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The study area consists of the Finnish part of a Landsat 5 TM image from 1990. Three
independent field samples were measured during 1991-93 in the study area. The first
sample was used to compile training areas for supervised maximum likelihood classifi-
cation of the image. Classification accuracy was studied in the second sample. The
spectral separability of the forest strata usable in practical forestry was poor. The extent
of the damage area was estimated by the principle of stratified sampling. The estimate
included considerable bias because the field sample had not been objectively selected
from the image classes. The third field sample was measured as part of the National
Forest Inventory of Finland. It is wholly objective, and about ten times larger than the
two earlier field samples. The poor spectral separability of the forest strata was con-
firmed by the NFI sample. However, this sample could be used in stratified sampling
with little or no bias in the estimation of the damage area estimate. 14 different damage
types were separated according to specific damaging agent. A thematic map was pro-
duced which presents the spatial distribution of two damage-rich image classes. The
study area comprises 18 300 sq.km, of which 38 % were damaged. At first sight it would
appear that the proportion of damaged forest has tripled in ten years. However, this is not
the case because now special attention was paid to forest health in the field work.
Despite this, it is possible that some damage caused by unfavourable climatic phenom-
ena in the '80s was still perceptible in 1993. No damage caused directly by air pollution
has yet been verified in the study area.
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1 Introduction veys shortly after the launch of ERTS-1, the first
satellite in the Landsat series. Gimbarzevsky
Unusual outbreaks of forest damage occurred i{1984) has reviewed remote sensing applications
Finnish Lapland in the 1980s. Special climatidn forest damage surveys up until 1983.The re-
phenomena were shown to have caused soraelts give the overall impression that the old
part of the damage (Jalkanen 1990, Ritari 19903atellite data were not very suitable for forest
Despite this, uncertainty about the role of airdamage surveys. Usually only two or three dam-
borne pollutants was not dispelled. Increasingge classes could be separated, which was prob-
awareness of the huge emissions from the neably not enough for most practical purposes.
by Russian copper-nickel smelters in the Kol&Recent use of Landsat MSS material is often
Peninsula raised suspicions that these emissioassociated with coarse change analyses with mul-
could be affecting forest health in eastern Finrti-date imagery.
ish Lapland. A multidisciplinary research project Landsat 4 (launched in 1982) and SPOT 1
was started in 1989 to clarify the situation. Th¢1986) marked the start of a new era of satellite
project has been described in an interim repottata. The characteristics of the new spectral infor-
(Kauhanen and Varmola 1992) and a summarnypation are discussed in the papers of Begni
report of the final results has been publishe@1982), Markham and Barker (1985) and Chavez
(Tikkanen and Niemela 1995). and Bowell (1988). A considerable effort has been
Satellite imagery was used in the Lapland Fordevoted to studying the use of the new satellite
est Damage Project to survey damage in eastetiata in forest damage surveys. For example, at
Lapland and the Kola Peninsula. It soon becanleast four dissertations on the item have been pub-
clear that the two areas are rather different dished in Europe (Forster 1987, Hame 1991, Ek-
regards the potential usability of satellite imagestrand 1993 and Olsson 1994). Many studies with
ry (Mattila 1992). In the Kola Peninsula therethe new data were conducted already in the late
are large, easily detectable damage areas; thisli880s (e.g. Defeo et al. 1988, Hopkins et al. 1988,
not the case in eastern Lapland. In eastern Lag¥estman and Price 1988, Franklin 1989 and
land it was possible to gather field data for trainvVogelmann and Rock 1988, 1989). The early
ing and verification but not in the Kola Peninsu-experiments revealed that the new data did not
la. The study was therefore divided into twomprove damage detection as much as was ex-

parts: pected. Some studies from the '90s are discussed
a) Kola Peninsula: spatial and temporal illustratioin more detail in the following.
of the worst damage areas Chamignon and Maniere (1990) used SPOT

b) Eastern Lapland: quantitative description of thélata and GIS to map insect damage on larch in
actual forest health situation at the beginning ofFrance. Damage could only be detected in ho-
the 1990s and spatial illustration of the damagemogeneous stands using the normalized differ-
rich areas ence vegetation index. Godard et al. (1990) were

able to map spruce budworm defoliation by Land-

Methodological aspects were important in botisat TM data, but not by SPOT data in Canada.

cases. The actual study areas were delineated 4gria et al. (1991) compared SPOT and TM data

the basis of the usable satellite images available mapping three levels of gypsy moth defolia-

The study areas did not cover the whole of thtion in Michigan. A GIS was utilized in the

Kola Peninsula and eastern Lapland, but are tygnalysis and the outcome was improved by us-

ical examples. The results from the Kola Penining a forest/non-forest mask. TM data gave a

sula have been presented in the papers of Mikkbetter separation between the three defoliation

