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Abstract

Eight sets of SPOT satellite imageries, covering nine years from 1994 to 2002 and are
equivalent to eight months, were used to monitor the seasonal changes in the normalized
difference vegetation index (NDVI) of the Mt. Huangzui areain the Yangminshan
National Park at northern Taiwan. The grey system theory was applied to analyze the
contribution degree of the five climate factors on the satellite remote sensing NDV1 of
four major vegetation such as Axonopus affinis Miscanthus foridulus Eurya crenatifolia
and broad leaf vegetation. The grey relational analysis showed that the contribution
degree of climate factors to satellite NDVI is: monthly mean temperature daily
cumulative irradiance daily insolation percentage monthly mean relative humidity
monthly cumulative precipitation. This suggested that light and temperature play more

important rolein the satellite NDV|I than water in the Mt. Huangzui area.

Keywords: Climate factor, Grey relational analysis, Normalized difference vegetation

index, NDVI, Satellite remote sensing, Mt. Huangzui area.



I ntroduction

Satellite remote sensing has been used in plant science research to monitor
long-term and great-scale changes in vegetation (Oechel and Reid, 1984; Jakubauskas et
al., 1990), photosynthesis of terrestrial plants (Field et a., 1994), changes in canopy
structure and density (Malanson and Trabaud, 1987), recovery of primary production
(Specht, 1981; Tucker and Sellers, 1986), regrowth rates and biomass production of the
forest (Viedma et al., 1996), rates and models of recovery (Viedma et a., 1997), and
other aspects of the ecological recovery process.

The climate status, often associated with light, temperature, precipitation, relative
humidity, wind, and so forth, are fundamental forest parameters affecting the growth of
vegetation. The spectral identification and analysis of chlorophyll for the remote sensing
of vegetation have made significant progress in the past three decades (Hsu et al., 2003).
However, in nature, the upwelling radiance from the forest is a combined effect of all
vegetation components in the forest affected by the complex climate status. It is very
important to determine how the total reflectance signal results from individual constituent
of climate status. No solution can be found in the traditional mathematics and statistics.
However, the grey system theory can solve this problem.

The grey system theory, founded by Deng (1982), is used for systems when part of
information is clear and some is not. With only a limited number of data, the theory can
effectively deal with the poor, incomplete, or uncertain problems of a system. It is used to
study the relationship between known and unknown information. It includes six
methodologies: grey generation, grey relational analysis, grey modeling, grey prediction,
grey decision making, and grey control (Deng, 1982 and 1989). Since its appearance,
more and more researchers in various fields have applied the theory to the handling of

their data. Grey relation analysis, within grey system theory, is meant to describe the

3



posture relationship between one main factor and all the other factors in a given system.
The known information is based on standard patterns (reference or control patterns). The
grey relational value thus is used to reflect the relationship between a reference condition
and atest condition. Grey relational analysis has been used to find out the most important
factor affecting a subject, such as a topological effect on an ecological environment (Che
and He, 1993), a serum marker’s effect on the detection of liver fibrosis (Chen and Tan,
1995), the relationship between lint yield and cotton fiber quality (Chen, 1990), or the
relationship between main quality and agronomic characters of wheat (Guo et al., 1991).

Recently, grey relational analysis was successfully used to compare the degree of
contribution of individual antioxidant to total antioxidative capacity or function in
various measurement systems, and grey decision making was also used to identify which
herb plants had the highest antioxidative capacity and function for marketing (Chung,
2001). Grey relationa analysis was successfully employed to connect satellite remote
sensing data monitored in space and chlorophyll biochemical data detected on earth. In
this way, chlorophylls and their derivatives with less or non-polar chemical structures
were found to contribute much more to the normalized difference vegetation index
(NDVI) than those with more polarity. The former are located in the thylakoid membrane
and the latter in the stroma, of higher plant chloroplast (Yang, 2001).

