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ABSTRACT

During the summer 1985 three cloudless Landsat TM scenes covering an area in south-
western Sweden suffering from moderate damages on Norway Spruce were obtained.
Damage assessment from CIR aerial photography was used as a reference to study the
capability of Landsat TM data to detect those damages, ranging from 10 to 46% mean needle
loss. Sites dominated by Norway spruce but containing small, somewhat varying components
of Scotch pine and hardwood species were chosen. The data studied indicated that the ™
registrations from September were more strongly correlated to damage level than were the
July scenes. This may be explained by a sun elevation decline from 48 in late July to 28° in
late September, resulting in shadowed understorey vegetation, and by an expanded damage
range.

The reflectance decreased in all TM bands as spruce needle loss increased from 10% to 40%.
The results suggest that Landsat TM based assessment of damages on Norway spruce might
be feasible if ancillary forest stand data is used as support in the survey. The forest stands in
Sweden very often consist of mixed forest with Norway spruce, Scotch pine and hardwood
species of various distributions. Furthermore the canopy cover often shifts between and in
the stands. This error source would be strongly reduced if digitized stand boundaries
connected to database information on species mixture, density and slope/aspect from forest
inventory databases were used together with satellite data. When the hardwood component
Was not varying more than 5% the correlation between TM data and damages was strong
enough to implicate a possible division into two damage classes with the class border
preferably at 30% needle loss. The image transformations yielding the most promising
results were TM 4/2+4+7, TM 4/1+2+4 and TM 4/2+3 +4. Inclusion of a limited number
of sites situated on ground sloping with 5-15° gave a small correlation decrease due to
different illumination conditions. The chromaticity indices and ratios did not clearly reduce
this effect.



1. INTRODUCTION
L.1. BACKGROUND

Since the first observations of forest decline in the early 1980s, widespread damages on
Spruce, pine and beech have been documented in central Europe. Attention have also been
drawn to the situation in swedish forests, lying closer to the stress limit due to the harder
climate. The ”new” damages on Norway spruce (Picea abies) and Scotch pine (Pinus
Sylvestris) have been monitored by field and airborne surveys (Bengtsson 1985, Holmgren
and Wastenson 1985). These damages can be distinguished from damages that are caused by
climatic stress, insects and diseases by their distribution, their appearance under widely
differing conditions (soil properties, climate, altitude) and that one can find a varied damage
level within the stands. The costs of inventorying large regions with these methods are high,
making a sample strategy necessary which gives statistical results rather than area-covering.
Developing methods for detection and quantification of forest decline symptoms with digital-
ly analysed satellite data will provide scientists with a repeatable and less time-consuming
way of assessing and mapping forest damages.

The stress factors responsible for the observed damage symptoms varies from region to
region, but pollutants such as acid deposition, ozone and trace metals seem to be the main
stress agents in many areas, and they may cause spectral changes in reflectivity from spruce
needles (Westman and Price 1987). Studies of damage sites in the Federal Republic of
Germany (FRG) indicated a reduction in total chlorophyll, a decrease in chlorophyll b com-
pared to chlorophyll a and a relative increase in carotenoids with increasing damages (Rock
etal. 1986). The result is chlorosis, a frequent symptom in FRG where it together with needle
loss plays an important role in the interpretation keys for infrared aerial photography (e.g.
Hartmann and Uebe] 1986). In Sweden the chlorosis Symptom is less common and therefore
the measured parameter in damage assessment is needle loss, both in field surveys and air
photo interpretation.

The air pollution, in fig 2 and 3 exemplified by sulphur dioxide and nitrogen oxides, is not
quite as strong in Sweden as in central Europe, but the low buffering capacity of swedish soils
and the colder climate makes the forest vitality more sensitive to external disturbances. The
vast forest areas are the prime natural resource of Sweden and just a slight decrease in
vitality will in the long run have a significant effect on the state economy. Thus, the
importance of a damage assessment method which is repeatable and covers large areas is
obvious.
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Figure 1. Location of the aerial photo strips covering the test sites.

The utilization of satellite data in forest decline assessment is in Sweden complicated by the
nature of the damages as well as the conifer forest characteristics. The damages are not as
severe as in some parts of central Europe. Furthermore, the stands very often consists of
mixed forest with Norway spruce, Scotch pine and broadleaved species with varying distribu-
tion, and with shifting canopy cover between and in the stands. The south-western parts of
Sweden are the ones suffering from the most severe decline. The damages on Norway spruce
in the Gothenburg region were in 1985 approximately the same as in Baden-Wurttemberg,

FRG, in 1984, and even worse in the dominating wind direction from local sources of sul phur
dioxide and hydrocarbon (Wastenson et al 1987).

1.2. OBJECTIVE

The main objective of this project was to examine if the moderate damages on Norway spruce
present in Sweden have a correlation with satellite data which is strong enough to allow
detection and quantification.
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It is evident that even if this is the case, the inhomogeneity of the forest canopy would
complicate operative inventories. This error source would be strongly reduced if ancillary
data on species mixture, density and slope /aspect was utilized. The swedish forest inventory
presents data like species mixture in tenths for each stand and it would be possible to digitize
stand borders over large areas and connect each stand to tabular databases containing stand
parameters. This way each stand type, e.g 100-120 years old stands with eight tenths of spruce
and two tenths of pine, could be analysed separately. Spectral confusion, for instance
between pine and damaged spruce would then be avoided. In this context , it is of crucial
interest to study the effect of small changes in species composition, slope/aspect etc. on the
correlation between spruce damage level and satellite data.