la and Ritari (1992) and Mikkola (1996a,b). Thisclasses. Brockhaus et al. (1992) compared SPOT
paper is limited to the study carried out in easiand TM data in modelling defoliation in North
ern Lapland. A literature review is first given toCarolina. The near infrared channel of both sat-
help understand the final goals set and methodadlites correlated significantly with per cent de-
used in this part of the study. foliation. However, the authors concluded that
Satellite data were used in forest damage susatellite information alone is not sufficient. Hudak
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et al. (1993) separated three defoliation classéise spectral information to give better damage
of balsam fir in Canada using multidate SPOTetection. However, the separation success has
imagery. Muchoney and Haack (1994) also useoeen 3—4 damage levels, at best.
multidate SPOT data to monitor defoliation due The experimental results cannot be general-
to gypsy moth in Virginia. They compared fourized to practice as such. Practical cases often
different change detection methods. Principahvolve heterogeneous forest areas without rele-
components analysis and image differencing wersant ancillary data. Due to illumination and
the best techniques in mapping two defoliatiorlouds the available satellite imagery is rarely
categories at two successive dates. optimal for solving the actual problem. The data
Landsat TM imagery was used in the followingneeded for radiometric corrections are hard to
studies. Ekstrand (1990) used digital stand data asquire or do not exist. Thus the results will be
an ancillary tool to detect moderate defoliation opoorer in operational applications than in experi-
Norway spruce in Sweden. Vogelmann (1990inents. This fact has often been omitted in plan-
compared two vegetation indices in mapping thaing a survey, which has caused disappointments
damage at three sites. Only two damage classeége to the overestimation of the usability of sat-
could be mapped in conifer forests, but the noellite imagery.
malized difference vegetation index separated The above conclusions are valid concerning
three classes in deciduous forests. Ahern et aletection of ‘normal’ forest diseases. Land use
(1991) also used vegetation indices to detect rehanges and severe physical damage to forest
duced growth due to spruce budworm in Canadaegetation have been successfully mapped using
The indices incorporated the near-infrared andatellite imagery. Gillis et al. (1990) mapped
shortwave infrared reflectances. The correlatioforest damage caused by hailstones. Kuntz and
between the indices and net annual volumgimmermann (1993) surveyed storm damage.
change was more than 0.8. Nakane and Kimu@oal mining areas have been mapped e.g. by
(1992) observed that the simple ratio index (NIRMeer Mohr et al. (1992) and Chatterjee et al.
Red) decreased with increasing pine blight dan{2994). Rathore and Wright (1993) reviewed re-
age on Japanese red pine. In Canada, Hudak etrabte sensing studies on the total environmental
(1993) used discriminant analysis to separate deffect of surface coal mining. The effects of
foliation classes of balsam fir on the basis of thendustrial air pollution on vegetation cover have
spectral channels. The near and middle infrardaeen mapped for example by Tommervik et al.
channels were best in this context. The mean aft992) and Mikkola and Ritari (1992). Both stud-
curacy of the three defoliation classes was 79 %es concern the Russian ore smelters in the Kola
The spectral signal of defoliation is usually obPeninsula, NW Russia. Open cut areas have been
scured by other stand characteristics. In Swedemapped with success especially in Canada (Rencz
for example, a hardwood mixture of 20 % can4985, Hall et al. 1989, 1991).
celled out the effect of 20 % spruce defoliation The general limits of satellite imagery in for-
(Ekstrand 1994). In theory this problem can best damage survey appeared in the literature re-
mitigated by calibrating the spectral values on theiew. On the other hand, the actual usability
basis of digitized stand data. However, this islepends on case specific circumstances, too. The
probably not an operational approach in practicdéorests in Finnish Lapland are difficult to survey
The studies mentioned in the preceding reviewn the basis of satellite spectral information (Mat-
have some common features. The targets undéa 1992). Because crown cover is generally
investigation were distinct homogeneous standairly low, its spectral signal is confused by the
with a fairly closed canopy. Some informationunderstorey vegetation. Tree stand structure is
about the site, topography and stand structurameven both horisontally and vertically, which
was often used as ancillary data. Quality of thereates disturbing shadows in the canopy and on
original satellite imagery was above average. Ithe ground. The generally low sun angle accen-
addition, radiometric corrections were made tduates the shadow problem. All these factors limit
remove the noise induced by the atmosphere atfte usability of satellite imagery especially in
topography. These measures are used to refidamage surveys (see Koch et al. 1990). A further
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limiting factor is that usable images are obtaine@® Study Area and Materials
only once every two or three years in Finnish
Lapland. 2.1 The Satellite Image
Pollution-induced deforestation or erosion that
is clearly visible in satellite imagery does nofThe Landsat 5 satellite captured a nearly cloud-
occur in Finnish Lapland. Forest diseases causége TM-image on 31.8.1990. The location pa-
mainly by insects and fungi are relatively slightrameters of the image are 189-13. The image
and areally dispersed. The spectral signature ofcanter point is located near the border between
known forest damage area can provide cludRussia and Finland (Fig. 1). The Finnish part of
about the damage even in the forest conditiorthe image covers 1.83 mill. ha in the municipali-
of Finnish Lapland. However, the signs are sties of Salla, Savukoski, Pelkosenniemi, Kemi-
faint and site specific that using them for detectérvi and Kuusamo. The image covers only a
ing damage areas elsewhere does not work gmall part of Kuusamo. The named coverage is
practice. Omission and commission errors wiltalled the ‘study area’ in this paper.
occur to such an extent that the resulting map isThe timing of the image is not optimal due to
of little use. To avoid erroneous conclusions théhe incipient vegetation senescense and the rela-
map must be checked in the field and this is @vely low sun angle in late summer. However,
costly task. the image was chosen for the study because it
It became clear that an operational survey afias the only cloud-free one available for a cou-
forest damage directly from satellite imagery wagle of years. No corrections for the atmosphere
not possible in Finnish Lapland. The conclusiomr topography were made because the necessary
was also supported by the fact that the materiahcillary data were not available. The whole im-
most approriate for the purpose, Landsat 5 TMage was rectified to a UTM coordinate system.
was already somewhat degraded (Olsson 1994).The study area belongs to the boreal conifer-
Better material was not expected to become avaius forest zone. Watercourses occupy some 4 %
able in the near future because the Landsat 6 saf-the total area. Only a few per cent of the land
ellite was lost during launching in autumn 1993area is used as residential areas, fields, roads etc.
The main goal of this study is to estimate th&he rest is classified on the basis of tree growth
area affected by certain types of forest damage potential either as forest land, scrub land, or
the study area. Forest damage types can only bxaste land (see Kuusela et al. 1986, p. 17). In the
observed in the field. Area estimates can be olstudy area, waste land mainly includes peatland
tained by combining the satellite and field infor-which is naturally treeless or nearly treeless. For-
mation according to the principle of stratifiedested land (forest land + scrub land) accounts for
sampling. The precision of the estimate dependsbout 85 % of the land area. This includes 5
on the strength of direct or indirect associatiopercentage units of temporarily open, clear-cut
between forest damage and the remotely sensackas. 70 % of the forested land area is located
variables used for stratification. So the central tashn mineral soil. Forest land occupies 67 % of the
in this study is to find image classes which diffefand area. Most of the forest land is on mineral
from each other as much as possible with respesiil.
to the actual occurrence of damage in them. The tree stands are rather heterogeneous, al-
One can define damage-prone forest strata iflough even-aged management principles have
site quality, dominant tree species and age of theeen applied on forest land at least. The primary
tree stand. On the condition that these strata calominant tree species are Scots pine and Nor-
also be mapped on satellite image, damage-rietiay spruce, and to a minor extent downy birch
image classes can be defined and used efficieriBetula pubescefsMixed stands are common.
ly in stratified sampling. Presenting the damageAll development classes ranging from clear cuts
rich classes as a thematic map reveals spatial overmature stands are present in the study
patterns which may facilitate causal analysis adrea. Development class mixtures often occur
the damage, too. The secondary goal of this studyithin the same stand. The mean volume of the
is to create such a thematic map. living trees is low, 45 dtha on forest land and
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Fig. 1. Study area. The field sampling for training and verification pur-
poses was made within the small squares.