In a previous study, combining the satellite data and grey system theory, we found
that the water-related climate factors, such as precipitation and relative humidity, play
more important role in satellite remote sensing brightness index (BRI) of carpetgrass in
Mt. Huangzui area than the temperature-related climate factors, such as insolation
percentage, temperature, and irradiance (Huang et al., 2003). In this study, we further
employ grey relational analysis to pinpoint the most important contribution or to compare
the contribution degree of five climate variables determined on the ground to the NDVI

of four vegetation in Mt. Huangzui area monitored by SPOT satellite in space.
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Materialsand M ethods

Sudy site

Mt. Huangzui is located in the east part of Yangminshan National Park at northern
Taiwan and is one of the Datun volcanic group composed by more than twenty volcanoes
in the park. The geology is mainly andesite. Mt. Huangzui with its height of 912 mis a
conica volcano. The peak of Mt. Huangzui is of wide area with U-shape, of which the
orifice points to the north (Fig. 1). It has a volcanic crater, around 500 m in diameter and
60 m in depth. It has been listed as the conservation zone in 1983 due to the primitive

landscape and abundant ecology (Huang, 2002).

Climate data

The climate data covering from 1993 to 2002 and including monthly mean
temperature, daily cumulative irradiance, mean insolation percentage, monthly
cumulative precipitation, and monthly relative humidity, were released from the Central
Bureau of Weather, Department of Transportation, Executive Yuan, Republic of China.
The weather data were recorded by the Chisingshan Station, around 7 km far from Mt.

Huangzui.

Satellite data

Eight sets of orthorectified SPOT satellite digital data of process level 10 were

purchased from the Center for Space and Remote Sensing Research, National Central
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University at Chungli City, Hsin-Chu County, Taiwan. The data were collected on
12/11/1994, 1/6/1995, 3/15/1996, 5/15/1997, 7/22/1996, 8/17/1999, 11/14/1997, and
6/23/2002, equivalent to December, January, March, May, July, August, November and

Junein ayear, respectively. All imagery was free of cloud.

Image Processing

Hybrid classification including supervised and non-supervised classification
methods was used to optimize the classification of ground vegetation in the landslide area
and to promote classification accuracy. The ground investigation was conducted on

10/14/2002 to confirm the satellite remote sensing data.

Normalized difference vegetation index (NDVI)

The reflectance index of vegetation used in this study was defined by the equation

(IR R)/(IR R), generally named normalized difference vegetation index (NDVI).

Grey relational analysis

The five constituents of climate status were treated as a comparison or test series,
and satellite NDV I was used as a reference series. The basic principle and method of grey
relational analysis are as follows (Deng, 1982 and 1989).

(2) Normalization of original data series:

Mean value normalization method is applied in the data series treatment. For
example:

If the original data is Xo(K) = (X(1), X(2), X(3),...,X(K)), then the initial normalization
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data seriesisx, = (

xd) , X2) , X3 X(k)) . If the mean value of the original data iSX
X1 x@) x@®  x@)

then the mean value normalization data series becomes x; = (X(l) X2 , X(_S) . X(k))

X' X 'x "X

where X = EZ x(K) .
n

k=1
(2) The grey relationa coefficient yis defined asfollows:

H%o(K), X(K)) " minHXo(k) =X (k)H +¢ mjaX mleHXO(k) - X, (k)H
Xo(K), X =

max max
[ (k) =, (k)| + ¢ ik % (k) x; (K]
j=1,...m; k=1,..,n
j isthe identification coefficient; its value is taken as [0,1], usually,
y=0.5.

Xo is the reference data series.

X; isthe test data series.
% (k) = x; (k)| is the absolute value (norm) of the difference

between Xo(K) and x;(K).
minmin

K on(k)—xj (k)H is called the secondary minimum

differencewhich isselected in all j.

min

%o (k) = x; (k)| i called the first minimum difference which
k

isselected in al k.

al the same as max max.
(3) The grey relational grade »° (% (k) x; (k)) is
7 %6005, ()= 370600, (K).

