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Abstract

Provincial management inventories across Canada
use similar approaches and have many common ele-
ments, but each has unique features resulting from the
nature of the forest, requirements, historical develop-
ments, the personnel involved, and budgetary consider-
ations. This report details, for each province, the proce-
dures used, organizational structure, and schedule fol-
lowed in the production of inventory maps. In addition
a summary of the volume sampling component is
given. A description of stand attributes and examples of
the forest inventory map and legend for each province
are provided.

Résumé

u Canada, les inventaires provinciaux d'aménage-

ment utilisent des approches similaires et ont
plusieurs éléments en commun, mais chaque province a
ses particularités & cause de la nature de ses foréts, de
ses spécifications, des développements historiques, du
personnel affecté, et des contraintes budgétaires. Ce
rapport décrit en détails, pour chaque province, les
procédés utilisés, la structure organisationnelle, et les
calendriers de production de ces cartes d'inventaire. De
plus, une syntheése de l'aspect «échantillonnage du
volume» y est donné. Une description des attributs des
peuplements et des exemples de cartes d'inventaire
forestier et de leurs légendes sont fournis pour chaque
province.



Introduction

he management of Canada’s 453 million hectares of

forest land requires basic information on the loca-
tion and extent of the resource. Forest inventories pro-
vide the data used to derive this information. A forest
inventory may be defined as a survey of an area to pro-
vide information on the present extent, quality, and
location of the forest resource and the manner in which
itis changing. A forest inventory program based solely
on ground survey measurements would be much too
expensive for such a large area as Canada’s forests. As
a result, techniques employing aerial photography for
mapping followed by a limited ground survey have
been developed to acquire the basic information for the
management of the resource.

Forest management and forest inventory in Canada
are primarily provincial responsibilities. The federal
government’s involvement in forest inventory is in the
areas of research and development, compilation and
summation of provincial data into a national inventory,
and in the inventory of federally administered forest
lands. The provinces employ a number of inventory
systems, froma reconnaissance inventory (e.g., an
exploratory inventory for strategic level planning) to an
operational inventory (e.g., a detailed inventory of a
specific area for operational harvest planning) to satisfy
the varied needs of forest management. The forest
management inventory has been the most prevalent
and important (Table 1). A typical forest management
inventory is defined as a detailed, intensive forest inventory
for management purposes of an area managed as one
unit (Haddon 1989), and includes forest type maps and

volume sample data. Aerial photography is the pri-
mary source of data for producing the forest type maps
and the maps form the basis for stratification for
volume sampling programs. Photography is acquired
in the summer and received by the forest management
agency in the fall. Forest stands are then delineated and
classified by photointerpreters. Most classification
attributes are ascribed from the interpretation of pho-
tographs, but some are derived from rules using inter-
preted and other appropriate data. The interpreters use field
surveys to calibrate their interpretation or to verify cer-
tain conditions. - The interpretation is transferred to a
base map that either exists or is produced at the time.
This map is then drafted or digitized to produce the forest type
map. Volume estimation is linked to the production of
forest type maps. Maps are used for stratification, to
determine the area of each stratum, and for sample plot
location. Sample plot data are used to derive volume
estimates for the sample plot; these volume estimates are then
used to derive the overall estimate of volume for the
inventory. Gillis and Edwards (1988) described volume
sample and compilation procedures used across Canada.

Forest management inventories in Canada are car-
ried out in cycles typically ranging from 10 to 20 years.
In some provinces the cycle is continuous (i.e., a per-
centage of the province is inventoried annually) while
other provinces conduct their inventory over a short
period of time and repeat the entire procedure periodi-
cally. Table 2 shows some general characteristics
related to provincial inventory map production.

Although provincial inventories have a similar
approach and many elements in common, each has

Table 1. Area of inventory (1 000 000 ha) by province and territory and inventory type.

Inventory Typel

Province Reconnaissance Regional Management Other
Newfoundland 17.51 10.53 7.962
Nova Scotia 0.16 5.31 0.01
Prince Edward Island 0.58
New Brunswick 7.263
Quebec 49.03 73.08
Ontario 0.08 0.56 59.26
Manitoba 40.56
Saskatchewan 8.23 15.88 11.36
Alberta 6.43 38.68% 6.90
British Columbia 0.46 93.43
Territories 151.14 2.47
Total 233.04 11.09 344.46 18.27

12.27 million ha of inventory are not classified by type.

27.96 million ha is for the Island. Management inventory mapping has recently been done for 2.2 million

ha in Labrador.
3 Includes 158 000 ha federal land.

4 Includes areas covered by the Phase 3 Inventory and Alberta Vegetation Inventory.



Table 2. Provincial forest inventory map production characteristics.

Province Forest inventory procedure " Annual® Map characteristics

Inventory Cycle Cycle Elapse area Scale Size Area Total
Area Type number period time! inventoried (km) (ha) number
(000 000 ha) (000 000 ha)

Newfoundland 10.16° continual 3 10 10 0.50 1:12500 9.0x7.0 6300 1600
Nova Scotia 5.31 continual 3 10 10 0.50 1:10000 8.0x5.6 44804 515
64x4.6 2944 1792
Prince Edward Island 0.58 discontinuous 2 10 2) 1:10000  7.7x5.6 4300 196
New Brunswick 7.10° discontinuous 4 10 5 1.40 1:12500  7.7x5.6 4300 1889
Quebec 73.086 continual 2 10 9 6.00 1:20 000 14x18 26 000 3300
Ontario 59.26 continual 3 20 20 4.00 1:200007 10x10 10000 5185
1:10000  5.0x5.0 2500 5380
Manitoba 40.56 continual 3 10-25 10-25 1.50 1:15840  9.7x9.7 9500 4300
Saskatchewan 15.88 continuat 4 158 15 0.75 1:12 500 10x10 10000 1696
Alberta (Phase 3) 33.60 discontinuous 3 14 8 5.00° 1:15000  97x9.7 9324 3600
Alberta (AVI) 5.08 pilot 110 - 2 2.50 1:20000 9.7x9.7 9324 545
British Columbia 93.43 continual 3 10-20  10-15 8.00 1:20 000 14x11 15400 7000

! Time to complete inventory within a cycle.

