
Field Campaign. The two BOREAS sites where our research is planned (mixedwood and aspen) will
not be fully operational until May 1994.
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Submit manuscript for publication entitled "Hypotheses on the factors governing the southern
limit of conifers in the western Canadian boreal forest".

Manuscript submitted to Canadian Journal of Forest Research in November 1993 and has obtained a
favourable review.

Explore possibilities for new research initiatives to address questions relating to potential climate
change effects on the regeneration of conifers in the southern boreal forest.

A two-year study of regeneration and growth of planted conifers across climate gradients in
Saskatchewan was initiated, with funding from the Canada-Saskatchewan PAIF. Regeneration was
examined at sixty sites, and 140 increment cores were collected from three conifer plantations to
examine how dry climates affect conifer growth (with A.G. Schwarz).

Obtain climate data and develop methods of assessing interannual and long-term variations in
climatic moisture regimes suitable for examining forest growth responses over the past 40-100
years, in the absence of solar radiation data.

Climate data sets for most major stations in the prairie provinces have been obtained, in collaboration
with J. Volney. Two methods of estimating climatic moisture regimes were developed, based on the
difference between precipitation and potential evapotranspiration (Jensen-Haise and Penman-
Monteith methods). Both methods are suitable for assessing temporal changes in moisture regimes
using temperature and precipitation data only.

Initiate displays on climate change for the May 1994 Open House.

Displays have been designed and a computer model of forest growth was developed for public display
purposes (Rick Hurdle).

15. Information Activities 

i) Journal Publications

Lieffers, V.J., S.E. Macdonald and E.H. Hogg. 1993. Ecology of and control strategies for
Calamagrostis canadensis in boreal forest sites. Can. J. For. Res. 23: 2070 -2077.

Hogg, E.H., N. Malmer, and B. Wallen. 1994. Microsite and regional variation in the potential decay
rate of Sphagnum magellanicum in south Swedish raised bogs. Ecography (in press).

Hogg, E.H. 1994. An arctic-alpine flora at low elevation in Marble Canyon, Kootenay National Park,
British Columbia. Canadian Field-Naturalist (in press).
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Other reports

E.H. Hogg, with A.G. Schwarz. 1994. Growth and regeneration of planted conifers across climate
moisture gradients in Saskatchewan. Summary of first year's progress, with contractor's report
on Saskatchewan PAIF study for CFS Saskatchewan District Office. Unpublished MS.

Lectures, courses, seminars and scientific addresses

Seminar by E.H. Hogg, entitled "Climate change and the boreal forest in western Canada". Presented
to the Forestry Education Institute at Blue Lake, Alberta, on July 12, 1993.

Seminar by E.H. Hogg, entitled "Climate and the southern limit of the boreal forest". to be presented
at the University of Alberta, Forest Science Department on March 9, 1994.

v) Technology transfer:

E.H. Hogg is serving as Advisor for one Ph.D. student (Barb Thomas, topic: population genetics of
aspen) at the U of A Forest Science Department.

Interview with reporter at the Prince Albert Daily Herald lead to an article entitled "Research project
studies drought stress in forests" in the September 23, 1993 edition.

E.H. Hogg served as judge at Edmonton Regional Science Fair, April 1993.

16. Goals 1994-95

Determine the relative importance of climatic moisture regimes governing tree growth and regeneration
by:

1 Continuing concurrent measurements of ecophysiological and microclimatic processes in the aspen
parkland at Batoche (Hurdle and Hogg),

Using the results at Batoche to improve the functional realism of the ecophysiological simulation
model (Hogg and Hurdle),

Initiating collaborative ecophysiological research on aspen and spruce-aspen mixedwood at two
intensive BOREAS sites in the boreal forest and participating in three BOREAS Intensive Field
Campaigns (Hogg and Hurdle, with M. Lavigne and others),

Using existing, climate data (1880's-present) to estimate past temporal changes in climatic moisture
regimes at sites where climate change research is being conducted (Hogg, in cooperation with J.
Volney).

Conducting a second year of field surveys of regeneration from planted conifers across climate
gradients in Saskatchewan and initiating manuscript for publication (Hogg and Schwarz).
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Conducting tree-ring analyses of aspen at Batoche and conifers at three (3) prairie plantations in
Saskatchewan (Hogg, Campbell and Varem), and relating the results to past records of climate and
disturbance.

Presenting papers and seminars at conferences and workshops, and sharing results and ideas through
involvement in BOREAS (Hogg).

8. Revising and publishing the following two manuscripts:

Hogg, E.H. 199-. Climate and the southern limit of the western Canadian boreal forest. Canadian
Journal of Forest Research. (Submitted November 1993, review received February 1994, fmal
acceptance pending revision).

Campbell, C., Campbell, I.D., and Hogg, E.H. 199-. Lake area variability across a climatic and
vegetational transect in southeastern Alberta, Canada. Submitted to Geographie, Physique et
Quaternaire. November 1993.

17. Major Co-operators: 

Internal - FC

Region ID# Title Contact name

Northwest NOR 1604 Climatic change
modelling

Ian Campbell

Northwest NOR 1605 Global carbon
cycle

Mike Apps
Dave Price

Northwest NOR 1602 Canadian peatlands Steve Zoltai

Maritimes Woody tissue
respiration

Mike Lavigne

External -

Establishment
	

ID#
	

Title	 Contact name

TBA
	

(BOREAS)
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18. Environmental Implications:

i) Environmental Impact/Assessment Review Statement

REVIEW OF NEW CLIMATE CHANGE PROPOSAL
IN BATOCHE NATIONAL HISTORIC PARK

Three members of NoFC's environmental have reviewed the proposal for Batoche National Historic
Park. Overall, the environmental effects of this study are not significant and the project may proceed.
The following conditions should be addressed before any major disturbance at the site:

the appropriate permits have been or will be obtained;

a rare plant survey should be conducted near the tower before any major disturbance from
construction of the tower begins;

3) indicate the maximum number of people that may be on site during any research visit
from Doug Maynard, Chairperson of NoFC Environmental Screening Committee.

ii) CFS-NWR EARP Committee Approval Date: June 30,1992.

332



I

NOR 16-04

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: March 1, 1994

STUDY TITLE: Modelling boreal forest response to climate change

Responsibility Centre: Northwest Region

Program: Forest Protection Research

Project Title: Canadian Forests and Climate Change

Office Location(s): Edmonton, Alberta

Work Location: Alberta, Saskatchewan, Manitoba

7.	 Study Staff:

Name

Study Leader I. Campbell

Team Members H. Grewal

T. Varem

Study Key Words: Boreal Forest, Modelling, Climate Change, Forest Structure, Gap-Phase
Dynamics.

Study Activity: 2211, 2217
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1

10.	 Study Resources: •

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

I. Campbell SE-RES-1
(P)

0.92 0.92 1.00

H. Grewal FO-02 (P) 1.00 1.00 1.00

T. Varem EG-04 (T)

FTEs 1.92 1.92 2.00

11.	 Study Background and Problem Analysis

Climate models predict that anthropogenic changes in the composition of the Earth's atmosphere will
result in climate warming on the order of 1-5°C over the next 50-100 years. Changes in precipitation
and seasonality will vary according to location, but Canada's boreal forest region is expected to
experience greater than average warming and in most places reduced precipitation. Palynological and
other evidence suggests that such a magnitude and rapidity of climate change could have a strong
impact on both the location of range limits and on the structure of the forest. This could in turn have
severe repercussions on Canada's forest industries.

The boreal forest is one of the largest biomes in the world, the most economically important forest in
Canada, and may also be one of the largest high-flux carbon stores, accounting for as much as 30% of
the seasonal variation in atmospheric CO 2 concentration in Hawaii. Understanding the effects climate
change may have on this carbon store is important to predicting future atmospheric carbon
concentrations, and thus to predicting future climate. While increased temperatures and CO2
fertilisation may increase the rate at which the boreal forest removes carbon from the atmosphere,
decreased precipitation and possibly increased fire frequency and severity may partially or wholly
compensate for the increased carbon storage, and may even reduce overall carbon storage in the boreal
system.

