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CHANGES IN HYDROLOGICAL CYCLE DUE TO URBANIZATION
IN THE SUBURB OF TOKYO METROPOLITAN AREA, JAPAN

A. Kondoh' and J. Nishiyama®

ICenter for Environmental Remote Sensing, Chiba Univ., 1-33 Yayoi, Inage, Chiba 263-8522, JAPAN
’Graduate Student, Graduate School of Science and Technology, Chiba Univ., 1-33 yayoi, Chiba 263-8522, JAPAN

ABSTRACT

The suburbs of Tokyo Metropolitan area has been experiencing heavy land use/cover changes followed by modernization of
Japan. The stages of land surface alteration can be precisely monitored by satellite remote sensing data and printed maps.
Image processing system and Geographic Information System are used to draw land use/cover maps, and the changes in it
was discussed. After delineating the urbanization process, the changes in hydrological cycle are assessed. In this paper,
changes in areal evapotranspiration due to urbanization and the response of groundwater flow system for changing recharge
are evaluated. As a result, decrease in evapotranspiration is assessed quantitatively, and it is clarified that the effect of
decreasing recharge is large in local ground water system in upper stream. Finally, addition of runoff component was
discussed. Although, the synthesized basin hydrological model is remained as future objectives, its completion is necessary to
get a true prospect of future environments by assessing the consequence of the impact to ground surface by man’s activity.

INTRODUCTION

Most cities in Japan is located in the alluvial lowland. Surrounding Quaternary upland have undergone heavy development
activities for housing sites, golf course, industrial area, and so on. The changes in land use/cover can be detected by space
technologies and Geographic Information Systems(GISs). The man’s impact to land surface is easily visualized by existing

satellite images and maps.

Next important themes to be resolved is to explain what has been changed by such impacts. From hydrological viewpoint,
changes in heat and water budget are the most important aspects. Most of the regional environmental issues can be explained
by changes of them. Generally speaking, urbanization causes the reduction of evapotranspiration and groundwater recharge,
and increase in direct runoff, which lead to urban heat island, drying up of well or spring, urban flood, and others. The
synthetic model which covers three components of hydrologic cycle, namely evapotranspiration, subsurface water and surface
water, is necessary to assess quantitatively regional environmental changes. A preliminary attempt is made in this paper to
link the evapotranspiration and the subsurface water model with the aid of RS and GIS. )

STUDY AREA

The extent of 1:50,000 topographic map “Chiba” is selected as the study area(140.00E,35.67N-140.25E,35.50N), of which
area is about 420 km?2. Chiba is located about 30km east of Tokyo, and is the eastern edge of the Tokyo Metropolitan area.
For hydrological calculation, drainage basin of Miyako river is selected as working area. Drainage divide is determined by
using DEM(Digital Elevation Model), of which resolution is about 100m. By tracing minimum altitude among four
directions, all the grids which can reach the grid of river mouse are selected. Figure 1 shows the calculated area and

subcatchments of Miyako river.

LAND USE/COVER CHANGES DURING LAST 100 YEARS

The first topographic map based on triangular survey was created in Meiji era, about a hundred years ago. First 1:50,000
topographic map “Chiba  was measured in 1903 and published in 1909. By digitizing land use drawn on the map using GIS,
land use map in 1903 was obtained. Figure 2 shows the land use in Chiba area in 1903.
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The LANDSAT-1 MSS image taken on December 1972 and LANDSAT-5 TM image of November 1995 are used to detect
recent land use/cover change in Chiba area. Figure 3 shows land use/cover in 1972 and 1995. The increase in urban area and
the decrease in forest and paddy field during recent 14 years are clearly recognized in the images.

The area of forest in 26.6 % in 1903, however, it decreases to 15.9 % in 1995. Paddy and crop field decreased from 31.7% to
19.2 % during the same period. The artificial land use, such as cities, housing site, are increased from 2.9% to 37.1 %. These
changes are typical in the suburbs of the Tokyo Metropolitan area. All these changes should affect the water and heat budget,

and lead to regional environmental changes.

1995

Fig.3 Landuse classification map in 1972 and 1995 obtained from
LANDSAT satellites. Dark color shows forest and vegetated
area, and light grey denotes urbanized area.




THE EFFECTS OF LAND USE/COVER CHANGES TO HYDROLOGICAL CYCLE

Changes in Evapotranspiration

There are several models which can calculate evapotranspiration, Et, from ordinary meteorological data. Penman method
(Penman,1948) is used to calculate evapotranspiration, however, net radiation(Rn) is replaced with available energy(Rn-G)
where G is soil heat flux. Land use maps shown in Figure 2 are converted to albedo distribution by the table shown in

Kotoda(1986), and used for calculation.

Figure 4 shows the difference in Et between 1972 and 1995 with meteorological data of 1995. Evapotranspiration decreases
at about 38% of the land area, and its average fall is 160mm. The decrease to the amount of 366mm is possible in local scale
where forest changes to city. Alteration of forested area to urban or residential site causes increase in albedo and heat flow to
the ground. It leads to the reduction of available energy for evapotranspiration. This is one of the main reason to regional

warming, namely the urban heat island.

Changes in Groundwater Flow System

Figures.1 and 2 reveal the increase in artificial land cover, such as building, asphalt road, and so on. They reduces infiltration
of precipitation to the subsurface, which lead to the reduction of groundwater recharge. The quaternary upland is composed
of unconsolidated sand and mud, and subsurface water cycle plays important role in the total water budget. The response of
groundwater flow system(Toth, 1963) to changing recharge is assessed by simulation of groundwater movement.

The average annual precipitation in Chiba area is around 1500mm. As a difference between annual precipitation and annual
evapotranspiration, about 600mm of the recharge to the groundwater is possible. The annual recharge amount of 1200, 600
and 300mm are selected as extremely high, moderate and relatively low recharges to assess the response of groundwater flow
system with changing recharge. The basic equation is three dimensional steady state groundwater flow model. The important
point is that the groundwater table is adjusted to meet the assigned recharge(Kondoh,1985).

The study area is the basin of Miyako river, however, calculated region is extended to the channels of adjacent river and also
extend to the Tokyo Bay as a cushion zone because the drainage areas of surface and subsurface water are different. Figure 5
shows the amount of discharge for subcatchments. The effect of changing recharge is large in upper streams. This explains
that the reduction of recharge caused by urbanization at the upland exerted a strong influence to the local groundwater flow
system, on the other hand, the regional groundwater flow system has less influence of land use/cover changes at the upland.

Tokyo Bay

Fig.4 The difference in evapotranspiration
between 1972 and 1995. The grey scale 0-
255 corresponds to 0-180mm/year.
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DISCUSSION

It can generally be considered that urbanization causes reduction in evapotranspiration and groundwater recharge. Urban
heat island is the result of decreasing evapotranspiration. The model calculation gives quantitative results for decreasing

evapotranspiration. The effect of reducing recharge to groundwater system is qualitatively explained by simulation study.
Namely, the change in recharge causes more severe effect to upper streams, which leads to disappearance of streams and
spring, lowering of water table, reduction of base flow, and so on.

To complete the model of hydrological cycle, runoff component is necessary. The runoff from each grid can be calculated by
summing up the r(P-Et) in recharge area, and P-Et+Dis in discharge area, where r is runoff ratio, and P, Et and Dis are
annual precipitation, evapotranspiration and groundwater discharge respectively. In groundwater component, (1-r)(P-Ef)
should be recharge to the groundyater flow system, and Dis can be calculated from resulted hydraulic head distribution.

In our current knowledge, it is difficult to assign r for each land use/cover classes. The completion of synthesized basin
hydrological model is our next goal. It will be annual based water budget model which can assess the changes in basin
hydrologic cycle, especially in quaternary upland.

CONCLUSION

Th land use/cover éhanges during modernization in the eastern suburbs in Tokyo metropolitan area are delineated by using
satellite remote sensing and GIS. Reduction of evapotranspiration and extinction of local groundwater flow system can be
understood by applying hydrological process models, however, their remains another important hydrological process. At
least, evapotranspiration, groundwater flow and runoff components are necessary to understand changes in hydrological cycle
in a drainage basin. To combine runoff components to the model is our next objective to make clear the water and heat
budget in urbanized basin.
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Estimation of Ground Conditions and Earthquake Damages
Based on the Land Use and its Change

hH E— (FEXZH)

fiE BE (TEXF)
Shoichi NAKAI (Chiba University), Akihiko KONDOH (Chiba University)

From the viewpoint that topography has strong relationship with ground conditions and that veg-
etation and the land use were restricted by topography especially in the old times, maps in the old
times have been digitized and compared with those in the present time that are provided in a digital
form. It was found that the land use and its change are notable clues to estimate the outline of the
ground condition. Especially, paddy fields in the old times were found to coincide well with allu-
vial soils. Based on this information, damages due to earthquakes were examined next. From this
study, it was confirmed that landform classification derived from land use can give a good hint to

evaluate damages due to earthquakes.
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Table 1 Relationship among Landuse, Landform and Ground Condition

Land USC." in the Old Land Use “,l the Present Possible Landform Possible Ground Condition
Times Time
Paddy Field Paddy Field Low Land, Swamp Soft Alluvial Silt and Clay
Paddy Field Building, Lifeline Fill Filled Ground Underlained by Alluvial Soil

Sea, Tidal Flat Other than Sea/Tidal Flat

Reclaimed Ground

Filled Ground Underlained by Alluvial Soil

Forest Building, Lifeline

Leveled Ground

Cut and Fill of Diluvial Soil

Forest Forest

Other than Low Land

Diluvial Soil

Field, Orchard -

Hill, Terrace

Diluvial Soil

Building -

Local Relief, Hill

Alluvial Sand and Gravel, Diluvial Soil
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This research work is also cooperative study with Thailand government organization.
At first, the GIS database and GIS study in Thailand was investigated for the evaluation of
agricultural land use. The meteorological and soil moisture measurement system was
introduced for farmland evaluation. The relationship between food trade and agricultural
development and the application to the flood damage estimation by geomorphological maps

were mentioned as the application of GIS database. These studies are still in progress.
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A Water Balance Model of the Liake Bosten
in the Yanji Oasis, Xinjiang, China

Zhao Jingfeng*, Hideki Nagashima*, Takashi Ishiyama**
*Tokyo University of Fisheries, **Chiba University, Center for Environmental Remote Sensing.

Abstract

Yanji Basin is a subsidence of the earth’s crust that is enclosed within the Range of Mountain Tianshan, The Lake
Bosten, which is located in the lowest place of the Yanji oasis, is in the center part of the Basin. The three main inflow
rivers, named Kaidu, Huangshui and Qingshui, derive from the northwestern and northern mountain areas. The outflow
is only Kongque River, which located on the southern tip of the basin. The Oasis mainly consists of the irrigation areas,
reed lands and other water areas. With the examination of the hydrological characteristics of the Basin, which are
studied based on the analysis of available data from 1976 to 1989 at the hydrological stations around the Yanji Oasis,
we built up a water balance model of Lake Bosten over the entire Oasis region. For the model, the estimation of the
annual evapotranspiration of the area is required. In order to resolve this question, we firstly calculate the water budget
with this model by using of some empirical parameters from the previous researching results; then we can compare the
calculated lake's levels with the those of recorded for each year. Furthermore, on the basis of the fact that little changes
of the water storage in the oasis had occurred for a long period, we can revised the em"piric,al parameters by the means
of mathematical analysis to minimize the difference between the water levels of calculated and recorded. Finally, the
water level of the lake and other water budgets in the oasis could be calculated with this model, while including the
variation of the water storage in the oasis each year.

Key Words: Water Balance Model, Bosten Lake, Yanji Oasis.

1.Introduction:
The Lake Bosten is located in the lowest place of the Yanji Basin in the center part of the Yanji

Oasis. It is the biggest freshwater lake in the inland of China Xinjiang nowadays. The water
capacity of the Bosten lake is about 8.8~7.8 km* coincide with the water level of 1046 meters; in
this case, the water area can reaches to 859.46~ 888.09 km?. For the inflow discharges in the Basin,
it mainly comes from the three main rivers, named Kaidu, Huangshui and Qingshui respectively,
which derive from the northwestern and northern mountain areas. The outflow is only Kongque
River that located on the southern tip of the basin. The Yanji Oasis mostly consists of the irrigation
areas, reed lands and other water areas and distributes on the western and northern parts of the Lake.
The oasis is not only one of the important regions of agricultural production, but also is main place
of reed origin in Xinjiang Autonomous Region. With regards to the Lake Bosten, it plays an
important role on the development of agriculture, industries and fisheries as well as the natural
environment. However, its water area recently shows a decreasing trend, and the water salinity
becomes high especially during the 1980s'. Thus, it is very necessary to clarify the water balance
mechanism of the Lake. In this study, by using the available data of the five hydrological stations
around the oasis and the lake from 1976 to 1989, we built up a water balance model of Lake Bosten
over the entire Oasis region. With this Model, we can estimate the water level of the lake and other

water budgets of the oasis.

2. The Essential Conditions for the Water Balance Model:
The reason to building the water balance model of the Lake Bosten over the entire oasis is
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base on the following factors.
a) The Environmental Conditions of the Yanji Oasis: i) The Basin is enclosed by the mountains

almost makes the Lake Bosten as a closed system, there is only one outlet across through the
rock uplift with a very slight gradient slope down to the southern tip of the basin. Therefore, we
can consider that the groundwater can only flow to the oasis and the lake without out of the
Basin. ii) The Boundaries between the oasis and Gobi is very clearly, thus it is easy to calculate
the areas of vegetation for the purpose of estimating the evapotranspiration. iii) The 4 normal
hydrological stations just distributes around the peripheries of the oasis with long-term's

observation (See the Table 1).

Table 1. List of Hydrological Observation Stations
Station Name of river | Catchment area Elevation Observation Observation items
(km?® (m) Period

DSK St. Kaidu 19,022 [1338.9~1339.7{1955~present |H, Q, Sd ect.
HSG St Huangshuigou 5,000 [1319.4~ 1323.3[1955~present |H, Q, Sd etc.
QSH. St Qingshui 465 |---—- 1956~present |[H, Q, Sd etc.
TSD.St. Konggue — 1048.2 ~1052.3 |1948~present |[H, Q, Sd etc
BST.st. BostenLake | = ---—- 1047.7 ~1049.1|1955~present |H, E*, P, Tw, Ta etc.

*. Evaporation with 20 cm evaporation pan. » H: Water level Q: Discharge Sd: Suspension sandtransport  E:
evaporation P: precipitation . Tw: Water temperature Ta: Air temperature

b) The available data during 1976-1989: i) The rivers discharges and the water levels of the
lake had recorded in these hydrological stations. ii) The precipitation, evaporation and the
water levels of the Lake recorded at the Bosten hydrological station. iii) The areas of the oasis:
It includes the types of irrigation lands, the reed lands, and the other water area etc.(See the

figure 1).