2 Typical annual area. Average annual area can be calculated from total annual area and elapse time or, alternately, cycle period.

3 For Newfoundland and Labrador.

4 There are two sizes of map sheet; currently 2/3 are the small sheets. All new maps are being generated at the larger size.

3 Does not include federal land.

6 Total inventoried area. The second inventory cycle is for the southern zone which is 36.5 million ha. The first inventory cycle

included the whole inventory area of 73.08 million ha.

7 Forest districts in the south are mapped at 1:10 000. Approximately 20% of the inventoried area is mapped at this scale.

8 The third cycle, 1974 to 1983 was a 10-year cycle.

9 There was less done in the start-up years. The amount given is that done over the five or six peak production years.
10 The pilot area is in the agricultural fringe forest zone; this is the first management inventory forest type mapping of this area.

unique features resulting from the nature of the forest,
requirements, budgets, history of inventory develop-
ment, and the personnel of each province. It is, there-
fore, useful to summarize all the provincial manage-
ment inventories in one document.

Inventory procedures are constantly evolving. The
implementation of geographic information systems
(GIS) has resulted in fundamental changes in the pro-
duction of forest type maps. The implementation of GIS
has provided a framework for other survey technolo-
gies to use. New remote sensing technologies are being
examined as primary data sources for inventory map-
ping. More demands are being made on the forest man-
agement inventory to provide information to satisfy
other needs than those of traditional timber manage-
ment (e.g., environmental, conservation, recreation,
wildlife, aesthetics). In addition, the inventory is
increasingly being used, often out of necessity, for pur-
poses for which it was not designed and is not appropriate.
More people are using the inventory data without

knowledge of how the inventory is derived and of its
applications and limitations.

In order to understand the environment into which
new technologies must fit and on which new proce-
dures will evolve to meet new challenges and demands,
and to understand the applications and limitations of
management inventories, it is useful to detail the sce-
nario followed to produce maps for provincial forest
inventories. Leckie and Gillis (in prep.) outline the pro-
duction considerations and costs of management inven-
tories and discuss current trends and issues. This
report examines the technical components of the map-
ping phase of a forest management inventory by detail-
ing, for each province, the procedures used, the organi-
zation involved, and the schedule followed. It reflects
provincial inventories of Canada in the early 1990s. In
addition, a summary is given of the volume sampling
component of each inventory. Interpreted and derived
forest stand attributes are described and an example of
the inventory map and legend from each province is
presented.



Newfoundland

Overview

Forest inventory in the province of Newfoundland is
carried out on a continuous cycle with the area of
merchantable forest! being fully covered by manage-
ment inventory every 10 years. The first management
level inventory for the province began in 1975 and was
completed in 1982. The second cycle of management
inventory began in 1985 and is scheduled for comple-
tion in 1995. One significant difference between the two
inventories is that the forest type map is now being
computerized in a geographic information system.
Previous to 1975, a reconnaissance level forest inventory
was conducted of the entire province, including
Labrador. This ‘global’ forest inventory, carried out
over a 10-year period between 1966 and 1975, consisted
of independent mapping and volume sampling projects
and covered a total area of 37.1 million hectares, of
which only 9.4 million were considered productive
forest lands. Recently, the management inventory has
been extended to include selected areas in Labrador.

The inventory procedure for a particular area takes
between 2 and 3 years. Aerial photography is acquired
in the summer and received by the Mapping Section of
the Forest Management Branch, Department of Forest
Resources and Lands within 2 months of acquisition.
The Mapping Section catalogues the photographs and
creates an index map before passing the photos to the
Inventory Section for interpretation. Photointerpretation
begins as early as October or November upon receipt of
the photographs (previously the delivery time for pho-
tography was 4 months following acquisition and the
interpretation began in February). Field checking is
done at the same time as the interpretation to verify
stand conditions. Interpretation is completed by the
end of April. A preliminary map is produced and used
for planning the volume sampling program. Volume
sampling begins with a planning stage in May, followed
by summer field work which is completed in October.
Photo interpretation is then revised, based on volume
sample plot information, and finalized before being
passed back to the Mapping Section in the second
winter. The Mapping Section prepares the base maps
while the Inventory Section is involved in photointer-
pretation and volume sampling. There is a continuous
delivery of interpreted photographs to the Mapping
Section beginning in the winter of the second year. The

I Merchantable forest is defined as forest containing trees with
diameter at breast height of 9 cm or greater and providing 60m3
(solid) per hectare on slopes of 30 percent or less, or providing 90m3
(solid) per hectare on slopes greater than 30 percent.

Mapping Section transfers the forest type information to
the base map and digitizes this map to create the forest

type map.

Scenario

hoto interpretation is done in-house by a staff of 8

full time interpreters, including 2 supervisors. Their
first task is to gather reference material, such as old
inventory maps, records of silvicultural activities, cuts,
and burns. Photographs are received approximately 2
months following acquisition (October /November) and
the interpreter begins by delineating stands on the pho-
tographs and labeling stand attributes. During the
interpretation, verification field checks are made in
stand types that pose problems. These visual checks are
made, usually from helicopter, on the attributes in ques-
tion (i.e., the interpreter checks age, height, and species
composition). Typically 20 stands per day are checked.
field notes for these checks are only used as reference
material for interpretation. The interpreter is then
involved in the volume sampling phase of the inventory
(i.e., plot allocation, field sampling, and post stratifica-
tion). Plot allocation is based on preliminary map infor-
mation from the typed aerial photographs, and is done
in May following the interpretation. Volume and other
field sampling takes place from June to October. An
effort is made to ensure that the technician responsible
for volume sampling is not the same one who inter-
preted the photography for the area. Following volume
sampling, the interpreters review their interpretation
based on the volume sample plot information and pro-
duce the final typed photographs. These photos are
then checked by two senior interpreters before being
delivered to the Mapping Section.

