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ABSTRACT: Areas infested by .pine bark beetle (pine nematode) in Japan have been expanding in recent years. The
Forestry Agency of Japan has been making various efforts to control the infestation, such as area survey, timber volume
estimation, and chemical control. Two sites in heavily infested areas of Ibaragi and Chiba Prefectures were selected as
study areas. Images of the study areas were generated from two temporal Landsat MSS scenes dated 26 November
1972 and 11 November 1980. These images were geometrically registered to each other. Pine areas were extracted by
multispectral classification using the four bands composed of bands 5 and 6 for each of the two registered Landsat MSS
scenes. The areas where the value of band 5 increased and that of band 6 decreased were extracted using the difference
images generated by subtracting the registered image of 1972 from that of 1980. Finally, the areas infested by the pine
bark beetle were extracted by detecting the areas where the value of band 5 increased and the value of band 6 decreased
within the pine areas. The infested areas could be classified into light, moderate, and heavy damage in proportion to
the increase of band 5 and the decrease of band 6.

Ground surveys were collected by local government forestry officials to estimate damage volume. There was a high
correlation (r = 0.824) between the timber volume of the damaged pines estimated from Landsat data and that surveyed
on the ground. Landsat MSS data are considered to be effective for extracting the areas infested by the pine bark beetle.

r------------,------.c==,---,------=~----~ l\J6" 30'

FIG. 1. Map showing location and local government boundaries in the
study area. TA01 and TA02 are the test areas where the ground
surveys were conducted.

1 (26 November 1972) and data set 2 (11 November 1980) using
ground control points (Figure 2). Tl and T2 were generated so
that a pixel size is about 56 m in longitude by 46 m in latitude.
Images Tl and T2 did not register exactly because the images
were so large. Fifty control points for inspecting the registration
between T1 and T2 were selected, and misregistrations at these
points were measured by comparing their positions on the two
images. A resampling equation for registering T1 onto T2 was
derived from the data set of the matching positions of the con
trol points and a new image Tl' was generated from T1 using
the above resampling equation. Eventually two precisely reg
istered images T1' and T2 of the study area were generated
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THE STUDY AREA

Pine beetle damage in Ibaragi and Chiba is the heaviest of
any area in Japan. A large area, about 110km square and com
prising the southern part of Ibaragi and the northern part of
Chiba, was selected as a study site. This site is covered by the
Landsat MSS scene of Path-Row No. 115-35.

Outlines of the study site are shown in Figure 1. TA01 and
TA02 are the test sites where ground surveys were conducted.
There are 120 local governments in the study site area, and the
volume of damaged pines in each local area is surveyed each
year. The boundary lines of the local governments are also shown
in Figure 1.

Pine bark beetle damage seems to have begun around 1972
near Mito city, spreading to a peak in 1978 and 1979. Pine bark
beetle activity becomes most vigorous in summer when the
temperature is high (Yamane, 1981; Kobayashi, 1984). Damaged
pines are usually removed by cutting in winter. Therefore,
Landsat scenes acquired around November are best for esti
mating pine beetle damage. Landsat MSS scenes taken on 26
November 1972 and 11 November 1980 were selected for use in
this study, and the damage occurred between 1972 and 1980
was estimated.

INTRODUCTION

PINE (PINUS DENSIFLORA) is one of the typical forest types in
Japan located in the Temperate Zone. In recent years, infes

tation by the pine bark beetle (pine nematode) has expanded
throughout Japan. Both the Forestry Agency of Japan and local
prefectures have made various efforts, such as damage survey
and chemical control, to deal with pine beetle damage. Aerial
photographs are the main source for damage assessments.
However, aerial survey is costly and time-consuming, and dif
ficult to complete in a short time.

The authors attempted to extract the damaged areas using
Landsat data for Ibaragi and Chiba Prefectures, where pine bee
tle damage has been heavy.

GENERATION OF GEOMETRICALLY CORRECTED AND
REGISTERED IMAGES

The geometrically corrected images of the study area (Tl and
T2) were generated respectively from the Landsat raw data set
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TABLE 1. CONFUSION MATRIX FOR THE TRAINING SAMPLES IN THE CLASSIFICATION FOR THE EXTRACTION OF THE PINE AREA

No. of Percent Classified to Each Category

Cat. Category 1 2 3 4 5 6 7 8 9 10 11 12
1 Pine 85 13 2
2 Other coniferous trees 5 88 3 4
3 Deciduous trees 3 95 2
4 Paddy field 88 5 6 1
5 Grass land 91 8
6 Urban area 97 3
7 Residential area 6 91 3
8 Bare soil 15 4 81
9 Lake water 100