Irrigation lands
36.24%

Main lake
42.01%

Alkalined &
uncaltived lands
2.03%

Other water
areas &
duckweed ete.
2.45%

Reed and cattail
lands
17.26%

Figure 1. The percentage of land surface areas
' in Yanji Basin in 1981

C) The Previous Study Results: i) The relationship between the water levels and the lake's area
and the capacities:
Sm; =a;* (H; —1040) +b; (1)
V, =c, - (H; —1040) +d; (2)
where the Sm; is the area of the main lake with the unit of square kilometer, the V; the capacity with the
unit of 10 #m® corresponding with the water level. ii) The empirical coefficients for calculating the
evaporation and evapotranspiration (Table 3). iii) The integrated data of the irrigation
areas that comes from the different statistical units and different period. iv) The equation
(3) to estimate the areas (SR;) for each grade reed in the year(Yy).
SR; =SR;*+ (1981—Yy) * v; 3)
Where the SR*; is the reed area of the Bosten region in 1981; the i denotes the reed grades that is
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usually classified into 4 grade; v,; denotes degrading rate during this period.

3. A Water Balance Model of the Yanji Oasis

As the Figure 2 shows, the water budgets of the model could be divided info seven parts. How to
calculate the each part of the water budgets is concerning with the success or failure of the water balance
model. With the examination of the hydrological characteristics of the Basin, we set up a series of
equations to estimate them (10°m’ per year) approximately by using of the available data from 1976

to 1989 as well as some previous results.

Springs streams from the
mountains(Qs *=0.1445)

Lake etc. (Ps=1.6455)

Figure 2. The sketch map of the water balance in the Yanji Oasis

Percolation of precipitation Flood of the Mountains Underground runoff from the Percolation of small
(Qpx=0.8707) (QH=0.7667) Mountains (Qu*=0.5320) streams (Qx*=0.4013)
Discharges of inflows rivers Groundwater supply from outer of
(Qr=32.6307) the Oasis (Gm*=2.7170)
Precipitation in the Oasis, I I

Yan ji Oasisv

The storage variation of ground

- |Change into the surface

water in the Yanji Basin (Qg)

water (Qw)

Outflows of the Kongquriver

(Qo=11.0214)

Consume by evapor-transpiration

Qo)

The values shows the water budgets of the specific year with the unit as: 108m3/yea:.
*:denotes the value is only available for certain period

1) The equations of calculating each water budgets:
a) The equations (4) for calculating the total inflow discharges (Qry of the rivers are set up:

Or, =(Rd, + Rh, + Rq, )+ Ro,

Ro, = Ki-Rg,

Ki= Ro*/Rg*=2.0734

Where, Rd, Rh and Rq means annual discharges of the Kaidu, Huangshui and the Qingshui
River respectively, with the recorded data; Ro is the discharge of the other small rives in the
basin; the "* " denotes the data available only during a certain period.

b) The equations (5) for calculating the annual ground water (Gm,) that percolated into the

Qasis are as follows:
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Gm, =a-Qr,

a=Gm*/Qr*

Or*=32.63

Gm*=Q, *+0, *+0, *+0, *+0,*=2.7170
where o is the coefficient; the meanings of the Q,* Q..* Q,* Q.* and Q.* shown as the

Figure 2 above.
¢) The equation (6) can be used to calculate the water supplement of the oasis from the

precipitation (Pb: with the unit of "mm") observed at the Bosten hydrological station:
Ps, = Pb,{Sm, +(Sn, + Sry, + Sy, + Sry; )+ S, + Sw+ Sc+ Sa}-107 6)

®)

Where, the "Sm" of the lake's area can be calculated by the equation (1); "Sr;" can get from
the equation (3), here, the "i" means the grade of the reed, it takes the numbers of 1,2 3
and 4; "Sf" is the area of the irrigation land; "Sw" is the other small lakes' area in the oasis;
"Qe" ig the area of the cattail land near the lake; "Sa" means the area of the Saline-alkali

land and the uncultivated lands.
d) The annual discharge of outflows (Qo) can be obtained directly from the data observed at

Kongque river.
e) The annual variation (Qw) of the water volume in the Lake Bosten can be calculated

from the water levels with the above equation(2)
f) The water consumption (Qc) of the evaporation and evapotranspiration of the lake and
the plant can be estimated by the following equations:

Oc, =(QE,, +QE,, + QE, +QE,,)- Kw )
QE, =E,, -(Sm+Sw)-107

QF, =E,, [ (Sn, +Sry +5c)-Kr, +(Sry, +Sr,,)-Kr, ]-107°
QE, =E,, -Kf-SF,-107 ? M
QE, =E, -Sa-107
E, =2A-Ey
A=E,|E,

7

where the "QE," means the evaporation from the lake and other water areas; "QE,"
means the evapotranspiration of the reedland; "QE," is the evapotranspiration of the irrigation
lands; "QE," is that from the uncultivated lands; "E," is the evaporation of the lake surface that-
can be converted from the data of E,.by using of the coefficient of "17.

2) The water balance equation of the model

As the equations listed above, we can calculate the annual variations (Qg) of water storage
in the oasis with the water balance equation (8) of this model during the period of 1976
to 1989:

[(0r, + G, +Ps,)—(Qo, + Oc, + Ow, )| = Og, + 80, (i =1976,1977,---,1989) (8)

where the " § Q" denotes the residuals in the equation.
At first, we assume the Qg is equal to zero during the period of 1976 to 1989. With the
empirical coefficients listed in the Table 2 and the equations (1)-(8), we could calculated the
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water levels of the Bosten Lake as shown in the Figure 3:

~

(=]

-4 Recorded Levels

(3)]

Water Level +1040 (m)

—0— Calculated Levels(m)

3 1 1 L gl 1
1974 1976 1978 1980 1982 1984 1986 1988 1990
Figure 3. Water Levels Calculated by the Model
without Mathematical Revision and the Recorded
Levels in Lake Bosten

3) Revising the model's equations by means of correcting the empirical parameters of

evaporation and evaportranspiration.
In general, we can consider that little changes of the annual water storage in the oasis

for a long period, the relationship can be described as the equation (9) shown:

lim(Y, >0e )=¢ ©

n—rw i=1976

where, the ¢ means a small quantity. In this case, we assume that the equation (9) is
also effective when the "i" changes from 1976 to 1989; therefore, we can revise the
empirical parameters of the equation (7) as the Table 2 listed below.

Table 2. The Comparison the revised coefficients (K) for calculating the transpiration and the evaporation

Areas | Main Lake (S.) Cattail Land| SR,+SR,| SR,;+SR, (S, (S¢)
(km’) Sw) (S
K Ky K, Kz K. K, K,
Coefhi. 1.0 1.0 1.3 1.3 0.76 0.90* 1.30
Revised 1.32 1.32 1.78 1.78 0.62 0.90 1.06

4.. Calculating the water levels of the Lake by using the water balance model

From now on, with the water balance model in the Yanji oasis, we could calculate the each
parts of the water budgets, by using of the data from 4 hydrological stations and the oasis area,
for example, the water levels of the lake from 1976 to 1989 (Figure 4). However, you must note
that the results contain the errors caused by annual variation of the water storage of the oasis.
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Figure 4. Water Levels Calculated by the Model and the
Recorded Levels in Lake Bosten

5. Discussion:
In this model, the accuracy of water budgets is not only influenced by empirical

parameters of the equations, but also deviated by the following errors.

1) The area data of the reed is only available for two years, the investigation was carried
out in 1965 and in 1981.

2) The estimation of the discharges of the other small rivers:

3) The estimation of the Groundwater Discharges by the inflow discharges.

6. Reference ~
1) Han Shunzhen, Li Chonghao, Wang Debin, Yi Fuke, Chen Gangqi (1985):Reed Resources of the

Bosten Lake, Scientia Geographica Sinica, Vol. 5, No. 4, 374-380. (in Chinese) (B-11)

2)Hua Rﬁnkui, Li Yugqin (1983):Application of Remote Sensing Technique to the Investigation on Reed
Resource of Bosten Lake in Xinjiang Province, Scientia Geographica Sinica, Vol. 3, No. 2, 152-157.(in
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26



The Effect of Land Use Changes on the Water Balance in the Ciliwung-Cisadane Catchment,
West Java, Indonesia

Agung Budi Harto  Graduate School of Science and Technology, Chiba University
Akihiko KONDOH Center for Environmental Remote Sensing, Chiba University
Yasuo SAKURA Department of Earth Sciences, Chiba University

Abstract
The purpose of this study is to clarify the effect of land use changes on the water balance in humid tropics

catchment area. The Ciliwung-Cisadane watershed of West Java, Indonesia, is selected as study area where intensive
land use changes have occurred in the recent past.

The elements of water balance such as precipitation, runoff and evapotranspiration into and from the catchment
were estimated independently with data obtained from direct measurement or mode] calculation.

Based on the observation data, there was an increase in runoff ratio of Ciliwung River and Cisadane River about
5% and 4% respectively. It indicates that there are some natural or artificial changes of land use that disturb the river's
flows and other water cycle components such as evapotranspiration. ‘

Satellite remote sensing data of 1984 and 1991 are used to reveal the land use changes. As results, there recognized
large amount of change from paddy to cropland allocation and new settlement areas have been developed on paddy and
cropland area respectively. '

Characteristic values of albedo are assigned to land use classes, and areal evapotranspiration of two periods are
calculated by using Penman (1948) equation. As results, the amount of evapotranspiration in 1984 and in 1991 were
1,123mm and 1,010mm respectively, which decreased in the amount of 113mm (10%).

According to calculation of water balance, the large amount of residue, which is termed as loss, has been found.
These values indicate the possibility of the existence of percolation into deeper layers and the change in ‘water storage.
Key words: Remote sensing, Land use changes, Evapotranspiration, Water balance

1. Introduction
The change of water balance on the ground surface can be clarified only by investigating the change of distributed

ratio of infiltration, runoff, and evapotranspiration to precipitation. When considering at least one hydrologic year,
water balance in one point on the ground surface can be expressed as follows: '

P=I1+Dr+Et
where, P : precipitation, / : infiltration, Dr : direct runoff, £t : evapotranspiration.

In general, the urbanization caused the increase of impermeable area that lead to the / decrease and the Dr increase.
The decreasing amount of J cause the phenomena such as fall of water table and the drying up of spring, the increase in
Dr cause sudden surface runoff, that is called urban's flood. Again, the land cover changes cause the change in amount
of sun's energy absorbed on the ground surface lead to the change in evapotranspiration. The evapotranspiration is the
important element of water balance because it connects water and energy balance. The evapotranspiration (Et) change
could affect environment heat of region for example the decreasing amount of Et means the decreasing amount of

absorbed latent heat and consequently the temperature of region rise.

2. Objectives of study
Ciliwung watershed has important aspect to serve the water for Jakarta district. Recently, increases in demand for

food and housing facilities caused by rapid population growth and displacement of farmers from lowland areas due to
development and urbanization create pressure on hilly areas upstream. Inappropriate farming methods and movement of
cultivation up to the hillsides is leading to removal of natural vegetation cover, erosion of soil and decrease in water
retention. Therefore, it is important subject to study the water balance in this watershed area.

The purpose of this study is to clarify the characteristic of water balance in the humid tropics especially in the study
area. Further more, the changes in areal evapotranspiration over the study area due to land use changes will be clarified.

3. Study Area
The study area is one of the catchments area in West Java and named Ciliwung watershed with the center point is

latitude 6°40’S and longitude 106°55°E. The watershed occupied 343 km® in area, extend from east to west in 28.5 km
and width from south to north in 15.8 km (Fig.1). The watershed is composed of two main rivers, Ciliwung River and
Cisadane River. There are two mountains, Mt. Pangrango (3,000m) in the southeast part and Mt. Salak (2,100m) in the
southwest. Ciliwung River and southeast part of Cisadane River have its upper reach at Mt. Pangrango while the
southwest part of Cisadane River has its upper reach at Mt. Salak. The rivers flow from mountainous area to the
lowland through Bogor City area which has elevation about 250m above mean sea level. And then two rivers spread to
the north, Cisadane river flows to the northwest but Ciliwung river flow to the north through the Jakarta city.

The climate is tropical and monsoon, consisting of a dry season approximately from May to October and rainy
season from November to April.. The average annual precipitation in this watershed varies from 3,000mm to 5,000mm.
Mean annual temperature in the lowland is around 24°C, with daily range of about 5°C.
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4. Methods -

The land use data used in this study are derived from satellite image data. Those are LANDSAT MSS acquired at
July 1984 and Japan Marine Observation Satellite (MOS) acquired at August 1991. Each image was classified into five
classes according to topographic map that is used as reference map. Those are forest, tea, paddy, cropland and
settlement. The trend of land use changes was calculated by using crosstab module in Idrisi GIS software Clark
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Fig.1 Location of study area

University (1997).

The evapotranspiration (Et) of the area is calculated by
using Penman (1948) formula with land use mass, and
climatological data (air temperature, relative humidity,
wind speed and sun duration) as input parameters.

The calculated Et combined with hydrological data
(precipitation and runoff) used to calculate the water
balance of the watershed in the study area.

5. Results and Discussion
5.1. Land use changes

In the 1984, it appeared that the concentration of
cropland area is still low but in 1991 it showed high
density. By comparing the images, it is clear that the
region was occupied by paddy in the past. As presented in
Table 1, in 1984 the percentage of paddy area was the
largest (41.2%), followed by tea (28.9%) and forest
(17.5%). In the 1991 shows that the order of series was
change because the percentage of cropland area became
greater than the forest area and it indicated that the
cropland area have increased largely.

Table 2 is the cross-tabulation resulted from comparing
each pixel of two land use maps. The columns are land
use categories in 1984 and the rows are land use
categories in 1991. The diagonal line represents the area

where land use is still unchanged. The other cells present the area where land use changes is occurred. As shown in
Table 2, in the period between 1984 and 1991 there is large amount of shifting from paddy to cropland allocation
(12.8%). And new settlement area (3.4% and 1.3%) in 1991 has been developed on paddy and cropland area
respectively. And from that table also can be seen that there is no significant change in forest area between this period.
The shifting from paddy to cropland indicated the increase of demand for vegetables due to urbanization.

Table 1 The proportion area of land use in catchment area

Land use in 1984 Land use in 1991 Changes
Category Hectare | Percent | Hectare Percem | Hectare Percent
Settlement 1,481 39 3,481 9.1 2,000.3 135.1
Paddy 15,834 41.2 10,158 26.5| -5.676.0 358
Cropland 3,238 8.4 7,228 188) 39900 1232
Tea 11,114 289 11,002 28.7 -111.7 -1.0| -
Forest 6,733 175 6,530 17.0 -202.5 -3.0
Total 38,401 100.0] 38401 1000

Table 2 Cross-tabulation land use in 1984 (columns) against land use in 1991 (rows)

Settlement Paddy Cropland Tea Forest Total
Settlement 3.69 3.47 1.34 0.32 0.25 9.07
Paddy 0.11 24.92 1.41 0.00 0.01 26.45
Cropland 0.02 12.82 5.54 0.30 0.14 18.82
Tea 0.02 0.01 0.10 2823 0.29 28.65
Forest 0.01 0.02 0.04 0.09 16.84 17.01
Total 3.86 41.23 843 28.94 17.53 100.00
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5.2. Changes in evapotranspiration
Figure 2 shows the comparison chart between evapotranspiration (Et) in 1984 and 1991. It is seen that almost

monthly Et in 1991 decreased comparing with in 1984. In general, the rate of Et was increase from July through
October, and was going to low starting in November until January. As shown in Table 3, the maximum monthly Et in
1984 was achieved in August at 115mm and the minimum value is in January at 62mm. In 1991 the maximum is in
October at 105mm and minimum value is in February at 62mm. The total Et in 1984 and 1991 were 1,123mm and
1,010mm and the decreasing value is 113mm. It seems to be reasonable considering the past study was done by Calder
(1986). He carried out the measurement of transpiration and interception loss from a region of secondary lowland
tropical rain forest located in the Janlappa nature reserve, West Java, using soil physical and water balance methods.
The calculated total evapotranspiration from the site was 1,481 mm. This value is greater than the values obtained in
this study considering the past study is the forest region.