A typical year for an interpreter consists of approx-
imately 60% interpretation and 40% field work. The
interpretation time can be further divided into 85%
interpretation and 15% final typing. The 40% field
work time consists of approximately 75% field sampling
and 25% interpretation verification. The field sampling
consists of establishing temporary sample points for
volume estimation, remeasuring permanent sample
plots for growth and yield determination, and establish-
ing damage plots to analyze change.

Recently, in order to ease the workload of in-house
interpreters, the Forest Management Branch established
a contract for the interpretation of aerial photography.
This work was for a management unit in Labrador. In
this case the contractor was responsible for verification
field checking and the Inventory Section was responsi-
ble for quality checks. The contract interpreters were



required to become familiar with both the area and the
classification system. The interpreters used both aerial
reconnaissance and field plots to familiarize themselves
with local forest conditions. At each field plot the inter-
preter completed a field tally sheet for sample tree mea-
surements. Stands were examined for species composi-
tion, crown density, and site class. Age and height were
determined for sample trees. Field plots were allocated
according to the variability of forest conditions within
the management unit. All sample plot information was
submitted to the Inventory Section. The interpretation
quality assessment, conducted by the Inventory Section,
was carried out in two phases. First, all photographs
were examined, without ground checking, to determine
if they met predetermined conformity standards. The
second phase involved ground truthing a sample of
phase one photos. The sample intensity varied and was
dependent upon the variation of forest types and the
experience of the individual interpreter. The quality
check was conducted by the Section Head in charge of
forest inventory and a senior interpreter.

The Mapping Section is responsible for preparing
the base map, transferring the interpretation to the base
map, digitizing, and final map production. Maps from
the National Topographic System of Canada (NTS) pro-
vide most of the base map information. Base maps are
created by dividing the 1:50 000 NTS mapsheets along
lines of latitude and longitude into 16 equal parts. Each
part is then photographically enlarged to the desired
scale of 1:12 500. Photointerpreted information, forest
typing, and new base map information (e.g., new roads
and powerlines) are transferred in pencil to a transpar-
ent copy of the base map using a reflecting projector
(Kargl) to match positions on aerial photographs to cor-
responding positions on the map. Ownership and man-
agement unit boundaries are also transferred from
1:50 000 master ownership maps to the pencil manu-
script. Four cartographic technicians in the Mapping
Section were respansible for base mapping and transfer.
Two supervisors inspected the work and assigned num-
bers to individual stands on the map. In 1992, the
number of employees was reduced to two technicians
and one supervisor. Approximately 20 hours are
required to create a pencil manuscript for a 1:12 500
mapsheet.

Until 1985 all maps were drafted. There were
seven full time people, including one supervisor
responsible for the creation of the inked manuscript
from the pencil version. Forest stand area was deter-
mined electronically by digitizing stand boundaries and
was performed by a full time clerk within the Mapping
Section.

Since 1985, the pencil manuscript maps have been
the basis for digitizing. Digitizing is done in-house, two
shifts per day, with each shift consisting of five digitiz-
ers and one supervisor. Digitizing staff has also been
reduced since 1992 to one shift per day. A stand list is
prepared by a data preparation clerk. Approximately
one week is required to output a computer map (1:12
500). This week consists of the following work schedule:

+12 hours digitizing forest stand boundaries, which
includes lake and swamp polygons,

«4 hours digitizing base map features such as roads,
rivers, and power lines,

+3 hours digitizing administrative boundaries (e.g.,
forest management unit boundaries,
ownership),

«3 hours edge matching at the boundaries of map
sheets,

«5  hours editing and cleaning,

«5 hours label placement,

+2  hours quality control, and,

+3  hours final map output.

The volume sampling portion of the inventory
uses the interpreted photographs for initial stratification
and sample plot allocation. Plots are sometimes allo-
cated on old inventory maps to allow volume sampling
to begin in the time period between photointerpretation
and final map creation. Approximately 600 sample
plots are measured each year, which corresponds to one
plot for every 1330 hectares inventoried. Sample plots
may have to be post-stratified when the final map is
produced if stand boundaries or descriptions differ
from the interpretation used for initial stratification. As
a result, some strata may be oversampled, some under-
sampled, and some not sampled at all. Unsampled
strata make up a small percent of the total area so these
are often included with strata having similar stand con-
ditions, whereas additional plots are usually added to
undersampled strata. Stand and stock tables are devel-
oped by strata and are applied to strata area from the
map to estimate wood volume by strata.

Productive Forest Land Classification

roductive forest land in Newfoundland is defined as

land presently producing or capable of producing
30 m3 of wood per hectare at rotation and is interpreted
based on site conditions including soils, ground condi-
tions, and terrain. Forest capability maps, produced by
the Canada Land Inventory (CLI), from photography
acquired between 1964 and 1970, are frequently used to
determine site conditions. A productive forest stand is
a homogeneous unit, sufficiently uniform in species



composition, crown density, height, age, and site to be
separable from adjoining stands. A productive forest
stand may also be classified by disturbance type and sil-
vicultural treatment, when applicable. Figure 1is an
example of a typical forest type map and legend.

The species composition lists species, to a maxi-
mum of three, in decreasing order, based on crown clo-
sure. Any single species must comprise at least 25 per-
cent of the total crown closure.