(4) Rearrangement of grey relational grade from large value to little value in a series.



The grey relational grade has the following characteristics:
a 0<y <1.
b. The more similar the test data x;(K) is to the reference data xo(k), the larger the grey
relational grade value y .
c. Only if the reference series Xo(K) is exactly equal to the test series x;(k), does the grey

relational gradevalue y =1.



Results and Discussion

Mt. Huangzui and Vegetation

Today's Mt. Huangzui was formed when the volcanic eruption took place
approximately 600,000-800,000 years ago and was formed by the molten lava and
pyroclastic rock at the volcanic crater, which is located at the peak of the mountain. An
U-shape volcanic crater surrounded by the east, west, and south edges, was also formed
during the volcanic eruption. It was found during the ground truth investigation on
10/14/2002 that around twenty buffalo habitat at Huangzui Pond and swamp and nude
areain the volcanic crater. A big shadow puddle and naked area was aso found in the east
edge and may become a big shadow lake during the rain season (Fig. 2).

The dominant patch of vegetation in Mt. Huangzui area are: Axonopus affinis,
Miscanthus foridulus, Eurya crenatifolia, and broad-leaved plants (Fig. 2). Today’s
carpetgrass A. affinis in Mt. Huangzui area was transplanted from outside when the
Japanese occupied Taiwan after 1895 in order to raise buffalo. Before transplanting, the
major vegetation M. foridulus on the edges and/or volcanic crater was cut off (Chang,
1991; Chang et al., 1992).

Apparently, the carpetgrass land on the three edges and in the center area of volcanic
crater can be remotely sensed by SPOT satellite more than 800 km high in space. The
distribution of M. foridulus was demonstrated by light-green in satellite image (Fig. 1).
The carpetgrass land at the west and south edges is about 500 m long and narrow,
whereas that at the east edge is similarly long and wide. This might be caused by the
steepness of the west and south edges and the flat-top at the east edge. A big patch of A.

affinis can be monitored at the corner between the west and south edge.



Climate status

The climate data cited in this study ranged from 1993 to 2002 and included monthly
mean temperature, daily cumulative irradiance, daily mean insolation percentage,
monthly relative humidity, and monthly cumulative precipitation. Among the five climate
factors, the former three showed a similar pattern of annual cycle. They gradually and
almost instantaneously increased during late winter and spring, and reached the maximal
during the summer, then gradually decreased in autumn and reached to the minimal in
winter. The daily insolation percentage runs more smoothly than the other two (Fig.
3A-C). The pattern of monthly relative humidity totally reversed to the above three.
However, the monthly relative humidity always kept at the high level, between 87% and
94% (Fig. 3D). The average monthly cumulative precipitation between January and
September within nine years is aways more than 250 mm. November and December are
the rainy season in Mt. Huangzui area and the average precipitation reached to 524 mm

and 427 mm, respectively (Fig. 3E).

Normalized difference vegetation index (NDVI)

The spatial distribution of vegetation's NDV|I revealed several characteristics (Fig. 4

and 5):

First, the U-shape pointing to the north and surrounded by the west, south, and east
edges can be easily distinguished from other vegetation around in all seasons, especially
in the period between May-November (Fig. 4C-4G). The Huangzui Pond and its
surrounding swamp or nude area is in the central part of the volcanic crater. A shadow

puddle also can be found in the east edge in all seasons. The image forming the horseshoe
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isthe carpetgrass A. affinis propagating along the three edges.

Second, the vegetation’s NDVI in each pixel aways vary seasonally or periodically,
forming an annual cycle (Fig. 4 and 5A). The NDVI in total winter ranging from
December to February (Fig. 4H and 4A) and early spring in March (Fig. 4B) was the
minimal even down to the level less than 0.1, whereas that during the May-August period

(Fig. 4C to 4F) was the maximal up to the level more than 0.5.

