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Abstract

Forest managers require accurate and timely information describing vegetation
conditions on cutover areas to assess vegetation development and prescribe the
corrective actions necessary to achieve management objectives. Needs for this
information are increasing, as traditional timber production objectives are
broadened to include other forest values, such as biological diversity, wildlife
habitat, and landscape ecology. Data collected by field survey are often costly,
subjective, and of low spatial or temporal coverage. To explore potential
applications of remote sensing, a three-day workshop was held in Sault Ste.
Marie, Ontario, Canada, in December 1995. Participants generally concurred
that, among currently available sensors, aerial photographs offer the most
suitable combination of characteristics for vegetation management decision
making, including high spatial resolution, stereo coverage, a range of image
scales, a variety of film, lens, and camera options, versatility, and moderate cost.
Experience and results from related studies suggest that data for crop and non-
crop density, cover, height, and spatial distribution may be acquired from aerial
photographs and used to assess the relative dominance of crop and non-crop
vegetation greater than 0.5 m tall. Other remote sensing technologies, such as
digital frame cameras, airbome video, space- and airborne imaging
spectrometers, synthetic aperture radar, and lasers, offer’unique features that
may prove useful in forest vegetation management applications with further
testing and refinement. Additional research priorities defined include the
development of computer-based classification and interpretation algorithms for
digital image data, investigation of relationships between image measures and
physical measures, such as leaf-area index and biomass, and investigation of
remote sensing applications in partial cutting systems. Surveys that require very
detailed information on smaller plants (less than 0.5-m tall) and/or individual or
rare plant species are not likely to be supported by current remote sensing
technologies.

' Author contact information is available in the Appendix.



80 The Potential Use of Remote Sensing for Forest Vegetation Management: Synopsis of a...

1. Introduction

Nearly 90% of Canada's 236 million ha of nonreserved productive forest lands are
public or "Crown" lands and fall under the jurisdiction of one of its 10 provinces or 2
territories.  Approximately 1 miflion ha of these forests are harvested annually, largely by
clearcut methods (Canadian Council of Forest Ministers, 1996). Individual cutover sizes
have ranged from 5 to 250 ha, but regulations in several provinces now limit size to less
than 100 ha. About half of all areas clearcut are site prepared and planted, with the
remainder being left to regenerate naturally. Woody and herbaceous vegetation establishes
rapidly and can fully occupy most sites within one or two growing seasons (more than 80%
of sites being typical of the Boreal Forest Region). Invading plant species play important
roles in maintaining site stability, water quality, nutrient cycling, and wildlife populations,
but they can seriously compete with timber-producing species for light, moisture, and
nutrients.

Forest vegetation management (FVM) is that part of silviculture directed at
manipulating the rate and course of early plant succession to achieve a forest stand of a
particular composition, structure, and form, within a specified period of time (Wagner,
1994). FVM requires timely, quantitative data that describe the relative size, composition,
distribution, and condition of regenerating vegetation on forest cutovers. These data are
needed from a timber-management perspective and, increasingly, for broader concems such
as biological diversity, wildlife habitat, and landscape ecology. Evolving forest management
legislation and computer-based decision support systems are creating additional data
demands.

Data required for FVM decision making are frequently collected by field survey
methods that range from simple visual observations to the installation of field plots for
measurement of variables such as vegetation height, cover, and health. Sites may be located
50 km or more from a forest manager's base of operations and, given a large number of
cutovers, high costs, subjectivity, and low spatial and temporal coverage can significantly
limit decision-making effectiveness (Tappeiner and Wagner, 1987). New data acquisition
methods are needed to deliver extensive, objective, multi-dimensional, spatially accurate,
and cost-effective data for FVM decision making and monitoring.