Crown density is the percentage of ground area
covered by a vertical projection of tree crowns onto the
ground. The interpreter uses a crown density scale as a
comparator to estimate crown density from aerial pho-
tographs. There are three 25% crown density classes
interpreted. Stands that have less than 25% crown den-
sity are labeled N.S.R. (not sufficiently restocked) or Di
(disturbed), with the appropriate disturbance codes to
identify the type of disturbance. Stand attributes are
not interpreted for these stands.

Height class is based on the average height of dom-
inant and codominant frees in the stand. Heights are

estimated to the nearest 3 meter class. Sample plot mea-
surements are used to calibrate height estimation.

Age class is interpreted based on the average age of
dominant and codominant trees. The interpreter uses a
combination of factors such as species, height, site, and
history of disturbance to aid interpretation. Increment
cores, obtained from sampled stands, are used to cali-
brate the interpretation. There are seven 20-year age
classes and an upper class, which is open (i.e., 141 +
years).

Site class is an expression of forest site quality and
is based on the height, at a certain age, of the dominant
and codominant trees of the predominant species in the
stand. The interpreter assigns a site class while inter-
preting. The assignment is based on height and age for
stocked stands and land capability, from CLI maps, for
unstocked or disturbed stands. There are four defined
classes; poor, medium, good, and high.

The interpreter uses historical records to assign dis-
turbance codes and to describe silviculturally treated
areas.
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FOREST TYPE MAP

SCALE 1:12 500

STAND IDENTIFICATION

Site

REFERENCE
Species Composition Height Class Height Code

bF = BalsamFir 0 - 3.5 Metres...........

bS =  Black Spruce 36 - 6.5Metres....

wS = White Spruce 6.6 - 9.5Metres....

wB = White Birch 9.6 - 12.5Mefres.........

yB = Yellow Birch 125 - 15.5 Metres.........

tL =  Tamarack/Larch 156 - 18.5 Metres.........

tA = Trembling Aspen 18.6 - 21.5Metres.........

bP =  Balsam Poplar 216 + Metres.........

wP = White Pine

P = RedPine

iP = Jack Pine

sP =  Scots Pine

NSR =  Not Sufficently Restocked

bF - indicates 75-100% of the basal area comprised of bF.

bF,wB - indicates 50-75% of the basal area is comprised of bF

and the remainder is wB.
bF,bS,wB - indicates that 40% of the basal area is comprised of bF,
30% is bS and 30% is wB. Disturbance Code

Logging ...ccevemeeneianns X
Fire oo Y
[[gT<T=T o QSRR Z
Wind............ W
Vegetation...... WV
Miscellaneous .... M



Crown Density Crown Density

Class Code
Unclassified..................... 0
Over 75%.... d
51-75%.... 2
26-50%..cccneeernieeeeaeinenns 3

Non-Productive Forest

...Softwood Scrub
Sch.............. Hardwood Scrub

Ownership - Nature of Tenure

Private/Freehold
oo O PO B S Licenced
H e e et Charter
| PR Special Agreement
R T L Reserved

Ground Plots (Cut) .......cccee.
Permanent Sample Plots ........
Ground Plots ........ccceeeeennnnee.
Photo Center.........cccoceevveenene
Cruise Line and Number .........
Trans Canada Highway ..........
Paved roads.......ccccoeoceeieeeeenne
Unpaved Roads ...........ccocceuueee
Primary Woods Roads...........
Secondary Woods Roads .......
Extraction Woods Roads ........
TrailS .oeeeeeereeeeeeeeeeeee,

Railway
Transmission Line.........c.........

Age Class Age Code

0-20 years (immature)................. 1

21-40 years (immature)............... 2

41-60 years (immature)............... 3

61-80 years (immature)............... 4

81 + years (overmature).............. 5

(41-80 years mature)................... 7

All 2ES ..o 9

Non-forest

Rb = Rock Barren
Sb = Soil Barren
C =  Cleared Land
A =  Agricultural Land
Rw = Right-of-Way
Res = Residential
A = Bog
\y = TreedBog

L]

®

2

+

CL12

el —

lo— ]
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Nova Scotia

Overview

Forest inventory in Nova Scotia has consisted of inde-
pendent mapping and volumetric sampling projects.
The mapping project is now on its third cycle. The
entire province has been fully covered by forest inven-
tory mapping between 1953 and 1955 and again
between 1965 and 1971. The current forest inventory
mapping project began in 1987 and was planned to be
complete between 2000 and 2002. Under an accelerated
inventory program, started in 1992, it is scheduled for
completion by the end of 1996. Some new procedures
have also been added. Volumetric sampling is con-
ducted on a continuous 10-year cycle, and its fourth
cycle was completed in 1991. Volume statistics are
reported at the county level and have not been related
to the forest inventory maps. Starting in 1992, a fifth
phase of volume sampling and reporting began and is
directly related to, and conducted along with forest
inventory mapping.

Approximately 1.5 years were required to map an
entire inventory block or county. Under the accelerated
program this is expected to decrease. Aerial photogra-
phy is acquired in the summer but is not received by
the Department of Natural Resources until the end of
December. Photointerpretation begins in the winter
and includes a field check to verify the interpretation.
Stand boundaries are digitized directly from the aerial
photographs and aligned to a digital base map by
means of geometric correction software. Volume sam-
pling is now linked to map production, with field work
carried out in the April to December following final
map production.