only 12 n¥/ha on scrub land. The low mean2.2 The Field Samples
volumes are partly due to the heavy cuttings
after World War Il. The study area was covered by a systematic field
Several of the features listed above suggesample in the fall of 1991. The field work lasted
that it is difficult to map the study area for forestfor one and half months from late August to
ry purposes on the basis of satellite spectral irearly November. The image date (31.8) of the
formation. Most of the resulting spectral classeprevious year fell in the first half of the period.
can probably not be used as the information clas¥he sample consisted of 228 angle count plots at
es needed in practical forestry. Confusion wilthe same locations as in the previous National
probably occur between forest land and scruBorest Inventory in 1983. The old field locations
land, between mineral soil and peatland, betweemere used in order to facilitate some checks at
development classes and between dominant tridee stand level. Trees were tallied on the field
species. These qualitative variables are all gflots without identification of the old tally trees.
vital importance in forest management planning The first field sample was to be used as train-
in the study area. ing data for supervised classification. The reason
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for the systematic sampling was to catch thetrong control for the other damage estimates.
actual variation of the forest conditions present Five of the stand variables observed in the
in the study area. The data served two othdield concerned damage (see Valtakunnan... 1993,
implicit goals, too. The sample gave an objecp. 37-39). Three of them viappearance, caus-
tive preliminary idea of the disputed forest healtlal agent and degreeof damage were used to
situation in eastern Lapland. No clear deterioradefine 14 types and two levels of damage in this
tion was observed. On the other hand, it wastudy (section 5.1). Damage was also recorded
possible to check the consistency of classifican a sub-sample of the tally trees. It was neither
tions made at two points in time. Some confunecessary nor possible to use the tree-level dam-
sion between forest land and scrub land, as wellje data in this study.
as between mineral soil and peatland, was appar-
ent. The confusion was mainly due to borderline
cases. The result was taken into account in com- . .
piling the final image classes for stratified sam3 Image Classification
pling.
Another field sample was measured in the falB.1 The Basic Choices
of 1992 to facilitate independent verification of
the classified image. 228 plots were again selecbupervised maximum likelihood (ML) classifi-
ed from the sample of the previous Nationatation (Swain and Davis 1978) was chosen as
Forest Inventory for re-examination in the field.the working tool in this study. This method has a
The following selection criteria were used. Thestrong theoretical basis and there is abundant
study area was divided into 8 km by 16 kmexperience of its use. However, there are some
tracts. Four plots were first chosen systematicalimitations which must be kept in mind when
ly from each tract. This was done in order taising this image classification method. The train-
ensure an even spatial distribution of the sampleng areas should be homogeneous, include at
The old inventory data of the plots were used iteast 30 pixels each, and the pixel values should
the final selection. All forested plots (plots eithetbe normally distributed. In general practice, all
on forest land or scrub land) were automaticallyhese requirements are not usually met in full,
chosen. Non-forested plots were rejected if addand the potential classification accuracy is not
tional old forested field plots were present with-obtained. Proper field data must be available
in the same tract. Forested plots were preferrgatior to classification, and in many cases this is
in the selection in order to obtain a better sampliie main limiting factor. Such data could be
of the more important forest strata. However, aacquired and the ML methodology was chosen
effort was made to ensure that all non-forestefibr this study.
strata were also represented in the verification Only half of the satellite image is in Finland. It
sample. After selection, the plots were located iwas not possible to measure sufficient compara-
the field and those stand variables needed ble field data on the Russian side for image
defining the necessary forest strata were recordhassification and verification. The study was
ed on the plots. therefore restricted to the Finnish territory only.
The verification sample was also intended tdhe whole image can be classified using the
serve the reconnaissance and checking goals méifrnish training areas, but the result cannot be
tioned above. The observations were similar toerified in the field. More classification errors
those obtained from the training sample. would probably occur in Russia owing to the
The new National Forest Inventory was carrather different forest conditions there. For ex-
ried out in the study area in summer 1993. Thample, lichens are much more abundant in the
systematic field sample consisted of 2700 fielgjround vegetation on the Russian side and this
plots located independently of the previouslymay be reflected in satellite imagery.
mentioned samples. Owing to the large size this Synthetic channels can be created by combin-
sample alone permits rather precise estimatidng the original image channels. Earlier, data
of the forest health situation, and thus serves asampression was the main reason for doing this.
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The improved computer facilities nowadaysnents were then calculated for the whole image
available mean other aspects are also relevaand added as three layers to the working image.
For example, some ratio transformations can re- Kauth and Thomas (1976) presented a fixed
duce noise. It is a matter of definition whethelinear transformation for the compression of
synthetic channels can offer novel informatiorLandsat MSS data and called it Tasseled Cap
or only reveal some intrinsic features of the datgTC). It is a kind of soil-adjusted vegetation
Synthetic channels were used in this study.  index. It is often confused with the proper prin-
ML classification allows the use of prior prob-cipal components because the terms brightness
abilities. They alter the probabilities with whichand greenness are also used in this connection.
the pixels are assigned to the spectral classes.Another similarity to the principal components
order to improve classification accuracy in thigs that the maximum number of TCs is equal to
way, one must have sufficient and relevant datdne number of image channels. Standard coeffi-
for calculating the prior probabilities. The field cients are usually used in the transformation.
data from the 1993 National Forest InventonCrist and Cicone (1984) applied the concept to
were finally used for this purpose in the study. Landsat TM data. Crist and Kauth (1986) dealt
with the topic and called the third TC of Landsat
TM data, wetness. Cohen and Spies (1992) ob-
3.2 Construction of the Synthetic served a clear correlation between the wetness
Channels and some stand parameters.
The PCs are scene-dependent, but they proba-
Principal components analysis was proposed &y refer to rather similar features as the TCs
a data compression method as early as in thehen the same channels are used in the transfor-
1930s (Hotelling 1933). When applied in multi-mations. The TCs were therefore calculated with-
spectral image analysis the first two componentsut the thermal channel in this study. Standard
are often associated with the brightness and greareefficients from the literature were used in the
ness of the scene (for example Franklin 198&alculation. The image center window was used
Horler and Ahern 1986). The meaning of theanly to scale the value range. The third TC was
higher order components depends on the applkdded as one layer to the working image. This
cation. In multi-date Landsat MSS imagery theychoice was made because the thermal channel
can reveal changes in the brightness and gredmad a strong effect on the third PC already present
ness (Ingebritsen and Lyon 1985). In a singlein the working image.
date Landsat TM image the third principal com- Three different vegetation indices were fur-
ponent is also informative. It can contain somé¢her added to the working image. The indices are
information about the contrast between the visweertain transformed normalized differences which
al and shortwave infrared spectral channels (Horlwere calculated using the equations
er and Ahern 1986).
The principal components can be calculated TND43 = SQRT((B4 — B3)/(B4 + B3) + 0.5) (1)
using either a covariance or a correlation matrix.
According to Singh and Harrison (1985), the TND45 = SQRT((B4 — B5)/(B4 + B5) + 0.5) (2)
latter method gives better results. However, a
covariance matrix is mostly used because of the TND47 = SQRT((B4 — B7)/(B4 + B7) + 0.5) (3)
limitations in image processing software. This
was also the case in this study. The matrix waghere SQRT is the square root and the B terms