While some indication of long-term forest responses to climate change can be obtained from the
paleoecological record, the predicted future climate change exceeds all known climate changes of the
last 2,000,000 years in magnitude and rapidity. While it has recently been demonstrated that past
changes in climate on the order of 1-2°C over several hundred years was sufficient to cause a
disequilibrium forest response in some regions, the future climate change is predicted to be on the
order of 1-2°C over several decades.
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Gap-phase dynamics models of forest growth have been shown to be an effective way of simulating
past forest responses to past climate changes, including the disequilibrium response mentioned above.
Gap-phase dynamics models have also been used to predict future forest responses to climate change.
However, the gap-phase models currently available do not explicitly simulate some of the important
processes in boreal forest ecology. This project aims to develop an integrated boreal forest gap-phase
dynamics model which explicitly includes all of the important processes in boreal forest ecology, and
to use it to predict the future structure of the boreal forest. This project will thus be closely linked to
several other Canadian Forest Service projects.

Research Priorities

Existing models of the boreal forest will be investigated and evaluated to determine which routines
from each existing model can be adapted to the new model. Processes inadequately represented in the
existing models will be studied, and routines developed to simulate them. Initially, it is expected that
mortality will be the major focus. Mortality can be classified as catastrophic or gradualistic. Causes of
catastrophic mortality include fire, severe insect infestation, blow-down, and severe weather.
Gradualistic mortality is caused by competition and other sources of cumulative stress.

The only mortality processes which are well represented in current models are competition and
cumulative stress caused by poor climate. Thus fire, of major importance to the boreal forest and
generally poorly represented in gap-phase models of the boreal forest, will be one important initial
focus. It is expected that most information and data required to model fire occurrence, severity, and
impact will be found in available literature. Insects and other pathogens will also be examined.

A second focus will be refilling the equations used for tree growth. While much of the required
information is available in the literature, some dendrochronological work will be undertaken to
develop relationships between leaf area, age, climate, and growth. Data collected by linked projects
(see Linkages, below) will also be extensively used.

A third focus will be the development of a paleoecological data-set which can be used for model
validation, through high temporal resolution pollen and charcoal analyses of peat (the best material for
preserving Populus pollen) cores taken from sites along the Boreal Forest Transect.

12.	 Study Objectives:

i) Objectives

A comprehensive review of processes affecting boreal forest succession.

Constructing and operating a computer simulation model of successional processes in the
boreal forest, with specific reference to changing climate.

c) Predicting the medium and long-term consequences of climate change for boreal forest
ecology in Canada.

ii) Deliverables
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Short Term (1-5 years)

A paleoecology lab within Canadian Forest Service
An X-ray densitometry lab within Canadian Forest Service
An improved understanding of past boreal forest responses to climate change
Improved understanding of successional processes in the boreal forest
A model of boreal forest successional processes
Predictions of the impacts of climate change on the boreal forest

Long Term (5 years and beyond)

Improved forecasting of the carbon budget of the Canadian boreal forest
Improved forecasting of available stocks in the boreal forest

iii) Significant Linkages:

a) Forestry Canada Green Plan:
NOR-16-05: Carbon budget model (Apps/Price)
NeFC: Woody tissue respiration (Lavigne)
PNFI: Crown development (Penner/Lavigne)
GLC-26-11: Jack pine responses to elevated CO2 and nitrogen (Hogan)

NOR-16-03: Vegetation-climate interactions (Hogg)
NOR-16-02: Long-term carbon sequestration in peatlands (Zoltai)

b) BOREAS (Boreal atmosphere-ecosystem study)
NBIOME (Northern BIosphere Observation and Modelling Experiment)
BFTCS (Boreal Forest Transect Case Study)
Palliser Triangle Project (Geological Survey of Canada, Calgary)
Stable isotopes study (S. Epstein, CalTech)

iv) Methodologies

The first step will be to analyze and evaluate existing boreal forest models, as well as models of other
types which may be applicable. Each sub-model in each model will be evaluated according to how
realistically it models the processes intended, how well it does so, and how adaptable it is to the
targeted integrated model. Also, existing paleoecological data, ecological information, and PSP data
will be collected.

Additional data will be collected in collaboration with Hogg, Penner, and Lavigne, using primarily
Hogg's study sites in order to benefit from his data. Data to be collected include litterfall (from
litterfall traps), dendrochronology and densitometry (from cores and cookies), climate data (from flux
towers), crown and stem maps, and basic soils data. Also, peat cores collected by Zoltai from nearby
peatlands will be analyzed for fossil pollen and charcoal abundances, to develop a detailed
paleoecology of each site and to complement fire scars found in the tree cores and cookies to develop a
chronology of forest fire at each site. A particular effort will be made to obtain cookies from trees
recently dead from gradualistic causes, in order to establish relationships between tree vigour and
death.
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These data will be used in the evaluation of available sub-models to be included in the integrated
model, as well as for the development of new sub-models to simulate processes not adequately
represented by existing sub-models.

Progress and Achievements

An X-ray densitometry lab has been established, and is expected to process over 2500 samples in the
coming year. Other groundwork has been laid for the major modelling thrust to begin in the coming
year, including the demonstration that the prehistoric aspen parkland was not in equilibrium with
climate alone, but was in fact severely limited by bison activity.

Goals and Accomplishments (1993-94)

Complete pollen analyses of St. Laurence Fen, Nelson House peat, and Prince Albert fen
cores.

St. Laurence fen core 50% analyzed, Nelson House core 30% analyzed, Prince Albert fen core
25% analyzed.

Begin pollen and charcoal analyses of Amisk Lake core and Jade Lake core.

Amisk Lake core pollen analysis has been assigned to a graduate student at University of
Alberta for a thesis project. Opal Lake was substituted for Jade Lake; and the core has also
been tentatively assigned to a graduate student.

Investigate possibility of distinguishing grass and wood fires in Aspen Parkland sites
through sedimentary charcoal.

A reference collection of charcoal has been started; grass and wood fires should in most cases
be readily distinguishable. A manuscript describing the method and applying it to a test case
has been submitted to Arctic.

X-ray densitometry of currently held wood samples.

X-ray densitometry facilities have been completed and upgraded. Analysis of samples held at
start of year will be complete by end of January; a further —500 samples have been received
since, and should mostly be complete before the end of the budget year.

Develop interpretative software for x-ray densitometry.

A library of software has been purchased form the International Tree-Ring DataBank at Tucson,
Arizona. Interface software has been developed.

Develop computer software for making and analyzing stem maps.

Stem mapping software is finished in version 1; a more user-friendly version is nearly complete.
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Investigate the significance of intra-annual variations in wood density.

To continue in February and March.

Develop modular skeleton for new boreal forest gap model.

Modular skeleton developed. Work has started on the climate module.

Test auto-scaling of plot size in gap model.

Auto-scaling tested successfully, but only on a small scale.

Continue to cooperate with BORERS and other FC scientists in the BFTCS.

Cooperative ventures with other BOREAS, BFTCS, and CFS researchers has been ongoing.

Locate and obtain core from a terrestrial site in the grassland to test pollen preservation
hypotheses and early Holocene vegetation history.

Core obtained from Klassen Ranch site; it promises to yield the most detailed terrestrial record
in Alberta.

Develop volcanic ash stratigraphy to supplement radiometric dating.

One new volcanic ash has been described, and two other ashes not previously reported in
Alberta sediments have been identified. This method promises to effectively replace
radiometric dating, with significant cost savings.

Publications in manuscript, submission, or accepted (but not yet in proof) as of February 11,
1994:

Campbell, I.D., and Campbell, C. (Accepted in Great Lakes Geographer) The impact of Late
Woodland land use in southern Ontario.

Campbell, I.D., and Campbell, C. (Accepted in Palynology) Pollen preservation: experimental
wet-dry cycles in saline and desalinated sediments.

Campbell, I.D., and Chmura, G.L. (Accepted in Palynology) Pollen distribution in the
Atchafalaya River, U.S.A.

Campbell, C., Campbell, I.D., and Hogg, E.H. (submitted to Geographie physique et
Quaternaire) Lake area variability across a climatic and vegetational transect in southeastern
Alberta.

Campbell, I.D., LeBlanc, R., and Campbell, C. (submitted to Arctic) Tamarack (Larix laricina)
charcoal from two palaeoeskimo sites, Cape Bathurst Peninsula, Northwest Territories, Canada.
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Campbell, I.D., and Geurts, M-A. (submitted to Geographie physique et Quaternaire) L'effet
du substrat adjacent sur les spectres polliniques d'un petit bassin: un exemple de grains de
pollen remands au Yukon.

Campbell, I.D., and Campbell, C. (submitted to Canadian Journal of Earth Sciences) A
previously unreported late Holocene tephra in southern Alberta, Canada.