Scenario

Photointerpretation is done both in-house by the
forest resources planning and Mensuration Division
in Truro and by contract. In-house, five people, includ-
ing one supervisor are fully committed to the task of
interpretation. Approximately one day per week is
spent in the field, checking stands that posed problems
during interpretation. Field notes are made on species
composition, height, crown closure, and site conditions.
This information is used both to verify the interpreta-
tion and to help calibrate the interpreter. The quality of
interpretation is systematically checked by an indepen-
dent field sampling program. A two person crew con-
ducts a high intensity cruises of sites selected by the
photointerpretation supervisor in order to determine
the accuracy of interpretation. This quality check

survey takes place following photointerpretation from
May to mid-December of the year following photo
acquisition. Sites are selected in those stands consid-
ered most difficult to interpret. Approximately six
stands per mapsheet (one stand per 500 ha) are checked.
Point samples are established in each of the six stands
and measurements of species composition, height,
crown closure, and site, as well as volume and basal
area, are recorded. The field data are compared to the
photointerpreted attributes and the interpretation is
revised to agree with the data collected on the ground.
The source of attribute data (i.e., field check versus pho-
tointerpretation) is recorded in the database. Checking
is done for each interpreter.

To supplement in-house work, the forest resources
planning and Mensuration Division is letting a contract
for interpreting approximately 750 000 to 1 000 000
hectares annually. The contractor is required to become
familiar with local ground conditions by spending one
day per week in the field. Field notes are used both for
calibration and for verification of interpretation.
Formal sample plots are not required for this purpose.
The quality of interpretation is checked by an experi-
enced photo interpreter who works closely with the
contractor and by an independent field sampling pro-
gram, both conducted by Forest Resources Planning
and Mensuration Division personnel. The normal pro-
cedure, that is, revising the interpretation to agree with
the field work, is followed.

Orthophoto maps, created between 1975 and 1980
by the Land Registration and Information Services
(LRIS) of the Council of Maritime Premiers from
1:40 000 black and white aerial photography, provided
the initial base map information. The digital base maps
for the first two counties were created by the Forest
Resources and Planning Division by digitizing base
map information directly from the orthophoto map.
Starting in 1991, digital base maps created by LRIS are
being used as the base for the remaining counties.
Because enhancements will be required to bring the
base map information up-to-date (i.e., for new roads
and hydro lines), it is not expected that receiving the
base map in digital format will result in a noticeable
time saving. The transfer of interpretation to a map
base is unique in Nova Scotia. Control points are estab-
lished on both the aerial photographs and the
orthophoto maps (8 per photo, 160 per mapsheet). This
takes about one day for each map. Forest type delin-
eations are then digitized directly from the aerial pho-
tographs. Rubber sheeting software uses control points
to align air photointerpretation to the orthophoto
derived base map. The forest type delineations are then



merged with the digitized base map information from
the orthophotos.

Up until 1992 digitizing was done within the
Division by four full time digitizers, including one full
time editor. One of the digitizers worked on the trans-
fer of ownership boundaries while the other three
worked on the base map information and the forest
type delineations. Approximately 9 days were required
to digitize and output one complete mapsheet (3000 ha).
The typical breakdown of this time is as follows:

+38 hours digitizing forest stand boundaries, water,
and nonproductive polygons, as well as,
all base map features; also includes: edge-
matching at the boundaries of photographs and
mapsheets; editing and cleaning; and label
placement,

+7 hours digitizing administrative boundaries (e.g.
forest management unit boundaries, ownership),

+9  hours quality control,

+1  hour final map output.

A biophysical classification layer was also added to the
database. Approximately 3.5 hours were required to
add this layer for one mapsheet.

Digitizing of stand boundaries is now done under
contract. In-house staff continue to edit base maps, edit
and conduct quality checks on contract work, enter
attributes, and carry out final data base map compila-
tions. In addition, in-house staff are involved in the
transfer and digitizing of administrative boundaries
and in digitizing biophysical classification layers.

The fourth volume sampling phase of the inventory
(1981 to 1991) was carried out independent of the map-
ping phase. A three-stage 3-P sample design was
employed where the stand at the centre of each aerial
photograph within the inventory area is delineated and
classified by photo interpretation in the first stage; a
random number of the stands are selected for point
sampling in the second stage; and certain trees within
the plots are selected for detailed measurements in the
third stage. A typical sample size for a county would
include 70 stands for each ownership category (i.e.,
crown large and small private ownership), with an
average of five point samples per stand and one tree per
point sample (i.e., an average of one stand every
1800 ha). Wildlife information was also collected at
each sample location. The volume sampling phase pro-
vided an estimate of wood volume by ownership at the
county level by the direct compilation of sample unit
estimates.

The current volume sampling program (1992 to
2001) is integrated with the forest type mapping pro-
gram. Stands in the digital map files are selected for
volume sampling. The field data collected during
volume sampling provides additional data that are
added to the attributes of the forest stands sampled.
The volume sample plots also provide field check data
used to assess the quality of interpretation. A number |
of non-timber items are again also being collected by ‘
field crews as requested by the Forest Protection,
Wildlife, and Parks and Recreation Divisions.

Productive Forest Land Classification

roductive forest land in Nova Scotia is defined as

land presently producing or capable of producing
3 m3 of wood per hectare per year. Forest area is delin-
eated into homogeneous units (stands) based on crown
closure, height, and obvious differences in site. Forest
stands are then classified by species composition, crown
closure, height, and site. Stands that have been dis-
turbed or treated in some manner are classified sepa-
rately. An example of a forest type map and legend for
Nova Scotia is shown in Figure 2.

Species composition lists the most common tree
species in the stand to the nearest 10 percent based on
gross merchantable volume, in decreasing order, to a
maximum of four species. A species must contribute a
minimum of 10 percent to the canopy of the stand.
There are 34 species and species groups recognized.
Species groups are used when individual species are
not distinguishable or cannot be recognized. An unclas-
sified grouping (i.e., species not specified) is utilized
when species identification is impossible (e.g., when
natural regeneration is too short to allow accurate iden-
tification).

