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The purpose of this study was to test the benefits of a forest site quality map, when
applying satellite image based forest inventory. By combining field sample plot data
from national forest inventories with satellite imagery and forest site quality data, it is
possible to estimate forest stand characteristics with higher accuracy for smaller areas.
The reliability of the estimates was evaluated using the data from a standwise survey for
area sizes ranging from 0.06 ha to 300 ha. When the mean volume was estimated, a
relative error of 14 per cent was obtained for areas of 50 ha; for areas of 30 ha the
corresponding figure was below 20 per cent. The relative gain in interpretation accuracy,
when including the forest site quality information, ranged between 1 and 6 per cent. The
advantage increased according to the size of the target area. The forest site quality map
had the effect of decreasing the relative error in Norway spruce volume estimations, but
it did not contribute to Scots pine volume estimation procedure.
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1 Introduction inventory areas in Fennoscandia (Green et al.
1981, Jonasson 1987, Kilkki et al. 1988, Poso et

In Finland national forest inventories (NFI), based al. 1990, Thomas 1990). To provide estimates
on field sample plots, have been carried out since for smaller areas, such as individual municipali-
the 1920's. Nowadays, additional data from sat- ties, Kilkki and Päivinen (1987) proposed a new
ellite imagery have been used to obtain more method called "the reference sample plot meth-
accurate results (Tomppo 1992a). Several stud- od", in which satellite data are utilized in search-
ies have utilized satellite data to generalize the ing reference sample plots for pixels within an
NFI field sample plot information over specific inventory area. Also several applications have
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been developed for obtaining better precision
even to forest stand level. Predictions of stand
characteristics from regression models for image
segmentation based stands (Tomppo 1986, Häme
et ai. 1988, Hagner 1989) have been used in
growing stock estimations and forest monitoring
(Häme 1986), as well as forest site quality esti-
mation (Tomppo 1992b). The spectral stratifica-
tion of satellite image pixels have also been suc-
cesfully used in the estimation of forest stand
characteristics (Poso et al. 1987).

Satellite image classification accuracy can be
increased by using information from ancillary
sources, such as topographical maps (Strahler
1980, Hutchinson 1982, Poso et al. 1984, Poso et
al. 1987, Skidmore 1989, Tomppo 1990, 1992b,
Franklin 1994) and image spatial characteristics
(Peddle and Franklin 1991, Franklin and Wilson
1992, Tomppo 1992b). Ancillary data can be
used either before, during or after classification,
through stratification, classifier operations or
post-classification sorting (Hutchinson 1982).
The use of ancillary data prior to classification
requires division of the target area into smaller
strata based on some criteria.

The purpose of this study was to test the appli-
cability of forest site quality maps as an ancillary
data source to improve forest inventory based on
satellite imagery and the NFI sample plot data
covering large areas. The main advantage of us-
ing forest site quality maps could be expected
when estimating volume increment, because de-
termination of different quality classes is based
on forest site fertility. The reference sample plot
method (RSP) is used to combine the field sam-
ple plots and satellite data (Kilkki and Päivinen
1986, Tomppo 1990). This method, which may
be seen as a combination of the traditional near-
est neighbour classification and stratification ap-
proaches, has been further developed by Muino-
nen and Tokola (1990). The method is based on
the assumptions that all field sample plots within
a large area, which is typically an area of one
satellite image or a part of it, can be used as a
ground truth data for any subarea, and the satel-
lite data can be used to estimate the areas repre-
sented by each sample plot. The area weights for
the field sample plots are derived as a function
of the distance between the reflectance respons-
es of the pixels in the inventory area and the

pixels corresponding to the field sample plots.
As a result, the inventory data are in the same
form as the original field measurement data. The
method has been used to generalize the NFI and
other field sample plot information over specific
inventory areas in southern Finland (Muinonen
and Tokola 1990). The estimates of the stand
mean volume and the volumes by species were
derived, and the accuracy of the estimates was
studied for the areas of varying size.

2 Material

2.1 Satellite Data

The study area is located in eastern Finland (Fig.
1). Landsat Thematic Mapper image recorded
19th July 1988 were used in the study. The im-
age, covering the whole study area, was captured
from the Landsat WRS path 186 between rows
16c and 17a.

The image was rectified to a 1:20 000 base
map with a pixel size of 20 m by 20 m using
fifteen control points. A second order polynomi-
al model for coordinate transformation and the
bilinear interpolation resampling method (Camp-
bell 1987) were applied in the rectification. The
root mean square error of the rectification was
estimated to 0.26 pixels. Because the area was
relatively flat, the errors caused by altitude par-
allaxes were ignored.

2.2 Field Data

2.2.7 Sample Plots of the National Forest
Inventory

The sample plot data from the 8th national forest
inventory (NFI) were used (Fig. 1). All field data
were collected in 1988. The primary sampling
unit in the NFI consists of 21 relascope sample
plots (basal area factor 2) (Kuusela and Salmin-
en 1969), and the distance between plots is 200
m. The distance between two neighbouring pri-
mary sample units is 8 km in the north-south
direction and 7 km in the east-west direction.
The reference area (RA) was defined to be the
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Test area

Fig. 1. The location of the test area (2280 ha) inside the Landsat TM scene and the layout of the
NFI sample plot tracks within the area covered by the image. The reference area includes all
the sample plots within the scene area. All the areas belonging to the taxation class I were
omitted from the shaded part of the test area.

part of the Landsat TM scene, in which the field
sample plots were situated. The distance from
nearest forest boundary was recorded in the field.
Thus, the sample plots falling near the forest-
non-forest boundary were excluded from the field
data.

The total number of the secondary sample units
were 295, and this figure excluding scrubland
and wasteland. Field sample plots were some-
times in forest stand borders, where forest char-
acteristics have changed considerably. All those
forest stand boundary sample plots were includ-
ed in the field data. The accuracy of locating the
sample plots in the satellite image was examined
by computing the correlations between the forest
stand characteristics and the 3-by-3 pixel win-
dows of the satellite data centred on the sample
plots. The correlations were highest in the mid-
dle of the window.

2.2.2 Stand Data Provided by the District
Forestry Board

The District Forestry Board performs stand sur-
veys based on interpretation of aerial photographs
and subjective field measurements. Stand bound-
aries and stand characteristics were available for
a test area of 2280 ha (Fig. 1, Table 1). The test

Table 1. Means and standard devitations in regard to
variables of interest for the reference area (from
the NFI sample plots, n = 791) and the test area
(from the District Forestry Board data, n = 1900).

Variable

Vtot, m3 ha"'
V p i n e ,m 3 ha- '
VSpruce, m3 ha-'
Vdec, rn3 ha"'
Iv, m3 ha"1

Reference area

X

116.6
36.1
45.8
18.0
4.1

s

110.7
40.0
39.0
27.0

3.2

2280 ha test area

X

107.6
23.8
65.7
17.8
5.6

s

105.9
46.2
89.9
33.1
4.2

area was dominated by young stands of Norway
spruce and average stand size was small, about 1
ha.

The stand boundaries were digitized and trans-
formed into raster format. The stand data were
checked in 1990 using two-stage sampling. A
total of 33 randomly sampled stands were meas-
ured using a systematic layout of relascope sam-
ple points in the stands (Laasenaho and Päivinen
1986). The variables of interest were: total mean
volume (Vtot, m3 ha"') and specieswise mean
stand volumes for Scots pine (Pinus sylvestris)
(Vpjne, m3 ha~'), Norway spruce (Picea abies)

69