calculated from the center of the satellite imageaefer to the TM channels. 0.5 was added to avoid
omitting 2000 pixels on each side. The windownegative values. The square root operation was
was chosen visually so as to include approxiearried out to mitigate extreme values and to
mately the same variation as the whole imageheck that all the values were positive after the
All seven channels were used in the calculatioraddition. The image center window was again
The first three principal components includedused to scale the index values.
some 95 % of the scene variance. These compo-The first index above was derived from the
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proper Normalized Difference Vegetation Indexdone to ensure that the groups were relatively
(NDVI). According to Cohen (1991), NDVI was homogeneous in the field, too. After the proper
introduced by Rouse et al. in 1973. The secorlimits were found each group was named, and its
index was derived from the proper Infrared Inspatial borders and spectral signature were saved
dex (1) used by Hardisky et al. (1983). The ratidn a digital file for subsequent work phases. These
of B5 to B7 was successfully used as a vegetaixel groups were called seed areas according to
tion index by Musick and Pelletier (1988). Thisthe SEED program used in compiling them.
indicates that these channels include different The seed areas must be combined in a valid
information. Thus the third index above is justiway in order to get training areas. The final
fied, too. The first index is mainly sensitive totraining areas are therefore not spatially contigu-
quantitive vegetation characteristics, while theus. The purpose of using this approach was to
others are primarily sensitive to moisture condieatch the real variation occurring in the field.
tions. Field data were first used as the principal criteri-
The final working image included seven syn-on in combining the seed areas. Statistical meas-
thetic channels. After scaling and stretching, thares were also used when the number of pixels
value range in each channel was 0-255. Theached 10-15. The tools chosen were Trans-
scaling parameters were defined in the same inflermed Divergence and Jeffries-Matusita Diver-
age center window. The range to be stretchagence (see Thomas et al. 1987) because the im-
was chosen a2.5-3.0 standard deviations fromage was classified by the ML classifier. The best
the mean. Thus only about 1 % of the pixelslivergence values were obtained with all seven
should be forced to the range setting with a valughannels combined. However, the divergence
of either 0 or 255. Each channel was inspectatieasures could not be used as the only decision
visually as a monochromatic image on the screerule in any of the phases. Combination frequent-
The inspection gave the impression that eadly required a compromise between the diver-
synthetic channel in the working image was imgence and field data. Because the most impor-
formative in its own way. tant field strata were not allowed to mix, this
inevitably increased the spectral variation within
the spectral strata.
3.3 Compilation of the Training Areas The 228 seed areas were combined to form 30
training areas. These are from 18 separate field
The exact locations of the plots measured fastrata, because more than one training area was
training purposes were marked on aerial photdermed in some of the large field strata. The
graphs in the field. The locations were then trangninimum number of pixels per training area was
ferred to the satellite image by visual compariset at 30; this was not reached in 12 cases. These
son on the screen. It was estimated that the trartgaining areas were supplemented with addition-
fer could be done with an accuracy of some 10al pixels that were located in the immediate vi-
20 meters. The mean displacement would hawenity of the original seed areas. A visual inspec-
been more than 50 meters without the visudlon was made to ensure that the additional pix-
control. The coordinates of the ‘correct’ loca-els were chosen outside the original seed areas.
tions of the field plots on the satellite imageAfter the additions, the location parameters and
were loaded into a digital file. This file wassignatures of the training areas were loaded into
subsequently used for automatic positioningligital files for later use in the image processing
of the plots for the image processing systeraystem.
(ERDAS).
The training areas were compiled in several
phases. First, a small group of spectrally homd3.4 Use of the Prior Probabilities
geneous and spatially contiguous pixels was
formed at each field plot location. The limiting Prior probabilities, or so-called priors, can be
parameters were defined plot by plot so that thesed in ML classification to improve the results
group size remained within 3—-9 pixels. This wagStrahler 1980). The ML classifier is prone to
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give biased area estimates. This can be mitigategeighting and filtering alternatives, and thus pro-
by using priors (Maselli et al. 1990, 1992). Ac-moted refinement of the final goals of this study.
cording to Mather (1985), the potential utility of
priors depends on class separability. The gain
can be significant when the classes are spectradyl Initial Classification
close, as is the case in this study. The priors
affect the class assignment in borderline caseNo priors were used in the classification and the
The output distribution becomes closer to theutput image was not filtered. The verification
prior distribution when the priors are used in thsample included 228 plots. Overall accuracies at
classification. the three aggregation levels were only 22 % (18
The field sample of the National Forest Inven<¢lasses), 35 % (11 classes) and 36 % (6 classes).
tory was used to estimate the priors in this studyrhe accuracy was so poor that the output image
Three factors facilitated the estimation. The studis useless in practical applications. Some explan-
area could be delineated fairly accurately in thatory features of the outcome are discussed here
NFI sample. The relevant subsample was stilh more detail.
relatively large. However, the most decisive fac- The cross-tabulations revealed that mineral soil
tor was that the field strata of the training areaand peatland strata were confused at all levels.
could also be defined unambiguously in the NFConfusion was usual in two typical cases. Forest
sample. This was because the same field instru@nd on mineral soil with a sparse growing stock
tions had been used in both cases. Priors can Wwas poorly separated from scrub land peatland
modified on the basis of the preceding classififorest. Clear cut areas on mineral forest land
cation (Strahler 1980). Manipulation of this sortwere readily confused with scrub and waste land
was performed once in this study. peatland. The problem is even more serious be-
cause it concerns two important variables of for-
estry (land class and sub-class) simultaneously.
Worse still, the strata in question account for a
4 Factual Content of the Image considerable part of the study area. This confu-
Classes sion problem was no surprise because the strata
are spectrally close to each other.
The classifications were done on the basis of the The peatland strata are not damage-prone. An
synthetic channels. The output image classes wesgperiment was made in which peatland was
first studied using the verification field sample.masked out, and the remaining area was classi-
The field sample of the National Forest Inventofied without the peatland signatures. The mask
ry was later used for the same purpose. As withad been digitized from a medium resolution
the training sample, the plot coordinates of thenap. It became apparent that the mask did not
verification sample were defined visually on thecompletely remove peatland, and the removed
working image and saved into a digital file forpart included rather a lot of mineral soil. This
the image processing system. After each classifivas due to the resolution of the mask and to the
cation, the assigned image class and the knoviact that peatland is defined somewhat different-
true stratum were cross-tabulated at these locly-on maps than in the National Forest Invento-
tions. The process was automated to producg. The masking alternative was rejected because
three confusion matrices immediately after clasa better mask was not available. A terrain model,
sification. The matrices referred to three differif it had been available, would probably not have
ent levels of class aggregation. The 30 originaksolved the problem either.
image classes were aggregated on the basis oDominant tree species and development class
their labels into 18-, 11- and 6-class combinaare also important variables in practical forestry.
tions. The three groupings consist of informaThese variables were used in defining the forest
tion classes which cover the whole study arestrata on forest land. The cross-tabulations re-
with decreasing levels of detail. The checkingealed a lot of confusion among the strata. The
system enabled efficient testing with differentresult was expected for many reasons. Dominant

