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Distribution Chart of Cryptomeria japonica Forest
through Data Analysis of Landsat-TM
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An examination of the possibility of making a distribution chart of Cry-
ptomeria japonica forests by using Landsat Thematic Mapper (TM) data for
Yamagata Prefecture has been the object of this study. Based on a field survey
and aerial photo interpretations, distribution charts for two areas (Tachikawa-
machi and Atsumi-machi) of approximately 2 ki each were prepared for
comparison and evaluation purposes. The analysis of Landsat TM data was

™ software.

conducted with Microlmage
First, a clustering of TM data for Tachikawa-machi was applied. Second,
through interactive examination of respective classes on the display screen, the
class (es) and corresponding statistical values for Cryptomeria japonica were
determined. Finally, through the use of selected statistical values, a maximum
likelihood classification method was applied over a broad area, approximately
two thirds of Yamagata Prefecture (Yamagata is not covered by a single
Landsat scene). The classification results overlapped well with distribution
charts prepared by field-survey/aerial-photo interpretations and corresponded
well with the Atsumi-machi distribution chart. Mixed- planted areas of pines
and Cryptomeria japonica and areas of immature Cryptomeria japonica,
determined as such by aerial photo interpretation, were excluded from the
classification results.
Some merits in using Landsat TM data for a distribution chart of Cryptomeria
japonica:
1) The latest information can be obtained for a broad area, that is, the entire
prefecture.
2) The method is economical and efficient, labor-saving and time-saving.
3) Digital data processing allows flexible data handling. Through registration
and transformation techniques, it can overlay with any other kinds of
sets of data.
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Introduction

Cryptomeria japonica (Japanese cedar) pollinosis patients in Japan are rapidly increasing and
have become a leading public health problem. To prevent exposure to the pollen, information
(or forecasts) about airborne Cryptomeria japonica pollen is available from several institutes.
Kawashima® developed a visual simulation method that detects concentrations and movement of
airborne Cryptomeria japonica pollen on relevant maps. He also developed a method of fore-

®®  These simulation

casting the flowering periods of Cryptomeria japonica at each location
methods require precise distribution charts of Cryptomeria japonica forests, where most pollen
grains are produced. Charts entitled “Actual Vegetation Maps of the National Survey on the
Natural Environment” describe distribution of the Cryptomeria japonica forests and are available
from the Environment Agency”. However, because they are infrequently updated, they do not
reveal recent afforestation and deforestation activities. They contain no information on tree ages,
although Cryptomeria japonica pollen grains are produced mostly by trees more than 30 years
old®, and some vegetation maps categorize Cryptomeria japonica forests only as “needle leaf
tree forests”.

To compensate for these insufficiencies, the possibility of making a distribution chart of Cry-

ptomeria japonica forest using Landsat TM data was therefore examined.
Materials and Methods

1. Objective areas

Forests of Tachikawa-machi and Atsumi-machi in Yamagata Prefecture were chosen as objective
areas because large areas there contain Cryptomeria japonica. Tachikawa-machi was mainly
used in the analysis and map-making procedures; Atsumi-machi was used for verification of

the results.

2. Data

The following remote sensing data from Landsat-5 TM covering Tachikawa-machi and Atsumi-
machi were used; May 21, 1987 (Path/Row 107,33); July 28, 1986 (PR 108,733); May 10, 1989
(P/R 107,733); and August 21, 1989 (PR 108,733). Panchromatic aeial photographs taken in
1986 by Otori Kosoku Co. were used for photographic interpretation of Cryptomeria japonica
distribution areas, and “Actual Vegetation Maps” used were based on The Third National Survey on
the Natural Environment (Vegetation) in 1986 and 1983, published by the Environment Agency in 1988

and 1986, respectively. A ground survey was performed at Tachikawa-machi in autumn 1990.

3. Software and Hardware

Data processing and analysis were performed with the Microlmage * TM software package of
Terra-Mar, running on MS,/DOS. CPU (Intel 80, 486.33mHz),imaging frame buffer memory
(1,024 %1,024 %32 bits) for image display and overlay, and hard disk storage (2 giga bytes) were
used. The equipment further consisted of a 1/2-inch magnetic tape drive, color image scanner,

and color printer for images and classification results.
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Procedures of Analysis

Figure 1 is a false color composite image of Tachikawa-machi, which was chosen as an objective
area of the study. First, based on a field survey and aerial photo interpretation, a distribution
chart (2 ki) of Cryptomeria japonica was prepared for the area. A Cryptomeria japonica forest
was marked black on a map with a scale of 1:50,000 (Chart 1, Fig. 2).

Data processing and analysis were then applied to Landsat TM data over a white framed area
(Fig. 1),which included the area of the aerial photo. Clustering without training sets using

Microlmage™

was performed to classify the objective area into 128 classes (128 is the maximum
number of classes the Microlmage™ software allows, Fig. 3). Through interactive examination of
classification results with Chart 1, a couple of clusters that seemed to correspond to Cryptomeria
japonica forest were selected. A distribution chart combining the selected clusters was established
(Chart 2, Fig. 4), and the statistical values for these classes were saved in a file to be used as
training sets in a forthcoming Maximum Likelihood Classification.

