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Study on the diurnal variation of water vapor associated with local circulation using GPS data
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Water Resources in China
Feng Qi
Department of Atmospheric Environment and Applied Meteorology Research,
Meteorological Research Institute
Akihiko Kondoh

Center for Environmental Remote Sensing, Chiba University

Serious Shortage of water Resources

3, ranking

The total volume of the water resources in China is approximately 2.8x10"” m
it 6th in the world (1). However, the per capita share of the water is only 2400 m’, i.e.
25% of the world mean value, ranking China 109th in the world. Thus, China is among
the 13 water-deficient countries in the world (2). Water shortages restrict China’ s
agricultural, industrial and city developments (3). Over 300 of China’ s 600 cities are
already experiencing a water shortage and 108 cities have a serious lack of water (4). In
the 1990s, the drought-prone land areas covered almost 267 000 km?, and China’ s
grain output had stagnated at the same level for the 4th consecutive year, and had
decreased by 3500 million kg compared to previgus years. Although the potential
irrigated area that could be developed totals 640 000 km?, the area irrigated is only 500
000 km?. and that properly irrigated is only 400 000 km?. In the late 1980s and 1990s,
many electric-power plants and factories in the large and medium size cities in northern
China had to suspend production due to water shortages, and some cities in southern
China were also affected (5). Excessive pumping of water leads to a drop in the ground
water level and to and to the destruction of the water bearing aquifers. The lowering of
the water table in coastal cities is causing seawater encroachment, resulting in salinized

groundwater, and conflicting water supply and demand.

Deterioration of the water Environment

The total area subject to soil erosion in China has reached 3 670 000 km?, i.e.38% of
China’ s total land area. Annual soil erosion amounts to more than 500 mill. tonnes,
which is equal to 8.3% of the total soil erosion in the world. In the Loess plateau, alone,

the losses of nitrogenous, phosphate, potash are 40 mill. tonnes and equivalent to the



total annual output of chemical fertilizers in China, resulting in an economic loss of
USA 30 million.

Water pollution is a very serious problem in China. In the 1970s, polluted water
discharge was 30~40 million tonnes, and increased to 10 mill. tonnes in the 1980s (6).
~ Almost 85% of the waste were discharged to water sources without prior treatment;
polluting rivers, lakes and, to some extent, agricultural land. It was found that more than
400 of the 500 rivers were contaminated to various degrees, and the water supplies of
most of the cities, which lie near large rivers, were seriously polluted.

Desertified land areas in China cover 1 490 000 kmz; 1.e. over 15.5% of the total
land area. From the end of the 1950s to the middle of the 1970s, land desertification in
northern China expanded at a rate of over 1 570 km? per yr''. By the end of the 1980s
(7) the area had reached 1 970 000 km? in northern China, mainly due to the misuse of

the water resources.

Frequent Flood and waterlogging damages

Although many water conservation facilities have been constructed during the past 40
years. flood prevention has not been adequately developed due to the lower status of
water conservation projects. In addition, there is poor control of soil erosion, the silting
up of rivers, and the problem of manmade dikes in some river courses. Of the 370 large
reservoirs over 100 have problems, as do 670 of the 2500 medium-size reservoirs.
Similar problems have been noted in 40% of the 80 000 small reservoirs. In 1994, the
flood-hit areas covered 193 000 km? affecting 223 mill. people at a direct economic
loss of USD 2100 million.

Acute conflict between water demand and supply
Poor regulation of water is attribution to the unequal distribution of land, mineral and
water resources, as well as to the poorly balanced distribution of the water resources in
both time and space.

The conflicts among the water users in the upper, middle and lower sections of
the rivers have become more apparent in recent years, due to poor water-management

laws, uncoordinated water distribution, and uncontrolled development and wastage of



water resources in the upper, middle and lower sections of rivers. This can cause land
desertification and environmental degradation in lower sections of rivers.

In China, high irrigation quotas. excessive water diversion, wide flooding and
tandem irrigation methods are still used. For example, the irrigation norm in northern
China is 1.5x10%~2.25x10° m® km™, and some farmland has a norm of 3.0x10° m® km™
(8). Lower "water prices have led to water-resource wastage. The mean utilization
coefficient of the channel systems is 0.3-0.45 and much of water is wasted.

Per capita water consumption is between 0.10-1.0 m3, and the industrial 10 000
yuan product output to water index demand is between 79-2000 tonnes (in Qingdao it is
79 tonnes). Thus, water consumption in Chinese industries and cities is higlr and

extremely variable, and the reuse ratio is as low as 2-12%.