2, LITERATURE REVIEW
2.1.  REFLECTANCE RESPONSE TO DAMAGE SYMPTOMS

When trying to understand the subtle spectral changes caused by forest damage it is essential
not to compare sites with different damage symptoms such as chlorosis and needle loss. Field
reflectance studies of red spruce showed that 3-year old living needles in stands with severe
needle loss but no chlorosis had a decreased reflectance in visible, NIR and SWIR spectral
regions. New needles did not show the same spectral response (Rock et al 1988). Vogelmann



and Rock (1986) presents similar results but with a weaker decrease in the SWIR region.
Data obtained with the airborne FLI sensor over the same areas were in accordance with the
field measured reflectance except for an increased brightness in the green peak region (0.5-
0.6um) and in the chlorophyll maximum absorption region (0.65-0.70um), which was sugge-
sted to depend on chlorosis which Was occuring to a limited extent when the FLI data was
registered. (Rock et al 1988). The difference between FLI data (8 x 17m pixelsize) and field
measured needle data could however also be explained by the high spruce mortality in the
high damage site (24%). Several authors have by field measurements found that increasing
the fraction of bark at the expense of needle spectral contribution results in a visible
reflectance increase and a NIR reflectance decrease (e.gRock et al 1988, Teillet et al 1985).
This is also supported by results from forest areas in Poland (Rosengren and Ekstrand 1987)
where extremely high damages on Norway spruce were studied - large areas had a spruce
mortality of 50-100%. Landsat TM4 reflectance decreased with increasing mortality, while
the red and SWIR reflectances were increasing (see figure 5). Rock et al also found that the
pigment content in needles may be altered and that the amount of damaged cells may
increase during the summer months, indicating a period optimal for damage assessment in
late summer,
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Figure 5. T™M 3,4,5,7 versus needle loss. Data from the Izerskie forest in southern
Poland (Rosengren and Ekstrand 1987).

Red discoloration in mixed stands of Balsam fir and white spruce caused by spruce budworm
resulted in a decreased reflectivity in the visible and NIR regions while reflectivity in the
SWIR showed no significant trend. In sites where the budworm had caused severe cumula-
tive defoliation (needle loss), the reflectivity increased in the visible and SWIR regions,




whereas the NIR reflectance dropped significantly (Leckie 1987).

Heavy chlorosis and limited needle loss on Scotch pine in FRG gave a rise not only in the
green peak region and the chlorophyll maximum absorption region, but in all visible, NIR
and SWIR bands. Airborne TM data, AIS-2 data and Bendix scanner data were examined
(Herrmann et al 1988). Another type of damage, the fungi disease Ascocalyx abietina did not
have the same effect on the reflectivity from Scotch pine. Needles of contaminated trees
partly remained on the trees and got a grey-brownish colour. The most noticeable effect was
a decrease in NIR reflectance (Héme 1987).

It is evident that different damage symptoms have varying effects on the reflectance from
conifer needles, trees and stands. Apart from spectral changes directly connected with symp-
toms there are several other factors involved. One of them is the amount of shadowed area
in a stand. When the damage effect is limited to a reflectance decrease from older needles,
that is, no severe chlorosis or needle loss, the amount of shadowed area stay unchanged, but
when severe needle loss occurs, the shadowed area is reduced. However, the decrease of NIR
reflectance in high mortality stands indicates that the higher bark spectral contribution have
a more significant effect than the reduced shadowed area.

2.2. FOREST DAMAGE ASSESSMENT USING AIRBORNE SENSORS

The use of colour infrared aerial photography in forest damage assessment has become
widespread. The basis for this technique is that each single tree is classified and for that
purpose a wide range of photo scales and interpretation keys are used. Large scale photo-
graphy (1:2000 - 1:4000) is most common but scales up to 1:10 000 and even 1:20 000 have
been tested (e.g Wastenson et al 1987). With small scales the damage symptom assessed is
mainly colour changes due to needle loss, resulting in 4-5 needle loss classes. To our
knowledge only the damages of spruce species have been assessed using small scale photo-
graphy.

Large scale photography means coverage of smaller areas and higher demands on the
sampling technique. On the other hand, it makes it possible to interprete symptoms associa-
ted with slight chlorosis and morphometric effects on branches. (the branches of slightly
damaged Norway spruce adopts a club-like appearance, with the needle loss concentrated
close to the stem). The ability to distinguish morphometrical patterns in tree crowns is
important when assessing damages on Scotch pine and beech. The natural variaiions in
crown morphology of Scotch pine makes the damage interpretation very difficult when the
morphology of single branches cannot be studied, as with scales smaller than 1:2000. The as-
sessment of damages on beech is in FRG based on a combination of colour, crown structure