10 Ocean 100
11 Farm land 2 5 2 8 83
12 Forest shadow 100

26 Nov.1972 11 Nov. 1980
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FIG. 2. A flow chart of the procedure
for generating the registered images
and difference image of two temporal
Landsat scenes.
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gray values of image T2 were modified before the subtraction
(Figure 2). The purpose of the modification was to correct the
differences of solar irradiation and the atmospheric effects when
each image was acquired. The modification of T2 was achieved
by changing its gray values using a linear transformation which
was derived from the regression analysis between data sets of
pairs of the grey values of Tl' and T2. The gray values of T2
were regressed toward those of T1'. Table 2 shows the regres
sion coefficients and the residual standard deviations obtained
from the regression analysis for bands 5 and 6. Using the regres
sion equation shown in Table 2, the modified image (T2') of T2
was generated by converting the gray values of T2, and the
difference image was generated by subtracting the gray values
of Tl' from those of T2', pixel by pixel, for each band of bands
5 and 6. Direct gray values of the difference between the two
images generally vary within a small range with zero as the
center point. Therefore, final gray values of the difference image
were obtained through the following transformations to the di
rect gray values of the difference in order to avoid minus values
and to enhance the difference:

• give an offset of 127, and
• normalize with the residual standard deviation u£ so that - 5 U c

of the direct gray values corresponds to 0 and +5 U E to 255.

TABLE 2. REGRESSION COEFFICIENTS AND RESIDUAL STANDARD

DEVIATIONS OBTAINED BY THE REGRESSION ANALYSIS BETWEEN THE IMAGE
T1' AND T2

CHARACTERISTICS OF VARIATION OF LANDSAT DATA
CAUSED BY PINE BARK BEETLE DAMAGE

Pine nematode is a parasite of the pine bark beetle, and it
invades pine wood when the pine bark beetle attacks the pine.

where (J"c = residual standard deviation, Do direct gray val
ues of the difference, and OF = final gray values of the differ
ence image.

By this transformation, the gray values of the difference im
age become 127 where the gray values between the two images
do not vary.

The transformation equation is as follows:

25.5
DF = -- X Do + 127

(J"E

(1)

1.062
1.081

Residual
Standard
Deviation

UEb

1.463
1.567

Regression
Equation

I.f = ax + b

a

0.830
0.864

Band 5
Band 6

x: The gray values of the image T2
y: The gray values of the image Tl'

Landsat
MSS
Band

from the two temporal Landsat scenes with a misregistration
(RMS error of the control points) less than one pixel.

EXTRACTION OF THE PINE AREAS

Band 5 and 6 data of the two registered images, Tl' and T2,
were used for the analysis. The pine areas of the study area
were extracted by multispectral classification using the super
vised maximum likelihood method. Twelve categories (includ
ing the pine and other coniferous trees) were defined, and the
training areas for those categories were selected with reference
to geographical maps and vegetation distribution maps on a
scale of 1:50,000. Twelve categories selected in the classification
and the confusion matrix for the training samples are shown in
Table 1. It can be seen from Table 1 that the classification was
performed with high accuracy because the percentages of cor
rect discrimination of the training samples are nearly 90 percent.
Most of the errors occur in discrimination between pine and
other coniferous trees because the spectral characteristics of the
two categories are very similar. The overall accuracy assessment
of the pine classification was performed by comparison with
vegetation distribution maps.

GENERATION OF THE DIFFERENCE IMAGE BETWEEN THE
TWO REGISTERED IMAGES

A difference image showing the variation of gray values be
tween the two registered images T1' and T2 was generated by
subtracting one image from the other for bands 5 and 6. The
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TABLE 3. MEANS OF THE GRAY VALUES OF BAND 5 AND 6 OF THE TYPICAL DAMAGED PINE AREAS FOR EACH DAMAGE CLASS OF THE IMAGES T1' AND
T2', AND THE VARIATIONS AND THEIR NORMALIZED VALUES WITH THE RESIDUAL STANDARD DEVIATION (TE.

Landsat Image Image Normalized
Damage MSS Tl' T2' Variations values

Class Band (1972) (1980) T2'-Tl' with (Te

Light Band 5 9.9 11.2 + 1.3 +1.2
Band 6 18.7 17.4 -1.3 -1.2

Moderate Band 5 9.7 11.3 +1.6 + 1.5
Band 6 18.8 17.0 -1.8 -1.7

Heavy Band 5 9.5 11.3 + 1.8 + 1.7
Band 6 19.1 16.7 -2.4 -2.2

(Te of band 5 = 1.062
(Te of band 6 = 1.081

FIG. 4. The slicing ranges for each damage class of the
difference images of band 5 and 6. The slicing bounds are
shown by multiple of the residual standard deviation (TE)
and the gray values (OF) of the difference images.

FIG. 3. The characteristics of variation of Landsat MSS
bands 5 and 6 caused by the pine bark beetle dam
age versus the damage class. GR1, GR2, and GR3
are light, moderate, and heavy damage.

EVALUATION OF THE OUTPUT RESULT

The damaged areas extracted from Landsat data were eval
uated against the timber volume of damaged pines surveyed
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eration between the sliced output areas and the pine areas
obtained previously by the classification. The logical AND op
eration extracts the areas which satisfy both conditions. The
resultant damaged areas and the pine areas remaining after the
logical AND operation were superimposed on the Landsat MSS
pseudo-natural color image in the final output image. The final
output image of the test area TAOI is shown in Plate 2.