To assess the scientific, technical, and practical issues facing the development and
application of remote sensing in FVM decision making and monitoring, over 50 remote
sensing, FVM, and forest industry experts from Canada and the United States met in Sault
Ste. Marie, Ontario,r December 6-8, 1995 (Appendix). This workshop, hosted by the
Ontario Ministry of Natural Resources (Vegetation Management Alternatives Program) and
the Canadian Forest Service, included reviews of the full range of currently available remote
sensors (satellite and airborne optical, radar, and laser-based sensors) and problem-oriented
working-group discussions. Discussion focused on building consensus about developing a
suitable remote sensing system for current and future implementation, and on establishing
future research directions and priorities. The following briefly summarizes the conclusions
reached.
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2. Forest Vegetation Management Data Requirements

During early stand development (up to 10 years following harvest), vegetation
surveys are conducted to gather data and information that describe forest vegetation
problems that are, or may become, an obstacle to achieving forest management objectives.
Two questions often asked by forest managers are: 1) is the development of early-seral
vegetation on a successional trajectory consistent with management objectives, and 2) what
vegetation treatments, if any, are required to redirect succession toward the desired course
and rate? Data used to describe vegetation conditions (the relative abundance, dominance,
and distribution of crop and non-crop plants) include measures of density (trees’ha) or
cover, height, stocking, and condition. When detailed species information is gathered, these
data may be further used to calculate measures of species diversity, identify the presence of
rare and endangered plants, understory plants, and/or describe temporal changes in the
vegetation. In the future, descriptors of vegetation conditions may be augmented by more
sophisticated measures such as biomass, horizontal distribution, and physiological status.

FVM treatment prescriptions involve the integration of vegetation conditions with
site characteristics, operational constraints (proximity to water courses, human habitation,
etc.), and knowledge-based factors (management objectives, available treatments,
economics, etc.). Prescriptions are commonly developed for cutovers as large as 250 ha,
however, the high cost of FVM treatments and environmental pressures are making within-
cutover prescriptions (perhaps as small as S ha) more desirable.

3. Application of Existing Technologies

While various remote sensing technologies offer unique features with potential for
applications in FVM, workshop participants were most confident in recommending the
traditional aerial camera and film. Recommendations were based on aerial photography
being a proven technology with established mensurational techniques and a wide range of
acquisition equipment in current operation. Recent improvements in aerial camera and film
technologies have resulted in images that contain the highest spatial resolution of any of the
current remote sensing technologies (Light, 1996). This feature is necessary for FVM
applications that require images which resolve a high degree of detail. There also have been
some successful applications of aerial photography to aspects of FVM, including
measurements of crop and non-crop plants on research plots (Pitt and Glover, 1996),
regeneration assessment (Hall and Aldred, 1992), and free-to-grow surveys (Hunter and
Associates, 1983).

The general consensus among workshop participants was that a sequence of aerial
photographs taken at strategic points during the regeneration phase may meet several FVM
data requirements:

1. The first set of photographs, taken during leaf-off conditions immediately following
harvest, would consist of 23-cm format, colour infrared (CIR), at scales of 1:10,000
to 1:20,000 (depending on cutover size and frequency). Photo scale should be small
enough to provide complete coverage of one or more cutovers and large enough to
provide adequate spatial detail for accurate depletion mapping and areal
stratification for pre-establishment planning. CIR film should enhance the visibility
of advanced conifer regeneration, as well as the presence of wet areas, water
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courses, potential frost pockets, rock outcrops, excessive slash loads, and high-use
wildlife and recreation areas, that are important for prescription formulation.

2. The second set of photographs, taken during leaf-on conditions between age 2 and
S, would consist of supplementary 23-cm or 70-mm format, normal colour, at scales
of 1:5,000 to 1:10,000 (depending on cutover size). These photographs should
provide complete coverage of individual cutovers and, combined with air or field
reconnaissance, permit the identification and mapping of areas requiring thinning,
supplemental planting, or release. Similar photographs taken toward the end of the
regeneration period (between age S and 10) should serve to verify and document
whether management objectives have been achieved.

3. To verify the strata and prescriptions in 2) and/or collect quantitative data, a
combination of supplementary 1:500-scale, stereo photographs (taken in sampling
mode) and field plots is recommended.

New-generation 23-cm format aerial cameras with high resolution (90-100 line pairs
mm-l) lenses, forward motion compensation, angular motion stabilization, and integrated
geo-positioning and exposure-control systems (Fent et al.,, 1995; Light, 1996) are available
for the best results in 1) and 2), above. Fixed-base or sequential systems employing 35-mm
or 70-mm cameras, as described by Spencer and Hall (1988), may be used to obtain large-
scale, stereo, sampling photographs. An additional camera, equipped with a shorter focal
length lens than the sample camera(s), can be used to obtain simultaneous images at a scale
of 1:2,000 to 1:4,000 to facilitate vegetation stratification and/or the post- ﬂlght recovery of
selected photo plots in the field (Kirby, 1980).