Crown closure is an estimate in percent of the
ground area covered by a vertical projection of the tree
crowns and is recorded as the actual percent estimated.
Closure is estimated for each storey in a two-storeyed
stand.

Stand height is an estimate to the nearest meter of
the actual average height of codominant trees. Field
notes are used to help calibrate the interpretation. In all
aged stands, an estimate is made of the average height
of merchantable stems.

Maturity class is a derived attribute. Rules based
on interpreted attributes are used to distinguish seven
classes: regeneration, young, immature, mature, over-
mature, pole, and uneven-aged. Height, age, species
composition, and an interpretation of volume con-



tribute to the determination of maturity class. For
example, a stand is considered mature if it is between 60
and 70 years old and composed of 60 percent or more
jack pine, whereas a stand composed of the same
amount of white pine is not considered mature until 120
years of age. Age is derived from a look-up table relat-
ing site (i.e., forest capability in cu. ft./acre/year) and
stand height.

Site class is determined from the Canada Land
Inventory (CLI) map. Interpreters use the 1:50 000 CLI
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map as a guide to classify the capability of a stand and
this value is converted to metric capability classes
(m3/ha/year). Eachstand is then assigned a class.
Merchantable volume and total basal area are calculated
for each stand by use of regressions provided by the
Division’s Research Section. Merchantable volume is
included as a stand attribute on the inventory map.

Interpreters use historical records and local knowl-
edge to determine disturbance or treatment classifica-
tions.
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Figure 2. Example of forest type map and legend for Nova Scotia.
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Prince Edward Island

Overview

Forest inventory in Prince Edward Island is carried
out on a 10-year cycle, with the whole province
mapped in a survey conducted over a short period of
time. The first survey of general forest types and
volume classes was conducted in 1965. The next
survey, conducted between 1980 and 1982, was the first
thorough management inventory of Prince Edward
Island. This survey was unique in that it was the first
major inventory in Canada where a systematic effort
was made to assess total forest biomass. Prince Edward
Island has recently completed a third provincial inven-
tory (1990 to 1992). The most significant difference is
the use of geographic information system technology
for computer mapping.

For the second survey, both black and white and
colour infrared aerial photography at a scale of 1:10 000
were acquired simultaneously in the summer of 1980.
Interpretation, map production, volume sampling, and
compilation were undertaken under one contract for the
Forestry Branch, Department of Energy and Forestry.
Photointerpretation, which included field checking,
began in the fall of 1980. The interpretation was trans-
ferred to an orthophoto map using vertical projection
equipment and then drafted to a stable base mylar man-
ually in 1981. Volume sampling took place during the
summer of 1981 and compilation of the inventory was
completed by 1982.

For the 1990 inventory, colour infrared photogra-
phy (1:17 500) was acquired in August 1990.
Interpretation and map production occurred from
September 1990 to October 1991, volume sampling took
place in the summer of 1991, and the results compiled
and a final inventory report produced in January 1992.

Scenario

For the 1980 inventory photointerpretation was car-
ried out under subcontract by one interpreter. The
contract called for the interpreter to become familiar
with ground conditions before interpretation. This was
accomplished by scanning the photographs, noting con-
ditions on the ground that were particularly important
or difficult to interpret, and then field inspection of
points within these conditions. Several hundred points
were identified across the Island for field checking.
Field work was completed in February, 1981, and used
by the interpreter to calibrate the photointerpretation
which began in the winter of 1981. Verification field
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work was carried out by the interpreter and an inde-
pendent field crew of the Forestry Branch during the
summer of 1981. Volume sampling data, collected that
same summer, was also provided to the interpreter.
Both the verification field work and volume sample
data were used to modify the initial interpretation.
Interpretation was conducted using the panchromatic
photographs. Colour infrared photographs (trans-
parencies) were used to confirm specific conditions
related to diseased and dying trees, occasionally to
double check species identification, and to fill gaps in
panchromatic coverage. Photointerpretation was com-
pleted in December 1981.

A series of 1:10 000 scale orthophoto maps were
produced to provide base map information. These were
created by reducing 1:5 000 orthophoto base maps that
had been previously created by the Land Registration
and Information Services (LRIS) of the Council of
Maritime Premiers from 1970 photography. They con-
tain road, water, and land ownership information. A
total of 196 map sheets (1:10 000) were photographically
produced. Polygons delineated on the aerial pho-
tographs were transferred manually onto 1:10 000 scale
paper copies of the orthophoto maps using zoom trans-
fer scopes. The classification label was also added to
the paper copy of the orthophoto map. Delineations,
some base map information (e.g. road, rail, and water),
and polygon labels were then transferred to a stable
base (Translar). The area of all mapped polygons was
estimated using a 10 dots per ha dot grid. The accuracy
of the dot count was checked by a digitizer, with new
dot counts made where discrepancies of greater than 0.5
percent existed. Approximately 7.5 days per map sheet
were required by the contractor for transfer and draft-
ing, including map reproduction. Another 1.5 days per
map sheet were required for area determination and
attribute data entry. The orthophoto base map and the
forestry map can be used independently or combined
by printing them together. They have, however, been
used exclusively as separate maps.

The volume sampling phase of the 1980 inventory
was conducted independent of the mapping phase
during the summer of 1981. A random sample design
of 900 plots (one for every 644 hectares total land, or
one for every 325 ha of forest land) was employed to
obtain volume. Each plot consisted of a cluster of five
variable radius plots (prism points). At each prism
point, in addition to volume data, biomass data were
collected on stems greater than 8 cm in diameter at
breast height. For stems 8 cm and less in diameter,
fixed area plots were established at each prism point
while subplots were established to measure woody



ground vegetation. Approximately 20 percent of the
time spent at each plot was devoted to collecting bio-
mass data. The Forestry Branch conducted a check of a
sample of these plots. One prism point from the cluster
of five points was remeasured. Plots were post-strati-
fied according to mapping criteria and volumes deter-
mined for each strata. This stratification of plots was
also used to assign each forest stand to a volume class.