149



Silva Fennica 32(2) research articles

tree species is primarily determined on the bastable 1. The coincidences (%-shares of the right clas-
of stand stem volume. Other tree species usually sifications) in the verification sample (A) and in
occur in the same stand and they also affect the the National Forest Inventory sample (B), in the
canopy reflection. In addition, pine and spruce, different alternatives studied.

which dominate on most of the forested land

area, are spectrally fairly close to each other. Case A B
Development classes form a continuum ranginffiors Filtering Number of image classes

from clear cuts to closed mature stands and there 8 11 6 8 11 6
are often no distinct borders, which tends to %

increase confusion of this variable in remote sens-=

ing. No No 22,2 353 36.2 20.6 33.8 37.6

The margins of the cross-tabulation matricedlo  Yes 27.2 40.3 40.3 22.6 36.3 40.1
refer to two distributions in the verification sam-Yes No 204 34.8 357 231 359 394
ple: a) into the true field strata, and b) into the/®S ~ Yes  29.9 44.8 452 26.2 39.1 42.1
image classes. Large discrepancies occurred be-
tween the distributions. Classification errors can
sometimes cancel each other out, but this did not
happen in this sub-population. As is known dhe verification sample deviates too much from
priori, the ML classifier is prone to give poorthe prior probabilities. Using the priors plus fil-
area estimates. tering clearly produced the best agreement. The

values of coincidence improved in the best case

by almost ten percentage points at all levels of
4.2 Filtering and the Use of aggregation.

Prior Probabilities The proportions of the six output image class-

es in the whole study area were compared with
The initial classification output was filtered us-the corresponding priors. The sums of the differ-
ing the majority rule. The proper window wasences (absolute values) were 23.4, 20.8, 17.9
first sought by experimentation. A square winand 19.7 percentage points in the same case or-
dow with a side length of three or five pixels wagler as in Table 1. Thus filtering increased the
found to be the optimal or near optimal solutionsimilarity of the distributions when the priors
Increasing the window size did not improve theavere not used, but the effect of filtering was
result. In some cases a side greater than fiveversed when the priors were used. The result
pixels even gave a worse result. Testing witlmay be an accident due to the small sample.
circles led to similar conclusions. Oblong win- Another signature set was calculated from the
dow forms gave either better or worse resultsriginal image channel values using the same
depending on the orientation of the window. Thigocation parameters for the training areas as with
phenomenon reflects the effect of the spatial pathe synthetic channels. The location correspond-
tern on the filtering success. A square is a robusice is not perfect because a few original seed
choice and a window of three by three pixelsireas and all the additional seed areas were omit-
was therefore used in this study. The priors useéd owing to software limitations. Classification
in the classifications were initially calculated fromof the original image showed trends rather simi-
the field sample of the National Forest Inventotar to those presented above. Using priors and
ry. The results are presented in Table 1 in the fltering the output image gave overall classifi-
columns. cation accuracies of 30.8, 40.7 and 41.2 % for

Filtering clearly reduced the confusion. How-the three levels of class aggregation. The syn-
ever, it did not remove the basic problems disthetic channels were thus better after aggrega-
cussed above. Using the prior probabilities gavion of the initial image classes. The distribution
better results only after filtering. In point of fact,difference sum in the six-class aggregation was
using the priors without filtering possibly im- 22.1 when using the priors without filtering.
paired the result. Evidently the distribution ofAgain, filtering increased the sum to 24.1. The
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sums are clearly greater than those obtained ugple 2. The effects of manipulating the priors and
ing the synthetic channels (17.9 and 19.7). Thus filtering the output image. The results refer to the
the synthetic channels were better in this con- National Forest Inventory sample. The divergences
text, too. Removing the thermal channel from were calculated from the six-class aggregation.

the classifications did not alter these general

trends. Case Number of image Distribution
classes divergence

Set of Filtering

priors  done? 18 11 6 PRY
4.3 Comparisons with the National Forest Coincidence, % %

Inventory Data

PM1 No 23.0 355 391 10.4
Classification accuracy was also studied Witlﬁm% Lﬁs 2225-3 ??58% gg-zl ﬁ’i
the new NFI data. Visual location of the plots i Yes 258 383 412 86

the satellite image was no longer possible be-
cause aerial phOtOgraphS had not been used 1jrﬁR=the original priors and | = the output image class distribution.
the field. Automatic location was therefore per- The values refer to the sums of the absolute differences of the
. . corresponding %-shares.
formed on the basis of the calculated plot coordi-
nates. The results obtained using the synthetic
channels are presented in Table 1 in the B col-
umns. expected, manipulation decreased the difference
The agreement shows the same general trensisms drastically (Table 2). The effect of filtering
with the exception that using the priors reducesow depends on the manipulation starting point.
the confusion without filtering even. The NFIThe sum is increased by filtering when the new
sample is much more representative than thgriors were derived from the unfiltered output
verification sample. The priors cause both corimage, and vice versa. The coincidences are al-
rect and incorrect class assignments, the latterost the same or slightly poorer than those ob-
evidently occuring less frequently in a representained using the original priors. Further manipu-
ative sample. Due to the phenomenon, casel&ions revealed that coincidence became the
gives better accuracy in the NFI sample than ipoorer, the more the new priors differed from
the verification sample. In the other cases accthe original ones. Increasing forcing by priors in
racy was usually lower in the NFI sample. Thiglassification thus causes more incorrect class
is obviously due to the less accurate locatioasssignments.
data for the NFI plots in the satellite image. The priors used in this study were calculated
The priors were manipulated to reach a bettdrom the NFI field sample. Due to the large
agreement between the original priors and theample size these priors (PR) serve as a good
output image class distribution into the six classestimate of the true field stratum distribution.
es. It was assumed that the correlation betwedifter classification one can also estimate the
the prior values and the proportions of the outpudistribution using the stratified sampling estima-
image classes is positive and linear. Two newor (STR). The proportions of the six field strata
sets of priors were derived from the output im{p;, j = 1-6) were calculated as
age obtained using the synthetic channels and

the original priors in the classification. The basis i=1
used in deriving the first new prior set was the pj = (B *p;) (4)
unfiltered output image (case 3 in Table 1 and 6

the PM1 cases in Table 2), while the filteredvherep; refers to the proportion of image class
output image was used in deriving the secondndp; refers to the proportion of field stratym
new prior set (case 4 in Table 1 and the PMih image class. The sum of the absolute differ-
cases in Table 2). ences between the two estimates (PR-STR)
Without manipulation the difference sums wereshould be small. The difference sums presented
17.9 before filtering and 19.7 after filtering. Asin Table 2 were calculated from the differences
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Table 3. The effects of the prior-using and filtering in addition to the priors, it can be used for esti-
alternatives on the divergences between some digating the occurrence of damage in the forest
tributions. The results refer to the National Foresstrata. In point of fact, the other field samples are
Inventory sample. The divergences were calcutoo small for this purpose. For the sake of com-

lated from the six-class aggregation. parison the total damage area was estimated in
three different ways. First, the NFI sample alone
Case Distribution divergendé was used to obtain the basic estimate. The other