Campbell, I.D., Campbell, C., and McAndrews, J.H. (in internal review for submission to
Nature) Bison extirpation caused aspen expansion in western North America.

Campbell, C., Campbell, I.D., Vance, R.E., and McAndrews, J.H. (in preparation for Nature -
awaits radiometric dates) Prairie grass fire does not limit the southern margin of the boreal
forest in western North America.

Campbell, I.D., and Varem-Sanders, T.M.L. (in preparation for NOX) DENDROSCAN: Tree-
ring width and density measurement system.

15. Information Activities

i) Journal Publications

Campbell, I.D., and McAndrews, J.H. 1993. Forest disequilibrium caused by rapid Little Ice
Age cooling. Nature 366: 336-338.

Other reports

Campbell, I.D., and Campbell, C. 1993. Pre-European horticultural impact on the forest
landscape and forest succession of southern Ontario, Canada. ArchNotes 93-4: 12-17.

Campbell, I.D. 1993. CANPLOT: A FORTRAN program for plotting pollen (and other) data,
and A short introduction to PostScript code. International Quaternary Association
Commission for the Study of the Holocene Working Group on Data Handling Methods
Newsletter 10: 17-18.

McAndrews, J.H., and Campbell, I.D. 1993. 6ka mean July temperature in eastern Canada from
Webb's (1985) pollen transfer functions: Comments and illustrations. In: Alice Tekla
(compiler) Proxy Climate Data and Models of the Six Thousand Years Before Present
Time Interval: The Canadian Perspective. Royal Society of Canada, Ottawa. pp. 22-25.

Lectures, courses, seminars and scientific addresses

Invited seminars in Departments of Botany and Geography, University of Alberta.

Public seminars at NoFC on DendroScan, a new system for tree-ring width and density
measurement.
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v) Technology transfer:

Nominated as adjunct professor in Department of Geography, University of Alberta.

Member of supervisory committee of A. Rhodes, and S. Blakney, M.Sc. students in botany, U.
of Alberta.

Interviewed in Edmonton Journal; story also appeared in Red Deer newspaper. Also
interviewed on local radio, Weather Network, and ITV news. Interviewed in Science News.

16.	 Goals 1994-95

To complete analyses of Pine Lake core (Campbell).

To complete pollen analyses of PA fen, St Laurent fen, and Nelson House fen (Campbell).

To complete dendrodensitometric analyses of Mackenzie transect, Pine Lake, Amisk Lake,
Hector Lake, and other suites currently in stock (Varem-Sanders and Campbell).

To complete manuscripts presently in preparation (Campbell)
Includes those manuscripts listed as in submission, review, or preparation under heading # 14;
also a planned manuscript on carbon storage in the Aspen Parkland.

To complete climate (Grewal and Campbell), plot resizing (Campbell), 110 (Grewal), and stem
removal (Campbell and Grewal) modules of model.

To participate in open house activities (Campbell, Grewal, Varem-Sanders).

To collaborate with Epstein (CalTech) in a comparison of tree-ring density (conifer) and
isotopic composition (Campbell, Varem-Sanders).

To investigate potential of PA fen for long-term tree-ring chronology (Campbell, Varem-
Sanders).

To provide dendrodensitometric services to BOREAS biometry and allometry (estimate —2000
samples) (Varem-Sanders, Campbell).

To investigate the role of fire in regulating the southern margin of the boreal forest (Campbell).
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Establishment Contact nameID# Title

See above (12[iii])

17.	 Major Co-operators: 

Internal - FC

Region
	 ID#
	

Title
	 Contact name

See above (12[iii])

External -

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

Potential adverse environmental effects are insignificant or mitigable with known technology.
Project may proceed.

FC-NWR EARP Committee Approval Date: January 7, 1993.
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NOR 16-05
FORESTRY CANADA

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: March 1, 1994

STUDY TITLE: Canadian Forests and Climate Change

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection and Environment

Project Title: Modelling the role of northern forests and forestry in the global carbon cycle in a changing
climate.

Office Location(s): Edmonton, Alberta

Work Location: Canada

7. Study Staff:

Name

Project Leader M. Apps

Team Members D. Price

R. Mair

J. Niederleitner

Study Key Words: Carbon cycle, carbon budget, carbon sequestering, greenhouse effect, boreal forests,
climate change, forest productivity, bioenergy, simulation modelling, ecophysiological modelling,
BOREAS, NBIOME, FORET, ZELIG, FORENA, FORCYTE, LINKAGES, JABOWA.

Study Activity: 2211, 2217
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

M. Apps SE-RES-4
(P)

0.50 0.50 0.50

R. Mair SI-2 (P) 1.00 1.00 1.00

D. Price SE-RES-2
(T)

0.00 0.00 0.00

M. Siltanen EG-5 (T) 0.00 0.00 0.20

J. Niederleitner SI-2 (P) 1.50 1.50 1.70

Total FTEs

Study Background and Problem Analysis

The Carbon cycle and climate change:

The principal factor driving global warming concerns is man's influence on the natural greenhouse effect
through changes in the atmospheric loading of radiatively active gases. Carbon dioxide is still the main
anthropogenetic greenhouse gas and global forest ecosystems account for approximately 50% (100
gigatonnes of carbon) of the annual exchange of this gas with the atmosphere. In addition to their
significant and dynamic role in the annual carbon cycle, global forest ecosystems represent huge carbon
pools in their soils (1500 gigatonnes C) and standing biomass (650 gigatonnes C).

Human activities are upsetting the world's carbon balance by burning fossil fuels and by removing active
biological sinks for carbon dioxide through deforestation and other land use changes. An increasingly
important question to Canadians is the extent to which our forests are part of the problem or can be part
of the solution. This question has three parts: how much carbon is currently stored in Canadian forests,
how much do they currently contribute to the atmospheric budget, and how will these carbon storage
pools and exchanges change in the future as a consequence of climate change and forest management?

CBM-CFS: the Carbon Budget Model of the Canadian Forest Sector

The Carbon Budget Model of the Canadian Forest Sector addresses these questions in a three phase
study: 1) assessment of the current carbon budget using best available data; 2)evaluation of the
likely/possible consequences of alternative forest resource management strategies on future carbon
budgets; and 3)evaluation of the likely/possible consequences of alternative climate change assumptions
on future carbon budgets. This work was initiated with funding under the ENFOR program and
culminated in an integrated modelling framework and completion of the first phase of the work.
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This study work plan outlines the Canadian Forest Service component of the carbon budget and carbon
cycling research. During the ENFOR supported contract work (under ENFOR) it became clear that a
significant research effort would be required to adequately capture the existing state-of-the-art science
understanding in order to address aspects of phase 2 and 3. This requires development of new science
skills not presently extant in Canadian Forest Service, or indeed within the country at all. The Canadian
Forest Service research will focus on developing process-driven algorithms for forest response to climate
change scenarios for incroporatioon in the CBM-CFS framework. Continued ENFOR support will be
directed (via contracts) towards application of the CBM-CFS modelling framework to specific
problems.

It is expected that after completion of the phase 2 and phase 3 framework and prototype model, there
will be a period of science and policy recommendation output resulting from gaming analysis with the
prototype model. This will be followed by an ongoing use of the model framework to test, refine and
formulate projections of future carbon budget questions which incorporate the improvement in our
knowledge, understanding and data. The carbon budget model is expected to be a major integrating tool
for the overall Canadian Forest Service National Climate Change research program.

Relationship of study to BOREAS:

It is expected that the carbon budget model for the Canadian Forest Sector will be tested and used as
part of an NWR project proposal for the international BOREAS study by adapting, and applying, it to a
transect from the grasslands through the BOREAS boreal forest sites and into the tundra. This transect
is expected to become an integrating thread for a number of Forestry Canada's climate change research
projects (see NOR 16-01) and the carbon budget is a central component of this activity.

Relationship of study to NBIOME:

The carbon budget model framework has been an important component of the development of the
science plan for the inter-agency NBIOME (Northern Biosphere Observation and Modelling
Experiment). One of the cornerstone activities of NBIOME (proposed by Apps and involving University
as well as Government researchers) is to model the carbon dynamics across a transect through the
grassland- boreal forest - tundra, including the BOREAS sites as mentioned above.