Table 3 shows variation of gray values for bands 5 and 6 caused
by pine bark beetle damage and Figure 3 shows the character
istics of the variation versus damage class. The characteristics
of the variation are normalized with the residual standard de
viation (TE because the final grey values of the difference images
are normalized with (TE' It can be seen that the value of band 5
increasaes but the value of band 6 decreases as the damage
advances.

The nematodes wither the pine from within, and, as a result,
the pine needles become red and the pine's vigor declines. Pine
bark beetle damage increases the reflectance for Landsat MSS
band 5 and decreases it for band 6. The characteristics of dam
age-caused variation of gray values for bands 5 and 6 were
examined by inspecting the gray values in typical damaged pine
areas on the two registered images T1' and T2'. The modified
image T2', whose gray values had been corrected, was used
instead of T2. Typical damaged pine areas were selected from
ground surveys in the test areas TAOl and TA02, and several
points were selected for each damage class of light, moderate,
and heavy. Views of typical damaged pine areas for each dam
age class are shown in Plate 1. General definitions of each dam
age class are as follows:

• Light-Damaged pines are sparsely located and the yearly dam
age rate is about 1 percent.

• Moderate-Damaged pines are located in a group but sparsely,
and the yearly damage rate is between 2 and 10 percent.

• Heavy-Damaged pines are located in a group and densely, and
the yearly damage rate is more than 10 percent.

EXTRACTION OF THE AREAS INFESTED BY THE PINE
BARK BEETLE USING THE DIFFERENCE IMAGES OF

BANDS 5 AND 6

The areas where the value of band 5 increased and the value
of band 6 decreased were extracted from the difference images.
The increased (or decreased) areas can be extracted by slicing
the ranges set at values larger (or smaller) than the center value
(= 127) of the difference images. As the difference images are
normalized with (Tu the slicing ranges can be designated with
multiples of (Teo Several cases of slicing ranges for each damage
class were designated, and the resultant outputs were evaluated
with ground truth data. Eventually, the slicing ranges for each
damage class for the difference images of bands 5 and 6 were
decided as follows:

The increase of the values of band 5 "or" the
decrease of the value of the band 6

Light 0.5 1.0 (TE

Moderate 1.0 - 1.5 CJe

Heavy 1.5 - 4.8 CJ e

Figure 4 graphs band 5 increase against band 6 decrease to
indicate the slice ranges for each damage class. Three kinds of
sliced output areas were extracted by slicing the difference im
ages with the above slicing ranges.

Finally, the areas infested by the pine bark beetle were ex
tracted and classified into three grades with a logical AND op-
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Light

Moderate

PLATE 2. The final output image of the test area TA01. The areas damaged by
the pine bark beetle and the remaining pine areas were superimposed on Landsat
MSS pseudo-natural color image.

Red - Heavy
Yellow - Moderate
Cyan - Light
Black - Remaining pine area

Heavy

PLATE 1. Views of typical damaged pine areas for each
damage class.

on the ground. The timber volume of damaged pines of a local
governmental area is surveyed on the ground through visual
inspection by the local government office every year, and those
data were collected as the ground truth data. The accumulated
timber volume of damaged pines between 1972 and 1980 in each
local governmental area was computed from the ground truth
data. The damaged areas of the three damage classes for each
local governmental area were also computed from the output
result extracted from Landsat data, and the timber volume of
damaged pines was then estimated using the following equa
tion:

x = V (C]5 , + C2 52 + C3 53 ) n (2)

where V is the average timber volume of pine per unit area; C,

- C3 and 5, - 53 are the yearly damage rates and the damaged
areas for light, moderate, and heavy damage; and n is the num
ber of years between 1972 and 1980. The values of 0.01, 0.05,
and 0.2 were given to C

"
C2 , and C3 , respectively, from the def

inition of the yearly damage rate for each damage class. The
value of 150 (m3 /ha) was given for V from the statistical data of
the average timber volume of pine in the study area and the
value of 9 (years) was given for n. A regression analysis was

carried out between the timber volume of damaged pines sur
veyed on the ground and that estimated from Landsat data for
each local governmental area. Figure 5 shows the relationship
between the two sets of data. It shows that a high correlation
(r = 0.824) exists between the data sets. It can be seen from the
analysis that Landsat data are effective for estimating the timber
volume of pine damaged by the pine bark beetle.

CONCLUSION

The results of this study can be summarized as follows:
• Two temporal Landsat MSS scenes, taken about 10 years apart,

were used to extract the areas infested by the pine bark
beetle;

• Pine areas were extracted by multispectral classification
using the four band data of bands 5 and 6 of the two
temporal Landsat MSS scenes;

• The areas infested by the pine bark beetle were extracted
by detecting the areas where the value of band 5 increased
and the value of band 6 decreased between the two times
of Landsat data acquisition within the pine areas; and

• The damaged areas could be graded into three classes in
proportion to the increase of the value of band 5 and the
aecrease of the value of band 6.
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FIG. 5. The relationship between the timber volumes of damaged pines
estimated from Landsat data (X) and surveyed on the ground (Y).
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