Which priors  Filtering PR-STR PRI STR-I

Lsad dones estimates were based on the principle of strati-

fied sampling with six strata. The strata weights
were obtained from the output image class dis-

No No 12 234 223

No Yes 16 208 198 tr|bu_t|on after filtering. The_ classmcanon. was
Original No 18 179 185 carried out with the synthetic channels using the
Original Yes 24 19.7 19.8 original priors. The stratified approaches differ
PM1 No 1.4 104 109 in the way the factual content of the image class-
PM1 Yes 25 131 142 es was estimated as follows:

PM2 No 17 114 110 a) The verification sample is used to estimate the
PM2 Yes 2.4 8.6 84

field stratum distributions by image class. The
1) See Table 2, footnote 1. STR = the stratum distribution estimated by damage proportions in the field strata are estimat-
stratified sampling. ed from the NFI sample. It must be assumed that
the damage proportion by field stratum does not
depend on the image class. Thus the same damage
proportions by field stratum are applied in all
between the priors and the output image class image classes.
distribution (PR-1). In the following the output b) The NFI sample is used in estimating both the
image class distribution is compared with the field stratum distributions by image class and the
other estimate of the true field stratum distribu- damage proportions by field stratum. In other
tion (STR-I). If both PR and STR are good words, the damage proportions are estimated di-
estimates, the corresponding values of PR-I and rectly from the NFI sample by image class.
STR-1 should be fairly close to each other. The
three kinds of difference sums are presented Expressed in the form of equations, the two lat-
Table 3. ter estimates are calculated as
The PR and STR distributions are very simi-
lar. Both using priors in the classification and -

i=1j=1
filtering the output image increase PR-STR. In Ad, = ZJZA x pj % pd; (5)
absolute terms, however, the increase in the dif- 6 6
ference sum may be insignificant. PR-l1 and STR- i=1
| differ only slightly, and the differences are Ady, =3 A x pd; (6)
inconsistent to at least some extent. The results 6

are as expected which indicates that, despite the
poor classification accuracy, one can use strati- wherei andj refer to image class and field stratum,
fied sampling in this context without a risk of a respectively, and
great systematic error. Sampling error will be A = area of image class
discussed in more detail in the following section. p; = proportion of field straturpin image class
pg = damage proportion in field stratum
pd = damage proportion in image class

4.4 Estimation of the Total Damage Area

In principle, all three approaches lead to unbi-
The new National Forest Inventory sample meassed estimates of the damage area if the field
ured in 1993 in the study area is more than tesamples are random. The whole NFI sample and
times larger than the verification sample. Thushe main part of the verification sample are sys-
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Table 4. The output image class distribution, and the stratum and damage
proportions estimated by either stratified sampling (A and B) or simple
field sampling (C). The verification sample was used in A, and the field
sample of the National Forest Inventory was used in B and C. The image
class weights used in A and B were obtained from an image classification
described at the beginning of chapter 5.

Class or Proportion of
stratum

In;age Stratum Damage Stratum Damage Stratum Damage

class A 5 c

% % % %

1 19.2 20.0 437 149 37.9 139 511
2 16.5 21.0 50.7 19.8 422 19.0 389
3 7.1 129 71.0 8.7 520 8.6 81.7
4 11.2 115 75.0 6.8 59.2 72 943
5 26.0 216 347 248 318 23.2 26.6
6 20.0 13.0 385 25.0 270 281 11.2
Total 100.0 100.0 46.9 100.0 38.2 100.0 37.6

tematic. In theory, a systematic sample leads &x.km. The absolute and relative standard errors
biased estimates if the sampling pattern coimf the estimated total damage proportion (37.6
cides to any extent with the spatial pattern of th&s) are 0.94 % and 2.49 %, respectively. Ex-
population. In practical applications of systempressed as area the standard error is 171 sq.km.
atic sampling, however, significant biases have The results concerning stratified sampling with
rarely if ever been verified. Thus the main conthe verification sample (option a) are given in
cern is usually the statistical precision of thélable 4 in the A columns. The first column
estimates. Precision estimates calculated by thefers to the field stratum distribution estimated
random sampling estimators are generally corby stratified sampling. The second column re-
servative in the context of systematic samplingzeals the damage proportions in image class-
There is therefore justification to state that the@s They are, of course, not the same as those in
true accuracy of the result is, very probably, ahe NFI sample because each image class con-
least the same as or better than the precisiaists of several field strata due to the classifica-
measure indicates. tion errors. The estimated total damage area is
One part of the verification sample was chonow 8600 sg.km which is considerably more
sen subjectively in order to obtain more observahan that obtained on the basis of the NFI sample
tions of certain important forest strata. It is namelplone. The reason for the deviation is clear: the
this sub-sample, and not the systematic part, thateas of the field strata with a high damage pro-
can lead to biases in stratified sampling. There gortion (3 and 4) have been estimated larger than
no problem when one asks how certain fieldhey are in the NFI sample. The absolute and
strata are classified into the image classes. helative standard errors of the estimated total
stratified sampling, however, the question is redamage proportion are now 3.4 % and 7.2 %
versed. respectively. The areal standard error is 618
The total area of the study area is 18 317 sqg.kmag.km.
The estimates of the field stratum distribution The two damage estimates are independent
and the damage proportions by stratum in thiecause the field samples are independent. Thus
NFI sample are presented in Table 4 in the e variance of the difference is calculated as the
columns. The estimated total damage area is 6880m of the variances of the estimates. The stand-
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ard error of the difference is 641 sg.km. Th& he subjective part of the sample was directed at
difference is 1710 sg.km and is therefore statistthe most important strata, mainly 3 and 4, in
cally very significant. The outcome cannot beorder to study classification accuracy more thor-
explained by the sampling errors alone. oughly in these strata. The poor classification
Stratified sampling with the NFI sample (op-accuracy first led to a clear overestimation of the
tion b) gave results which are presented in Tabkrata shares. By accident, the damage propor-
4 in the B columns. The damage area estimatetion in these field strata was higher than the
now 7000 sq.km. The absolute and relative standverage, resulting in a serious overestimation of
ard errors of the damage proportion estimate athe total damage area. Without the bias the accu-
0.94 % and 2.47 %. The areal standard error iacy would perhaps have been satisfactory, as
173 sq.km. The damage area estimate deviatean be concluded from the estimated relative
by 110 sq.km from the estimate calculated fronstandard error (7.2 %).
the NFI sample alone. This is well below the
corresponding areal standard errors. The preci-
sions of these two estimates are almost the same.
There are two reasons why stratified samplin® Forest Health
does not give a more precise estimate. First, the
NFI sample is so large that the precision ob¥fhe whole procedure used to obtain the area
tained with it is hard to overcome. Secondly, theesults was, in short, as follows: The synthetic
image classes do not differ very much as regardgorking image (section 3.2) was classified into
the damage proportion and, this being the cas@Q classes using the ML classifier. A set of ma-
stratified sampling is not an efficient estimatiomipulated prior probabilities (PM2, section 4.3)
method. was used in the classification. The output image
The use of the verification sample in stratifiedvas filtered using the majority rule and a 3 by 3
sampling (option b) leads to a biased estimate gixels square window (section 4.2). The original
the damage area. The explanation is as followBnage classes were aggregated into six image