The ten-year multi-disciplinary, inter-agency NBIOME project is one of two from Canada which have
been accepted in NASA's EOS (Earth Observing System) program. Apps is one of the original Co-
investigators named in the proposal to NASA, is a key member of the NBIOME Science Steering
Committee and has played an active role in several inter-agency workshops on NBIOME. The NBIOME
project attempts to link observational databases (satellite remote sensing, biomass and soils inventories)
to process modelling of organic matter dynamics and carbon sequestration in forests and agricultural
systems at the national scale.
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12. Study Objectives:

i) Objectives

To provide the best available estimates of northern forests contributions to the global carbon budget
in a changing environment by:

developing a quantitative modelling framework within which to capture the changing state-of-
the-art science knowledge and data;

developing modelling approaches supported by field studies and data synthesis to evaluate the
effects of resource management strategies on the carbon sequestration potential of northern
forests for incorporation in the modelling framework;

adapting existing gap-phase dynamics succession models and ecophysiological response models
for incorporation in the modelling framework to assess the changes in carbon sequestration
potential of northern forests to possible changes in the global environment (such as global
warming).

interfacing these models to large scale data accumulation programs (such as remotely sensed
data) to assist in the detection and interpretation of global changes.

ii) Deliverables

Short Term (1-5 years)

Long Term (5 years and beyond)

iii) Significant Linkages:

13. Progress and Achievements

14. Goals and Accomplishments (1993-94)

1. Complete journal manuscript "The carbon budget of the Canadian Forest Sector: Phase 2:
implications of resource management strategies" and submit to Can. J. For. Res. (or equivalent).

Several manuscripts on results obtained with the phase 2 model were completed and submitted to
international journals. Several of these have already been published and are listed in section 14
below.
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Develop algorithms for representation of contagious meso-scale processes (such as seed-
dispersal and disturbances) and their influence on structure and function at the landscape level.
These algorithms will be developed for testing on the BFTCS.

Algorithms to represent contagious meso-scale processes and their influence on structure and
function at the landscape level were developed. A manuscript (Li and Apps) has been submitted to
Ecological Modelling and another (Price, Apps and Li) is in preparation.

Complete manuscript on "Simulation of disturbance contagion in a forest gap model" and submit
to Ecological Applications or comparable journal.

The manuscript "Simulation of disturbance contagion in a forest gap model" (Price, Apps and Li)
has undergone preliminary review and after revisons, will be submitted to Ecological Modelling.

Refine the current representation of site-specifc and ecophysiological processes in ecosystem-
level models (first level of meta-model development) to explicitly simulate vegetation response to
changes in climate variables such as temperature, precipitation and CO2 levels.

The representation of site-specifc and ecophysiological processes in ecosystem-level models (first
level of meta-model development) has been refined and work is in progress to apply this model to
the Boreal Forest Transect Case Study.

Continue development of large scale model of landscape ecosystem processes and second level of
meta-model development (stand to landscape scales incorporating algorithms for contagious
processes and spatial scaling (Goal 2). Include representation of processes related to NPP,
disturbances, decomposition, wetland dynamics, and vegetation pattern development and their
dependence on changes in global climate factors.

Development of a large scale model of landscape ecosystem processes and the second level of meta-
model development (stand to landscape scales) has continued. Several preliminary papers outlining
the approach have been prepared, submitted and published (see list in section 14 below)

Perform preliminary simulations of the carbon budget of the present and future boreal forest
incorporating the meta-model structure developed for the BFTCS to scale up to the biome-level
within the CBM-CFS.

Preliminary simulations of the carbon budget of the present and future boreal forest have been
performed. A journal manuscript (Kurz and Apps, 1994) has been prepared, submitted and printed.

Design and initiate validation/verifation experiments using data from BOREAS and BFTCS.

Validation/verification experiments using data from BOREAS and BFTCS have been designed and
are included in the BOREAS Experiment Plan.
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Complete manuscript on "Simulation of ecosystem processes within an integrated carbon budget
framework" and submit to Ecological Applications, Landscape Ecology or comparable journal.

The manuscript on "Simulation of ecosystem processes within an integrated carbon budget
framework" has been combined with the study of disturbance dynamics (see 3 above).

Prepare invited overview presentation on the role offorests in global carbon budget, and
participate in National Symposium in Ottawa, April 1993.

An invited overview presentation on the role of forests in the global carbon budget was prepared and
delivered at a National Symposium on Natural Sources and Sinks of Greenhouse Gasses in Ottawa,
April 1993.

Publish Carbon database for forest soils.

A manuscript "A soil database for non-agricultural mineral soils in Canada" is in preparation as an
Information Report.

Prepare series ofjournal manuscripts on the CBM-CES phase 2/3 research: tentative topics:

the contribution of the Canadian forest sector to the carbon budget of the past 4 decades
projections of the contribution of the Canadian forest sector to the carbon budget for the
next decade, with an emphasis on the potential role of bioenergy

c. description of the phase 2 CBM-CFS model (methods paper)

A series of journal manuscripts on the CBM-CFS phase 2/3 research have been prepared,
submitted, or are in lates stages of preparation. These are listed in section 14 below.

Prepare a journal manuscript "Disturbance regimes and biospheric feedbacks in boreal forests"
for publication in Science, Can .1 For Res or equivalent.

A journal manuscript "Canada's Forests: A net Carbon Sink for 1986" was submitted to Science but
was returned without scientific review (other papers submitted for that issue were deemed more
'exciting'). A new manuscript has been prepared and has been through first review prior to
submission as a letter to Nature.

Prepare presentation(s) on modelling of boreal forest response to climate change along the
BFTCS for IBFRA symposium, Norway, September 1993.

Two papers on modelling of circumpolar carbon budgets and boreal forest response to climate
change along the BFTCS were presented to the IBFRA symposium, Norway, September 1993. One
of these was subsequently submitted to the journal World Resource Review.
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14. Investigate the interactions of different disturbance factors (harvesting, insects, fire), forest
sector decsions (bioenergy, protection measures, prodcuct lifetimes) and internal forest
ecosystem feedbacks (age-class structure, prodctivity) on the national forest sector carbon
budget using the CBM-CFS2.

The interactions of different disturbance factors (harvesting, insects, fire), forest sector decsions
(bioenergy, protection measures, product lifetimes) and internal forest ecosystem feedbacks (age-
class structure, prodctivity) on the national forest sector carbon budget using the CBM-CFS2 were
investigated.

15. Information Activities 

i) Journal Publications

Manuscripts (5) submitted or in review:

Li, C. and Apps, M.J. Effects of Contagious disturbances on Forest Temporal Dynamics.
Manuscript submitted to Ecological Modelling, Dec 1993.

Kurz, W.A., Apps, M.J., Beukema, S.J., Lekstrum, T. Twentieth Century Carbon Budget of
Canadian Forests. Abstract in Proc. of 4th International CO2 Conference, Carquerianne, France,
1993. Manuscript submitted to Tellus B, Dec 1993

Price, D.T., Apps, M.J., Kurz, W.A., Wesbrook, M., Curry, R.S. A Model Forest Model: Steps
Towards Detailed Carbon Budget Assesemnt of Boreal Forest Ecosystems. Manuscript
submitted to World Resource Review.

Price, D.T., Apps, M.J., and C. Li. Approaches to Simulating Contagious Disturbances in Foret
Ecosystems Models. Manuscript in review for Ecological Modelling

Kurz, W.A. and Apps, M.J. Forest Aging Due to Decreased Disturbances: a Component of the
Missing Carbon Sink? Manuscript in review for Letter to Nature.

Manuscripts (16)in press or in print (Three of these manuscripts were preared in previous years, but
have only appeared in print during 1993-94):

Kurz, W.A. and Apps, M.J., 1994. The Carbon Budget of Canadian forests: a sensitivity analysis of
changes in disturbance regimes, growth rates and decomposition rates. Environ. Pollution, 83
(1994): 55-61.

Apps, M.J., W.A. Kurz, R. J. Luxmoore, 1.0. Nilsson, R.A. Sedjo, R. Schmidt, 1.G. Simpson, and
T.S. Vinson. The Changing Role of Circumpolar Boreal Forests and Tundra in the Global C
Cycle. Water, Air and Soil Pollution, 70: 39-53, 1993

NB This also appears as a Chapter in the Book: Terrestrial Biospheric Carbon Fluxes:
Quantification of Sinks and Sources of CO2. Kluwer Academic Publishers, Dordrecht,
Netherlands, 1993
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Price, D.T. and M.J. Apps. 1993. Integration of boreal ecosystem-process models within a
prognostic carbon budget model for Canada. World Res. Rev. 5(1), 15-31.