The 1990 provincial inventory used 1:17 500 colour
infrared prints with negative reversal processing. The
procedure followed for interpretation was unique.
Interpreters began by delineating only the stand bound-
aries. The boundaries were then transferred to a
1:17 500 scale print of the existing digital base maps
from LRIS by simply laying the maps over the delin-
eated air photo on a light table and tracing the bound-
aries. There is enough control from the base map infor-
mation to permit a good overlay of the map and photo.
The stand delineations were then digitized and the
resulting preliminary map given to the interpreter
along with a reference map containing the location and
data of temporary sample plots (including those from
the previous inventory), permanent sample plots, silvi-
culture treatments, and other records. These data and
their assigned UTM coordinates had previously been
transferred to computer files. This information plus
field notes were used for calibrating the actual interpre-
tation of stand attributes. Field checks were conducted
by the interpreters or a field technician as required
throughout the interpretation. Random plots were also
established as an independent quality check (approxi-
mately 30 per map). Also unique is the use of historical
information. For example, a land use map showing
cleared and forest areas was produced from aerial pho-
tography acquired in 1935. These were provided to the
interpreters and used to help assign a stand origin and
history (e.g., age of specific white spruce stands derived
from old agricultural fields). The final digital attribute
files and maps were then produced. The interpretation
and map production occurred in a continuous
sequence. As stand delineations on the air photos for
one map sheet were completed, they were transferred
and digitized and then the map and photos were given
for interpretation of stand attributes. Interpretation was
done by three interpreters on contract, with one inter-
preter conducting the delineation and the other two the
interpretation of stand attributes. Digitizing was done
in-house by three digitizers on three digitizing stations,
plus one edit station.

Digitizing times were as follows:

+10 hours digitizing forest stand boundaries and
polygons of non-forest land types,

+3 hours edgematching at the boundaries of map
sheets,

«7 hours editing and cleaning,

+ 1.5 hours label placement, and

+7 hours quality control,

Editing, cleaning, and quality control were onerous due
to the large number of small polygons. Digitizing of
base map features such as roads , power lines, rivers,
lakes, and coastlines, as well as administrative bound-
aries, were already digitized on the LRIS digital base
map. Final map production was done commercially.

The 1990 inventory used a similar volume sam-
pling procedure as the 1980 inventory with a random
sample design and subsequent post-stratification. It
included 1200 plots, 600 of which were in the same
stands as the 1980 inventory plots. The 1990 field work
also included a soil profile description, a soil sample, a
subplot to measure tree species regeneration and vascu-
lar plants, and an assessment of tree cavities.

Productive Forest Land Classification

Forest stands and non-forest types were delineated to
a minimum of 1 hectare, except for hedgerows
which were mapped below 1 hectare. This detail of
mapping is unique. A forest stand was defined as an
homogeneous unit based on species composition, crown
closure, height, and ground condition extremes (e.g.
swampy, sandy). Stand history was also added to the
stand label. An example of both the 1980 and 1990
forest type maps produced for Prince Edward Island

are illustrated in Figure 3.

Species composition was based on the percent
crown closure of the dominant and codominant trees in
the stand. Up to three species could be designated, in
decreasing order of content. The first species or species
group designated indicates the major component of the
stand, the second species indicates an important minor
component, while the third species indicates any other
component in the stand. The first and second species
had to represent a minimum of 75 percent of the com-
position of the stand. A stand composed of primarily
one species with scattered individuals of another
species would contain a first species and a third species
designation separated by a slash, indicating the absence
of the minor component. Nine softwood and 10 hard-
wood species were recognized. There were also three
species groups (SF—spruce-fir, IH—intolerant hard-
wood, and TH—tolerant hardwood) which were used
when species were difficult to identify. Their use was,
however, discouraged in favour of designating a pre-
dominant species. For the new inventory, species are



identified in 10 percent classes to a maximum of five
species and no species groups were recognized.

Canopy density (crown closure) is the actual esti-
mate of the ground area covered by a vertical projection
of the tree crowns. There are four classes 0-30%, 31-
60%, 61-80%, and 81-100%. Interpreters used dot grids,
stereograms, or charts as comparators to estimate stand
density from aerial photographs. The 1990 inventory
recognized 10 percent crown closure classes.

Height class was based on the average height of
dominant and codominant trees in the stand. Stands
were placed into five-meter classes; 0-5.0, 5.1-10.0, 10.1-
15.0, 15.1-20.0, and 20.1+. Field measurements were
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used to guide the interpretation while photogrammetric
measurements were used to verify the interpretation.
Height is interpreted to the nearest meter for the 1990
inventory.

Age was not interpreted for either the 1980 or 1990
inventories.