As described in previous section, there is large
amount of shifting from paddy to cropland allocation

120
1o (12.8%) and new settlement area (3.4%) have been
£ 128 developed on paddy area in the period between 1984
£ ol and 1991. It indicates that the evapotranspiration
E Ll change was mainly caused by the land use shifting
5 e from paddy to cropland and settlement. Those land use
50 o= VARIES changes have affected the energy balarice of that area
40 which is caused by the increase of reflected incoming

J FM A MUJ J A S O N D solar radiation.
Fig.2 Comparison of evapotranspiration in 1984, 1991

5.3. Discharge

From Figure 3 can be seen that monthly precipitation in 1991 is lower than in 1984 except in February and December.
By observing runoff ratio graphs, its found that runoff ratio values in 1991 is higher than in 1984 during rainy season.
This means that the portion of precipitation which flow directly into channel streams is increased from 1984 to 1991. In
dry season the runoff ratio of 1991 is lower than in 1984. This indicated that in a season with.a little precipitation the
river's base flow in 1991 is lower than in 1984. This evidence showed that the land use changes have also affected the

discharge in the study area.

Table 3 Comparison evapotranspiration (Et) in 1984, 1991 and Et-cross.

‘ Jan |Feb [Mar [Apr [May|Jun [Jul [Aug [Sep |Oct |Nov |Dec |Total
Et-1984 62.1] 81.2| 98.7| 90.2| 94.8{ 89.5| 101} 116| 106| 104| 89.4] 91.2| 1123.7
Et-1991 68.7| 62| 79.7) 76.3| 82.5| 83.5| 91.4; 100| 91.6] 105| 86.6| 83.2| 1010.3
Table 4 Runoff ratio between 1984 and 1991
CK 1984 | CG 1984 WW 1984 CK 1991 CG 1991 WW 1991
P 3796.4 37277 3759.3 3503.0 3396.7 34457
1489.5 1451.4 1468.9 1441.8 1374.2 1405.3
RR 39.2 38.9 39.1 41.2 40.5 40.8

CK = Ciliwung Katulampa sub-catchment, CG = Cisadane Genteng sub-catchment,
WW = whole watershed, P=precipitation, Q=discharge, RR=runoff ratio (%)

Also from Figure 3, there is large amount of variation which exists in the monthly precipitation and discharge in
catchment area. The reason is that the catchment area is located in tropical regions which have distinct dry and wet
season. The maximum monthly precipitation sometimes reaches 500mm. On the contrary, there are two or three

consecutive months without rainfali.
From Table 4 it can be seen that in Ciliwung-Katulampa river and Cisadane-Genteng river the runoff ratio increase

around 5% and 4% respectively.

5.4. Annual water balance
The annual water balance of the total catchment area and each sub-catchment is shown in Table 5. In the whole

watershed by integrating two sub-catchments into calculation have been found large amount of residue that can be
termed as loss including the possibility of the existence of percolation into deeper layers and the change in water storage.
The loss in 1984 was 1,166mm that is 31% of annual precipitation while in 1991 as much as 1,030mm or 30% of annual
precipitation. The similar research on the southwest slope of Mt. Merapi (Shibano et al. 1996) has found the deep
seepage as much as 1,094mm or 30% of annual precipitation. Ohta and Kubota (1995) reported deep seepage as much
as 720-1,060mm, which is 45-55% of annual precipitation, in research on the south slope of Mt. Bandai.

However, further investigation of water balance in this study area is needed with adequate hydrological data

especially precipitation and groundwater data.
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Fig.3 Comparison of precipitation and runoff ratio
P-84=precipitation in 1984(mm) , P-91=precipitation in 1991(mm)

RK-84=Runoff ratio of Ciliwung-Katulampa river in 1984(%)
RX-91=Runoff ratio of Ciliwung-Katulampa river in 1991(%)

RG-84=Runoff ratio of Cisadane-Genteng river in 1984(%)
RG-94=Runoff ratio of Cisadane-Genteng river in 1991(%)

Table 5 Annual water balance of the study area

CK1984 | CG1984 | WW1984 | CK1991 | CG1991 | Ww 1991
P 3796.4 3727.7 3759.3 3503.0 3396.7 3445.7
Q 1489.5 1451.4 1468.9 1441.8 13742 1405.3
Et 1120.8 11263 11237 994.0 1024.2 1010.3
L 1186.1 1150.0 1166.7 1067.2 998.3 1030.1

CK = Ciliwung Katulampa sub-catchment, CG = Cisadane Genteng sub-catchment, WW = whole watershed,
P = precipitation, Q = discharge, Et = evapotranspiration and L = loss (percolation into deep layers and the
change of water storage (unit in mm)

6. Conclusions

The spatial distribution of evapotranspiration in Ciliwung watershed was estimated by using Penman (1948) equation.
Land use data used as one of input parameters are derived from satellite image data. As results, the annual
evapotranspiration in 1984 and 1991 was 1,123mm and 1,010mm respectively which decreased in the amount of
113mm. From comparing between the changes in land use and the changes in evapotranspiration (Et) in 1984 and 1991,
it is clear that the decreasing of Et was mainly caused by the land use shifting from paddy to cropland and settlement.
Those land use changes have affected the energy balance of that area which is caused by the increase of reflected
incoming solar radiation.

The land use changes also affected soil water retention lead to the runoff ratio of Ciliwung-Katulampa River and
Cisadane-Genteng River have increased around 5% and 4% respectively.

From the water balance calculation, the large amount of loss has been found. The loss in 1984 was around 1,166mm
that is 31% of annual precipitation while in 1991 as much as 1,030mm or 30% of annual precipitation. These values
indicate the possibility of the existence of percolation into deeper layers and the change in water storage.

However, further investigation of water balance in this study area is needed with adequate hydrological data
especially precipitation and groundwater data.
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Making a desertification-revegetation map of the Mu-Us sands in
China using remote-sensing data
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Summery
The status of desertification and revegetation of the Mu-Us sands was analysed

using remote-sensing data and geographical information systehi. As a whole, the
process of revegetation dominated from 1978 through 1993. The changes from
active sand dune to fixed sand dune were most clearly observed in the suburbs of
the Yulin city, where tree-planting and revegetataion-works have been concentrated
by the government. The increase of vegetation-index was prominent in the area of
irrigated crop land. The decrease of vegetation-index was particularly recognized in
the broad meadow in the upper valley of the Bai-He reservoir. It is possibly due to
the complex effect of the overuse of grassland and drought condition.
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BT — & & R AR D EEi X AR IT-on e 25, BERELEEWENEL LTHEARTE
bh =85 mﬁ&m@ﬁi&%ﬁﬁ%ﬁofwtoit@m@ﬁk;owTMiEMK%&mSﬁ%T
EbbRWEEEDIED b:mtt&b FREBEC L COEETo 7, . #iisis bl LTH2o08F
Y —REICESEARRR LN b OOBRBULRMHICHETE 2, B, R, BHEMET O/MO
75T —ICB L TSR AR L ZAFEEL TR Y . —FHFHO7 — 7 TRISRET
T~ T, FOEHARETIIINSOHEITE L TREME ORI E VWD —DDOh T T —IZHE

THELT,

%@&1W8¢®“ﬁ*ntﬁﬁtimﬂﬁ@® YH & % LB ORE % R 7= (Table 1),
ﬁ%m%@@&rww%utﬁﬁf%t#@mm&fwum%xﬁbmﬂﬁ?%@#oto@mﬂ&@A
BREMEVERIZ. AFRCRBTIEEREOSRZHEEMICIT- Y QT ONHEHIICR> T
ANSTHY . BEBEOKRDHSITEME OCBBICHBESNEZNETHD, TENENDONT IY —% 3
ﬁ%?%@?é&é%kLfﬁﬁ@ﬁiﬁybfwtoit@ﬁ@&iﬁ:ﬁ@ﬁ%MLfvtoﬂﬁ
BIZRD & RARTTEL CRED ENFFIZEMLTWD Z & bbb - 7z(Fig.3).
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EDTBRMBE T 5 TNDBZ LR o=Figd), RIBMINVOMRIEM 2 SHEBREMTOR TV 5E
ASCIIEEEOBEMMA RS-, MR/ R T ORI BHERSHEA KR L Bbh b, EI2#
LM O TRV SRARTEZ OSSO ARN R b7,
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4-3 BHFREK OB ME RN L DAL ER DOHEE

RADERBEARBOELERD &, 1978 EITBVTHEL LOBRAKENH Y . Hic 1986 4. 1993
FIZBWTIREFELUT Th > 7= (Fig.5), BAKBOEN TG CHRRBINIBEERICKEIREELRITLT
WBHZEFETHEILND, HAENEM UL BEDIABWEIL TIX 1960 5 LEBIHRFTIC L 3
B - BHREEITOR TV D, HEfift & S TRE SN RAEBZICE T 3 EAKOBIMNT~ YV ES
Pl & L7CEMMR ORI Z BRI & o THSL L7=BEARA TH D Z L ABRBTBECHLIMNC AT, &
DIZEDHEAREORRVBEET — ¥ i Shi-,

T HTEWY LAEEHOBADOTRIIEIIZI ZWEIC LY B R ABOLOEERENL TV 5
TN ERGhodz, BMEBRECHERZBE RS LTHELTHY., ERICALAIEED
FORIIMEER TE Rhode, 5T 1993 FEIC R b HA D RIBIT— B 22 L Th - - TR B U,

COMBORE S 2 G0 ERPEB L EMHERIPBE T 8EMORSEE. Blis ST 5-00
MAXEEEONEZRD L (Fige). BERBFEM CIIBAREEEL B 2FSEPHHL WA D L
%#50itﬁ@%%%m1%8E@%%%Eﬁ@ﬂ%%%&@2%ﬁ<botoﬁ%%%%?ﬁﬁ&
DFEHH 14000 FHIZ L= 1982 4 YT 20000 BV V/-EAS > TED . 1978 E4 5 1993 4EIZ 300
T DM TODICREBEENSED - IR SN S, BABDEVEI TS EH MR TE 5 HDD.
%K%K%ﬁw&<%%ﬁgwgw%émmﬁuﬁant;5&%%ﬁ@té¢%bn&

4-4 BEAL - BACHRIER D7D DT Fua—F '

AFFNZ IO THA LB G O HIET T X 2081k, S{LOBRZITHOVCTEED Ed bEBIHE~DZ
bz WiElb, BBWEDSEEVE~OELERKLEZ X, 1978 E) 5 1993 FEIXhiT THELL. - &
b2 LHFI AR LD & DGE TR Z - =00 L7=(Fig.7).

Z DFRERWBE(CBET LTOD O TICK AR, RN, BEWEEH, BEHBECTH-7m, —
TRALBEA T D OITFERRN, BLEREH, BB ETH Y BB EIEL S EHEILED
HFICBWTE LLEWEIE 2R L, Th b0k L #F CIRBERICBELSE D 2d 2
EERL TS, £ LI RONDEOIIEMI B EEE 8 ALSHREBICEZONRET
HoHEEILND,
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Accuracy(%,
FkBitr |V rFERK | e |EenES [KEe Eage | ATH  |EESH KA (G0 |RTRET |BRHBE
BEWE 15.63 351 0.12 6.80 32.55 1.93 725 020 1.77] 0.19 0.07 007 29.93
§ BRHWE . 250 1.10 0.00 0.49 754 | o002 408 0.08 150] 002 0.09 0.69 81.79
Olgmw 8.61 0.79 4.16 416 178) 040 54.46 0.00 000| 673 0.40 0.00 18.51
3 0.00 000] 9904 072 024 000 0.00 0.00 000| 000 0.00 0.00 0.00
BB U R 9.49 2.81 0.25 5.28 15.41 0.73 7.23 0.18 189 | 032 011 0.19 56.10

Table 1 Accuracy of the results for classification(1978)
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Fig.3 Results of supervised classification

(mm) o
FT T T e T 2]
160 20
Active sand D it 140 15 | =978
ctive sand Dune, il
. Fixed Sand Dune 120 10 R 19864F
Meadow 3 y/ . IR 19934F
T 100 5 | —A—19785
Groundwater Table Bedrock 80 0 I _’_‘9852
- . —%— 1993
60 |y TR
DR S 40 { -10
20 -15
Fig.2 Landscape structure and geological base of the Mu~Us Sands o b I;[L. ;,E.A ) L H, Al 0
. . 1 2 3 4 5 6 171 8 9 1011 12
Fig.5 Climate of Yulin
(88 /) WAk
1 .- - -
70
60 S,
50 P mBR{E
w0 E =L I
o WHHEHHUHHHERUHUAHARERE ---- - RBYES
20 REEE
(1998)
0 e e
0 . e
W OH W O # 4 B ¥ M 8 &
L L2328 08 3 8 8
e 22 2 22 2 2 2 2 2
Fig.6 Dencity of cattle and limit density of cattle Fig.7 The area of revegetation and desertification

in landuse(1978-1993)

5| F STk
JNAREERR : RE LY ARHORE & HHOE. BHAREIESEE, 15(4). 43-52, 1990

34




&V ANV OFHER OB H ORIE R

Cultivated Field in Mongolian Steppe Land
B8 Zh (LEX. AX) - HAHE (TEKX, k. 88832 - BRAZ FEX AX)
AKOJIMA Isao (Faculty of Human Culture and Social Sciences, YAMAGATA University)
FURUYA Takahiko (Graduate School of Science and Technology, CHIBA University)
SHIRAISHI Noriyuki (Faculty of Human Culture and Social Sciences, NIIGATA University)

The large scale cultivation by machine was begun about 50 years in Mongolian steppe land. The
rectangle field pattern is easy to recognize from the air and space images, but their history
of land use is not so simple based on the ground survey . Thefe are some sustainable ;vheat fields
which have irrigation system and have been cultivated fqr 5 years and rested for 5 years
alternately. There are some abandoned wheat fields which have no irrigation system and the stripes
were used every two years, and some of abandoned fields are changed to hay field.
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BEThHolenE ) PRER S NS, BIEOEY IVERICET 3 ASHRE T, REHR
X BB EOBTH D, T INVORBEEBRBHEITOND X 122> T, # 50 i
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IIHEAS 18, 45, 460n). 72 4E & 89 FENEHEBEENRHD. 5 EMEEL, 5 FMIFRAD LIE>EITRPL) &
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~YF A BFF oN—BEF) - THE ¢ 1940 72 L 50 SEEMN DY w7 (T L BP3E, 1980 I n ¥ TALE
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AL EERITEMHE (L & S BN O AR & L TRMECE 2 AiEREE b, X LEPER
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Photo 1 Landsat/TM
Image of Delger Khaan,

Sept, 1990( Information

Center,Tokai Uniy, 1994)

Photo 2,3 Air-photo,1964.
Original scale 1:32,000

Photo4 abandoned field,
1998 at loc.4 in photo 1.
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BhZIZICHEMOBRIBENIBEPERE I AR LA, 72, MHOHERN
BEBEH (7T~8H) ICRAHEEIIHL A EMREN, ZOFERELT, BEHIFXy
FEREBASRAEBRIFBES L E, FHETHREFNERICLLIIENEL SNk,
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9, RAEEM S TBBA2 35 KLUTOHEKEA EBEER L THE LA, &kiz, £
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REPSEBINTELLS CLEEENY FITHEEZIIHATS. 16 UT CUR, &R
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BB L, COBEIARTEETCERTES. T hiL, Asal et al. Q99NTEH LI L
B2 AEMHAOHAN A EhITHY L, CORENERPILEASNSLILERLT
5.