Kurz, W.A. and M.J. Apps. 1993. Contribution of northern forests to the global carbon cycle:
Canada as a case study. Water, Soil and Air Pollution 70: 163-176, 1993.

N.B.: This also appears as a Chapter in the Book: Terrestrial Biospheric Carbon Fluxes:
Quantification of Sinks and Sources of CO2. Kluwer Academic Publishers, Dordrecht,
Netherlands, 1993

Sampson, R.N., Apps, M.J., Brown, S., Cole, V.C., Downing, J., Kauppi, P., Ojima, D.S., Smith,
T.M., Solomon, A.M., Twilley, R.R., and Wisniewski, J. Summary Statement, Terrestrial
Biospheric Carbon Fluxes: Quantification of Sinks and Sources of CO2. Water, Soil and Air
Pollution 70: 3-15, 1993.

N.B.: This also appears as a Chapter in the Book: Terrestrial Biospheric Carbon Fluxes:
Quantification of Sinks and Sources of CO2. Kluwer Academic Publishers, Dordrecht,
Netherlands, 1993

Kurz, W.A., M.J. Apps, B.J. Stocks, and W.J.A. Volney, 1993. Global climatic change: disturbance
regimes and biospheric feedbacks of temperate and boreal forests. In: G. Woodwell (Ed.).
'Biospheric feedbacks in the global climate system: will the warming speed the warming?'
Oxford Univer. Press, New York, IN PRESS

Apps, M.J. and Kurz, W.A., 1993. Apps, M.J. and Kurz, W.A. 1993, The Role of Canadian Forests
in the Global Carbon Balance. In 'Carbon Balance on World's Forested Ecosystems: Towards a
Global Assessment, Proc. Intergov. Panel on Climate Change Workshop, Joensuu, Finland, 11-
15 May 1992, Publications of the Academy of Finland, Helsinki, 14-28.

Price, D.T., Apps, M.J., Kurz, W.A., Prentice, I.C., and Sykes, M.T. 1993. Simulating the Carbon
Budget of the Canadian Boreal Forest Using an Integrated Suite of Process-Based Models. In
C.-H. Ung (ed) "Forest Growth Models and their Uses", Proc. of International Conference,
Quebec, 18-19 Nov, 1993, Nat. Res. Canada, CFS, Quebec, 1993: 251-264.

Cihlar, J.C. and Apps, M.J. 1993. Carbon budgets and successional dynamics of Canadian
vegetation. In, TS Vinson and TP Kolchugina (eds) 'Carbon cycling in boreal forests and sub-
arctic ecosystems', Proceedings of International Conference, Corvallis, Oregon, 8-12 September,
1991, US EPA Office of Res. and Dev. Report EPA 600R-93/084, Washington DC, 215-220.

Apps, M.J., Kurz W.A., and Price D.T. 1993. Estimating carbon budgets of Canadian forest
ecosystems using a national scale model. In, TS Vinson and TP Kolchugina (eds) 'Carbon
cycling in boreal forests and sub-arctic ecosystems', Proceedings of International Conference,
Corvallis, Oregon, 8-12 September, 1991, US EPA Office of Res. and Dev. Report EPA 600R-
93/084, Washington DC, 243-252.

Price, D.T. and Apps, M.J. 1993. Use of a Forest Ecosystem-level Model to Investigate Responses
of Boreal Landscape Productivity to Climate. Proc. of Seventh Forestry Canada Modelling
Working Group Workshop, Compiled by GM Bonnor. PFC. Victoria, B.C., 1993, 10-17.
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Apps, M.J. Forestry Canada; Canadian Forests and Climate Change Program. Poster paper at
International Conference "Global Change and Arctic Terrestrial Ecosystems", Oppdal, Norway,
21-26 August 1993

Kurz, W.A., Apps, M.J., Beukema, S.J., Lekstrum, T. Twentieth Century Carbon Budget of
Canadian Forests. Abstract in Proc. of 4th International CO2 Conference, Carquerianne, France,
1993, World Meteorological Organization Global Atmosphere Watch Report GEM/TD-NO
561p 162.

16.	 Goals 1994-95

Prepare journal manuscript(s) on retrospective 1920-1989 analysis of Canadian forest carbon
budget.

Test algorithms for representation of contagious meso-scale processes and their influence on
structure and function at the landscape level. Apply to BFTCS and prepare journal manuscript
describing the results.

Investigate the effect of contagious processes on spatial patterns in the boreal forest using the large
scale model of landscape ecosystem processes. Prepare journal manuscript.

Complete development of object oriented CBM-CFS.

Complete the representation of site-specific and ecophysiological processes, and apply to the
BOREAS sites and BFTCS.

Collaborate with the European Forest Institute (Joensuu, Finland) in the assessment of carbon
budgets for European Forests.

Contribute to the development of a carbon budget for circumpolar boreal and temperate forests.

Prepare papers on "The role of forest in the global carbon cycle: an overview" and "Boreal forest:
retrospective and projective carbon analysis" for the NATO Advanced Research Workshop.

17.	 Major Co-operators: 

i)	 Internal - FC

Region	 ID#
	

Title	 Contact name
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ii)	 External -

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental screening committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concludes that these
activities are not potentially detrimental to the environment.

FC-NWR EARP Committee Approval Date: March 31, 1993.
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NOR 18-02 1
NATURAL RESOURCES CANADA

CANADIAN FOREST SERVICE
NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: December 16, 1993

STUDY TITLE: Peatland Development and Ecology

Responsibility Centre: Northwest Region (8135)

Program: Forest Protection and Environment

Project Title: Wetlands and Hydrology

Office Location(s): Edmonton, Alberta

Work Location: Northwest Region

7. Study Staff:

Name

Study Leader S.C. Zoltai

Team Members J.D. Johnson

R.M. Siltanen

Study Key Words: Peatland, soils, dynamics, chemistry, peat, vegetation, succession.

Study Activity: 2211

1
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Study Resources:

Personnel Information

1993-94 Fiscal Year 1994-95 1995-96

Employee
Name

Category Previous Budget Revised Forecast Upcoming

S.C. Zoltai SE-RES-5
(P)

0.42 0.42 0.40

J.D. Johnson BI-2 (P) 0.16 0.16 0.20

R.M. Siltanen EG-5 (T) 1.00 1.00 0.40

FTEs 1.58 1.58 1.00

Study Background and Problem Analysis

Peat is constituted by the largely undecomposed remains of vegetation growing in wet places. It usually
occurs in depressions and other poorly drained areas, and supports a variety of vegetation from stunted
trees to shrubs and sedges. In its natural state, the high water table prohibits fast tree growth, but when
sufficiently drained it can produce as well or better than the best upland sites. As a raw material, it has
many uses depending on its quality, from peat moss as a soil conditioner to liquification as gas fuel.

The Prairie Provinces have enormous areas of peat, all north of the prairie zone. The most recent
estimates show that about 28% of Alberta, 12% of Saskatchewan and 42% of Manitoba are covered with
peat. This translates into approximately 180,000 km 2 in Alberta, 68,000 km2 in Saskatchewan and
230,000 km2 in Manitoba.

The amount of peat involved is equally impressive. Conservatively calculating on a basis of 1.5 m
average thickness in Alberta and Saskatchewan, and 2 m in Manitoba, the peat resources are 270 x 109
m3 in Alberta, 102 x 109 m3 in Saskatchewan, and 460 x 109 m3 in Manitoba. Estimating the total dry
peat content on the basis of 100 kg/m 3, this would amount to 27.0 x 10 9 tonnes in Alberta, 10.2 x 109
tonnes in Saskatchewan, and 46.0 x 10 9 tonnes in Manitoba; a total of 83,200,000,000 tonnes of dry
peat.

The resources involved are considerable, whether viewed as a growth medium for forestry, range,
agricultural or horticultural resources, or as raw material. Any development plans for the use of these
resources must be based on the understanding of peatland ecology to determine the suitability of various
kinds of peatlands for different uses and the possibilities of rehabilitation of exploited areas. The present
state of knowledge of peatland development in the western region is very incomplete, and all available
information is confined to a few local areas.
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Peatlands are unique as the ecosystem (plants, water, soil, climate) creates its own environment.
Accumulation of peat, upon reaching a critical thickness, can bring about a drastic change in the
chemistry and nutrient levels of the peat. This in turn allows the invasion of different peat-forming
vegetation, changing the complexion of the peatland. Conversely, interference with the natural ecosystem
by partial drainage or excavation will interrupt this cycle in the short term and initiates the regeneration
of peatland in the long term. The understanding of peatland dynamics is essential in predicting the
response of a peatland to manipulation (as for example the drainage studies undertaken in NOR-28-03),
in order to avoid disappointment, failure, or the creation of wastelands.