Unequal-distribution of water resources

The distribution of water resources in northern and southern China is unbalanced. The
total runoff from the Changjian River and its southern tributaries accounts for 80% of
China’ s total runoff, but the farmland area fed by the Changjian is only 36% of
China’ stotal. The per capita water use in northern China is only 25% that in the south,

however, the water resources in the north are 10% of those in the south.

The future expectations for water resources

The total water utilization quota for industry, agriculture and individual use is currently
5.828x10'" m’ while water shortage is 0.828x10'" m®, including a 0.77x10"" m’
shortage for agriculture (9). By the year 2 000, the water used for grain production is
expected to increased by 0.5x10"! kg (10), and the water resource shortage will reach
0.6-0.9x10"" m’ according to present water-requirement levels. Water shortages in

urban areas, i. e. for household, commercial, industrial and other uses are expected to

increase to 0.254x10'"' m°.

Countermeasures
The Chinese Government has adopted many measures to alleviate and solve water

problems: e. g. construction of large-scale water conservation projects. The water-
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supply capacity of all the water conservation projects has reached 5.0x10"' m?, i.c. 18%
of China total water resources. Water diversion projects have resulted in economic
benefits and other, e.g. the transfer of Luan River water to Tianjin City improved
drinking water for the population. Water was diverted from the Hanghe River to
Qingdao and helped settle the some of the conflicts between water supply and demand.
Extensive water diversion from Dongjiang in Guangdong to Shenzhen has provided
increased water for Hong Kong. The biggest water power project, the Sanxia Big Dam
construction began in 1996 and the Yangtze River was cut-off in 1997 for the project.

Water-resources management has been strengthened by a series of
administrative laws and by providing the public with information. In 1988, th& first
water law for the People’ s Republic of China was published. In 1993, the system of
water division licenses was published, and in 1994, the rules for water pollution control
of the Huihe River were establishedb. Thus, development, utilization, protection, and
improvement of water resources in China have been brought under the control of laws
and regulations. Newspapers and television have been used to improve awareness, and
citizens’ concern about the use of water resources, their value and the need for
restrictions and protection.

At the beginning of the 80s, China carried out a large-scale investigation and
evaluation of its water resources, the supply-demand distribution and the need for
protection. In the 9th five-year Plan period. China will continue to stress water-
resources management, economy, and legislation. for water pollution-control, and will
provide ‘a plan for the comprehensive utilization of water resources and for water-
resource taxation.

Efforts to develop water-saving in cities, industries, and agriculture are growing.
Sprinkling and drip irrigation in China is used in only 1.5% of the total cultivated area.
If the water utilization rate of the channel systems can be raised by increasing the
expenditures on the channel systems, it could save 10-15% of the total water used in
field irrigation. Field water conservancy projects could save 10-20% and up to 50%, of
the water used in arid regions, and over 30% of the water used in humid regions. If
industrial water-use ratios were at Qingdao levels, 1.6x10"'m’ water could be saved

annually. Wastewater reuse and rational use of water could save 25-35% of the water



currently used in cities.

Tapping new sources of water is important countermeasures for China’ s
economic development, and water distribution patterns. Precipitation is essential for
development in subhumid, semiarid and arid regions. Precipitation provides drinking
water in mountainous regions, and improves water conditions in forestland. Surface
runoft can be exploited, and more efficiently used by the construction of terraces.
Seawater can be used for industrial cooling water in coastal areas, and can also be
desalted to provide the freshwater, solving water-shortage problem in some specific
regions in the future.

Overall water-use problems in farming, forestry, animal husbandrys and
environmental protection, need to be considered. and water-conservation works need to
be regulated. Floodwater should be used to supply rivers and groundwater in a planned
way, and interbasin transfer of water enhanced to solve the water-shortage problems.

China must abandon the existing management system of separating surface-
water management from groundwater management, and separating water-conservation
projects from water-supply institution, and establish a new authoritative management
system of unified control. Coordination of the utilization of water and requiring users to
observe the water laws, and unified allocation of water resources within each river
basin, should be completed as soon as possible. Only by doing so can the problems of
water resources development be solved (11).