2 — 2. KESEEDRIT

BEHICE, FRy MERLTREIZENERICREETI I ES/ASLTLEY, FA
y FEEUATREBOBVWEEENME T L3P AV T, BERFOLEEERR
(COBEEEAEEF CHRELLBILZHOFEEICKRD A EEFE L. LML, BELERN
REOTENIS LB AEE2HXT 20T, FRNy MERLOWMEBE LE T3, HILE
ORETEIFIZ, AEID bAKELKEBOSVESHAIEREIhZ LEI SIS, ZOE
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BIrEEAELBDT, TANLBEROAE(AEbLLT I EABLONE. EE,
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AV
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T, BRFEAHEUYYDEBEIIKEKEROTBBAR2 35 KUTOHERKE LEEE L
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(B2) i, ¥Ry 'EEEEZOEFICTBBOEWEERA W, BEENSEA
NDOKEZHEN TR INT.

B XM

Asai, T., S.Ke, and Y.-M.Kodama: Diurnal variability of cloudiness over East Asia
and the western North Pacific ocean as revealed by GMS during the warm season.
J. Meteor.Soc. Japam, 76, 675-684.
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GMS Water Vapor Channel
March 1997 (monthly mean)
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Photo 1 Landsat/TM
§ Image of Delger Khaan,
| Sept,1990( Information
Center, Tokai Univ,1994)

Photo 2,3 Air-photo,1964.
Original scale 1:32,000

Photo4 abandoned field,
1998 at loc.4 in photo 1.




ZEREEBFRICE T PRHBEAEE-— XA P EEHAVD
JE—h Y D TEBROBMOET 7 XAF + 558
Supervised texture classification of remotely sensed imagery
using rotation invariant moments in spatial frequency domain

Wit %, KEER (REERKX), BERE (T¥EX CEReS), & B, FHIEA (REKHEK)
Hiroshi Okumura, Tsuneaki Narita (Nagacka Univ. Tech.), Koji Kajiwara (CEReS, Chiba Univ.),
Xi Zhang and Toshinori Yoshikawa (Nagaoka Univ. Tech.)

Abstract
A method for representation of textures within a small part of image is proposed. This method consists of
the -following procedures: 1) histogram stretching based on statistical characteristics of the target area; 2)
windowing with Hanning function for reduction of edge effect on the FFT; 3) calculation of power spectrum
using the 2D-FFT; 4) quantification of the spatial spectrum pattern by using various orders and repetitions of
Zernike moments; and 5) normalization by Euclidean distance from the origin in the Zernike moment space.
Consequently, the texture of the target area can be uniquely represented as a vector from the origin to a point
on the surface of the unit hypersphere in the Zernike moment space. The method has invariant property for
image translation and rotation. In this article, we describe the details of the method, and also demonstrate that

the method can make supervised texture classification effective more than conventional classification method.

Keywords
. . 3 . + .
texture classification, complex Zernike moment, power spectrum, normalized Zernike moment vector
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Fig.3 Result by MLH(a) and by the proposed method(b).
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NDVI & REEREE I B b 1L 2 HIR T DG

Surface characteristics obtained from relationship
between NDVI and surface radiative temperature

WAEBET, KFEA, TEEN (UPKEXERBYFER)
Sakiko Matsuda, Nobuhito Ohte, and Kenlo Nishida
(Graduate School of Agriculture, Kyoto University)

We propose a model that describes the relationship between NDVI and radiative surface
temperature obtained from NOAA/AVHRR data based on surface energy balance. The model is
applied for deciduous and evergreen forests in Thailand with referring observed energy balance
information by GAME-T project. The model simulation results show a utility of the model for
theoretical understandings of the NDVI-temperature relationship considering climate condition,

soil water status, and vegetation activities.

1. IZL®IC
AR, A DHEFmOEIKA LTI, VE— Moy v /I L AHARE (FCEREER
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4 4 3 N N . > N Vi
Tsy; —Tsveg ~3Ts gy’ (Tsgy —T6,) EELIL, T Tsch ~T, <1 LEZDLERAEED,
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Fig.1 NDVI-Ts plots from NOAA/AVHRR data and model simulation
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Table 1 Fitting parameters

deciduous forest evergreen forest

dry moist dry moist

AE, (Wm?) 70 290 88 305

AE, (Wm?) 385 395 385 418

refu 0.25 0.1 0.25 0.1
r€foes 0.03 0.03 0.03 0.03
Sl (Wm?) 1000 1000 1000 1000
TS ) 315 305.7 312.5 305.1
e  (K'm?) 1005 1005 1005 1005
T8y Tue (KD 1 1 1 1

U (msec™) 2 2 2 2
Chsoil 0.0015 0.0015 0.0015 0.0015
Civeg 0.01 0.01 0.01 0.01
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RTOx pAREENTRENT, & ABITEFARDENRT A—F—IZOVTRESTEITY, TOTTIVIC
E ST NOAA/AVHRR 7 — % 5 b R R BT 212 B3 o v OS2 BRE LI,
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Lidar measurement of Atmospheric Aerosols for Satellite-data

Atmospheric Correction
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Sensor

Radiance reflected
from the target Path radiance

Radiance (mW/m2/sr)

Ground surface reflectance

Fig.2 Radiance components used in the MODTRANS,.

calculation. (a)Definition and (b)albedo dependence.
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Particles o (g/cm?®) m
Elemental C 1.00 1.75 - 0.55 1
Organics 1.40 1.55
(NH. ), SO, 1.76 1.55
NH. NO, 1.66 1.55
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Soil 2.00 1.55 - 0.008 1
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Coherence of Light by Atmospheric Turbulence Chamber

Hiroshi Okayama and Li-Zhong Wang -

Center for Environmental Remote Sensing, Chiba University,
1-33 Yayoi cho, Inage-ku Chiba 263-8522 Japan

The spatial coherence of light influenced by temperature and aerosol is measured.
atmospheric turbulence chamber is used in experiments.

An
The spatial coherence of light

degrades with increase of turbulence in accordance with the rise of temperature and the
increase of aerosol. In the experiment for wavelength dependency, the degradation is larger
for a shorter wavelength. The experimental results are in good agreement with theoretical

results currently available.

INTRODUCTION

The resolving power of an astronomical

telescope is limited by atmospheric turbulence,
which corrupts propagating optical wave
fronts. In remote sensing, the information
detected by a satellite needs correction of
effects by atmospheric turbulence. In
particular, the decrease of coherence degrees
in the data obtained by a microwave coherent
sensor makes interference worse, and causes
to lessen the information quantity. ‘
Several studies have been made by Ho
(1970), Lutomirski (1971), Yura (1972),
Ronald (1974), and Andrews (1994) on
turbulence. = There are theoretical papers
discussing the degradation of coherence
degrees by turbulence, but very few papers
have been published on experimental results.
In this paper we have designed and built a
simple atmospheric turbulence chamber and
measured spatial coherence degrees of light
influenced by turbulence -in accordance with
different temperatures and aerosol quantities.

ATMOSPHERIC TURBULENCE

CHAMBER

We have designed and built a simple
atmospheric turbulence chamber. The
chamber and its optical system is shown in

VELOCITY (m/s)

Mirror

Pinhole -~ < Heater

Figure 1. A simulator of atmospheric turbulence with
optical system of multiple reflection.

z = 0.60m

0.5

0 0.1 0.2 0.3
DISTANCE (m) Y ’

Figure 2. Average wind velocity within the turbulence
chamber is shown as a function of the distance X.
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Figure 1. The size of the chamber is 240 cm
X 75 cm X 30 cm The light is
multiscattering between the mirrors set on
both sides in the chamber . The whole length
of the multiscattering path is about 40 m .
Four blowers are set to make turbulence. Hot
wind is sent by four blowers in the chamber to
make turbulence. Steel and styrene filters are
set to obtain uniform air in the chamber.

The laser light after passing through the
chamber passes through a pinhole and then
through double slits, causing interference
fringes. The coherence by the double slits
was reported by Saxena (1994).  This
interference fringes and the step tablet are
photographed on a film at the same time. The
visibility of the interference fringe on the
film is measured by a microdensitometer.
The relationship between the visibility V and
the coherence Y of the interference fringes is
shown in the following equation :

=Imax—1min_=2(11.12)2|y I
b

I +I1, I,+I, "'

where I, and I, are maximum and

minimum values of the effective exposure,
respectively, which is the time when the
interference fringes aré exposed. I; and I, are

intensities of the laser, but in this experiment,
I; =1, = I. Here the visibility V of the

interference fringes represents the degree of
coherence Yi; = Y and it depends on the

degree of turbulence.

To know the characteristics of the chamber,
the velocity of the wind and its temperature
distribution in the chamber were measured.
The results are shown in Figures 2, 3 and 4.
Figure 2 is the distribution of the wind
velocity. Measurements were taken along the
flowing direction of the wind. As the wind
velocity decreases only slightly toward the
end, it can be regarded as uniform. Figure 3 is
the wind velocity distribution in a vertical
direction in the chamber Figure 4 is the
temperature  distribution, which is more
uniform sooner than that of wind velocity.
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Figure 3. Average wind velocity within the turbulence
is shown as a function of the height Y with respect to
distance Z = 0.6 m.
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Figure 4.  Average air temperature within the

turbulence chamber is shown as a function of the
distance X.



EXPERIMENTS

The theoretical analyses of the degradation
of spatial coherence of light by the turbulence
of atmosphere were reported by Andrew
(1994), and Ho (1970). The theoretical
results represented by Ho show the decrease
of the coherence degree with increase of the
turbulence. = And the coherence degree
decreases with decrease of the wavelength of
the light.  To verify these theoretical results,
we have made experiments.  First we
measured the change of the spatial coherence
by the optical path of Ar-laser.  The

measurement result are shown in Figure 5.

The spatial coherence degrades as the optical
path is longer. The experiment of turbulence
was made when the optical path is 33.82m.
Secondly the spatial coherence by the
temperature change was measured. The
characteristics of turbulence when the
temperature in the chamber is changed from 28
® Cto50° C are shown in Figures 6. When
the temperature in the chamber rises, that is,
the turbulence increases, the spatial
coherence degrades. This results are in very
good agreement with the theoretical results.
Next the wavelength dependency of the
spatial coherence by turbulence is measured,
using wavelengths of 632.8 nm of He-
Ne laser and 480 nm of Ar laser. The
measurement results are shown in Figure
7. With ashorter wavelength the coherence

degree decreases faster than with a longer

one.
Finally the experiments on spatial
coherence of light influenced by the quantity
of aerosol were made. We used cigarette
smoke as an example of aerosol. There are 20
mg of particles in a piece of cigarette and their
sizes are 0.1 ~0.2 pm (small) and about 1
wm (large), and the average particle size is
0.5 pm. The quantity of the smoke in a
piece of cigarette is about 500 mg. The
measurement results are in Figure 8, which
shows that when the quantity of aerosol
increases, the spatial coherence decreases.
The degradation of coherence by the change
of temperature and quantity of aerosol is

1.0

(Y)

0.5

Ar laser

DEGREE OF COHERENCE

0 1 ! I
0 10 20 30 40

DISTANCE (m)

Figure 5. Degree of coherence by change of optical
path.

0.4
!
>
w 0.3
9]
<
i
o
0]
pe
[e]
(8]
u
O
w !
T 0.2
(V)
w
a
B .
ol o o b e L
30° 40°
TEMPERATURE(in chamber) (°C)
3 13" 23"

TEMPERATURE DIFFERENCE (from room
temperature) ( °C)

Figure 6. Degree of coherence of the light influenced
by turbulence of temperature.
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estimated from Figures 6 and 8. From Figure
6 the degree of coherence is 0.011/1° C at

35° C. Inthe case of aerosol it is 0.007 /1
mg from Figure 8. Also the dependency of
coherence degree on the length of optical path
is about 0.010 / 1 m. The degradation of the
spatial coherence by turbulence shows a
similar tendency to that by the length of optical
path of a laser. The effects on the coherence
degree by aerosol are smaller than those by
temperature.

CONCLUSIONS
The experiments of degradation of spatial

coherence of light influenced by turbulence
were made. The factors of temperature and
aerosol are considered as a cause of increasing
turbulence. We used the smoke of cigarettes
as an example of aerosol. From the
experimental results, when the turbulence
increases, that is when the temperature rises
and the  aerosol increases, the spatial
coherence of laser was recognized to degrade.
These results are in very good agreement with
the theoretical results. In the experiments to
know the degradation of spatial coherence by
different ~ wavelengths, the  shorter
wavelength laser show larger degradation.
This result also verifies the theoretical results.

In remote sensing, the general satellite uses
natural light, while there are satellites which
have microwave sensors on board. The
analytical data from such satellites represent
the interference fringes of the earth's surface
influenced by earthquakes. These fringes are
created by the interferency of microwaves.
As microwave sensors are affected by
turbulence by atmosphere, the coherence
decrease is a problem. As the wavelengths of
microwave are longer than those of laser, the
effect of coherence of microwave will be
smaller than that of the laser.
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Abstract

Due to the status as Sea Conservation Area selected by the Indonesian government,
Takabonerate waters have been surveyed in order to map bottom types. Landsat TM
digital data covering the region was assessed to identify bottom type variations.
Water reflectance model and ratioing algorithm based on the depth of penetration
(DOP) zone were employed to correct the Landsat TM digital data for each channel
before using as an input to the supervised multispectral classification processes.
Classification accuracy assessment was conducted, and as a result classification
based on the water reflectance model has higher accuracy (83.87%) than the ratioing
algorithm (51.61%). Based on these results Takabonerate bottom type mapping was
performed with the input data corrected by the water reflectance model. '

1. Introduction

In the last decade marine ecosystem
such as coral reefsin Indonesia are paid much
attention - by the government. As a

consequence research activities in marine -

environment are increasing. One of these is
the assessment of satellite imageries for
bottom type mapping in shallow water regions.

