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PETAWAWA NATIONAL FORESTRY INSTITUTE

In common with the rest of the Canadian Forestry Service, the Petawawa National Forestry Institute has
as its objective the promotion of better management and wiser use of Canada’s forest resource to the
economic and social benefit of all Canadians. Objectives of programactivities carricd out at the Institule sup-
port this goal through discovery, development, demonstration, implementation, and transferof innovations.
Because it 1s a national institute, particular emphasis 15 placed on problems that transcend regional boun-
daries or that require special expertise and equupment that cannot be duplicated in CFS regional estab-
lishments, Such rescarch is often performed in close cooperation with staff of the regional centres, provineial
forest services, and the forest industry.

Research initiatives and techmcal services at the Institute encompass sis major activilios:

FOREST GENETICS AND BIOTECHNOLOGY — Integrates projects in tree genctics, soil microbiology,
micropropagation, molecular genctics, meteorology, and seed research. 1| also includes the chient services
and seed bank pperations of the National Tree Seed Centre, a long-standing program with extensive inter-
national affilintions,

FOREST MANAGEMENT SYSTEMS — This program integrates projects in fire, remote sensing,
modelling, and growth and yield to provide research and development for the formulation and demonstra-
tion of forest management svstems,

NATIONAL FOREST RESOURCE STATISTICS — Provides biological, technical, and socioeconomic in-
formationon Canada’s forest-based resources. The program involves progressive developmentof databases,
such as FIDSINFOBASE, and establishment of new databases and software in support of policy develop-
ment in forestry. The Forest Inventory Program collatesinformation on the forest resource ata national level,
maintains the Canadian Forest Resources Data System, and prepares the national forest inventory.,

COMMUNICATIONS — Integrates activitics of the library, public awareness, information, and editing
and publications projects. The Institute is visited by more than 20 (00 people every vear, There isa Visitor
Centre for the public, self-guided tours, and an extensive education project. The national repository of all
scientific and technical publications of the CFS and the principal CFS publications distribution cenlre are
poth located at PNFI,

THE RESEARCH FOREST — Besides natural stands manipulated in a variety of ways for silvicultural
rescarch, the 98 km™ Petawawa Forest contains extensive areas of plantations dating ‘back six decades,
Rescarch plantations are a source of growth and yield data derived from cultural experiments, and they arc
becoming valuable for pedigreed genetic matenials for micropropagation and molecular genctics studics.
The forest also offers opportunities for short- and long-term testing of forest management strategics.
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ABSTRACT

There are some areas of productive forest in Canada not yet covered by forest

inventory programs. These gaps occur in transition forest of generally low
current commeroial valua,

Sampling was ecarried out in the Alberta and Saskatchewan Baps to
provide broad but statistieally objective estimates of area and volume for
Canada's forest inventory.

A network of photo plots was estzblished in each gap. Plots were
described by photo interpretation according to 1986 national inventory codes.
Volume estimates were interpreted for the stocked productive forest plots.
The sample was calibrated with a regression estimator using a2 subsample of
Eround plots,

The 5 250 000 hectares of uninventoried productive forest land
eontains 409 140 B10 m® of wood, of which 39% is in Alberta, 101 is 1ip
‘southern Saskatchewan, and 51% in northern Saskatchewan,

RESUME

Certaines régions forestidres productives du Canads ne font pas encore l'objet
de programmes d'inventaire forestler. Elles sont sltufes dans la zone [ores-

titre de transition composfe d'essences ayant généralement une falble valeur
commerciale actuelle,

Des aotivités d'Schantillonnage ont &té effectubes dans les régiona
non inventoriées de 1'Alberta et de la Saskatchewan afin d'obtenir des estima-
tions générales mals statistiquement objectives de leur superfiecie at de leyp
velume pour 1'lnventalre des lor8ts du Canada.

Un réseau de photoplacettes a &té &tabll dans chaque réglon non
Inventoriée. Chaque placette a &té déorite grdce A la photo-lnterprétation 2
1'alde des codes de 1'inventaire des for8ts du Canada de 1986, Les estima-
tions de volume ont été interprétées dans les placettes forestidres bolsées
productives. L'échantillon a &té callbré A 1'aide d'un estimateur de régres-
Sion grdce & un sous-&chantillon de placettes au sol.

Les 5 250 000 nectares de terres forestidres bolsées product ives non
Inventorifes renferment 409 140 B10 m® de bols dont 39 1 sont situfa en

Alberta, 10 % dans le sud de 1a Saskatchewan et 51 1 dans le nord de la
Saskatohewan.