The literature and experience suggest that crop and non-crop evaluations of
vegetation percent cover, density, height, stocking and condition may be made with
reasonable confidence from 1:500-scale photographs for plants greater than 0.5 m tall.
Through multi-phase sampling (Pitt et al., 1996), biomass and leaf-area index might be
inferred from these variables. Field sampling remained a key component in suggested
strategies, due to the need for verification and also because not all FVM requirements can
be met by current remote sensing technologies (e.g., detailed species diversity evaluations,
presence of rare and endangered plants, and small (<0.5 m) or understory plants).

The recommended sequence of aerial photography would provide 1) a flexible,
spatial framework for the direction and allocation of data collection and silviculture efforts,
2) a reliable means of extrapolating sample data to similar areas of interest, 3) relatively
continuous monitoring of cutover areas throughout the regeneration period, 4) a permanent
record of management activities that may be referenced at any time in the future, and S) up-
to-date hard-copy images for field use. Since field sampling and silviculture costs are high,
it is estimated that the ability to allocate these efforts to specific areas of need may largely
offset the costs of photo acquisition.

4. Research and Development Directions

In the past, foresters have largely been able to meet their FVM data requirements by
employing seasonal labor and quick visual surveys. With evolving forest management
legislation and computer-based decision-support systems creating greater demands for
tangible data, foresters must now seek alternative options for data collection and
information processing. Escalating silvicultural costs are also making within-cutover
prescriptions more attractive, but the planning of these may only be practical with a
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remotely-sensed overview. Although remote sensing has existed for many years in various
forms, the approach proposed above is the result of research and experience derived from
workshop discussions. Subsequent research should include verification and demonstration
of its capabilities in an operational trial.

Arguably, aerial photographs cannot be used to satisfy all FVM data requirements
and, given new and evolving technologies, may not offer the most efficient source for
particular types of data. Furtherresearch is needed to improve upon the proposed approach
by incorporating the unique features of other technologies. Digital frame cameras, for
example, are poised to displace traditional cameras in aerial photography, bringing to the art
all of the advantages of direct digital images (e.g., real-time viewing of results, high
sensitivity to object radiance, wide dynamic range, and computer manipulation, analysis, and
storage of images, etc.). Airborne video offers a low-cost alternative to tracking
photography for the location of large-scale sample plots and, as spatial resolution increases,
may offer a medium for the acquisition of sample data as well. Both of these technologies
have proven potential in narrow-band multispectral imaging in addition to traditional colour
and colour infrared formats (King, 1995). Laser profilers and lidar may be used to obtain
quantitative information on vegetation height and vertical distribution, complementary to
the main sensor. Smaller-scale overviews may be facilitated in the future by new high
resolution satellite imagery (anticipated to have spatial resolutions from 1 to 3 m
panchromatic and 4 to 15 m multispectral (Fritz, 1996)), cloud-penetrating airborne or
spaceborne radar, and high spectral-resolution line-imaging sensors such as CASI and
MEIS.

In preparation for the imminent digital era, research is needed to 1) explore spectral
signatures and other image measures for young crop and non-crop plants, 2) adapt and
develop auto-interpretation techniques based on crown shape, spectral reflectance (e.g.,
Gougeon, 1995), texture, and pattern recognition, 3) continue development of techniques
for dealing with radiometric distortion, 4) streamline the integration of image capture and
GPS, 5) refine film selection, exposure, processing parameters, timing, and photo scales for
specific FVM applications, 6) investigate the relationship between image measures and
physical measures, such as leaf-area-index and biomass, and 7) investigate remote sensing
applications in partial cutting systems. It is recommended that a network of remote sensing
experts, FVM specialists, and forest managers be assembled to implement these
recommendations and coordinate future research.
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Appendix: Participants, December 6-8, 1995, Sault Ste. Marie, Ontario, Canada