China need to carry out the plan “to use science and technology in the
utilization of water resources” and in the meantime train qualified water-conservation
personnel, in.addition to encouraging to scientific education. Administrative cadres
should understand the economical basis for utilization of the water resources, in order to
improve development, utilization, and protection. In order to strengthen the protection
of its water resources, every city should adopt reasonable and feasible management
plans and supervision measures, including supervision and management of the points of
polluted water discharge. Polluted rivers need to be cleaned up, and polluted waters
prevented from entering the rivers, lakes, and shallow groundwater aquifers. Adequate
and good-quality water supplies to urban and commercial user are necessary. China
must limit the exploitation of water resources to levels with the limitations the regional

water resources discharges, which represent the total local precipitation available for



utilization. An assessment of the amount, variation tendencies, and methods of
development is needed to predict social and economic development strategies. Setting
up a model of water resources utilization that will satisfy the needs of development and
sustainable utilization will be necessary to determine the effects of the water-resource

use on the economy, while recognizing the important relationship between man and

water (12).
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Retrieval of precipitable water in a continental scale using split window data

Makoto Kuji (Nara Women’s University), Itaru Okada (Japan Science and Technology Corporation), Akihiro
Uchiyama (Meteorological Research Institute), and Tamio Takamura (CEReS, Chiba University)

" The algorithm has been preliminarily developed to retrieve precipitable water in a continental scale using split window
data. The retrieval algorithm was applied to the GMS-5 / VISSR data. The retrieved results were rather inconsistent with
the precipitable water estimated from radiosonde observation around Japan. The inconsistency seems to be attributed to
the less exactness of regressive curve, rather than the influence of the atmospheric temperature at this stage. The method
may, however, be applicable to NOAA / AVHRR data which has also split window channels so as to compare the results
from both satellite / sensor data. It is planned to compare the retrieved results to the Objective Analysis Data in a

continental scale. With the atmospheric temperature correction, the surface temperature index is estimated as a by-

product, which should be also validated in comparison to the in-situ observation in a future work.
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Characteristics of solar radiation and satellite-derived ocean color over the

equatorial western Pacific
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Abstract

Optical variabilities of the western Pacific Ocean are closely connected with
the signal to ENSO and the global climate change. Therefore characterizing
solar radiation and ocean color at the equatorial Pacific Ocean are important
indices for occurrence of ENSO phenomena. Coordinated shipborne
observations with SeaWiFS overpasses are carried out to estimate atmospheric
effects on the satellite sensor performance by using sunphotometers and
spectral radiometers on board R/ V Mirai. Aerosol optical thickness is observed
by using the sunphotometer and spectral radiance of the sea surface is
observed by the spectral radiometer. Aerosol occupies greater portion of
optical thickness thén the Rayleigh and ozone optical thickness and the
proportion of aerosol is larger in the longer wavelength. Aerosol occupies
greater portion of radiance at each band as is the same as optical thickness.
The proportion of aerosol is larger in the longer wavelength.
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Assimilation Experiments of the Kuroshio Variabilities
using TOPEX /Poseidon Altimetric Data

TosHIYUKI AwaJi, NOoBUMASA KOMORI, AND YOICHI ISHIKAWA
Department of Geophysics, Graduate School of Science, Kyoto Univ., Kyoto 606-8502

Abstract: As a first step towards constructing a regional ocean state estimation for the Kuroshio
around Japan, we have studied the capability of short-range forecasting of the Kuroshio variability
by assimilating TOPEX/Poseidon altimetric data into a regional 1 1/2-layer primitive equation
model with a variational initialization scheme. Using the sea surface dynamic height data derived
from TOPEX/Poseidon altimetry, we carried out prediction experiments of Kuroshio path varia-
tions from 1993 to 1994. Although we used a mean data from a 3-year simulation as the background
field for initialization in our experiments, the Kuroshio path variation was nevertheless successfully
reproduced for up to two months after the initialization. In particular, the eastward progression
speed and the amplitude of the Kuroshio meander were quite similar to those observed. These
results show a dramatic improvement in accuracy in both initialized velocity and vorticity fields

and hence confirm the efficiency of our variational assimilation method for the initialization of

short-range numerical forecasting of the Kuroshio pé.th variations.
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FiG. 1. Typical paths of the Kuroshio south of Japan. nNLM
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non-large-meander path; tLM is the typical large-meander path.
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FIG. 2. Model geometry and observational points for the prediction experiments (white dots).
Background contours represent the mean field of the three-year simulation (contour interval
is 50 m and shaded region indicates upward displacement).
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Fi1G. 3. Kuroshio path variation adopted from the Oceanographic Prompt Reports by the Japan Maritime Safety Agency.
(a) March 3-17, 1993, (b) April 1-14, and (c) April 27-May 19.
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F16. 4. Initialized and forecasted velocity fields of the case 1. (a) March 4, 1993, (b) April 3, and (c) May 3.