Bottom type survey commonly done
in Indonesia utilizes ships with long period of
observation. As a result it needs time and cost.
Alternative method like implementing remote
sensing technology should be considered. The
use of optical remote sensing data, especially
Landsat TM visible data due to depth
penetration capability, has been established
and assessed. However, the digital
interpretation of Landsat image is impended
by the fact that bottom color differences are
not easily distinguished from water depth
variations or another elements such as water
column upwelling and surface reflection.
Fortunately the use of digitally recorded
multispectral scanner data permits corrections

to be made to those effects. This paper will
discuss two types of correction to reduce those
effects over Landsat TM digital data for each
band before use as an input for multispectral
classification processes to map bottom types.

2. Study Area and Method

This study was carried out in the area
of Takabonerate Islands waters of South
Sulawesi Province, Indonesia. This area
included in eastern Indonesian waters was
selected by the Indonesian government as Sea
Conservation Area, especially for protecting
green turtle (Eretmochelys imbricata). For
Indonesian oceanologist, Takabonerate is well
known as the third big atoll in the world next to
Kwajelein atoll in Marshall Islands and
Suvadiva atoll in Maladeva Islands. Because of
that status studying this region was given high
priority by the government.

A survey was done in October, 1995.
During the field work, sea bottom types were
investigated and recorded as well as depths.
Water condition during the field work was
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clear. Sea bottom covers were dominated by
association of coral and seagrass ecosystems
and sand. Bathymetric map sheet number 372
published by - Hydro-Oceanographic
Department of Indonesian Navy was used for
the base map and the field work. Part of the
field data was used for sea bottom cover
classification reference. The remaining was
used for evaluation.

Two types of correction used in this
study are as follows :
2.1. Water Reflentance Model

Ideally different bottom types hasve
different reflectances depending on their
characteristics. In fact emitted radiation from
sea surface recorded by TM sensor is not olny
related to the surface but also depending on
bottom types. There are many factors
contributing to the radiance received at the
satellite sensor and can simply define as the
simple water reflectance model2?. According
to this model, the radiance in given
wavelength band i can be written as :
Li = Liw + Lio Rix exp(-2KiZ), @
where L; is radiance at the satellite in channel
i; Liw is the average of radiance observed over
deep water (due to atmospheric scattering,
upwelling, and reflection from water surface);
Lio is a constant which includes the solar
irradiance, the transmittance of the
atmosphere and the water surface, and the
reduction of the radiance due to refraction at
the water surface; Ra is the bottom

reflectance; Ki is the downward irradiance

attenuation coefficient of the water; and Z is
the water depth.

Base on the above equation, it is able
to extract bottom reflectance if Ki and Z are
known. Both data canbe measured in the field
directly or maybe available as the secondary
data. In order to extract bottom reflectance for
single channel, we just modify Eq. (1) as
follows :

Lio Ri» =X/ [exp(-2KiZ)], @

where X is the difference of L; and Li... Because
of Lio is a constant, so that LioRa value is
directly relate to Rip value. That means it is
agreeable to use LRy value as R value
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and used as

representation. In this study, channel 1, 2, 3,
and 4 of Landsat TM digital data are corrected
using this model and then used as input for
multispectral classification processes.
Bathymetric digital data is derived from analog
bathymetric map combined with depths data
which_are gained from the field. K value is
taken from Jerlov(6) with the assumption that
the study area waters are classified asthe type
IL.

2.2. Ratioing Algorithm

In land area ratioing algorithm is
usually addressed to reduce the effect of
topographic conditions, shadows, or seasonal
changes in sunlight illumination angle and
intensity®. For sea region, Martinez et.al.®
have used ratioing algorithm in order to
improve the correspondence between
illumination and depth. For depth ranges
between 4 - 16 meters, they found that the
relationship between ratio green/blue channel
and depth was better than the relationship for
single band. According to their finding we can
then know that green channel reflectance for
this range of depth is mostly influenced by
depth variations. On the other hand the blue
channel is mostly influenced by bottom type
variations. From this, by reversing that ratio
the bottom type variation reflectances may be
enhanced.

Jupp® has developed depth of
penetration (DOP) algorithm which addressed
for mapping (especially depth) in shallow
waters. Base on the water type cassified by
Jerlov®, he was developing and making
classification of DOP zone for Landsat and
SPOT data. Every channel has its own DOP
zone. By performing ratioing algorithm based
on DOP zone and employing it, the depth
perturbation may be reduced. That means the
bottom type differences is enhanced. In this
study, the ratio of channel blue/ green, green/
red, and red / near infra red are employed
input for multispectral

classification.

3. Result and discussion
Based on the clasification accuracy



‘JLL Jespue] uo paseq UoIjedYISSEId [BI}0adST)[NW JO Jnsoy T°314

85



assessment that has been conducted using 31
points for evaluation data, classification with
the input data from ratioing algorithm has
poor accuracy when compared to the water
reflectance model. The ratioing algorithm has
accuracy of 51.61% and the water reflectance
model has accuracy of 83.87% (see Tabel 1.
below). This result indicated that water
reflectance model could enhance bottom type
reflectance variations better than the ratioing
algorithm. In the water reflectance model all
factors that influenced to the reflectance
recorded by the Landsat TM have been taken
into account in the model. But for the ratioing
algorithm that were not explained. It was may
be the reason why water reflectance model
has higher accuracy. ‘

Tabel 1. Error matrix of the classification based
on water reflectance model

SD LC DC SG SW | Total
SD | 9 - - - - 9
LC | 1 7 - - 1 9
DC| 2 - 5 - - 7
SG| - - 1 3 - 4
SW| - - - - 2 2
Total | 12 7 6 3 3 31

where : horisontal column is classification
result, vertical columnis reference, SD is sand,
LCis live coral, DCis dead coral, SG is seagrass,
and SW is sea weed. Correct percentage is the
sum of the diagonal entries (26) per total
observations (31) i.e. 83.87%.

From the above table we can see the
misclassified bottom type. The sources which
caused imperfect correction may come from
the digital bathymetric data or the K| value or
other factors. In order to improve the accuracy
of the classification result, we sugest to use in
situ K; data. Figure 1 indicates the result of
multispectral classification based on Landsat
TM.
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BWIEbahs. Lo L, ShHNEL DAIRTRABROBEELIKE ZBMICHET 5 2 Enb,
DE— MY Y Y IORERTIRE, THRAKEORMEMEIKELHBOT -5 2FRALZVIL
T, ZOEBBMATr— VOREBRETHRTHILHFTE S.

6. T&H
<A OEREETRAKE*EOMEE R L, GPSTBKE LKL, UTORRZRL.

1. GPSTWRE/KE & st at T K EDOAHBF$130.991, RMSIZ1.30mm.
2. ROZODEEM A — VT, KERHDENGPSTHRAEDEEIIHETLLEZLNL.
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(A7) KEETIH, GPSTHAKEIZBA GB/N) FHESh2EMICHS. ZORMS VERER, FHHEO
GPSTTRKEDHRIZL o THIETELEEZLNS.
b) BEERID A o — U © B 7 EOBEBITHE D) B AKEREIIST 5. HIERE FERRICKEL
Z{LL, TRAKEREDR: OHBREIIERD bz,
3. VE-bEY Yy IOBIET — 5 £ LTHAV 2541, THAEORMEINS MO —5 %
Tk, SRR - VOBEOHBILEIONL LEDND.
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SRR EERBIC LD ABREOHE
Spectral Observations for the Estimation of the Yield of Paddy Rice

BAEGH (LBERIBEEHES ¥ —)
Toshiaki Tanimoto (Hiroshima Prefectural Agriculture Research Center)

_ The purpose of this study is to develop the estimation method of the yield of paddy
rice in the variety of Hinohikari, Airoman, Nakateshinsenbon, using portable
spectroradiometer in panicle formation stage.

Hinohikari : R675 (reflectance of paddy rice at 675nm ) was best correlated with
the yield. The correlation coeffcient was -0.826 **.

Akiroman ; R450 was best correlated with the yield. The most effective spectral
index for the estimation of the yield was the value of (R950-R625)/(R950+R8625). The
correlation coeffcient was 0.547 *. "

Nakateshinsenbon ; R850 was best correlated with the yield. The most effective
speciral index for the estimation of the yield was the value of R850/R650. The

correlation coeffcient was 0.784 **.

1. B ®
KEORE - BREABIE. EFPERRBESICHNELBECHERE. HEL T, WY
HRHEERAOLERDS, £oT. ABOTRES L EFABOSRRHREOUEC S

D REOHELT T

2. F &

ﬁﬁ%ﬁuﬁ&ﬁﬁ&%&%%vﬁ—Wﬂ%fﬁotaﬁwt&ﬁmrt/twvj‘r&
2L h . [HEFHFFA) THE, BHEMS. BEEXR. 2RESAISRICTo k., I
I, b bl - HEAETAILSVWTHIOALR, HAEFFARIIIAR LT, ERDOME
Bix. EEIZ0. 0.akg/am 2, PRABIEIL0. 0. 2kg/a®2AE. FEATHO. 0.1, 0.2, 0.3ke
JaDANETIT ok, IKOEHEII24* TH 5.

AYEHEHOANZRSBRARH (e eHY (TAZIR, HESF A 7TH248 ., PENT
4 : 7H218) 2450, 550, 625. 650, 675, 700, 750, 850. 950N EHFRBR LT FPHSIRE
£ (100%) & LT, REFAIC &L o, WA T, ERTIIRE A B F 2R B 0 B 43 K
M4 st (FIEiak§2703%) PEFRICEITTREL X,

3. EEBIUVEZ
Hi*ﬁ(ﬂﬂ)ﬂ~%iﬁﬁiﬁ%mﬁEﬁM?6ﬁﬂﬁ%thto&ﬁ%?%&?é
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. hELEARRBENRT. DOE. LAELELAERMERLE (RD hFE T B3
D& RBOSHEEREE. mEECIIe 2 er ) OREEEAR b <. HhEAEAMEFE
FFEAOMIZILIBEAEERE D2, WA SHE TR hEAETAORIFRERT L@
PAEFTFAOERFESEBE, 2L (R2) .

%1 SEANOCHEHRMOELHE L REPO LM, HbLH,
LHE, LAD (FHE) (kg/a)

5 OM EME 2 E DbLE BHARE b/ bbb BERE BRIKE

E/)e#sY 60,2 148.1 87.3 60. 8 0. 70 49.4 47.7
hEAEA 45.9 155.3 93. 0 62.3 0.67 49.7 48,5
fAEHFA  37.1  121.8 65. 2 56.7 0. B7 47.1 46. 4

DEDE : $RBEPRY D

Ko ABRONHEBREHORHRE (FHE) (%)
) R 450nm 525nm 550pm 625nm 650nm 675nm 700nm 850nm 950nm “

vt/ bl 32 15.2 19.3 10.1 6.8 4.8 21.0 70.3 67.7
HESFEN 2.9 12.3 16.3 7.7 5.4 4.2 17.7 74.1 71.6
PAEFTR 3.1 12.9 15.7 7.8 5.8 4.4 17.2 63.4 60.8

@%%ﬁ%@ﬁ%ﬁ%%&tﬁ%m&wﬁ@m.t/tﬂv\&%éihmowfﬂﬁwk
Rrhiote. BAEFTFAILSOMD A ELE (BT, RIBOLT D) rOMICECHRBARDL
i, ERGREMOREBREAVZE. E/EDY, & B EAIIRBS0L R700D 3 E FAD L
4 37 F A FLRES0 L RESOD E & OMICTh PR EQHBEBD bk (RD) . |

t/kﬂU@%%%ﬁmwﬁﬁﬁﬁﬁ&&Wﬁ%@@gybbﬁ.tﬁﬁ\ﬁﬁkﬁﬁxﬁ
WY KEE OB, RE50%H BV IRETSL PHCECRERBDLLE, S5, 2E. bb
BT HENREM OMBME (RB50L RETSD L) ABWL LIz EEREERREI R
& (23) . RETSEHEKREOBREEULTT.

b BEACHRBRBOSRERFK L RBEHOZE. bLE, bZE. ALXEBLU
.ﬁz%mtmﬁ%m\wfn%mmt®MKﬁ®ﬁmﬁ%bbntoéem\EM%&mwﬁ
HE (RB503 B U™ FER950 & R625 8 B VN ER650 0 28 & F D bk) FRVWAZLICE Y FAERESE
S ot (83 .

43&%&?2:@@3%%&2@@%%&%%&&Wﬁ%@ﬁﬁ\ bhLE, bAL. BELKEBLUV
ﬁﬁ%mammﬁm‘wfh%mm&mﬁumwﬁwﬂ%bentnéam\ﬁﬁﬁﬁﬁwﬁ
ﬁﬁ(mm&awﬁmmgMM@m)%mwazamibm@%ﬁﬁﬁ<&otoﬁm%ﬁﬁ
BE{L TR850/R650] X IFAMBOBEME H2ILRT.
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%3 FEERBONCEHEN - EHREEMOBRAMESREAMOKSE. REBHO2

B, bbilt., b3 HE, XXk oM

AR IR = Ry HHBEMRE KA FRERoEREMR 8 B9 5R 3%
E mE" ke/a - — (R850-R700)/ (RB50+R700) 0.568™"
£ FE kg/a RB50 -0.606** RB50/RB75 0.651*"
£ bo6E  keg/a R675 -0. 469" R850/R675 0.505*
s AWM ke/a  RETS -0. 822** (R850-R700) / (RB50+R700) 0. 709""
Y M EKE ke/a RE75 -0.8207" (R850-R700) / (RB50+R700) 0.7327"
n=20 HZXE ke/a RET5 -0.826"" (R850-R700) / (RB50+R700) 0. 724""
H» HEHE® keg/a - - (RB50-R700) / (RB50+R700) 0.478"
%X 2 ® kg/a R450 -0.628"" (R950-R650) / (R950+R650) 0. 665"
% bbb keg/a R450 -0.673"" (R850-R650) / (RB50+R650) 0. 752"*
¥ HAHE keg/a R450 -0.508" (R950-R625) / (R950+R625) 0.523~
Ar HAKE keg/a  R450 -0. 505" (R950-R625) / (R350+R625)- 0.5537
n=20 X ¥ME kg/a R450 -0. 498* (R950-R625) / (R950+R625) 0.547"
 HAE" ke/a RS0 0. 853" R850-R650 0.859**
# £ m kg/a R850 0.760"* R850/RB50 0. 874"~
¥ PLE keg/a R850 0.712"" R950/R650 0.905%"
F HHE kg/a R85O 0.773"* RB50/R650 0. 803**
& M LHKE kg/a RB850 0.778** R850/R650 0.803**
n=19 EXK M ke/a RB50 0.771*" R850/R650 0.794""
DYHBEEBOEYR
850 500
ea0 % . 550 y = 2850x + 12,562 ) . g
_wmo | - Y = -0873% 4 1190 . oot .
2 500 2
%45@ gqs.o
d E 200
w00
350 35.0
00 ab 40 4.'5 50 65 8.0 65 _TO 00 60 B“D 10..0 12'.0 140 16.0
RETE (%) R850/R650
®1 HEHBEMORETSL LK E OB M2 $hMmEoXHEEEARREE

(/78 Y)
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R4 PUERBOEYEL NEHOLXE. DOE, LA, UKE L OHE

B O £ fikg/a o Mke/a b AMkg/a MEHMkg/a FHLKMke/a

E/bvhl 0. 635~ 0. 630™ 0.541" 0.562™ 0. 548"
HEAEA  0.490 0. 643™ 0,279 0. 286 0. 267
RAERFAR  0.761" 0. 796" 0. 690" 0. 690™ 0. 683"

UEDX S5\ MBHI0AMODMAERMICARER L AFARORFREZHET S22
FOVRBEOHEERTETSH B, LrL. AEORTIHBHTELZY, e/ en Y BAELREL.,
HEATARBLENP- L,

E/ e b ) EFERTREISBEEPOLDE, T 2bLbEREORESLRUXEL OMIZIX
EOHMARD LN, HEERBILEFTORVWLOIERVENTHIZLEZRLTVS (£4) .
Lal, $EXA3FACHOVTH. SHEFRPOEME - B EXE - OMIZIIBEEED b .
PRBRBLBOLET, KERBAMELKXBECLRETERERAREV bR LEAShE, ZO%
B, HESZADHRHEAN OO NI HRE L HMLUKEL ORBAE, L bDLEE L5,
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Statistical data analysis on wind velocity for useful database construction

Masaaki Taguri (Chiba Univ.)