Three classes of forest ground condition were also
interpreted; wet or swampy, steep, and sandy. A class
representing origin and stand history was also added to
the stand description. This was assigned based on cause
of disturbance as determined from photointerpretation
and silvicultural records.
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FOREST COVER MAP

SCALE 1: 10 000

SAMPLE CONDITION
749 Stand Number
rMsMyB Species
4A Height, Density
REFERENCE
SPECIES
Softwood Codes: Hardwood Codes:
sF - Spruce and Firin varied mixture TH - Tolerant hardwoods--generally a combination of the
wS - White Spruce following northern hardwoods: Hard Maple, Red
bF - Balsam Fir Maple, Yellow Birch, Beech, Red Oak, etc.
He - Hemlock yb - Yellow Birch
wP - White Pine sM - Sugar Maple
rP - RedPine Be - Beech
P - Jack Pine IH - Intolerant hardwoods--generally: White Birch and/or
Ce - Cedar Poplar, but also including other pioneer species
la - Larch wB - White Birch
bS - Black Spruce and/or Red Po - Poplar
M - Red Maple
O - RedOak
wA - White Ash
Em - Elm

gB - GrayBirch

HEIGHT (meters) DENSITY

0.0 = 150k 1 81 -

5l = 10.0hn 2 61 -

104 & 158.0..ceceeenssd 3 31 -

15.1 = 200 el 4 0 =

20.1 or more.......c.c....... 5

BUM,..cc.vmcceesmmmatbosaamsetaes br
FOREST GROUND CONDITIONS Wind Fall.... o WI
Partial Cut..... ....pC
Wet, SWampy .....c.ccocvvvinimriecnnennns SwW Pc for Logs.... ....pl
5] 1= o T st Pc for Pulp ... ....pp
Sandy .............................................. sy Clearcut............ ....CC
Disease-Insect. ..di
NON-FOREST LAND TYPES Agricultural .... ...of
Plantation...... ....pn
Hedge ROW .......cccceeeeees hr

RloWageis:. .25 .. covese fincse soszadassasssss fl Stream......cccoeceeienneee
Swamps - open.... ..S0 Property Boundary ....

Agricultural Land .. ..ag Suvey Monument ...... ....2833

Gravel Pit ......coceeeenee ..gp Pre-redefined grid..........ccocoeemvnrinnnncnnen.

Recreational Land.... .rc Redefined stereographic projection...... ....N31 60 00 m
Sand DUN@ ... SD UT.M. 5 KM grid......cccovmmneneicninnnne ....N' 5150000 m
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FORESTRY
SHEET

SCALE 1:10000

LLEGEND
Paved Road ~~----------——-—-——--- Plower LLime == —c-smms— —sgtomes == B Eos-s - -
Secondary Road - County Line =====—=m——-e—emem = =
Track, Driveways Field Boundary - —----------- ———————— e —
Tratl -——--—-——c-mmmm oo Forest Stand Boundary -- e e
Railvay) ======-S <t osm S snmmo—= Buildings —-—--————-—=——=—---- h
Streams, Lakes ----------------- Monuments --------------—--- a
Swamps -----------------—------o Culverts —————————————=oe-—- —~— L ———
(E-19 FIRCONESESEEE e s e e Single Tree -———~~~-——-—eeweeex °
SAMPLE CONDITIONS:
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New Brunswick

Overview

ew Brunswick forest land has been inventoried

four times since the early 1950s. The first com-
plete inventory was initiated in 1951 and reported in
1958. Since then, the inventory has followed a 10-year
cycle where the whole province is completely reinven-
toried within successive 10-year periods. The actual
inventory work may only take 5 years. The most recent
version, the Forest Development Survey, was com-
pleted in 1986 from photography acquired between
1981 and 1985. A significant advance in the most recent
version was the use of a geographic information system.

Approximately one and a half years were required
to produce forest type maps for a particular area.
Aerial photography was acquired in the late spring or
early summer and prints were delivered to the Timber
Management Branch (TMB) of the Department of
Natural Resources within a month of acquisition. Poor
quality photography and gaps in coverage were identi-
fied and such areas were re-photographed in early
September. A contract for photointerpretation, field
verification, and transfer to orthophoto mylar maps
was put into place to coincide with the receipt and
acceptance of photography. Upon receipt of the inter-
preted photographs from the contractor, TMB con-
ducted an extensive quality control ground survey to
check the interpretation. The contract was completed
the following March. The mylar maps were digitized
by TMB as they became available, in order to complete
the map production process.

Scenario

hotography was supplied in the summer of the year

it was acquired, and all work was completed under
contract by March 31 of the following year. The major-
ity of contractors were based in New Brunswick, so
most of the interpretation was carried out within the
province. Each contract was subdivided into four or
five areas (blocks) depending upon the number of inter-
preters, and each interpreter was assigned a block. The
interpreters were required to spend 40 hours in the field
to calibrate themselves with the various forest condi-
tions and to become familiar with the application of the
classification system. The 40 hours consisted of three
days of field work, one day of flying over the block
using fixed wing aircraft and helicopters provided by
the Department of Natural Resources, and one day back
in the field evaluating problems with other interpreters
and TMB staff who often accompanied the interpreters.

22

The interpreters checked predominant as well as unfa-
miliar stand types. These stands types were identified
and located before field checking. Photointerpretation
followed the initial ground inspection, using notes from
the field work and existing information (e.g., old inven-
tory maps, records of silviculture activities, cuts, and
burns) for calibration. When the interpretation was half
completed the interpreter made another field check,
similar to the initial check, for verification purposes.
Additional ground checks of stands selected by the
interpreter (approximately one for every 1000 ha) were
conducted by contractor ground crews to assist the
interpreters to calibrate or verify their interpretation.
These ground checks consisted of establishing a mini-
mum of two prism points per stand. The results of all
the ground checking were delivered to the TMB.

The TMB established an extensive, independent
quality check program, consisting of measurement plots
and visual checks, to assess the quality of interpretation.
For each interpretation block (typically 8600 ha) approx-
imately 25 stands were selected for checking, eight
stands for measurement plots, and 17 for visual checks.
Stand selection was weighted by type (i.e., TMB was
more interested in softwoods, so disproportionately
more checking was done in softwood types).
Measurement plots (approximately one for every
1100 ha) consisted of a cruise line containing five prism
points and were only established in stands greater than
20 years of age. At each point, species, dbh, tree qual-
ity, age, height, site indicators, and crown closure were
determined. Visual checks (approximately one every
400 ha) involved checking species and crown closure
plus confirming age (development class) with incre-
ment cores. All plots <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>