Table 5. Area and percentage of forest damage by causal agent and severity class in the

study area.
Causal agent Degree of damage Total damage area
Slight Noticeable
Sg.km % Sq.km % Sq.km %
1. Unknown 975 5.3 1100 6.0 2075 11.3
2. Storm 142 0.8 287 1.6 429 23
3. Snow 238 1.3 380 2.1 618 34
4. Other climatic factors 98 0.5 322 1.8 420 2.3
and all edaphic factors
5. Competition (density) 57 0.3 102 0.6 160 0.9
6. Logging etc. (human impact) 55 0.3 57 0.3 113 0.6
7. Moose and other vertebrates 85 0.5 170 0.9 255 14
8. Insects 36 0.2 21 0.1 58 0.3
9. Gremmeniella abietina 114 0.6 116 0.6 230 1.3
10. Rot fungi 95 0.5 841 46 936 5.1
11. Melampsora pinitorqua 15 0.1 35 0.2 50 0.3
12. Peridermium pini 232 1.3 189 1.0 420 2.3
13. Other fungi 374 2.0 162 0.9 536 29
14. Multiple damage 214 1.2 507 2.8 721 3.9
1-14 Total 2731 149 4290 234 7021 38.3
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Fig. 2. Thematic map. Red depicts the image class ‘mature spruce forest’
and yellow the image class ‘mature pine forest'. The proportions of
damage in these classes are 59 % and 52 %, respectively.

strata. The damage proportions by image strage classes worse than slight belong to the class
tum were estimated from the National Foreshoticeable The scope of the latter class is large.
Inventory field sample. Finally, the damage are#t includes all stands involving damage ranging
estimates in the study area were calculated usifigm decreased quality to total destruction of the
the stratified sampling estimator (option b, secstand.
tion 4.4). The damage classification has been made only
on forest land in the field. Due to the estimation
method, the damage percentages presented in
5.1 Area of the Damage Table 5 refer to the total acreage of the study
area, including watercourses. The proportion of
The estimated areas of 14 different types of fofforest land in the study area is 64.89 % as esti-
est damage are presented in Table 5. Each damated from the NFI sample. Thus the presented
age type is divided into two severity classegpercentages must be multiplied by 1.54 in order
Slightdamage has not impaired forest quality oto obtain the corresponding shares on forest land.
changed the stand development class. All dam-Itis not the purpose of this study to analyse the

155



Silva Fennica 32(2) research articles

result in more detail. However, two features dekind of reduction may not be harmful because a
serve immediate attention. The cause of damageore synoptic view can reveal new larger pat-
is unknown in almost 30 % of the damage arederns which are relevant to the problem under
The two major causes of named damage are riotvestigation.
fungi and multiple damage. The former may in-
dicate that special attention has been paid to the
damage item in the field. The latter indicates that .
the silvicultural condition is not very good in the® DISCuUSSION
study area. There are many possible reasons for
this condition, including reduced cutting activi-Timely and synoptic study knowledge of forest
ties due to conservation. health in Finnish Lapland was needed without
delay in the late '80s. Several investigations were
started spontanieously which were later com-
5.2 Thematic Map bined into the Lapland Forest Damage Project.
This may not have resulted in the best possible
There are two image classes where the damagatcome. In one sub-project the damge situation
proportion is clearly above the average (classegas studied using satellite imagery. The method
3 and 4). These classes are labelednature was chosen mainly on the basis of the large area
pine-dominated forestndmature spruce-domi- involved and the poor accessibility in West Kola
nated forestn accordance with the training are-particularly. Difficulties in using satellite image-
as. The spatial distributions of the twnage ry for the purpose in East Lapland were antici-
classes in the study area can be seen in Fig. fated for several reasons (Mattila 1992).
The yellow colour refers to the pine class where Earlier experiences gained elsewhere in the
the damage proportion is 52.1 %. The sprucase of satellite imagery in forest damage surveys
class is coloured red and the damage proportiamere not very promising. The conditions in East
there is 58.7 %. The damage percentages in thapland are unfavourable, as can be concluded
correspondindield strata were 81.7 and 94.3.from the study results of Koch et al. (1990). The
The dashed lines in the thematic map are munisearcity of usable images also hindered the use
ipality borders. They have been added to thef techniques based on multi-date imagery (see
map to make it spatially more informative. eg. Hame 1991). In addition, the date of the only
No profound analysis of the produced thematusable image was far from optimum during the
ic map is performed here. Let it be noted, howgrowing season. The effect of the late date can
ever, that the colours form patterns that are ihe seen in a panorama of four images (Mikkola
accordance with the known forest characteristick996b, p. 3687). It later appeared that the satel-
in the study area. One must keep in mind thite sensor (TM) condition impaired the quality
limitations of the map. First, the factual contenbf the material, too (Olsson 1994).
of the image classes is not nearly the same adt became clear that direct mapping of forest
that indicated by the class labels. Second, ttdamage was not possible in East Lapland. In-
colours also cover a lot of healthy forest. Thestead, it was decided to try to map the forest
two image classes on the thematic map accoustrata where the incidence of damage was high.
for 17 % of the study area and they include onlgZorrection of the original image due to atmos-
25 % of the total damage area. phere and topography was not possible. Some
Small-scale thematic maps based on satelliteansformations which combine information from
imagery are abstractions and generalizations tfo or more channels can correct to some extent.
spatial phenomena. As such they do not depidtus so-called synthetic channels were construct-
the strict details observable in the field or on thed and used in the classification. The synthetic
original output image. In many cases image dechannels gave slightly better results than the orig-
tails are lost in the printing phase. For examplénal ones. The advantage seemed to be the great-
the thematic map in Fig. 2 includes only abouer, the more the original image classes were
1% of the original output image pixels. Thisaggregated. This result is interesting, and it de-
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serves more attention in other contexs. Of courseentory (NFI) in the comparisons, too. The main
pure chance may have caused the phenomen@ason for this outcome is that the field strata were
in question in this study. defined to meet the needs of practical forestry.