Hirohito Sakurai (Chiba Univ.)

Abstract

We investigate useful database construction for detecting the structure of satellite

" data from a statistical viewpoint and analyze wind velocity data as an example.
The primary interest is whether the measurements by the satellite can be trusted.
This is done by comparing the measurements by the satellite with those of the
meteor radar, based on the first and second-order polynomial trend (state space)
models. The overall difference is expressed as the differences between the areas
under two smoothed curves which are obtained by using the Kalman filter and
bootstrap method. Further we consider statistical hypothesis testing based on the
areas for testing the difference of the two measurement mechanisms.

1. FC&®HIC

AFZEDOBRNL, BX N DATHET — % ORE
HHOT-DIB R BN E, B LUEERES 7
TDRBEL , T DRV AT LOBED 1 DDFEER,
BERBIC L > TEXBZETHD. ZTITRY ET
57 %1%, ANI#E (HRDI) L #i FOREV —F —
(Radar) &\ 5 2 RO FEIZ Lo TRIEShcRE
80~90km ® 14 B DRET — % (FEMIZ OV TIE,
%1 21X Burrage et al. (1996), ¥ H (1996), Hasebe et
al. (1997) 28 & BB) TH Y, THITHL TOMHE
75

ARFTIE, i, £ 2 BEOAIEEOM DK
RWEBRERERZITOZLEERKREELTS. ThbD
BRALDT=HIZ, #Rx R BRI L > THLONT
EHE TRZRY BEPRET NV, BIUERHRT
FMCEBREES. KiCIh b2 RBERETVE R
WTRET .

RERZEFEF I N ECECRERFIOSFTHY
bh, BlAMEE R4 S SR AROHEBEFREERL
EEF VT #FToTVD. FHFARTIIEABERZ R
BRCERTHELEX BV & SBHEEROHEE
R EEBICANTET V72175,

KIZZDE ST L THERLIEET ML T, IV

wY T 4G — FRIOFEZBEAL, L2 BR
DEEFEOKEEERT L EX DN R (RBOHE
) ZRD 5. BEBIC, Z0LITLTHELRIZEH
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EHEORBOKRERE, BLOThbERE b
7 R I S\ T, IR 2 IO B E OB O%
HMEBERERT —F X T v 7 (B Efron
et al. (1993) #BHB) FBALTIT 5.

2. BMETFNLIZEDIERIE

TITRIC, RO X D RBORBHT —F %%
zB.

( Y11 YL,T \
y n, y n,
(Boyie) = [ 2 =T 1 ()
Y211 Y)1,T
\ Y@)n,T Y@)n,T /

I, (1) DBBEUE y )i P 3 DDEF g4, tITAT
WELV—F —DRET —F OBEITITTITH,

g: BRI ST 5T,
g=1c ANIHE g=260 L—¥F—,

i BHIBICHIET 2T n = 14,

t: BRBECHETAERTE, T =11,
t =1+ 80km,...,t =11 + 90km



R

FETIX, (1) Ok 5 2RET —FOELRTET
NMELUT, ¥ REZRET IV (Fixed Effect Model)
LERBERET V (Random Effect Model; Fahrmeir
et al. (1994) DETESBR) D 22o2EZX 5.

2-1 BEURETILOEE

ZOETFATE, BEiBEO t ZFEOBH®EILE
FARBIEIRD X HICRED.

Ywyie = By +€yie (HRDI) (2)

Y2)i,e = O(2)t + €(2)i,s (Radar) (3)

TIEL, Oy 12t BHOBEICRIT BB THIEL
T BRI RS B E T 5. T 2T ey, HEBIRR
ET, (g < N(0,02) ZRET 5.

2-2 ZEEPRETINOES

EE REEOREC INE, ZOBRBDEFTVITERD
EHicRES.
Yyie = 0y + v + €@y, (HRDI) (4)
Yyt = O(2)e + 7 +€2)i; (Radar) (5)
TelEL v i, RE L BRREIRICKFL 2V B EDSE
BB ? random effect #&¥. Z 2T, 5 "X N(0,72)
EEETS.

3. KEBZEMETIICLSERXE

LI TRBHRERZRENERTH D L EX, Al
ETHEONEBNET NN ORBEMET V2 HER
3.

3-1 BEMREFNIIHET HEE

SR ET VIC ST AESDORBZERET AV &
LT,

[ﬁiﬁﬂjﬁiiﬁ]. Yy = FO; +¢&; (6)
[ﬁ%ﬁﬁﬁ] Gt = et_l + ft (7)
EEx5. EL,

Y = (y(l)l,t; oY, YE) 1, y(2)14,t),:

€t = (5(1)1,t, s ()14, E(2)1,80 ¢ - - )5(2)14,t)’)

1 0
Fe 14 014
014 114

&L, 0, = (0,...,0) & 1, = (1,...,1) i¥%
nEh pRDOFIR7 bV, 6, = (9(1)t,9(2)t)l» DR
SIIFHBBBETHEL AT T ORBERT
B, & = (Enynéee) 13 (7) OREET, & ~
Nog(028,5c), & ~ Na(02,%¢) ZARET 5.

32 FTENRETILIZHET DIEES
RIBZERIEF NV (6), (T)ITRITBE, 6, & %, %

hzh
F= [ p| ] ,
Iy

ét = (9;5711 B 714)I7 gt = (E(l)t;g(Z)ta 0114)1 EELY
BT Lithy, EEPRETNCHIET DHREOR
BEMET IV

[ﬁfﬁﬂfﬁﬁ] Yt = Fét + &4 (8)
IRIEFER]: 6§, =01 +& ©)

BELND. 7220 141X 14 ROEMNITHITHS.

3-3 2RODEFEXLFLVFETIL

3-1iL 32 EH TR 1 KRDOSEAR IV FETFLVE
REL CBAREROMRRELZER/L T&. LALZ
TR, T O b OERE L ERICRBREE ST
WIZ, 2RDEEA L KET /L (West et al. (1997)
DETEBR) ZEEL, LTCHELNRBERET
MIBT DRBEFRAOBELMEITD. ZOBEDE
TFTMIUTOXL 52 bDTHS.

BRAFERX] : y = pe + e, (10)
FREBEFER] : pe = pe1 + Beo1 +wiy, (11)
Bt = Bt—1 + w2 (12)
ZZT
_[Fo. BEBRETAOBE)
"7\ pe, EBRETLOBE)

LU, BT p RIS LT BE R R BOFIR T h vk
T3, Flelde ~NO,WV) 2R TEERERED
ZRFTERDAICHE DBERAT M, wy = (w14, wa,t)
X w, ~ NO,W,) W= TEYRREDLERITIER
DA D EFERY N ERETD.
LIABTIOT—FORE, TROZBITERIC X
T, 10X S, BEED 2 BEORZE Ay, IXIHE
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0TH BN, A2y, 15 Ay ETHRIEBICITNH TR
ATHDBE BB BEDH B Z LB Hh>TWV5S,

4 ’ N

(b) Mean of second-
order differences of
HRDI

(a) Second-order dif-
ferences of HRDI

15
10
5

2 4 6 — 8

-5
-10
-15

(¢) Mean of second-

order differences of
HRDI except 7, 11,

13 and 14th days

\_ Y,

] 1: Second-order differences of HRDI
(a) TRALHEET — % O 14 B0 REERHED 2 b
DFEZEE (b) TiX 14 B D 2 BEOREDEHEE,
(c) TiX 7,11, 13, 14 B BOBAMEZ BRWZHEED 2
BORZEOFHEET oy L TWA, Hlh L HRllit
FNTh, A%y LBEFtEERT. VL—F —OF—FT
HLTHRERENELN .

—%, (10), (11), (12) &£V,

A’y = yor2 — 2yer1 + U
= (pe42 = 2pe41 + pe)
+ (Et42 — 26441 + €1)
= (W1,t42 — Wit41 + Wae41)
+ (€442 — 26441 + &1)
~0
REBNS. ZhXy EDEFL(10), (11), (12) i,
BHWED 2 BOBEZEOEBEEZERIC AN LD TH D
TEBEMY LEBR->TIOTFT —F 2 EITT 501
IVBLEET L THLAEENEHS. ZhETHIR
FTHE,

BREEN]:

Ligd. REL, G, HIiZ@YURKEOHETHIT,
ne = (k1. 8) THD.

(13)
(14)

yr = Gt + &
Ny = Hny_1 +wy

4. 2BEDOAEFZDEDERED=HD
T—+r RS9 T &%

% 3 ETR-RBZERET VI, BHHETTS, KR8
N7 MV, BIOMEEORY F#RETLIZLICL
D, TR (13), (14) DL SRR K-> TIERTZ
LMWTED.

TIT, AR TEETD LD 2t —% (1) %
RBZEBET M L > TREL THL L, BRBOH
B, <o 7 4 F—BLUOTRBILOFEEE
BAT32Z608T&5. Zhiv, ATEELH EOL—
F— &) 2 BEOBAIEEIC T B RBOHEEED
Boh, Zhhb, K20 X 572 2 o0 ks
Bohns. '

4 N
70 Difference of AUC’s
60 (test statistic)

20

-

& 2: Comparison of two smoothed curves and defi-
nition of test statistic
BEHREFMIEI 1ROSEXI NV RET L
X3 2 oDOFBLHBROLEETo TV 5. ERAH
HRDI, A#75% Radar OFE{LERERL TRV, #it
EHRAREBOHEEY, FESBHEELZRL TS, 2
BEOUESFEROZORERTT D e DRERE
E LT, 2 2O FR{LEROFIC R Eh 72 35 DR
2EZD. BEPRETMIEIS 1 ROZEA MV
VEEFAR2IEODEER MLV FETFMCEISF
BILHROBE DL, IDERERRBELNS.

AETRELNE 2 DOFER{LEBRESHT, A
IHELH EDOL—F —LW 5 2BEORES EOM
KERDDPEPOREFREEELZS.

— I, 2 DO HBBEL VW E RREINEFEI LWV
I ARELHBEIIHE VMO TV,
ZRICEFEST B REL LT, BB (Pharmacoki-
netics) DFFIZRBVWTHW LI 3 RO TOEHZ
% Area Under the Curve (AUC) #% % (#12i
Crowder et al. (1990), Gibaldi et al. (1982) 22& %23
). .
ZITIE, HHBHKRTINEZEELK 2 DOMBRIT
BeEh Moy oEEy, 2 BEOREME (dh#R) HoE
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MONITORING SURFACE MOISTURE AND VEGETATION STATUS
BY NOAA AND GMS OVER NORTH CHINA PLAIN

A.Kondoh', S. Shindo', Y. Satkum2 and C. Tang'

'Center for Environmental Remote Sensing, Chiba Univ., 1-33 Yayoi, Inage, Chiba 263-8522, JAPAN
*Faculty of Science, Chiba Univ., 1-33 yayoi, Chiba 263-8522, JAPAN

ABSTRACT

North China Plain(NCP) is the main granary in China, however, NCP is confronted with water shortage problem that may
lead to the fall of the crop production. Thus monitoring NCP from space is very important to know how hydrologic
environment affects the crop production. NCP has been monitoring by using NOAA/AVHRR for vegetation conditions. As a
result, it is clarified that surface hydrological conditions clearly affect the crop production rate revealed by NDVI. Then the
surface wetness is estimated by NOAA/AVHRR and GMS/S-VISSR. The slope parameter in'the scattergram between
vegetation index and surface temperature is examined for NOAA/AVHRR data. The difference inﬂbrightness temperatures
between 8:00AM and 10:00AM(LT) is also investigated for GMS data. Both of which are considered to be the index of
surface moisture condition. The distributions of surface wetness obtained from both methods well agree with each other. The

results will be used for water management such as proper irrigation practice.

INTRODUCTION

North China Plain(NCP) is a granary of P.R.China, of which population is the largest in the world. The food situation in

NCP is crucial for the future world food provision problem(Brown and Halweil,1998). The food problem in NCP is also water
problem. Water for irrigation is supplied from surface water and groundwater. Recent news tell us that Yellow river does not
flow to its mouse for most of the year. It is of course due to over extraction of surface water for irrigation in the upper
streams. Groundwater is thus exploited for irrigation as another convenient water resource, however, water level has been
declining for past several tens of years and it raises the cost of withdrawal. The price of grain may rise in near future because

of the increase in irrigation cost or decrease in production by water shortage itself.

Fig.1 Visible (left) and NDVI (right) images of
NOAA/AVHRR on 10 August, 1997.
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Monitoring the NCP is thus very important for the various environmental and economical perspectives. The solution of water
problem in NCP can only be attained by corporative research with various fields of scientists, however, the understandings of
the real situation of hydrologic cycle and continuous monitoring of NCP are at least necessary. CEReS(Center for
Environmental Remote Sensing, Chiba University) started to receive NOAA and GMS from 1997, and NCP is within the
range. Continuos monitoring of NCP is attempted to monitor crop conditions and surface moisture status.

DATA

Since April 1997, NOAA/AVHRR and GMS/S-VISSR image data are available in CEReS. The images are geocoded to
longitude and latitude coordinate and resampled to one km grid. The data are stored in the very large capacity archive
system(100TB). The local dataset of North China Plain(N42,110E-N28,123E) has been creating from the archived data.
Figure 1 shows a NOAA/AVHRR NCP image on10 August, 1997. The images cover the whole NCP, south of Great Wall,
cast of Taihan mountains and north of Huaihe river. In the middle of the image, Yellow river flows from west to north-east.
Because of its worse hydrological condition, some hydrologist refer to NCP as the north of Yellow river.