GAPS IN CANADA'S FOREST INVENTORY

TNTRODUCTION

Canada's Forest Inventory is a summary of nationwide forest inventory data
collected and reported at five-year intervals. Forest inventory in Canada
consists of forest type maps and volume sample data. It is periodically
updated or replaced. Aerlzl photograpny 1s used in the classifieation and
delineation of Fforest stends, as well as in the location of photo or ground
samples. Ground ocrews cheok zir photo interpretations and messure selected
plots to provide volume informaticn. The volume data are combined with the
map to produce area and volume statisties. For national reporting, stand
level data, provided to the Canadian Forestry Service by management agencies,
are reclassified to the standard national classification system. They are
flnally combined and summarized to the mapsheet, provineial, and national
levels to Form Canada's Forest inventory (Bonnor 1978, 1982).

In planning the 1986 wversion of Canada's feorest Iaventory, some
large areas containing productive forest were identified as not having been
covered by any forest inventory., Obtaining statistiecs required for national
reporting by traditional inventory means was considered too costly and time
consuming., As a result, a cooperative project was establlished to employ a
broad sampling design to estimate the area and volume within these inventory
gaps.

This report describes areas covered and the sampling design, and
presents results of the inventory.

COVERAGE

The inventory gaps extend beyond the limits of forest {nventorled by the
provinees to the ocuter 1imits of land containing productive forest, derived
from the Provisional Forest Map of Canada (Forest Mgmt. Inst. 1978) and from
provineial input. Gaps are located in the forest-agriculture transition zone
of southern Alberta and Saskatchewan and the northern Forest-barren translition
zone ranging from Saskalchewan to Ontario. Agreement was reached with the
Alberta Forest Service and the Saskatchewan Department of Parks and Renewable
Resources to survey the prairle forest-agriculture transition zone and the
northern Saskatchewan forest-barren zone (Figure 1),

For the purpose of this Study, the southern transitlon zdne 14
divided along provinelal boundaries. This crealed three gaps In total, two
gouthern and one northern. Within a gap the forest is not necessarlly
contiguous, but may contain two or more pnysically separated components, As
well, Tor administrative reasons, gap boundaries follow provincial inventory
map sheel boundaries.
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Southern Inventory Gaps

The southern inventory gaps are located in the transition zone between boreal
forest and prairie grasslands, The forest is characterized by deciduocus
species, primarily trembllng aspen (Populus tremuloides Miehx.),
that form continuous, closed stands where conditions are favourable (Figure 2)
or open parkland where agricultural land invades (Figure 3) (Rowe 1972).
Other characteristic species include balsam poplar (Populus balsamifera L.) on
moeist lowlands, and white bireh (Betulz papyrifers Marsn.), bur oak (Quercus
macrocarpa Miehx.), and white elm (Ulmus americana L.) in eastern SaskaLcehewan
(Rowe 1972). A minor coniferous component is also known to exist. White
spruce (Picea glauca [Moench] Voss) occurs in mixed stands with trembling
aspen in northeastern Alberta and throughout Saskatchewan. Lodgepole pine
(Pinus contorta Dougl.  var. latifolia Engelm.) and jack plne (Pinus
banksiana Lamb.) exist as pure stands in upland sites in western Alberta.

Tree height varies across the forest-agriculture transition zone
from average species height in the continuous stands to low scrubby trees in
open parkland. This transition zome i3 known to contzin considerable forest
lands of present and potential commercial interest. Provinelal forest
serviees are beginning to look at these areas. For example, Manitoba has
extended the provincial forast Inventeory coverage through the transition zone
to the United States border.

Northern Inventory Gap

The northern transition zone is extensive in Manitoba and Ontario,
but it generally possesses low quality forest and {3 not of {mmediate
commercial Interest. The uninventoried area in northern Saskatchewan does
Inelude forest of greater commereial patential, For example, tn Saskatechewan
more than 50 per cent of the uninventoried gap lles south of the general
1imits of northern forest inventory In Canada.

The northern Inventory gap in Saskatchewan 1{s losated in Lhe
transition zone between northern boreal forest and subarctic aopen woodlands.,
Foreat conditlons vary from closed, with reasonable helght growth in the aouth
(Figure W), to open lowland park-like conditions Ln the north (Figure 5). The
forest 13 mostly black spruce (Picea mariana [Mi11.] B.S.P.) and jack plne
Lhroughout, with white spruce, Lrembling aspen, and poplar in mixed stands of
average helght in the river valleys, Freguent fires have been responalblée for
widespread park-llke Jack pine forests (Figure 6) (Rowe 1972).

HETHOD

The objectlve of sampling inventory gaps was to obtaln a rapid and Inexpenslve
estimate of:

2. area and volume for each land and forest type;

b. area and volume for stocked, productlve forest land (gross merchantable
hardwood and softwood pulpwood volume)

with a known precision.




Figure 2. Stereogram of continuous, closed trembling aspen stands in the
forest-agriculture transition zone of Saskatchewan (Scale 1:60 000,
August 1980).