FiG. 5. As in Fig. 3 but for (a) June 1-14, 1994, (b) June 29-July 13, and (c) August 3-17.

Horizontal Velocity Horizontal Velocity Horizontal Velocity

Day: 528 ,;% Day: 558

latitude
latitude

125 130 135 140 145 125 130 135 140 145 125 130 135 140 145
longitude longitude  * longituda

FIG. 6. As in Fig. 4 but for the case 2. (a) June 12, 1994, (b) July 12, and {c) August 11.
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Abstract: To improve and build up a sky radiometer for measuring optical characteristics of atmospheric aerosols into a
completely automated instrument on board ship, some trial and test observations were carried out on RV ” MIRAI ™ during
7 Feb to 10 March 1999 over the ocean area from Sekinehama harbor to the west tropical Pacific ocean. Simuttaneously
observed items and instruments were size distribution of giant and large particle aerosols, integrated scattering coeffi—
cients and absorption coefficients with Particle Counter, Integrating Nephelometer and Absorption Photometer. Over
the middle latitude ocean area on the former way of the cruise (RM39-K01), the concentration of aerosols and other
coefficients were observed relatively higher than those over the lower latitude ocean area of the latter way of the cruise,
although such large discrepancies were not seen in optical thickness with sky radiometer. It may be considered that higher
concentrations of aerosols observed were brought by air streams from east coast of Chinese continent with industrial

pollutants and/or Asian dust-storm particles.
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(The Measurement of Sea Surface Temperature by Ferries which crosses

in Kagoshima bay )

BH AN (BREKRE IEH)
sakurai@oce.kagoshima-u.ac.jp

Abstract
Kagoshima bay is about 75 km long in the north direction and 21 km wide in the east

direction. The exchange of sea water between Kagoshima bay and the open sea occurs
through such a small cross sectional area. Distribution of sea surface temperature (SST)
across the Kagoshima bay has been measured by a thermometer installed on ferries.

When there is sudden rise in the SST along eastern part of Yamagawa - Nejime line, there
is a delay of 1~3 days before the SST along the eastern part of Kamoike — Tarumizu line
goes up. This expresses the inflow of warm water. Also, the SST change of the ferry and
image of NOAA , too, correspond well.

The results show that continuation of _
measurement of SST distribution
across the Kagoshima bay provides a : € %

- good tool for monitoring. ' il
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Fig.1. Observation lines.
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Lidar and Sky radiometer measurements of cirrus cloud and Aerosol
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Abstract

We started the long-term monitoring of aerosols on July 1997, by using a sky radiometer set on the roof of our
institute. Aerosol particles scatter light from the sun and cause enhanced bright regions surrounding the solar disk in
cloudless conditions. This region is called as the aureole. The sky radiometer is a spectral scanning radiometer and
measures both the direct-solar and circumsolar radiation. The sky radiometer permits continuous measurement of the
volume size distribution, the aerosol optical thickness and the single scattering albedo of vertically integrated
atmospheric aerosols. We started the monitoring of aerosols and cirrus clouds on February 1999, by using a Mie Lidar.
Vertical profiles of aerosols and cirrus clouds are obtained by Lidar measurements. We briefly introduced the sky
radiometer and some results obtained in this two year.
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A situation of atmospheric correction and aerosol monitoring
by satellite remote sensing
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Abstract: We present the situation of atmospheric correction and aerosol monitoring by satellite

remote sensing with this symposium. We have ever performed atmospheric correction around
Chiba by using the LIDAR system and MODTRAN, the radiative transfer code. And the sea
surface albedo and aerosol optical tickness around Chiba are determined from an iteration process
by 6S code and NOAA AVHRR visible data (channel 1). Also, we studied the optical properties
of aerosol in Indonesian forest fire in 1997 by using two channel data of NOAA AVHRR, and
investigate the smoke situation on the land area by textural analysis.
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Table 1: Bi-modal distribution for biomass burning