A study of peatland dynamics is in progress within the Boreal Wetland Regions of Alberta, Saskatchewan
and Manitoba. This study characterizes the various peatland types in terms of vegetation, past and
present, chemistry of surface and peat deposits, quantifying and characterizing the peat occurring in
various peatland forms. The rate of peat deposition is measured by studying the layering and secondary
root development of trees, and by obtaining radiocarbon dates of suitable peat sequences. The
information gathered will be used to characterize the dynamics of various peatland forms in the Boreal
Wetland Regions.

Based on this background knowledge, guidelines can be established to recognize the value of wetlands for
various uses. The suitability of wetlands for forestry can be predicted with reasonable certainty, and
management techniques can be recommended for the improvement of drainage and tending of the forest.

12. Study Objectives:

i) Objectives

1. Determine the ecology of wetland development within the region, by:

documenting the environmental parameters (climate, hydrology, water chemistry) that
lead to the establishment of ombrotrophic wetlands;

investigating the conditions necessary to initiate permafrost in ombrotrophic wetlands at
the local and regional scale;

(c) relating the dynamics of permafrost aggradation/degradation to climatic parameters at
present and during the Holocene.

2. Develop an ecologically sound wetland classification system that can be applied at the
regional and national levels, by:

integrating water quality parameters into the existing Canadian Wetland Classification
System;

mapping and classifying the wetlands of Manitoba.

3. Develop interpretive applications of the wetland classification system, including guidelines
for peatland management, rehabilitation and conservation, by determining the generic land
use potential, management practices and impacts on conservation of different types of
wetlands.
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These goals relate directly to the CFS Strategic Plan by enabling us to predict and prevent
environmentally harmful effects of human activities on or near wetlands. Direct benefit will
be derived from the use of the information generated by this study when evaluating wetland
ecological reserves.

The regional issue of multiple-use forest management is supported by the results of this
study. Rational and environmentally sound use of peatlands for forest production is possible
if the peatlands are carefully selected. Some peatlands can be transformed into productive
forest lands with the appropriate site manipulation techniques.

ii) Deliverables

Short Term (1-5 years)

Revised version of the Canadian Wetland Classification System, stressing process-oriented
definitions.

Reports on peatlands in ecotonal positions in i) boreal forest - subarctic forest ecotone; ii)
boreal forest - grassland ecotone.

Report on wetland classification and distribution in Manitoba.

Initiate study of wetland classification and distribution in Saskatchewan.

5. Summary report on wetland use: generic land use, peatland management guidelines,
conservation values.

Long Term (5 years and beyond)

See short term deliverables.

iii) Significant Linkages:

National Wetlands Working Group (Classification)
NBIOME (Western Canadian wetland dynamics)
Climate Change Working Group
Canadian Forests and Climate Change project

iv) Methodologies

1. Field

Identify different types of wetlands from air photos for study. Locate one or more plot sites
on selected wetlands. Conduct vegetation transect at the plot sites (species, cover estimates),
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collect unknown plant specimens. Core the peat, collecting core segments at 15 cm intervals,
or collect the entire core in 50 cm segments. Core permafrost peat with a small diameter
corer, and collect frozen peat samples. Determine the pH of peat and water. Collect water
sample. Run elevation transect across the peat landform, if warranted.

Laboratory

Measure water content gravimetrically, determine bulk density. Dry ash peat samples,
prepare extract for analysis of mineral constituents by ICP (Inductively Coupled Argon
Plasma Spectrometer). Determine floristic composition of peat by macrofossil analysis.
Submit selected samples for ' 4C analysis. Submit suitable profiles for ostracod analysis.

Data management

Compile data on the physical, chemical and biological constituents of various peatland types
in an electronic form. Produce summaries at different levels of generalization.

Statistics

Determine mean values of ash, bulk density, mineral elements for various types of peatlands.
Establish relationships among chemical constituents by correlation coefficients. Construct
graphs showing such relationships.

Reporting

Prepare scientific reports and papers based on the results of the study.

13. Progress and Achievements

This study was initiated in 1982, with support from Peat Forum (PERD). Since then 346 peatlands
were described, cored and analysed. This formed the basis of a number of scientific journal reports and
book chapters, as well as the further development of the Canadian Wetland Classification System, in
collaboration with the National Wetlands Working Group. Wetland Regions, based on wetland
dynamics, were defined, and broad peatland distribution maps were produced for the first time. In
general, a basic understanding of peatland dynamics in the Boreal, Subarctic and Arctic regions was
achieved.

In the past few years, however, there was a great surge of interest in peatlands, as the scientific
community "discovered" that peatlands store atmospheric carbon for long periods of time, and,
therefore, have an important role to play in the global carbon balance. This resulted in expectations of
greater accuracy about existing peat resources and rates of peat development under different climatic
and hydrologic conditions. Thus the old estimates need to be replaced by more accurate and detailed
surveys and studies of peatland dynamics and processes.
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In 1992/93, the mapping and classification of the wetlands of Manitoba has begun. This 3-year study
would identify all wetlands by major wetland classes in Manitoba, and would serve as a firm basis for
evaluating the wetland/peatland base in the province. A similar study has been completed by the
University of Alberta for the Province of Alberta.

Identified the relationship between permafrost dynamics in peatlands in the past 5000 yrs and made
projections on possible effects of climate change on peatland development.

14. Goals and Accomplishments (1993-94)

Continue to act as project leader, developing and coordinating research at the study and
project level (Zoltai).

Acted as project leader, Wetlands and Hydrology.

Continue as scientific authority of a cooperative study for the classification and mapping of the
wetlands ofManitoba (Zoltai).

Cooperator completed mapping of southern half of the province and completed the field work for
the entire province.

Continue to serve on the National Wetlands Working Group by providing classification
standards, updating the Canadian Wetlands Classification System, and advising on wetland
conservation policy (Zoltai).

Attended one meeting of the NWWG.
Completed the revision of fen wetland classes.

Contribute data and data analyses to NBIOME (Northern Biosphere Observation and
Modelling Experiment) (Zoltai).

Peat data analyses are in electronic form, suitable for analysis for NBIOME.

Assist colleagues in the identification of vegetation (Johnson).

Identified approx. 500 vascular, bryophyte and lichen specimens for colleagues in NoFC.

Initiate analysis for publication of summary information of wetland database (Siltanen, Zoltai).

Vegetation analysis methods investigated. Database linkages and additional information
requirements identified.
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Represent CFS on various regional, national, and international technical committees, working
groups and workshops relating to wetlands (Zoltai).

Attended three workshop meetings dealing with peatland development.
Attended one workshop meeting on wetland conservation policy in Alberta.
Contributed to resolution of conservation concerns in Great Britain through the International Mire
Conservation Group.

Participate in the joint conference American Society of Limnology and Oceanography/Society
of Wetland Scientists in Edmonton, by organizing and chairing a session on "Ecology and
Management of Wetlands on Permafrost" (Zoltai).

Chaired a session on "Ecology and Management of Wetlands on Permafrost".

In cooperation with Lone Pine Publishing (unsolicited proposal to Canada-Alberta PAIF), act
as scientific authority for the development of the book "Plants of the Western Boreal Forest"
(Johnson).

Attended three planning meetings with publishers, editors and contributors;
Contributed the list of species to be included in the book.

With university cooperators, develop NSERC research proposal on peatland dynamics during
the Holocene (6 K yrs ago) (Zoltai).

Attended planning meeting on behalf of the peatland group.
Participated in the preparation of the research proposal.

11. With co-authors, prepare a journal paper on permafrost in peatlands of the boreal region
(Zoltai).

Manuscript entitled "The bog landforms of continental western Canada in relation to climate and
permafrost" has been accepted for publication.

15. Information Activities

i) Journal Publications

Zoltai. S.C. and D.H. Vitt. In Press. Canadian wetlands: environmental gradients and
classification. Vegetation.