A comparison was made between the two distribution charts, Chart 1 and Chart 2, by using
registration techniques. First, Chart 1 was digitized in raster format by a CCD scanner. By
means of a display and comparison of two charts at the same time on the screen, 10 Ground
Control Points (GCPs) were taken interactively for further calculation of coefficients for trans-
formation (geometric correction). Chart 2 was then interpolated and resampled by using the
above coefficients to be superimposed on Chart 1. Two Charts overlapped well, as shown in Fig. 5.

Some areas determimed to be Cryptomeria japonica in Chart 1 were not classified as such in
Chart 2. After a second ground truth survey, these areas were identified to be (1) mixed-planted
areas of pine trees and Cryptomeria japonica, or (2) immature Cryptomeria japonica forest less
than 5 meters in height (younger than 10 years).

To verify the usefulness of this method, Maximum Likelihood Classification was applied to
the Atsumi-machi region (Fig. 6) by using the same Landsat-TM data and the same training
sets (statistical values) obtained in the Tachikawa-machi region. The results of classification
corresponded well with the distribution chart of Atsumi-machi made by aerial photo interpretations
(Fig. 6). Finally, the classification was applied for broad area (22kmx17km), and the result was
compared with the data of the “Actual Vegetation Maps”. In this case, the result also corresponded

well with the Vegetation Maps of Atsumi-machi region (Fig. 7).
Discussions

It has been clarified that the distribution chart obtained from Landsat TM data analysis is
nearly equal to that of the aerial photo interpretations. That is, appropriate ground truth surveys
make it possible to classify a wide area, for example, an entire Landsal scene or an entire area
of a prefecture) while maintaining the same accuracy.

The use of Landsat TM data offers these advantages: (1) Up-to-date data: Information on current
afforestation and deforestation and ages of trees. This information is not available in the “Actual
Vegetation Maps”.

(2) Economics: A broad area, such as an entire Landsat scene (185km X 170km), or an entire area
of a prefecture can be treated simultaneously. The ground spatial resolution is oftain much
better with the Landsat TM (28.5nf) than with the “Actual Vegetation Maps” or some kind of
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mesh maps (lki). This means that more-detailed data can be obtained at inexpensive cost.

(3) Efficiency: Data processing takes little time. One trial of Maximum Likelihood Classification,
for example, took less than 1 minute for a 30 ki area (1,024 pixel X1,024 pixel X6 bands, 3 classes
of Maximum Likelihood Classification) and less than 30 minutes for two thirds of Yamagata
Prefecture. Moreover, the person doing the data processing and analysis need not be a computer
specialist.

(4) Flexibility of data: Digital data processing contains various types of data conversion. trans-
formation, and registration techniques. They include i) raster digitizing (rasterization) of aerial
photos and maps through the use of scanners, ii) extracting GCPs between two raster data sets
(or raster and vector data sets) for further calculation of coefficients for transformation, iii)
interpolation and resampling of pixels (mesh data), iv) raster-to-vector conversion, v) vector-
to-raster conversion. These techniques enable data comparison or data overlay to be easily and
rapidly made.

In the present research, we used Landsat TM data obtained in early summer or midsummer.
Four different data sets with the same methodology were analyzed, and similar results were
obtained. The question of any suitable period or season to make distribution charts of a Cry-
ptomeria japonica forest was not discussed. Themes on a technique to ascertain the accuracy of
the classification and a criteria of allowable error should be treated in our further research. This
research should provide basic information about airborne Cryptomeria japonica pollen and also

contribute to the investigation of physiological stress of forest caused by air pollution.
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Fig. 1.
objective area (Tachikawa-machi ).

frame corresponds to the area of Chart 1.

Fig. 3. Classification (clustering) results.

Each class is painted with the same color.
This photograph contains 128 different colored
areas, the maximum number of the classifica-
tion.

False color composite image of an
White

Fig. 2. Chart 1 Distribution chart of Crypto-
meria japonica forest determined by aerial
photo interpretation and ground truth survey.

Black area represents a Cryptomeria japonica

forest.

Fig. 4. Chart 2 Distribution

meria japonica forest obtained from an analysis

23

chart of Crypto-

of Landsat TM data. The Cryptomeria japonica
forest is represented as a white area on a false

color composite image.
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Fig. 6. Distribution chart of Cryptomeria

japonica forest obtained from an analysis of
Landsat TM data (orange areas) overlaid onto
the chart determined by aerial photo interpreta-
tion and ground truth survey (black area).
Brown area represents Cryptomeria japonica
forest obtained from both analysis.
= T

Fig. 7. Verification of the usefulness of the
Maximum Likelihood Classification method
applied to the Atsumi-machi region.

The following remote sensing data were used,
A, July 28, 1986; B, August 21, 1989 (the area
shaded by cloud in Fig. 7TA); C, Distribution
chart from the “Actual Vegetation Maps”.
The Cryptomeria japonica forest is represented
as a red area on a true color image. Obviously
good results could have been obtained if the
area had not been shaded by clouds.
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