NAME

ADDRESS

E-MAIL

PHONE

FAX

Ahern, Frank

(speaker - MEIS,
CASY

Canada Centre for Remote Sensing,
588 Booth St., Ottawa, Ontario,
Canada. K1A 0Y7

ahem@ccrs.emr.ca

613-947-1295

613-947-1385

Baldwin, Ken

Canadian Forest Service, Great
Lakes Forestry Centre, PO Box 490,
1219 Queen St. E, Sault Ste. Marie,
Ontario, Canada. P6A SM7

Befort, Bill
(group facilitator)

alawin@
am.glfc.forestry.ca

705-949-9461

705-759-5700

Minnesota Department of Natural
Resources, DNR Resource
Assessment, 2002 Aifpot Rd.,
Grand Rapids, Minnesota, U.SA.
55744.

bill.befort@
dnr.state.mn.us

218-327-4449

218-327-4517

Bell, Wayne

Ontanio Forest Reseasch institute,
1235 Queen St. E., PO Box 969,
Sautt Ste. Marie, Ontario, Canada.
P6A SNS

bellwa@epo.gov.on.ca

705-946-2961

705-946-2030

Bhogal, Pal
(speaker - information
systems)

Canadian Forest Service, Pacific
Forestry Centre, S06 West Bumside
Rd., Victoria, B.C. , Canada. V82
1MS

pbhogal @
a1 .pfc.forestry.ca

604-363-0767

604-363-0775

Brodzik, Zbigniew

Ontario Forest Research institute,
1235 Queen St. E., PO Box 969,
Sault Ste. Marie, Ontario, Canada.
P6A SNS

brodzizb@epo.gov.on.ca

705-946-2981

705-946-2030

Buse, Lisa

Ontano Forest Research Institute,
1235 Queen St. E.. PO Box 969,
Sault Ste. Mare, Ontario, Canada.
P6A SNS

buseli@epo.gov.on.ca

705-946-2981

705-946-2030

Christilaw, Scott

Ontario Ministry of Natural
Resources, Central Region Science
and Technology Unit, 3301 Trout
Lake Rd., North Bay, Ontano,
Canada. P1A 4L7

christsc@epo.gov.on.ca

705-474-5550

705-472-090S

Dams, Bob

intera Information Technologies
Corp., 2 Gurdwara Rd., Sutte 200,
Nepean, Ontario, Canada.

K2E 1A2

bdams@ottawa.intera.ca

613-226-5442

613-226-5529

Emyrich, Walter

J.D. Irving Limited, Sussex Tree
Nursery, RR#4 Aiton Rd., Sussex.
New Brunswick, Canada. EOE 1P0

Evans, David
(speaker - optical
satellites)

fundyfor@nbnet.nb.ca

506-432-2900

506-432-2607

School of Forest Resources, Box
9681, Mississippi State University,
Mississippi State, Mississippi, USA.
39762-9681

dle@rs.cfrmsstate.edu

801-325-2796

601-325-8726

Glover, Glenn
(group facilitator)

School of Forestry, 108 M. White
Smith Hall, Auburn University,
Aubum, Alabama, USA.
36849-5418

giover@
forestry.aubum.edu

334-844-1019

334-844-1084

Gluck, Michael

Ontario Ministry of Natural
Resources. Centre for Northern
Forest Ecosystems Research. c/o
Lakehead University, 95S Oliver Rd.,
Thunder Bay, Ontano, Canada. P78
SE1.

gluckmi@epo.gov.on.ca

807-343-4021

807-343-4001

Goba, Norm

Image Sense Land Information
Associates, 66 Tilson Rd.. Toronto,
Ontario, Canada. M4S 1PS

Gougeon. Frangois
(speaker - digital auto-
interpretation)

ngoba@the-wire com

416-487-2818

416-487-8879

Canadian Forest Service, Pacific
Forestry Centre, 506 West Bumside
Rd., Victoria, B.C., Canada. V8Z
1MS

fgougeon@
a1 .pfc.forestry.ca

604-363-0798

604-363-0797

Hall, |

(speaker - aenal

photography)

C ian Forest Service, Northem
Forestry Centre, 5320-122 St.,
Edmonton, Alberta, Canada.