Aerosol | Radius Standard Refractive
(Model Mode Deviation | Index

Sa 0.02 0.60 1.45 — 10.0035
Su 0.04 0.60 1.45 — 0.0035
Sc 0.04 0.40 1.45 — 20.0035
Sa 0.08 0.60 1.40 — 40.0035
Se 0.08 0.40 1.40 — i0.0035
Lo 0.40 0.60 1.40 — 20.0035
Ly 0.60 0.40 1.40 — 40.0035
L. 0.60 0.60 1.45 — 0.0035
La 0.60 0.80 1.45 — 40.0035
Le 1.00 0.60 1.50 — 0.0035
L¢ 1.00 0.80 1.50 — ¢0.0035
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Fig. 4: Apparent radiance using 11 Aerosol models
at sea between Karimantan and Sumatera at Oc-
tober 8, 1997. The top figure shows AVHRR Ch.1
and under figure shows AVHRR Ch.2.
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Fig. 5: Observation point at October 8, 1997

Table 2: Retrieved aerosol parameters on October
8, 1997

[ Point | 5 [ 7550 | *s | 0s [ o c(n) |
A 0.72 | 3.50 0.08 0.40 0.60 | 0.40 6.0
B 0.82 1.78 0.08 0.40 | 0.60 | 0.63 0.7
C 0.67 | 3.50 0.08 0.40 0.60 0.40 3.0
D 0.97 | 3.00 0.02 0.60 0.60 | 0.40 2.0
E 0.68 3.00 0.08 0.40 | 0.60 | 0.40 11.0
F 0.89 3.20 0.02 0.60 | 0.60 | 0.63 0.63
G 0.71 1.90 0.06 0.60 0.97 | 0.61 0.61
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Fig. 6: Detected someke in Karimantan at Septem-
ber 1, 1997. The left side shows detected by hand
and right side shows detected by textural alalysis.
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Validation of the insolation from GMS-5 for estimation of cloud forcing
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Short-period variation of upper-level cloud to the east of Tibetan Plateau

and its relation to upper tropospheric medium-scale travelling waves’

RERE (U KEI) - EWEEF - TMNEF (BAETKE)
RHEFEA (BEEH)

Abstruct
Short-period variations of upper level cloudiness over East Asia and the
western North Pacific to the east of Tibetan Plateau were studied using 3-hourly
GMS-IR observations during March of 1997. We found that upper-level cloud
disturbances frequently travel eastward from the Tibetan Plateau to the western
North Pacific with an interval of ~1-day and a phase speed of ~25 n/s
These travelling cloud disturbances are accompanied with upper tropospheric

medium-scale travelling waves.
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MAP

Fig. ta.

Right (left) column shows 3-hourly time sequence of GMS-IR images to

the west (east) of Japan islands on March 21 (22), 1997

Maps are shown in the
top panels as references of

location.
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Fig. 1b. As in Fig.la except on March 22 (23), 1997.



Hovmoller diagram of upper cloudiness(%)
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Fig. 2. lLongitude-time cross section (Hovmoller diagram) of the amount of upper-

level clouds whose top temperature is lower than 243K between March 1 and April

1, 1997.
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Hovmoller diagram of 300hPa Height(m)
High pass filtered (<48hour) 30N—35N
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Hovmoller diagram of upper cloudiness(%)
High pass filtered (<48hour) 30N—-35N
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Fig. 3. As in Fig. 2 except for high-pass filtered one to remove longer period

(more than 48 hours) variations.



Relationship Between Turbulence by Water Vapor and

Spatial Coherence of Light
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In remote sensing, the correction of satellite data for atmospheric turbulence is

an important problem.
that has passed

vapor are selected as a factors: of turbulence.
changing the humidity from 49 % to 95 %.

in an atmospheric turbulence chamber are measured.

In this paper, the degrees of spatial coherence of the light

Water
Water vapor is adjusted by
The measurement results show

that the degree of coherence degrades with the increase of turbulence. The
results obtained by this experiment have verified theoretical ones.

1. Introduction

The quality of images obtained by an
astronomical telescope set on the earth
surface is damaged by atmospheric
turbulence, although the image
obtained by Hubble space telescope
launched into the space is free from the
effects of turbulence.

There are many papers on the
study of turbulence. The experiment
using an atmospheric turbulence chamber
was described by Gamo ', the optical
laboratory  generated

1- 5

propagation in
turbulence was experimented by Elliott 2,
and the modified spectrum of
atmospheric temperature fluctuations was
discussed by Hill °. We
measurements of spatial coherence of the
light that has passed through
air at different temperatures last time *.
Correction of errors in satellite data

made

turbulent

caused by the turbulence of atmosphere
is a very important subject to solve in the
remote sensing field. =~ As factors of
turbulence other than temperature we
considered aerosol and water vapor in the
present experiments. ,

A cloud consisting of cloud particles
or ice crystals is formed when the air
containing condensation nuclei or ice
crystal nuclei is exposed to the state of
supersaturation for water vapor ice.
Water vapor changes its phase into
condensation nuclei or ice crystal nuclei
in the ascending current, which makes
cloud particles or ice crystals.