Vitt, D.H., L.A. Halsey and S.C. Zoltai. In Press. The bog landforms of continental western
Canada in relation to climate and permafrost patterns. Arctic & Alpine Research.

Zoltai, S.C. 1993. Cyclic development of permafrost in the peatlands of northwestern Alberta.
Arctic & Alpine Research 25: 240 -246.
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Glooschenko, W.A., C. Tarnocai, S. Zoltai and V. Glooschenko. 1993. Wetlands of Canada and
Greenland. Pages 415-514 in: Handbook of Vegetation Science. Wetlands of the World:
Inventory, Ecology and Management. D. Whigham, D. Dykyjova and S. Hejny (eds.). Kluwer
Academic Publishers, Dordrecht, The Netherlands.

Vitt, D.H., G. Van Wirdum. L. Halsey and S.C. Zoltai. 1993. The effects of water chemistry on
the growth of Scorpidium scorpioides in Canada and The Netherlands. The Bryologist
96(1): 106-111.

Timoney, K.P., G.H. La Roi, S.C. Zoltai and A.L. Robinson. 1993. Vegetation communities and
plant distributions and their relationships with parent materials in the forest-tundra on
northwestern Canada. Ecography 16:174-188.

Other Publications

Halsey, L.A., D.H. Vitt and S.C. Zoltai. 1993. Distribution of past and present ombrotrophic and
permafrost landform features. Alberta Environmental Protection. Scale 1:1,000,000

Halsey, L.A., D.H. Vitt and S.C. Zoltai. 1993. Wetland inventory of the prairie provinces. Poster.
ASLO/SWS '93. Joint meeting of The American Society of Limnology and Oceanography
and The Society of Wetland Scientists. May 30-June 3, 1993, Edmonton.

Lectures, courses, seminars scientific addresses

Zoltai, S.C. 1993. Peatlands as paleoclimate indicators. Departmental Colloquium, Dept.
Geography, University of Alberta, November 19, 1993.

16. Goals 1994-95

Continue to act as project leader, developing and coordinating research of Study NOR-18 (Zoltai).

Continue as scientific authority of a cooperative study on the classification and mapping of
peatlands of Manitoba (Zoltai).

Continue to serve on the National Wetlands Working Group by providing classification standards,
updating the Canadian Wetlands Classification System, and advising on wetland conservation
policy (Zoltai).

Contribute data and data analyses to the NBIOME projection peatland distribution in western
Canada (dependent on success of application by NBIOME to NSERC) (Zoltai).

Continue to act as scientific authority for the book "Plants of the Western Boreal Forest" and
contribute material to the book, especially on non-vascular plants (Johnson).

Assist colleagues in the identification of vegetation (Johnson).

7. Prepare summary information of the wetland data base (Siltanen, Zoltai).
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Represent CFS on various regional, national, and international technical committees, working
groups, and workshops relating to wetlands (Zoltai).

Prepare manuscript on recent permafrost degradation in peatlands (Zoltai).

10. Participate in study of peatland development during the Holocene (dependent on success of
application to NSERC) (Zoltai).

17. Major Co-operators: 

Internal - CFS

Region ID# Title Contact name

Northwest NOR-1605 Global Carbon Cycle M. Apps

External -

Establishment ID# Title Contact name

University of
Alberta

Manitoba Mapping
Project

D. Vitt

NBIOME Carbon storage in
peatlands of western
Canada

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concludes that these
activities are not potentially detrimental to the environment.

No additional field component is planned for this study, hence no environmental impact is
expected.

CFS-NWR EARP Committee Approval Date: March 31, 1993.
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NOR 18-03

NATURAL RESOURCES CANADA
CANADIAN FOREST SERVICE

NORTHWEST REGION
STUDY WORK PLAN

1994-95

Project Review Date: December 16, 1993

STUDY TITLE: Increasing wood production through water table control

Responsibility Centre: NoFC

Program: Forest Protection and Environment

Project Title: Wetlands and Hydrology

Office Location(s): Edmonton, Alberta

Work Location: Boreal forest, Alberta

7.	 Study Staff:

Name

Study Leader G R Hillman

Team Members J.D. Johnson

E.B. Robson

Study Key Words: Wetlands, peatlands, water table control, regeneration, forest growth, Larix
laricina, Picea mariana, ditches, groundwater, soil water, hydrology, hydrodynamics, site
preparation.

Study Activity: 
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10.	 Study Resources:

Personnel Information

Utilization 1993-94

Employee Name Category Previous Budget Revised Forecast Upcoming

G.R. Hillman SE-RES-2
(P)

0.25 0.25 0.40

J.D.Johnson BI-2 (P) 0.15 0.15 0.15

E.B. Robson EG-5 (T) 0.5 0.5 0.5

Total FTEs 0.9 0.9 1.05

Study Background and Problem Analysis

In Alberta, concern about the decreasing productive forest land base as more forest land was
withdrawn for other uses led foresters to consider increasing the wood-growing capability of forested
wetlands. About 4 million ha in Alberta are considered suitable for water table control and
conversion to productive forest. There is, however, very little information available on the long-term
effects of water table control on tree growth and the environment.

It was decided that the best way to approach the problem was to select three (3) experimental areas,
then lower the water table and instrument the sites so that the effects of different ditch spacings on
groundwater table levels could be evaluated and any changes in ground temperatures recorded.
Control areas would be established and pre- and post-treatment measurements would be made on
both the ditched and control (unditched) sites. Changes in stream water quality were to be
determined by setting up monitoring stations upstream and downstream from the points where the
main ditches discharged into the streams. Permanent sample plots would provide information on the
effects of water table control on tree growth and on changes in ground vegetation composition.

Study Objectives:

i) Objectives

Evaluate the growth potential of commercial tree species on treed wetland (peat or
mineral soil) sites where water tables have been lowered.

Measure the effects of water table control on hydrological parameters such as water
table depths, and on critical soil characteristics such as moisture content, temperature,
fertility, hydraulic conductivity and subsidence.
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3.	 Monitor the effects of water table control on ground vegetation composition and to
characterize plant community dynamics on each experimental site.

The first objective relates to Forest Sector Development in the National Strategic Plan,
the aim of which is to increase the productivity and yield of currently growing forests.
The second and third objectives relate to the Forest Environmental Quality section of
the national strategic plan which states the need for increased capability to predict and
prepare for the consequences of human disturbance (water table control in this case) on
forest ecosystems.

The three objectives are part of Regional Strategic Plan initiatives to increase the supply
of economically useable wood (Issue II) and to develop decision-making tools and
guidelines for resource management in environmentally benign ways (Issue V). They
are also part of new program thrusts (#5) to integrate valuation and management of
timber and non timber forest resources.

ii) Deliverables

Short Term (1-5 years)

Reports describing effects of water table control on water table levels, soil moisture, ground
temperature, stream water quality and peat subsidence; and, in particular, the efficiency of
different ditch spacings.

Long Term (5 years and beyond)

Reports describing the effects of water table control on peatlands on tree growth, plant
community dynamics and ground vegetation composition, 5 to 20 years after treatment.

Reports on the effectiveness of the ditch mounding treatment at Goose River on tree
seedling survival, and reports on the effects of the fertilizer/thinning treatment, also at
Goose River, on black spruce growth.

Reports containing economic feasibility evaluations of water table control, ditch
mounding and the fertilizer/thinning treatments.

A water table control simulation model for prediction purposes.

A set of recommendations and environmental guidelines for operational water table
control.

A set of relationships between wood volume, tree age, diameter and total height for
tamarack and black spruce.

7.	 Other published scientific and technical reports.
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I
Significant Linkages:

Forest Management Division, Land & Forest Services, Alberta Environmental Protection.

Department of Forest Science and Department of Soil Science, University of Alberta

Methodologies and Statistical Considerations:

Analyses of Variance will be carried out on the measurements taken on 136 permanent sample
plots established on the three experimental areas at the time of treament, to measure the effects
of water table control and ditch spacing on tree growth. Analysis of Variance for a split-plot
design with 64 plots will be used to test the effects of water table control, two thinning
treatments and 8 fertilizer treatments on tree growth at Goose River. Similar statistical
procedures will be used to assess the survival and performance of 5 tree species planted on 48
plots on a 2-ha ditch-mounded area - also at Goose River.

Tree growth data from the psps will be supplemented by stem analyses data from nearby
destructively sampled trees. Stem analyses are used to obtain relationships between wood
volume, tree age, diameter at breast height and total height - in this case, for tamarack and
black spruce.