Figure 3. Stereogram of open parkland where agricultural land invades poor
quality forest. (Scale 1:60 000, August 1983)




Figure 4. Stereogram illustrating closed forest in the transition forest of
northern Saskatchewan (Secale 1:63 360, 1955).

Figure 5, Stersogram of open, lowland, park-like forest in the northern tran—
sition gap (Scale 1:50 000, 1977).




Figure 6. Stereogram of jack pine, park-like forest In northern Saskatchewan
{Scale 1:50 000, 1977).

A two-phase sampling deslgn was employed for volume estimation,
Land and forest descriptors were sampled using photo plots. The first phase
contained photo Interpretation estimates of softwood and hardwood pulpwood
volumes, The volume estimates were calibrated by the second phase subsample
of ground plots (2-phase sample with regression estimator) (Freese 1962, 1984,
Husch et al, 1982).

Photo sampling

Three hundred to 500 recent, small- to medium-scale photographs were selected
from ‘the photeo index for sampling purposes. For each photograph selscted, a
1-ha eireular plot was located at the principal point, examined stersoscople-
ally to provineial stand mapping specifications, and elassified according to
the land and forest descriptors loeated at the centre of the plot. Classifi-
cation ecriteria are outlined on the sample worksheet (Figure 7). For plot
centres loécated in stocked productive forest, photo estimates of softwood and
hardwood pulpwood volumes (m*/ha) were made for the whole plot. Mixed plots
{those containing parts of stands or land eclasses other tnan those [ound at
Lhe plol centre) were moved the shortest distance necessary Lo fall completely
within the stand contzining the plot sentre.

Ground sampling

For each gap, the ground sample consisted of 15 to 30 plobs seiected systemat-
leally from a random starilag point. Each ground plot consisted of three
Subplots loeated around the photo plot centre (Figure B8). Each subplot was
tallied, compiled separately, and then averaged to generate softwood and hard-
wood yolumes.




A regression of the ground voclume on photo volume estlmate was
calculated, The regression adjustment was appliad to all photo volume esti-
mates to obtain the statistical estimate of volume. 4 separate regression was
caleulated for hardwood and softwood pulpwood volume within each gap.

Each gap was sampled independently. The Canadian Forestry Service
Wwas responsible For the design, layout, photo interpretation, regression
analysis, final compilation, and entry inte Canada's Forest Inventory 1986.
Provineial agencies undertook the ground sampling and initial volume compila-

tion. Ground sampling was not undertzken in rnorthern Saskatchewan dues to
timing and expense restrictions.

The interpretation was preceded by a short training period at the
Petawawa National Forestry Institute and folliowed by a brief visit to southern
Alberta and Saskatchewan.

RESULTS

Results of the surveys are found in Tables 1 and 2 and in Appendix 1. Table |
shows the volume of stocked, productive forest for the three inventory gaps.
These are the 'adjusted' volume figures based on the regression estimatar
derived from ground plots. Ground plots were not established in northern
Saskatchewan. As a result, a precision estimate for volume cannot be made for
northern Saskatohewan. Table 2 contalns an area and volume summary for

stoecked, productive forest, Additional tables for individual land and forest
Lypes are contalned in Appendix 1.

W) 7 /s /2 G el o S
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Figure 7. Worksheet layout.




1 hectare photo plot

l _______A...‘__\.\'J’\ phata plot centre and
\ s, SN
N o sub-plot 2

Directions. firsxm the phusto piot contre
buaring 0 degroes for 40 m 1o subepiot 1;
150 degrres for 70 m to sub-plot 2
I70 degress for 70 m to sub-plot 3.

Figure 8. Ground plot layout.

Table 1. An estimate of mean softwood and hardwood volumes (gross merchant-
able m’ per stocked productive forest area)

Softwood volume Hardwood volume

Gap (m*/ha, TO¥ CI) (m*/ha, 70% CI)

Alberta 15 +353 106 +10%
Baskatohewan

{south) T +659% 101 144
Saskatchewan

(north) 65 N/A 10 N/A

Table 2. Area and volume for stocked, productive forest

Area Yolume
Gap (ha, T0% CI) (m*, 70% CI)

Alperta 1320804 (= 2%) _

softwoad 19812080 {+ 39%)

hardwood 140005224 (+ 10%)
Saskatchewan 3 364072 (= 33)

sof twood ZruB50U [+ 69%)

hardwood 36771272 {+ 14%)
Saskatchewan H 2300050 {+ 2%)

softwood 182003250 N/A

rardweod 28000500 H/A




DISCUSSION AND CONCLUSION

Several problems were experienced by the interpreter. First, the small scale
photography lad to difficultiss differentiating tree species, height, density,
and forest condition. Second, the best available photographs were not always
appropriate for this type of interpretation because trae development was not
always adequate for accurate interpretation. Third, the print gquality of
photographs varled somewhat in terms of grey tone contrast, leading to some
misinterpretation.