Third, in spite of total or individual vegetation such as broad leaf, A. affinis, M.
foridulus, and E. crenatifolia, the change of their NDVI are parabola type (Fig. 5), like
the curve of monthly mean temperature, daily cumulative irradiance, and daily insolation
percentage (Fig. 3A-C). That is, the maximal NDVI is aways distributed in May-August
period and the minimal in December-March period, as well as that shown in Fig. 4.
Except the winter, the NDVI of broad leaf is much greater than those of A. affinis, M.
foridulus, and E. crenatifolia. Among the latter vegetation, the NDVI of M. foridulusis a
little greater than that of E. crenatifolia, which is also alittle greater than that of A. affinis.
In summer, while the NDVI of broad leaf is at the level of 0.55, those of other vegetation
are around 0.45, causing the NDVI of total vegetation is 0.5. In winter, no apparent

difference was found among the NDV| of all vegetation.

Forth, comparison between the curve patterns of climate factors (Fig. 3) and that of
NDVI (Fig. 5) suggest that monthly mean temperature and daily cumulative irradiance
have more relation to the NDVI of total or individual vegetation than daily insolation
percentage, which also has more relation than monthly relative humidity and monthly

cumulative precipitation.
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Grey relational analysis

It is known that the traditional statistics cannot solve the problem of the extent to
which individual factor contributes to a subject. However, the grey system theory is able
to make up for the weakness of traditional statistics. We, therefore, applied the method of
grey relational analysis to determining the contribution degree of the five climate factors
to the NDVI of several vegetation remotely monitored by SPOT satellite.

The seasonal change of NDVI of four vegetations such as A. affinis, M. foridulus, E.
crenatifolia, and broad-leaved plants, and five climate factors were firstly

mean-normalized, according to grey relational analysis (Table 1).

The grey relationa values were further calculated on the basis of mean
normalization result (Table 2). In spite of total or individua vegetation, the grey
relational values are: monthly mean temperature daily cumulative irradiance daily
insolation percentage  monthly mean relative humidity  monthly cumulative
precipitation, which also stand for their grey relational order and contribution degree.
That is, the monthly mean temperature plays the most important role to the NDVI1 of total
or individual vegetation in Mt. Huangzui area, whereas the daily cumulative irradiance
second, and the daily insolation percentage the third. The monthly mean relative humidity
was at the forth place. The monthly cumulative precipitation always plays the least

importance.

This data completely reversed to the effects of the same climate factors on the
satellite brightness index (BRI) of carpetgrass A. affinis in Mt. Huangzui area (Huang et
al., 2003). Thisis because the meanings of NDVI and BRI are totally reversed. Therefore,

various climate factors make different contributions to satellite NDVI. However,
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temperature and light among the five climate factors make the most important
contribution to the vegetation index. Furthermore, it seems that cumulative irradiance
plays a more important role than insolation in the satellite NDVI, and that relative

humidity and cumulative precipitation are even less significant.

Since daily cumulative irradiance and daily insolation percentage apparently affect
the temperature and are related to sunlight, and monthly mean relative humidity and
monthly cumulative precipitation are related to water, which is abundant in whole year in
Mt. Huangzui area, temperature and sunlight obviously make more contribution to the

vegetation’s NDV | than water.

monthly cumulative precipitation monthly mean relative humidity daily insolation

percentage monthly mean temperature daily cumulative irradiance
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Table 1. The NDVI of total and individual vegetation and five climate factors according
to the data of figure 3 and 5.