METHODS TO MONITOR SURFACE MOISTURE STATUS

NOAA/AVHRR has two visible and near infrared bands and three thermal bands. GMSS5 has one visible band, two thermal
bands and one water vapor band. Considering the bands available, following two methods are selected to monitor surface

moisture conditions in NCP.

1) Ts-VI method: Slope in surface temperature(Ts)-vegetation index(VI) relationship(Nemani and Running,1989)
2) dTs method: Increase rate of surface temperature(Ts) during morning(Wetzel et al. ,1984)

Kondoh et al.(1998) applied Ts-VI method to Huai-he plain, south of NCP, with NOAA/AVHRR/GAC data(4km resolution),
and get very good correlation between the slope parameter and antecedent precipitation index(API). In this paper,
NOAA/AVHRR/LAC(1km resolution) data are used to get the distributions of slope parameter. In the dTs method, the
difference in digital count of thermal band of GMS between 8LST(Local Standard Time) and 10LST is regarded as a surface
wetness index. This method is based on the concept that the difference in Ts is small when surface is in wet, and large when
dry. These two methods are applied at the same time. The consistency of two independent methods will confirm the accuracy

of the methods.

RESULTS

Crop Condition
The main crops in NCP are winter wheat and maize in summer. Figure 2 shows the time series of the NDVI (Normalized

Difference Vegetation Index) for selected locations. There are two peaks in Vegetation Index at May and August which
correspond to the growing of wheat and maize. It

was a drought year in 1997, and crop growth was

8] @ 1
4 & 2 not satisfactory except for the area where much
6—l O 3 ® g irrigation water was available.
e 4 A
B 4 —| N i Fig.1b is a NDVI image on 10 August, 1997. There
z | o A recognizes less vegetated area in Haihe catchment
P . e U plain(northern half of NCP). Less vegetated area is
| 5 .. é% B0 recognized in Figure 1a as bright area. Figure 3
0 A shows the distribution of total dissolved solid(TDS)
I | in shallow groundwater in the north of NCP(Fei,
120 160 200 240 280 320 1997). There are regions with high TDS along Bohai
DOY 1997 Bay, and the high TDS zone extending northeast to
Fig.2 The seasonal trend in NDVI for selected locations. southwest is recognized. It is considered that high
1:116.6E,37.8N 2:116.0E,37.8N 3:115.1E,37.5N TDS reduces the crop growing, and it is reflected on
4:114.5E,37.9N. the NDVI image.
g
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Table 1. Precipitation of antecedent week

Taiyuan _ Shijiazhuang_Tianjin Huimin

Fig.3 Distribution of Total Dissolved Solid(TDS) in 25JUL.  60.2 33.0 211 221
shallow ground water(after Fei,1997). 18 SEP.  25.9 32.0 41 660

The coastal zone actually suffers the salinization, and it decreases the crop production. In the interior part, there exists
topographic depressions, probably formed by fluvial process, where water table is shallow and easily suffers salinization. The
low NDVI is the result of high salt density in the subsurface water. This means that surface and subsurface conditions reflects
the crop production, and it can be seen from space. It shows the usefullness of satellite remote sensing for crop monitoring.

Monitoring Surface Moisture Status

Fig.4 shows the surface wetness estimated by Ts-VI and dTs methods. Wetness is expressed by grey scale. Black(intensity 0)
in Ts-VI method denotes the area that could not calculate the slope parameter. Black(0) and white(255) in dTs method are
the area where cloud prevent the application of the method.

C

Fig.4 Surface wetness estimated by Ts-VI and dTs methods on 25 Jul. and
on 18 Sep. Brightness denotes the dryness, and black(0) and
white(255) are out of range. a:Ts-VI 25 Jul., b:dTs 25 Jul., ¢:Ts-VI 18
Sep., d:.dTs 18 Sep.
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Fig.5 Time changes in dTs along the 38N latitude line.

Table 1 shows the amount of precipitation during last one week. Antecedent precipitation is large enough in entire region on
25 July. There seems little diference in surface wetness in both methods(Figure 4a). It reveals that the ground is relatively
moist condition on 25 July. Clear wet and dry contrast is recognized in Haihe Catchment Plain, north of Yellow river, on 18
September case. The contrast is more distinct in dTs method, and Ts-VI method also detects the dry condition near Tianjing
and its northwestern part of NCP. Huimin(near the mouth of Yellow river) had 66 mm of rain, however, Tianjing only
received 4.1mm during last one week. The distribution of antecedent precipitation thus supports the estimated wetness.

Figure 5 shows the time series of dT's for selected sites along 38N latitudinal line after 16 Sep., 1997. The antecedent rain
was received between 9th and 14th in NCP(Table.1). At 115E and 116E, dTs is increasing after precipitation. It is considered
as a signal on surface drying. Eastern part where much rain had fallen, there is little change in dTs. Therefore, the two
methods used in this study clearly catch the surface moisture condition.

These two wetness distributions are obtained from two independent methods. The sufficient consistency of both results
reveals the accuracy of the methods. The important point is that both of NOAA and GMS are the most practical satellite to
monitor the land surface. Practical methods are sometimes more useful than other sophisticated method.

CONCLUSION

Monitoring of surface vegetation(¢rop) condition and moisture status over NCP are attempted by using NOAA/AVHRR and
GMS/S-VISSR. The NDVI image by AVHRR clearly explains that subsurface condition affects the crop production. Two
methods to estimate surface wetness are applied independently and get consistent results. It reveals the usefulness of
NOAA/AVHRR and GMS/S-VISSR to monitor surface moisture status.
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Estimation of Plant Leaves Water Status under Environmental
Stresses Based on Spectral Reflectance Characteristics
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Gui-Rui YU', Takuji MiwA"”, Keiichi NAKAYAMA®, Nobuhiro MATSUOKA" and Hisashi KON
Faculty of Horticulture, Chiba University, = Center for Environmental Remote Sensing, Chiba University

Abstract
~ In this study, we dealt with the relationships between water status parameters of plant leaves and
characteristic spectral reflectance (R ;) as well as reflectance ratio (R /R 430, R3/Ryg500 R /Rygs05 R 3 /Rigm,
R ;/R,4s,) based on the experimental results of soybean (Glycine max Merr.), maize (Zea mays L.), yellow
poplar (Liriodendron tulipifera) and viburnum (Viburnum awabuki) plants. The water status parameters
include leaf water content per unit leaf area (LWC), specific leaf water content (SWC), leaf moisture
percentage on fresh weight (LMP), relative leaf water content (RWQC) ahd relative leaf moisture
percentage on fresh weight basis (RMP). Furthermore, effective spectral reflectance and reflectance ratio
were identified for estimating the LWC, SWC, LMP, RWC and RMP. Using these spectral indices, we
discussed the modeling approaches to estimating LWC, RWC and RMP, and eventually presented a
universal model for estimating the leaf moisture condition of both grass and woody plants as mentioned
above. Moreover, these experimental formulas could be used to estimate the leaf moisture conditions of
the soybean under nutrition and water stresses, but satisfactory results were not reached for the case of
maize. For the reason, it was judged to be that the influence of maize leaf vein resulted in the
measurement errors for spectral reflectance and leaf moisture conditions. About this further examination,

however, remains to be made.

ML UL T DERICE T 2R G EBIRS TR &

L RED T, B, BHEY T ML UL/ OSHETI,

EOKSEERERRT /T A— S ITEERAEKE
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LA L, ZHHORIERIZE A CBEERIRIEE L)
W=, F—0EIZHOWTRE R ZRIET 5 2
EMRTER, BATREDS KR AT FvVEHE
MHEENLDNRT A—FEERENERIL LS &5
RABMEL 72 X TE = (Carlson et al.,, 1971 ; Gausman et
al., 1971 ; Thomasetal, 1971 ; Tucker, 1980 ; Huntet
al, 1987 ; K5, 1988 ; Inoueetal, 1993), £ T3
nS, AR EREFAIE T, L{Ebh T34
DI3T A—F DEBBWRNRLRYD, T—% OBRED
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2.1 BHEEEOREER

HERHEWIT & A A(Glycine max Mem)? 2 fLfE(T
LA LYY LRRA), hyEOaY (ZeamaysL., /™=
—_F L), YA a(Vibunum awabuki), =Y J
A(Liriodendron tulipifera)® P\ =, &FEEIZ 7 ¥
BO, EDLYEHST, FRICH L, YIVE-7 4
S 2 BRENIBK S ETHHLENIZBVTRL 1 FHE
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Fig. 1 Coefficient of determination(Rz) of the regression formulas for
remote sensing of leaf water content per unit leaf area (LWC). specific
leaf water content (SWC) and leaf moisture percentage on fresh weight
basis (LMP) by the characteristic spectral reflectance (R ). The

.diagram is based on the data set of cultivators A and B of
soybean.The degree of freedom is 67.
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Table 1 Empirical equations for estimating leaf water content per unit leaf area (LWC), relative specific leaf water content
(RWC) and relative leaf moisture percentage on fresh weight basis (RMP) using spectral reflectance (R ;) based on
the data set of four plants, Glycine max, Zea mays, Liriodendron tulipifera and Viburnum awabuki.

Empirical equations s RMSE RRMSE
LWC LWC=49.7exp(-7.1936 Rs) (12.1) 0.838 2.69 229
(mgH,0cm?) | LWC=40.4 exp(-6.8534 R,43) (122) 0.832 2.81 23.8
LWC =27.7 exp(-8.0455 Ry,0) (12.3) 0.810 3.25 27.6
RWC RWC =204.98 exp(-6.5103 R,430) (13.1) 0.903 1043 16.7
(%) RWC =246.57 exp(-6.7819 R\4s3) (132 0.896 10.80 174
RWC = 144.039 exp(-7.663 Ry,0) (13.3) 0.889 10.86 17.5
. RMP RMP=-191.21R 43, + 121.68 (14.1) 0.896 5.95 7.2
(%) RMP =-198.72 R4g3 + 127.00 (14.2) 0.884 6.28 7.5
RMP =222.85R 350+ 147.76 (143) 0864 6.81 8.2

R%is the coefficient of determination of the regression formulas. RMSE denotes the root mean square error(mgem? or %)

and RRMSE the relative root mean square erron(%o). The fiee degree is 137 for all regression formulas.

Table 2  Empirical equations for estimating leaf water content per unit leaf area (LWC), relative specific leaf water content
(RWC) and relative leaf moisture percentage on fresh weight basis (RMP) using reflectance ratio (R, /R ;) based on
the data set of four plants, Glycine max, Zea mays, Liriodendron tulipifera and Vibwrnwm awabuki.

Empirical equations ] R .| RMSE RRMSE

LwC LWC =271.76exp(-5.3929 Ryg/Ries) ~ (15.1) 0910 - 177 15.0
(mgH,0cm?) | LWC = 6.8718 Ry10/Riaz0 - 6.7227 15.2) 0.902 1.91 16.3
LWC =6.9767 Ry 121/ Rouz0 - 6.8636 (15.3) 0.901 1.92 16.3

RWC | RWC=61223exp(4.3521 Riu/Riesn) (16.1) 0.909 11.49 18.5
(%) RWC =2229.2exp(-5.4911 Ry/Rigs)  (16.2) 0.907 12.69 20.4
RWC = 1052.1exp(-4.8368 R,us/Risso)  (16.2) 0.884 12.85 20.7

RMP RMP = 159.96L0(Rpo/Riszo) + 7401 (17.1) 0.897 6.24 75
(%) RMP =-126.8 R,45o/Rigso + 153.25 (172) 0.885 6.65 7.1
RMP =405.44Ln(R,45/Riz0) +40.76  (17.3) 0.870 6.92 8.0

R is the coefficient of determination of the regression formulas, RMSE denotes the root mean square error(mgem? or %)

and RRMSE the relative root mean square error (%). The free degree is 137 for all regression formulas.

Table 3 Applicability of the empirical equations with the spectral reflectance (R ) and reflectance ratio (R;/R ;) as variables,
for estimating the leaf water content per unit leaf area (LWC), relative specific leaf water content (RWC) and relative

leaf moisture percentage on fresh weight basis (RMP) of soybean under stresses of water and nutrition.

Spectral reflectance (R, ) Spectral reflectance ratio (R; /R;)

Egs. Vi RMSE RRMSE Egs. R RMSE RRMSE
LWC (z.n 0.816 122 9.3 (15.1) 0.903 1.44 10.9
(mgcm?) (12.2) 0.782 1.34 103 (152) 0.880 0.99 7.6

(12.3) 0.563 1.59 12.2 (153) 0.887 0.99 7.6
RWC (13.D) 0.679 7.67 117 (16.1) 0.729 9.08 13.8
(%) (13.2) 0.685 8.57 13.1 (16.2) 0.708 11.53 17.6

(13.3) 0.513 8.40 12.9 (163) 0.727 12.07 18.4
RMP (14.1) 0.743 4.09 47 (7.1 0.592 484 55
(%) (14.2) 0.727 443 5.1 (172) 0.774 435 5.0

(14.3) 0.587 498 5.7 (173) 0.374 7.71 8.8

R?is the coefficient of determination of the regression formula ¥,,,=bY.,, RMSE denotes the root mean square error (mg cm’”
% or %) and RRMSE the relative root mean square erron(%). Y,,and Y, are the measured and predicted values, respectively.

- The free degree

is71
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Fig. 2 Coefficient of determination(R%) of the regression formulas for

remote sensing of leaf water content per unit leaf area (LWC) by the

characteristic reflectance ratio (R /R 1430, R 1/R 1650, R /R 1850, R 2

/R 1920, R 1/R 1950). The diagram is based on the data set of cultivators
A and B of soybean. The degree of freedom is 67 .
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T.Asaeda,V.T.Ca,T.Fujino and H.Kodama: A numerical model for the plant canopy
microclimate, 23™ Conf. on Agri. and Forest Meteoro.,233-236,A.M.S.,1998.

111



R ,
' HAEDE - KIEE

TE T IR BE
dT,
PepCep —# =R, -a(z)H, (z)-a(z)Le,(z)

D EOBEBLCHR; Ro: EREE; @) : FEREE; g, Le,: FH KX

pcp’ cC

i D S % 35 K TNE RS

- ZOBBTERT > v )b

W, _a(, dw,+z)
C ot -az(K" 8z ) S,(e)

C,: FEA 2k D HKA&; K,: B0 BRI Sp DS DEBEIZIIRN 5O

7K 53 R GEE BE
FHFy / E—HNOEEE - B - KD DA

EES

du_ 9 (v o (z))a_u _ —a(z)rc (z)/pa for 0 < z < h, (within canopy)

o oz m ez 0 for z>h, (overcanopy)
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KER S A:
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A consideration on spectra of leaves by spectrophotometric experiment;
Consideration on relation between reflectance or transmittance
and water content of leaves.

EHER (FEARERBVE— LIV IHERE 4 —)
Takuji MIWA (Center for Environmental Remote Sensing, Chiba Univ.)