Volume estimation, from aerial photographs in transition forest
eonditions, was further complicated by the inexperisnce of the interpreter in
photo volume estimation and local ground conditions. For example, the inter-
preter found it difficult to estimate for merchantable volume small trees near
the threshold of merchantability.

Nevertheless, the survey provides a statistically objective estimate
of area and volume, of known precision, for these previously uninventoried
areas. While there Is Insufficient information for management-type decisions,
the inventory does flll certain gaps in Canada's Forest Inventory as well as
provide some new peliey level information for the participating provinces.
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Appendix 1. Summary tables

Table a. Area (00 000 ha) by gap and by land class.

Land Class
Gap
Unproductive Productive
Water Honforest forsst forest Total
Saskatchewan north 12.51 17.73 24,83 35. 84 90.M
Saskatehewan south 0.3z 18.10 0.64 3,64 22.70
Alberta 3:.30 50.23 2.26 13.21 E%.00
TOTAL 16.13 86,06 27.73 52.69 182.61

Totals may not add due to rounding.

Table b. Area of productive forest land (00 000 ha) by gap

and by status

glass.
Status
Gap
Missing
Heserved Assigned HRetalned Other value Total
Saskatchewan north 35.84 35.84
Saskatohewan south 0.64 0.96 2.03 3.63
Alberta 1.22 0.35 1.74 8.86 1.04 13.2)
TOTAL 1.86 1.31 37.58 10.89 1.04 52.68

Totals may not add due to rounding.




Appendix 1. Summary tables (cont'd)

Table c. Area of productive, nonreserved forest land (00 000 ha) by gap and

by ownership.

Ownership
Gap
Unspacified
Native Provinelal private Nonindustrlal Total
Saskalochewan N 35.84 35,84
Saskatochewan 5 0.43 0.54 2.03 3.00
Alberta 2.09 B.86 10,495
TOTAL 0.43 38.47 B.86 2.09% 49.79

Totals may not add due to rounding.

Table d. Area of produetive, nenreserved forest land
(D0 00D ha) by gap and by stocking class.

Stocking Class
Province
Partial Fully Missing Value Total
Saskatchewan north 16.05 18,85 0.893 35.83
Saskatechewan south 0.75 2.25 3.00
Alberta 2.08 B.8B& 10.95
TGTAL 18.83 29,86 0.93 ka.78

Totals may not add due to rounding.
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Appendix 1. Summary tables (cont'd)

Table &. Area and volume of maturefovermature, stocked, productive, non-
reserved forest by gap and predominant genus, areas — 00 DOD ha
volums - 000 000 m?®

Fredominant genus*
Cap
Sprucs Pine Poplar Total

Area Volume Area VYolume Arsza  Volume Airea Volume
Saskatochewan Z.43 26.04 noug s53:.11 0.93 7.37 7.8Y4 B.52
north
Sazskatochewan 1.07 14.19 1.07F 14,19
s0uth
Alberta 0.35 U.58 017 2.14 2.7T8 36.30 2.30° 43,00
TOTAL 2.78 30.60 4.65 55,25 4,78 57.86 T2.21 183,71

*Predominant genus is the most abundant genus according to the forest cover

type description; usually the first species. Volume incorporates all specles
in the cover type description.

Totals may not add due to rounding.




Appendix 1. Summary tables (cont'd)

Table f. Area and volume of mature/overmature, stocksd, productive, non-
reserved forest by gap, foreast type and site class,

area = 00 000 ha
volume - 000 Q00 m?

Site Class
Gap Forest type

5‘9»9]“ TG‘IIH.gm
Area Volume Area Volume

15 - 19,9 m
Area Volume

Total
Area Volume

Sask. N Softwood 2.61 24,92 2.483 27.53 0.19 3.36 5.23 55.81
Mixedwood 0.56 0. 72 1.48% 19,60 2.05 26,32
Har dwood 0.56 4,39 0.56 i, 39
Sask. § Softwood 0. 0.00
Ml xedwood 08 o.M 2,08
Har dwood 0.11 0.90 0.75 9.54 . 1.67 0.97 12.11
Alberta Softwood 0.7 2.14 Q.17 2.14
Mixedwood Q.17 2.20 G0 2.36 0.34 4,56
Har dwood 2.43 32.29 0.35 h.01 2.T8 36.30
Total softwood 2.61 24.92 2.60 29.67 0.19 3.36 5.40 5T7.95
Tatal mixedwood 0.56. 6.72 1.66 21.80 0.28 4. 4% 2.50 32,96
Total hardwood 0.11 0.90 3.74 46.22 0.46 S5.68 4.3 52.80

Site class expressed in terms of height (m) at age 50 (y=arsa).

Totals may not add due to rounding.
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