Month NDVI Climate factors
Total Individual Insolation Humidity Precipitation Irradiance Temperature
(%) (%) (mm) (Mj/m) ()

A. affinis M. foridulus E. crenatifolia Broad leaf

1 0.143 0.214 0.143 0.200 0.224 19.9 917 269.9 164.5 10.3
3 0.136 0.152 0.130 0.124 0.176 20.5 89.6 271.6 249.5 134
5 0.523 0.437 0.484 0.474 0.558 18.6 87.1 305.3 314.0 194
6 0.503 0.467 0.498 0.472 0.531 20.8 87.1 266.1 320.0 222
7 0.486 0.377 0.453 0.374 0.542 29.0 86.1 269.1 386.9 231
8 0.492 0.444 0.467 0.445 0.518 29.9 87.2 321.7 379.6 22.8
1 0.422 0.438 0.407 0.405 0.515 15.8 92.2 524.1 147.2 15.2
12 0.131 0.181 0.106 0.155 0.218 11.8 93.2 427.2 129.2 12.0
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Table 2. The mean normalization value of the NDV|1 of total and individual vegetation
and five climate factors according to the data of figure 3 and 5.

Month NDVI Climate factors

Total Individual Insolation Humidity Precipitation Irradiance Temperature

A. affinis M. foridulus E. crenatifolia Broad leaf

1 0.403 0.632 0.426 0.604 0.546 0.958 1.027 0.813 0.629 0.597
3 0.384 0.449 0.387 0.374 0.429 0.985 1.004 0.818 0.955 0.773
5 1.475 1.290 1.440 1431 1.360 0.894 0.976 0.920 1.201 1.120
6 1.419 1.379 1.482 1.425 1.294 1.000 0.976 0.802 1.224 1.282
7 1371 1113 1.348 1.129 1321 1.396 0.964 0.811 1.480 1.338
8 1.388 1311 1.390 1.344 1.263 1.437 0.9767 0.969 1.452 1.319
1 1.190 1.293 1211 1.223 1.255 0.760 1.033 1579 0.563 0.881
12 0.370 0.534 0.315 0.468 0.531 0.570 1.044 1.287 0.494 0.691

19



Table 3. Grey relational grade and order of the effects of climate factors on the total and
individual vegetation in Mt. Huangzui area. The numbers in parentheses are the grey
relational order.

Vegetation Climate factors

Insolation ~ Humidity Precipitation Irradiance  Temperature

Total 0.648(3) 0.534(4) 0.497(5) 0.704(2) 0.734(1)
Individual

Broad-leaf 0.613(3) 0.518(4) 0.495(5) 0.699(2) 0.777(1)
A. affinis 0.577(3) 0.526(4) 0.511(5) 0.682(2) 0.720(1)

M. foridulus 0.625(3)  0.526(4) 0.498(5) 0.680(2) 0.718(1)
E.crenatifolia ~ 0579(3)  0.531(4) 0.501(5) 0.677(2) 0.712(1)
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Figure 1. Geographic location of Mt. Huangzui areain the Yangminshan National Park at
northern Taiwan. The satellite image was taken on 6/23/2002. The light-green imagery on
the edge is the carpetgrass land. The east, west, and south edges formed an U-shape
volcanic crater, of which the orifice points to the north. The white and yellow in the

center is the Huangzui Pond and nude area around.
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Figure 2. Color photo of Mt. Huangzui. All the pictures were taken on 10/14/2002 during
the ground truth investigation. (A) An U-shape volcanic crater surrounded by the east,
west, and south edges; (B) Huangzui Pond and swamp and nude areain the volcanic
crater; around twenty buffalo habitat in this area; (C) The carpetgrass, puddle and naked

areain the east edge; (D) The carpetgrass in the west edge.
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Figure 3. Climate data of Mt. Huangzui area covering from 1993 to 2002. The data were
the average of (A) monthly mean temperature, (B) daily cumulative irradiance, (C) daily
insolation percentage, (D) monthly mean relative humidity, and (E) monthly cumulative

precipitation.
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Figure 4. The spatial distribution of NDV1 in the Mt. Huangzui area monitored by eight
sets of SPOT satellite data taken from 1994 to 2002. The red arrows point to the
Huangzui pond (HP) and shadow puddle (SP) in the volcanic crater and east edge,

respectively.
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Figure 5. The seasonal change in the NDVI of total and individual vegetation in the Mt.
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