The thermal TM channel is rarely used in vegThese strata are spectrally not well separable.
etation surveys due to its smaller spatial resolu- Proper use of priors in classification improved
tion compared to the other channels (120 m vethe coincidence. It became evident that poor pri-
sus 30 m). It was used in this study after artifiors can even impair the result. The coincidence
cially dividing each pixel of the channel into 16was also increased by filtering the output image
parts to harmonize the resolution. In compariby the majority rule. The effect of filtering de-
sons it appeared that the use of the thermal chgmended on the form and size of the filtering win-
nel gave no clear advantage in East Lapland. iow. Joint use of the priors and filtering increased
West Kola, however, the thermal channel madthe coincidence drastically. Despite these meas-
the worst damage areas more visible (Mikkolaires, however, the output image as such was not
1996b). usable for any practical application.

These experiences justify the conclusion that, It was necessary to aggregate the original spec-
in normal forest conditions, it is a robust solutral classes in order to increase the classification
tion to use the original six reflective channels iraccuracy. In testing, the accuracy statistics were
image classification. Use of synthetic channelsalculated simultaneously at three aggregation
and the thermal channel is not efficient becaudevels by dividing the output image into 18, 11
it requires much additional work and the gain i®r 6 classes. The best results were obtained with
little, at the best. Instead, if relevant data is avaithe coarsest division. However, the improvement
able, one should consider corrections to diminever the medium coarse division was fairly small.
ish the noise due to topography and atmosphergaking into consideration the unfavourable pre-

A systematic field sample was used for traineonditions mentioned above, the achieved coin-
ing purposes. It appeared that forming trainingidence of about 45 % is probably near the po-
areas from a systematic field sample is quite &ntial maximum.
complex task. The original plots had to be com- The NFI field sample was used to study the
bined in many phases to obtain usable trainingccurrence of damage in the image classes. The
areas. In hindsight, it is apparent that a bettefamage frequency was clearly above the aver-
procedure would have been to select subjectivage in two of the six image classes. The training
ly certain homogeneous training areas from areas of the two image classes had been meas-
few field strata. The problem is that these stratared in mature pine- and spruce-dominated
are not known a priori with any certainty. Creastands. On the basis of the observations it was
tion of proper signatures will always be a rathedecided to utilize the output image in two ways.
iterative process. Firstly, damage acreages were estimated by the

The classification accuracy was first studiegrinciple of stratified sampling using the six im-
using a small, separate field sample gathered fage classes. Secondly, a thematic map was com-
verification purposes. Part of the sample hagiled which shows the spatial distribution of the
been chosen subjectively in order to obtain morevo damage-richest image classes.
observations from the important forest strata. It Stratified sampling is an efficient method when
appeared that some sort of objective, unequalasses can be formed which differ clearly from
inclusion probability sampling could have beereach other as regards the object under investiga-
a better choice to avoid the problems later causdidn. In this case one can reach the same preci-
by the subjective part of the sample. sion with a smaller sample than without stratifi-

Classification accuracy was poor, as would beation. The potential gain is not reached if the
expected a priori. When 18 image classes wesample is not chosen in a proper way. The verifi-
used, coincidence between the classes and the taaion sample used in this study included a sub-
field strata was only 22 %. The poor classificatiofective component from the most important for-
accuracy was confirmed by using the far morest strata. This, together with the poor classifica-
representative sample of the National Forest Irtion accuracy, led to considerable bias, which
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could be detected thanks to the objective NFI The study area is almost the same as the north-
field sample. Without the bias, the accuracy couldrn part of the Koillis-Suomi Forestry Board
have been fairly good by using the verificatiorDistrict. The damage percentage on forest land
sample. The lesson in this case is that evethere was 22 % in 1983 (Mattila 1990, p. 104).
point within an image class must have the santestimated on the whole acreage, the comparable
probability to be sampled in stratified samplingpercentage was 13-14 %. The estimated damage
The probability can of course be different inproportion has thus almost tripled in ten years.
different classes. However, these estimates are not commensura-

The damage acreages were finally estimatdule due to the facts mentioned above. Many find-
using stratifid sampling with the six image classings suggest that the development has not been
es and the NFI field sample. The procedure gaws® drastic. Some increase of damage is probable,
almost the same precision as the NFI sampleowever. The effects of some abnormal climatic
alone. The two main reasons for this outcoméactors in Lapland in the 1980s on forest health
are as follows. Firstly, the precision obtainednay well have still been visible in 1993 when
using the NFI sample alone was high. Secondlyhe new NFI sample was measured.
stratified sampling was not very efficient be- The study provides a cross-section of the situa-
cause the image classes differed fairly modestljon at the beginning of the 1990s. As such, it can
with respect to the damage frequency in the classerve as one link in the time series started in 1983.
es. On the other hand, stratification did at leasiowever, commensurability must be taken into
not impair the precision, which is important con-account in all time series analyses in order to
sidering the thematic map. avoid erroneous conclusions. The thematic map

The two damage-rich image classes depictgoresented in this study is only an example of the
on the thematic map contain a considerableisualization potential of digital image processing
amount of healthy forest, too. On the other handechniques. All too often a clear distinction is not
only about one quarter of the total damage arefrawn between image class and its factual con-
is in the two classes. Despite these limitationgent. Unbiased estimation of the true content is not
the map reveals damage concentrations whigiossible without objective field sampling. Errone-
are associated with the known forest patterns ious emphasis on pictorial results only has caused
the study area. This kind of visualization andnuch disappointment. This may be one reason
generalization is possible with digital satellitewhy practical applications of satellite remote
data, a facility that has contributed much to theensing are nowadays fewer than have earlier
great popularity of the techniques. However, tteen predicted.
avoid erroneous conclusions one should always
know the exact facts behind the scene, too.

The main results of this study lie in the dam-
age acreage information. The distribution of thAcknowIedgements
estimated total damage area into 14 types and
two grades each (Table 5) reveals some intere§the study was carried out in the Finnish Forest
ing features. The total damage acreage accoumesearch Institute, mainly at the Rovaniemi Re-
ed for 38 % of the study area. 39 % of thesearch Station. The Ministry of Agriculture and
damage acreage was slight damage that does Rairestry contributed financially during 1990-95.
affect stand quality according to the definition.The principal assistants in Rovaniemi were Kari
No damaging agent could be identified in 29 %Mikkola, Juhani Kumpuniemi and Eija Virtanen.
of the damage acreage. These findings indicafgr. Raymond Czaplewski and Dr. John Innes read
that the field crews may have paid special atterthe original manuscript and suggested several
tion to the damage item. Public interest in forestaluable improvements to the text. The manu-
health can be one reason for this. The damageript was finished at the Joensuu Research Sta-
classification scheme used here was more déen where Erja Kauppinen made the transcrip-
tailed than before, which may also have increaseibn. | sincerely thank all who have made it possi-
the proportion of damage observations. ble to carry out the study and write this article.
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