Plant community dynamics and changes in ground vegetation composition will be evaluated on
150 one-metre- square plots at Goose River, McLennan and Wolf Creek using
similarity/dissimilarity indices and Detrended Correspondence Analysis (ordinations).

13.	 Progress and Achievements

In 1985, under the Canadian-Alberta Forest Resource Development Agreement, three forested
wetland areas were selected as experimental sites: Goose River (treed swamp, 320 ha), McLennan
(treed fen, 259 ha), and Wolf Creek (treed fen, 132 ha). Ditching was completed on the Goose
River site (135 ha ditched) in September, 1986; on McLennan (90 ha) in July, 1987; and on Wolf
Creek (60 ha) in October, 1987. Instrumentation was established on test areas for each site where
ditches were spaced 30, 40, 50 and 60 m apart (60 m at McLennan only).

A minimum of one summer's and a maximum of two summers' pre-treatment data were collected
from the sites. Collection of post-treatment groundwater table, ground temperature, and stream
water quality data was terminated in the fall of 1991. Wolf Creek has both the longest pre-
treatment and post-treatment recording periods - for 2 and 4 years, respectively. Analyses on the
effects of water table control on groundwater table levels and stream water quality (Objective 2)
were completed and the results presented in journal articles, at symposia in Edmonton, Joensuu
(Finland), Regina and Quebec City, and in a FRDA report. Other papers are being prepared.

I

I
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Permanent sample plots for 136 tree growth and 150 ground vegetation composition
documentation were established on the three experimental sites. The first remeasurements of tree
growth plots, at Goose River and Wolf Creek, were completed in the fall of 1991 and the fall of
1993, respectively. An estimate of the change in tree growth rates that can be expected as a result
of lowering water tables (Objective 1) was obtained by analyzing data from an Alberta Forest
Service water table control trial initiated in 1975 near Fort McMurray. The results were published
in a Forest Management Note.

Ground vegetation composition plots were measured on all three sites before treatment (1986).
Further pretreatment measurements were taken on Wolf Creek in 1987. Posttreatment
measurements were taken on Goose River and McLennan in 1987, and on all three sites in 1989.
Wolf Creek and McLennan were measured again in 1992 and 1993, respectively.

Canadian Forest Service and Alberta Land and Forest Services (ALFS) cooperated closely on all
aspects of the study. On the Goose River site, the AFS established fertilizer-thinning studies and
implemented ditch mounding trials to enhance tree growth and planted tree seedling survival,
respectively. The fertilizer/thinning plots were remeasured for the first time in the fall, 1992 (6
years after treatment). By the fall of 1992, the tree seedlings on the ditch-mounded area had been
measured 3 times (in 1989, 1990 and 1992) since establishment in 1988.

Wolf Creek and Goose River have also served as study areas for students and faculty of the
University of Alberta. A number of journal articles related to this work (water table control,
fertility, peat water content, and tree growth) have been published or are being prepared.

A report on the economic feasibility of water table control in Alberta was completed.

Future work on this study will be concentrated in two main areas: (1) remeasuring permanent
sample plots to determine how water table control has affected tree growth and ground vegetation
composition; (2) technology transfer (reports, posters, workshops and seminars).

14.	 Goals and Accomplishments (1993-94)

To co-author a paper entitled Peat moisture content on drained and undrained peatlands
in central and northern Alberta (Hillman, in cooperation with U Silins and R.L.
Rothwell, Forest Science Dept., Univ. Alberta).

The paper is complete and will be submitted to the Can. J. For. Res. for publication.

To complete report on the Wolf Creek forest drainage study (Hillman).

No further progress to date due to a very busy field season; expect to make some progress
before end of current fiscal year.

3. For Wolf Creek, remeasure tree growth permanent sample plots and carry out stem
analyses on destructively sampled trees (Johnson, Robson, Hillman).

Sixty-four permanent sample plots were remeasured, and 30 trees cut and measured for stem
analyses at Wolf Creek.
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Remeasure ground vegetation composition permanent sample plots at McLennan
(Johnson, Robson).

Fifty-four ground vegetation composition permanent sample plots were remeasured at
McLennan.

To complete data entry and analysis of variance for the tree measurements obtained from
the fertilizer/ thinning study at Goose River (Hillman, Robson).

No further progress to date due to a very busy field season; expect to make some progress
before end of current fiscal year.

6. To complete data entry and analysis of variance for the tree seedling measurements
obtained from the ditch-mounding study at Goose River (Hillman, Robson).

No further progress to date due to a very busy field season; expect to make some progress
before end of current fiscal year.

7. Complete report entitled Economic evaluation ofpeatland drainage (Pattison, White).

The report was completed and submitted to the Forestry Chronicle for publication.

15. Information Activities

	i)	 Journal Publications

Hillman, G.R. 1992. Some hydrological effects of peatland drainage in Alberta's boreal forest.
Can. J. For. Res. 22:1588-1596.

Mugasha, A.G., Pluth D.J. and Hillman, G.R. 1993. Foliar response of tamarack and black
spruce to drainage and fertilization on minerotrophic sites. Can. J. For. Res. 23:166-180.

	

iii)	 Other reports:

Hillman, G.R. 1991. The Canada-Alberta wetlands drainage and improvement program for
forestry: An update report. Pages 54-61 In Jeglum, J.K. and Overend, R.P., eds. Proceedings
Symposium '89 Peat and Peatlands Diversification and Innovation. Volume 1 - Peatland
Forestry. Quebec City, Quebec, August 6-10, 1989.

Hillman, G.R. 1991. Black spruce growth on drained, forested peatland in northern Alberta.
Forest Management Note #53. Forestry Canada, Northwest Region, Edmonton. 8pp.

Hillman, G.R., Johnson, J.D. and Takyi, S.K. 1990. The Canada-Alberta wetlands drainage and
improvement for forestry program. Canada-Alberta Forest Resource Development Agreement
Report.

366



	

16.	 Goals 1994-95

To write a report on the study results as required by the Canada-Alberta Partnership Agreement
in Forestry (Hillman, Johnson).

To co-author and publish a paper entitled Peat moisture content on drained and undrained
peatlands in central and northern Alberta (Hillman, in cooperation with U. Silins and R.L.
Rothwell, Forest Science Dept., Univ. Alberta).

To complete Information Report on the Wolf Creek water table control study (Hillman,
Johnson).

For McLennan, remeasure tree growth permanent sample plots and carry out stem analyses on
destructively sampled trees (Johnson, Robson, Hillman).

Remeasure ground vegetation composition permanent sample plots at Goose River (Johnson,
Robson).

To complete data entry and analysis of variance on computer for the tree measurements obtained
from the fertilizer/ thinning study at Goose River (Hillman, Robson).

To complete data entry and analysis of variance on computer for the tree seedling measurements
obtained from the ditch-mounding study at Goose River (Hillman, Robson).

To complete stem analyses on samples from 30 trees felled at Wolf Creek, using Digimic
apparatus and computer (Hillman, Robson).

9.	 To publish a report entitled Economic evaluation of peatland drainage (Pattison, White - NOR
06-01).

	

17.	 Major Co-operators: 

i)	 Internal - FC

Region
	 Title

	
Contact name
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ii)	 External -

Establishment ID#1 Title Contact name

Land &Forest
Services, Alberta
Environmental
Protection

Program Manager
Section head
Forester

Sam Takyi
Dave Morgan
Dave Pattison

18. Environmental Implications:

Environmental Impact/Assessment Review Statement

The NoFC Environmental Screening Committee has evaluated the proposed study activities. On
the basis of information provided by the study leader, the committee concluded that the potential
adverse environmental effects that may be caused by the project are mitigable with known
technology. The project is proceeding with mitigation. The three experimental areas are located at
Goose River (treed swamp, 320 ha; Sec 14, Twp 68, Rge 19, W5M), McLennan (treed fen, 259
ha; Sec 28, Twp 79, Rge 19, W5M), and Wolf Creek (treed fen, 132 ha; Sec 19, Twp 51, Rge
14, W5M). Ditching was completed on the Goose River site (135 ha ditched) in September,
1986; on McLennan (90 ha) in July, 1987; and on Wolf Creek (60 ha) in October, 1987.

CFS-NWR EARP Committee Approval Date: March 31, 1993.
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	Forest ecology and site productivity
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	NOR 4
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	Managed stand yield tables for lodgepole pine and white spruce
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