T6H 3SS

rhall@nofc forestry.ca

403-435-7209

403-4357359
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NAME ADDRESS E-MAIL _ PHONE FAX
Hegyi, Frank Hegyi Geot hog 73762.2265@ 613-237-8055 613-237-1176
(speaker - sampling Inc., Suite 707, 170 Launer Av. West, compusefve.com 604-384-2030
_designs) Oftawa, Ontario, Canada. K1P SVS
Hollstedt, Chris Onhno Ministry of Natural holistch@epo.gov.on.ca 807-939-3101 807-939-1841
Northwest Sci and
Technology Unit, RR#1, 25th Side
Road, Thunder Bay, Ontario,
Canada. P7C 479
Howarth, Philip Earth Observations Laboratory, howarth@ 51 98884567 519-746-0658
Deparymnent of Geography, University wateol.uwaterioo.ca ex 3404
of Waterloo, Waterioo, Ontario,
Canada. N2L 3G1
Huberty, Brian USDA-NRCS 2820 Watton MWTCIBHUBERTY@ 608-224-3014 608-224-3010
Commons W - #123, Suite 123, wi600g.wi.nrcs.usda.gov
Madison, Wisconsin, USA.
537046785 .
irvine, Michael Ontario Ministry of Natural Resources irvinem2@epo.gov.onca  705-945-5724 705-9456667
- Forest Operations Section. 70
Foster Dr., Sault Ste. Marie, Ontario,
Canada. P6A 6VS e
Jano, Andrew Provincial Remote Sensing Office. 90 jancap@epo.gov.on.ca 416-314-1313  416-314-1337
(group faciittator) Sheppard Ave. E., 4th Fioor, North
York, Ontario, Canada.
M2N 3A1
Keenan, Phil Avenor Inc., 2001 Neebing Ave.., 807-473-2487 807-475-7706
Thunder Bay, Ontario, Canada.
P7C 4aW3
King, Doug Carleton University, Dept. of dking@ccs.carteton.ca 613-520-2600 613-5204301
(speaker - video and Geography, Rm B349 Loeb Building, ex 8439 .
digital frame cameras) 1125 Colonel By Dr., Ottawa, Ontario,
Canada. K1S 586
Klimes, Dusan Provincial Remote Sensing Office, 90 Kimesdu@eps.govonca  416-314-1369 416-314-1556
(speaker - digital vs. Sheppard Ave. E., 4th Fioor, North -
film) York, Ontario, Canada.
M2N 3A1
Kronem, Volker Abitibi Price Inc., F.W. Business Div., 807-625-7792 807-623-7555
(speaker - FVM data PO Box 160, 1735 City Rd., Thunder
requ Bay, Ontario, Canada. P7C 4Vv8
Lautenschlager. R.A. Ontario Forest Research Institute, lautenr2@epo.gov.on.ca 705-946-2981 705-946-2030
1235 Queen St. E.. PO Box 969,
Sault Ste. Marie, Ontario, Canada.
P6A SNS
Leach, Jeff Spruce Falis Inc., 1 McPherson Rd., -
Kapuskasing Ontario, Canada.
PSN 2Y2
Leblon, Brigitte Facutty of Forestry, University of New bleblon@unb.ca 5064534924 506-453-3538
Brunswick, Bag Service #445SS,
Fredéricton, New Brunswick,
Canada. E3B 6C2
Leckie, Don Canadian Forest Service, Pacific dieckie@a1 pfc forestry.ca 604-363-0624 604-363-0797
(speaker - lasers, lidar, Forestry Centre, 506 West Bumside
radar) Rd., Victonia, B.C., Canada.
V8Z 1MS
Lee, Jim Canadian Forest Service, Pac:ﬁc 604-363-0625 604-363-6004
Forestry Centre, S06 West Bumside
Rd., Victoria, B.C., Canada.
Vv8zZ 1MS
Lynham, Tim Canadian Forest Service, Great tiynham@ 705-759-5740 705-759-5700
Lakes Forestry Centre, PO Box 490, fcor.gifc.forestry.ca ex2178
1219 Queen St. E., Sault Ste. Mane,
Ontano. Canada. P6A SM7
McCarthy, Quinn Boise Cascade, Woodlands Office, 218-285-5644 218-285-5211
400 3rd Ave. East, International
Falls, Minnesota, USA. S6649
McCreight, Rich Near Earth Observations Systems, 503.-754-5831 503-737-2082
(speaker - multisensor Ltd., 277 South East Lilly, Apt. F,
platforms) Corvallis. Oreqgon, USA. 97333
McMurray, Sean Ontano Forest Research Institute, mcmurse@ 705-946-2981 705-946-2030
1235 Queen St. E., PO Box 969, epo.gov.on.ca