Abstract: Relation between water content and various quantities representing NIR
reflectance or transmittance have been examined systematically. Relation between
the WC (ratio of water weight to raw leaf weight) or the water ratio:WR (ratio of
water weight to dryed leaf weight) and various spectral quantities were examined.
It was confirmed that the correlation between the WR and 2200nm transmittance:
22T was better than the correlation between JVC and 22T but each kind tree data
makes a block on the plot. It is also confirmemed that this week point is brought
to settlement by relation on spectral qauntity ratio at two wave lenghtes.

keywords: spectral data of leaf, relation between water content and spectral quantities, ground truth

1. FL®HIC

EZEE-EBRB 1 2EORNEBEOESZEHMNICHEL TERL, EHOXAEREE2RT2ENE (8K
F, BKL) LBAORSE - SRBEHNGB-ELOHBERERFNICARDS, ZEHEOSKE
(&, 2200nm DEDER, ZRORFELED, BRELEHEBRERTS, EEHEORKE,
SRORNELIZAOHBERZRTH., RAORFRLEFEFIHEMLEBEEZRL, EBEL HE
HEHABEEREEZRIEEHASNS, aKHEE 22000m OFBEOTEDOHBBEFKIE. SKELDHEE
HREIUYBHTHIBEHINEZINIH, TSV THHESCHBLE IO Y I ERBRT 5, Chik
BHEHN~NOFNHAOTHEEZRTTN,. EPFOEKEEARY MUEDOBEFREE L TRERAERLGE b,
2EEDARY FIMBEOHZRWSEIZEY, OO0y biXIFIZFREHEIBNEREIN D,

2. =X

RELEHOE6HE (7 XF : Quercus acutissima:QA, 37+ 5 : Quercus serrata:QS, 4 X 5 : Carpinus
Tschonoskii:CT, ¥ ¥/ X X : Cornus brachypoda:CB, 7 ¥ : Zelkova serrata: ZS, ¥ * A 3 >/ :Prunus
x yedoensis PY), BHILEH 6TE (ST 75 :Qercus myrsinaefolia:QM, 7 H H 2 :Quercus acuta:AQ, X
4 2 A :Castanopsis cuspidata var.Sieboldii:CS, < 7 /% A :Pasania edulis:PE, # 7'/ % :Persea Thunbergii:PT,
2 X/ F:Cinnamomum Camphora:CC) DEMEDNEZTEHMIZ, B L TEIRL, KEE, FEOXRL
RADOE1HORHARY b)L, BEORAUS SRB~NDEBARY FL%E, Lambda 19 (THEHBRZE T
FTRELE. KEEE, BRRE#E 80" COL7—A—J b TH2BMEREDEEENI 5K
Hf-. EKE : WCIE, KEEDEEEBICH T S (water weight/raw leaf weight), FIKL : WR (&,
KESEOEBREFIIHT D (water weight/dryed leaf weight) & L TEHRL., REE - EBEHILEL
hPBADEBELOHBEGZREHAN, £f-. BRO2EKEDARY MLEDH E WCWR OHEERERF

%%’{f:o

3. #2
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- Fig. 1-3-1

Relation between water ratio and F->R transmittance ratio:T2200/71450
of 6 kind deciduous tree {1-0)-1-3, 1-1-3, 1-2-3 leaves from 1997.06.
0 1998.08. by Lambda 19 with integral sphere.
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02 ratio:T2200/T 1450
0 N AKeyaki F-)R trans.
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0 water rntiio (water we?ght/dryed laeaf
weil

Relation between water ratio and F~>R transmittance ratio:T2200/T1950
of 6 kind deciduous (1-0)~1-3, 1-1-3, 1-2-3 leaves from 87.06. To 98.08.
by Lambda 19 with integral sphere. F->R trans. ratio:T2200/T1950

10 8 Kumanomizuki F-R trans.
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o B8 @ Inushide F->R trana.
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0 1 2 3 4
water ratio {water weight/dryed leaf

wei,

Relation between water ratio and spectral data ratio of 6 kind deciduous tree
(1-0)-1-3, 1-1-3, 1-2-3 leaves from 1997.06. to 1998.08. by Lambda 19

with integral sphere.

- Fig. 2-1-1
Relation between water ratio (water weight/dryed leaf weight) and F->R
reflectance ratio:R2200/R1450 of 6 kind ever green tree 1-1-3, 1-2-3,

2—3 jeaves from 1897.06. to 1998.08. by Lambda 19 with integral sphere.
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o ratio:R2200/R1450
0 A Shirakashi F=>R refl.
[ 1 2 3 4 5 ratio:R2200/R1450
water ratio (water weight/dryed leaf weight)
Fig 22-1-
Relation between water ratio and R->F reflectance ratio:R2200/R1450 of
6 kind ever green tree 1-1-3, 1-2-3, 2—3 leaves from 1997.06. to
1998.08. by Lambda 19 with integral sphere.
o 12 3 B Akegashi R-F rof.
2 . N ratio:R2200/R1450
(3 & e @ Kusunoki R->F ref.
8 o8 K ratio:R2200/R1450
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& 02 © Tabunoki R->F ref.
3 ratio:R2200/R1450
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Fig. 2-3-1

Relation between water ratio and F->R transmittance ratio:T2200/T1450
of 6 kind ever green tree 1-1-3, 1-2-3, 2-—3 leaves from 1997.06. to
1998.08. by Lambda 19 with integral sphere.

18 8 Akagashi F->R trans.
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Fig. 2-1-2

Relation between wator ratio (water weght/dryed leaf weight) and F->R
reflectance ratio:R2200/R1950 of 6 kind ever green tree 1-1-3, 1-2-3,
2-—3 leaves from 1997.08. to 1938.08. by Lambda 19 with integral

sphere.
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Fig. 2-2-2

Relation between water ratio and R->F reflectance ratio:R2200/R1950 of
6 kind ever green 1-1-3, 1-2-3, 2—3 leaves from 1997.06. to 1988.08. by
Lambda 19 with integral sphere.
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Fig. 2-3-2

Relation between water ratio and F->R transmittance ratio:T2200/T1950
of 6 kind ever green tree 1-1-3, 1-2-3, 2—3 leaves from 1997.06. to
1998.08. by Lambda 19 with integral sphere.
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Relation between water ratio and spectral data ratio of 6 kind ever green tree
1~1-3, 1-2-3, 2—-3 leaves from 1997.06. to 1998.08. by Lambda 19

with integral sphere.
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Request your contribution to Global Studies
- by sending meta-data of your land use/cover and related data

Ryutaro Tateishi
Center for Environmental Remote Sensing(CEReS), Chiba University, Japan
Fax: +81-43-290-3857  Email: tateishi@rsirc.cr.chiba-u.ac.jp

DIS(Data and Information System) sub-committee of the Japan National Committee for IGBP
(International Geosphere and Bioshere Program) under the Science Council of Japan has
developed AWLC(Asia-Wide Land use and Cover) meta-database.

(1) Whatis the AWLC meta-database?

The AWLC meta-database is a database of meta-data of land use, land cover, and other land
surface variables in Asia. Land use is a social classification of land which describes how a man
utilize land. Land cover is a physical classification of land which describes what type of
surface, especially vegetation type, covers a land. Other land surface variables include
vegetation cover percentage, forest cover percentage, area of land cover change, area of
desertification etc. They are any kinds of variables which describe land surface characteristics.

They may be category-type discrete representation of land or continuous variables of land.

(2) Why do we need the AWLC meta-database?

Land surface characteristics is one of key environmental variables for global change studies and

local environmental studies. However we do not have unified detail knowledge about land
use and land cover of global area which meets the needs for global change studies. Since land
cover of global area varies a lot by continent, land use and land cover of each continent should

be investigated first. The AWLC meta-database is focused on Asia. Though we can get land
use and land cover information from satellite image, the lack of more reliable information (or
ground truth) than satellite extracted one is a common problem. On the other hand, there are
many projects and individual studies which provide land use or land cover information as a
final product or by-product. But, unfortunately, in most cases, these information can not be
accessed by other researchers just because producer of these products think that they are only
for their own project, organization or sponsor. The main reason of the development of the
AWLC meta-database is to remove barrier which avoid to use the pre-acquired knowledge of
land use and land cover of Asia. In other words, the AWLC meta-database changes closed
knowledge of land use and land cover to open or common knowledge for Asian scientists.
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This common knowledge is a common property of Asian scientists and it promotes the
understanding of the environment of Asia. Your contribution would be highly appreciated not
only by the initiator of this project but also by Asian people who live in Asian environment.

(3) Web-site address of AWLC meta-database

http://oblbwww.cv.noda.sut.ac.jp/awlc/indexz.htm

(4) Method of registration of your meta-data

You can contribute to the AWLC meta-database by sending meta-data of land use, land cover,
or other land surface variables in Asia by the method described below. It would be appreciated
if you could send the image data or browse image data of land use/cover or other land surface
variable.

Methods to send meta-data or image data:
(Either of the following three methods is acceptable.)

a. From web site

Meta-data and image data could be directly registered from the web site:
http://oblbwww.cv.noda.sut.ac.jp/awlc/index2.htm

The file name of image data can be registered at the above web site, but the image data itself

should be sent by the method (2) or (3).

b. By E-mail or ordinary mail

Meta-data written in English language in a TEXT file (file name: xxxxx.txt) or HTML file (file
name; xxxxx.htm) and image data as a GIF file (file name: xxxxx.gif) or a JPEG file (file
name: XXxxx.jpg) ‘are acceptable. These data can be sent to the address at the bottom of this
page by data media such as a DOS format floppy disk, a 8mm tape, a MO, or a CD-ROM.
These data can be also sent by e-mail message or its attached file to the address at the bottom.

¢. From your FTP site

We can also directly downloaded both meta-data and image data from your FTP site. For this
method, please let us know the IP address of your FTP site and the file name of the meta-data
and the image data beforehand by e-mail to the bottom address.

Address for sending data and for questions:

Dr. Hirohito Kojima

Remote Sensing Lab., Faculty of Science and Technology
Science University of Tokyo

2641 Yamazaki Noda-City Chiba 278-8510 Japan
Phone : +81-471-24-1501(ext.5014)

Fax :+81-471-23-9766

e-mail : kojima@ir.noda.sut.ac.jp
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(5) Example of meta-data

Example

1. Name of the dataset (Example) Land cover dataset of Gifu prefecture
2. Location

Latitude of the north end (Example) 36 deg 30 min N

Latitude of the south end (Example) 35 deg 00 min N

Longitude of the westend ~ (Example)136 deg 15 min E

Longitude of the east end (Example)137 deg 45 min E

Name of the place (Example) Gifu prefecture, Japan
3. Attribute

Land use / land cover class

Land surface variable (Example) Land cover class

Forest, Paddy field, Agricultural field, Grass land,
Urban area, Bare ground, Water
"the detail definition of land cover class" (¥***** txt)

4. Source information (Example) Landsat TM, 28 July 1995
5. Data
Raster Grid size
Vector Original scale (Example) Grid size : 30 meter and 1 second

6. Any description about the dataset (Example) This dataset was produced as one of the
products sponsored by XXXXXX.

7. Availability (Example) Available

8. Contact (Example)
Ryutaro Tateishi
Center for Environmental Remote Sensing(CEReS)
Chiba University

1-33 Yayoi-cho Inage-ku Chiba 263 Japan
Phone: +81-43-290-3850
Fax: +81-43-290-3857
Email: tateishi@rsirc.cr.chiba-u.ac.jp
URL: http//*********
9. Documentation/Web site about this dataset
(Example 1)
Hirohito Kojima, Land cover classification of Gifu
prefecture, International Journal of Remote Sensing,
Vol.xx, No.xX, pp.XX-xx, 1998 '
(Example 2) "Related report" ( hitp://¥¥¥*F&4:4k)
10. This dataset is produced by (Example)
Obayashi Shigeyuki
Remote Sensing Laboratory
Science University of Tokyo
11. This meta-data is contributed by ~ (Example)
Hirohito Kojima
Remote Sensing Laboratory
Science University of Tokyo

12. "Browse image of the dataset" (¥****** gif)
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HLWMEEEENATVSPELEEEHREROBRIZONT

MNERIEL (REXREFRBHEF)
AL B (FEXBEBRBUE—FEVSVIBMREYE )

1. [FEHIC

REOHEERENDS < IF, WEICH L TRROKXKENVWARFKF/NAY FERFOKRELER
XY RO2/80 FZAWL, ThodNy FEEENCHBESZFML TS, KRMAG
HE4E$5EE L LT, NDVI(Normalized Difference Vegetation Index)’, HROLERSDFE
42 E - SAVI(Soil-Adjusted Vegetation Index)?, FHEEL =L VEETNDVI &
SAVI £ 1V 4 1+ 5 5548 & 542 OPVI (Optimum Vegetation Index) ® 4 EMRE =L TL
3. LAL, ChoDEEEETA—X S 7OLERMAGLETRONDFELIRED
BOAEERTET DL, BMEICHLTRREASETOTRK/ Y FOENEROFRE
TEORSFIZEYERL, ELWEEFHESTAEL.

22T, BRIZFELIEDBOEE S ERICEET 5012, ARKAVF, "FHREN
VB, ERANYEDOI /Y FERWH LIMEATSTR NATVSP (Normalized Area of
Triangle for Vegetative Spectral Pattern) *ZRE L 1. Ffz, AHEBZHEDS { DHE
AR L TNBAY K (FRR~ERN) ZHELTNROT, BEOT—F EREDT
— 3 ELEBRTHETHEVLEETHLIEEZAOND.

A$H & TlE, Alunite, Kaolinite, Gypsum 0 3 DDEBEILMERF, #—AX F5 U7 Alice
Springs M7#& 1, HE Taklimakan BEOCEEHO S BEOLEY V> TILITHLTE
HNEBFT, SEEEELEEREROBEREALSNIT S,

2. ERNERICKDARY FILRIE

EELERRY FLA—42(L£E GER. 0 IRIS Mark V, £RENASF VST, H#
P E L THYTOELZBAN-. ZRRBETHE, HEEEBREOEVICLDIARY MILR
HOBEREANSEHIC, EXEYUTILOLIZEEZEEZ, ETBLALERZILTD
EIESBEADARY MLAEET>1-. £, EOBBEMRIRY MLRIEICEZ ST
BEFARDEHIZ, ELEH L TNE—KROETEBHBELEREROETE - 5E
ZHELT.

M1ltA—2 5 7OFRBIEICH L THEBBEEREEE LEBORRY MLRAESR
2 FEHCE2F0ES I SH UBHEOBICHTIAERRETHD. F:, EEITE—
MTTELB-1-58, EHEEASHERTIEZE-BEOAEHRTHD.

M1sE25hHBTEE, HEBRBROLHE WSS EEKICTREL SERIMETLERED
BMRZRY FLAIEICKECEET B Lbh D, £, EREERZERT S L, [
CHERBETHARY MLAERENRRAEL LMD, EOBBELARY MLEIC
KELHEEFZRIFTLNDLS.

H3E+—Z FS5 U TORBLIEICHTERARY FLAEHERM S, BEEIGETMAY
KF— A 5ERT 2 BEERLELOTHS. £, TMOE/NY FIBICHETSIAVR
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