Sault Ste. Marie, Ontario, Canada.
P6A SNS
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NAME

ADDRESS

E-MAIL

FAX

Moharmrmed, Gina

Ontano Forest Research Institute,
1235 Queen St. E., PO Box 969,
Sautt Ste. Marie, Ontario, Canada.
P6A SNS

mohammgi@
epo.gov.on.ca

705-946-2981

705-946-2030

Murtha, Peter

Dept. of Forest Resource

\S$p -0 W)

g Faculty of Forestry, .
Uni ity of BC, Vi ,8.C.,
Canada. V6T 124

murtha@unixg.ubc.ca

604-822-4148

604-822-9106

Nielsen, Udo

Dendron Resource Surveys Ltd., 880
Lady Elien Or., Sutte 206, Ottawa,
Ontario, Canada. K1Z5L9

Noland, Tom

nielsen@dendron.com

613-725-2971

613-725-1716

Ontario Forest Research Institute,
1235 Queen St. E., PO Box 969,
Sautt Ste. Marie, Ontario, Canada.
P6A SNS

nolandto@
epo.gov.on.ca

705-946-2981

705-946-2030

Obarymskyj, Andrij

Canadian Forest Service, Great
Lakes Farestry Centre, PO Box 490,
1219 Queen St. E., Sauit Ste. Marie,
Ontario, Canada. P6A SM7

Ondrejka, Ron

aobarymsky|@
borg.fpmi.forestry.ca

705-759-5740
ex 2458

705-759-5700

USDA Forest Service, NFAP Special
Projects, 301 East Carlisie Ave.,
Whitefish Bay, Wisconsin, USA.
§3217

414-964-7963

414-964-7963

Perrott, Tim
(group facilitator)

Pitt, Doug
(organizer, speaker -
large-scale photo)

Canada Centre for Remote Sensing,
$88 Booth St.. 3rd Floor, Ottawa,
Ontario, Canada. K1A 0Y7

tim.perrott@
cers.nrcan.gc.ca

613-947-7953

613-947-1385

Canadian Forest Service, Great
Lakes Forestry Centre, PO Box 490,
1219 Queen St. E., Sault Ste. Marie,:

Poliock, Richard

Ontario, Canada. P6A SM7

dpitt@forestry.ca

705-759-5740
ex 2453

705-759-5700

Deparwment of C
University of BC, Vancouver, 8.C.,
Canada. V6T 1Z4

@cs.ubc.ca

604-822-5485

604-822-6421

Robinson, Art

Canadian Forest Service, Great
Lakes Forestry Centre, PO Box 490,
1219 Queen St. E., Sault Ste. Marie,
Ontario, Canada. P6A SM7

Runesson, Uif
(speaker - integranon
of remote sensing and
GIS)

705-759-5740
ex 2417

705-759-5700

Lakehead University, Facuity of
Forestry, 955 Oliver Rd, Thunder
Bay, Ontario, Canada. P78 SE1

ulf.runesson@
lakeheadu.ca

807-343-8784

807-345-5047

Santry, Margot

Forest Resources, Northem Affairs
Program, 345-300 Main St.,
Whitehorse, Yukon, Canada.

Y1A 285

403-667-3324

403-667-3138

Sargent, Jamie

Senese, Edward
(speaker - digttai vs
film)

Awiation Services. Aviation Flood and
Fire Management Branch. Ontario
Ministry of Natural Resources. 70
Foster Dr., Suite 400, Sautt Ste.
Mane, Ontario, Canada. P6A 6VS

705-945-5940

705-945-5959

Provincial Remote Sensing Office, 90
Sheppard Ave. E., 4th Fioor, North
York, Ontario, Canada.

M2N 3A1

senese2@epo.gov.on.ca

416-314-1301

416-314-1337

Shepherd, Paul

Earth Observations Lab, Institute for
Space and Terrestrial Science, 4850
Keele St.. North York. Ontario,
Canada. M3J 3K1

pshep@eot.ists.ca

416-665-5408

416-665-2032

Strobil, Silvia

Ontario Ministry of Naturai
Resources. Southern Region Science
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