It is most significant for correction of
satellite data to know the degree of
turbulence of aerosol and water vapor by
studying the coherence degree of the light
that has passed through the turbulent
air.



We made a chamber 4 to simulate the
turbulence in the atmosphere.
Turbulence is generated by aerosol and
water vapor, and the spatial coherence of
the light affected by aerosol and water
vapor is measured by use of Ar laser.
The results obtained by this experiment
have verified theoretical ones by Ho °
which are based on Kolmogorv's theory
to describe the atmospheric turbulence.

2. Degree of Coherence
The degree of coherence y is given by
the following formula :

(. 5,)

Y(Xl" Xz) = ’ ’ (o)}

1

£G)- 1(x,)} 2

where T'(X1 , X 2 ) is a mutual
coherence function, and I1 (X1) and 12
(X 2) are the intensities of the light.

There are many  papers related to

coherence and turbulence
published > *%.  In our experiments,
the interference fringes were

photographed to obtain the degrees of
coherence.  The effective exposures of
the image were obtained by use of a
photographic characteristic curve and the
visibility of the fringes was calculated.

I -Imin:z(zl-zz)

V=Imax+1min' .11+I2 |y12| ' @
S
e T I @

max min

and I min are effective
In our experiments as I, =
1, , the degree of coherence y equals to
the visibility V.

where Imax
exposures.

The theoretical analysis to obtain the
degree of coherence by turbulence
have been made by Ho °. His results
show the degree of coherence degrades

with the increase of turbulence as

- shown in Fig.1°.

Y

DEGREE OF COHERENCE

NORMALIZED SEPARATION I, n

Fig. 1 Theoretical results of degradation
of coherence.

3. Experimental Results

We used an atmospheric chamber in
the experiments. The optical system of
the chamber is shown in Fig. 2. The
size of the chamber is 240 cm X 75
cm X 30 cm . The argon ion laser
(Lexer Model 65 ) was used as the
optical source.
The laser beam multiply reflects in the
chamber , goes out and passes through
the pinhole, 5 mm in diameter, and the
double slits 25 pm wide each and 50 pm
apart. The propagation length is about
40 m. When it reaches the screen
interference fringes are formed by the



double slits. The projected
interference fringes are photographed
and developed, and the visibilities are
measured by a microphoto-densitometer
(Sakura PDM-5). In this experiment,
the visibility equals to the coherence
degree as is shown in Eq. (3).

If a random medium exists along any part
of the propagation path between the
transmitter and receiver, the optical field
at distance z =L from the transmitter
under the Rytov approximation > is
UGr, ) = U, (r, Lexp B (r, L)+ G (n Ly +-++ ]

@

where Uo (r, L) is the optical wave in
the absence of turbulence and W1 (1, L)
and W2 ( r, L) are first-order and
second-order complex phase
perturbations caused by the random
medium.

We have investigated the effects of
water vapor.  The quantity of the water
vapor was controlled by a humidifier
(Toshiba KA-500 D). The humidity
changed from 49 % to 96 %. The
C. The
measurement results are shown in Fig. 6
where the curve " a"

room temperature was 22 °

was obtained with
a single phase screen and the curve "b"
with two phase screens. It is found from
Fig. 3 that the degrees of coherence are
lower when two phase screens are used.

4. Conclusions

This study investigated the degra-
dation of the spatial coherence of Ar laser
passing through in the chamber with
aerosol and water vapor as factors of
turbulence. The results of measurements
showed that the degree of coherence

Screen

Fig. 2. Atmospheric turbulence chamber

with optical system of multiple
reflection.

1.0

Water vapor
LJ
0.8|- ) *
-.\‘\ ,

w L L]
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E \
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Fig. 3. Degree of coherence of the light
influenced by turbulence of water vapor.
"a" and " b" are the case of a single
phase screen and two phase screens,

respectively.



decreases ~ when the turbulence of
aerosol and water vapor increases. The
decrease of degree of coherence in
aerosol is about 0.007 / mg while it is
about 0.015 / 1% as for water vapor.
These degradations are not compared
simply.  Aerosol and water vapor exist
in the atmosphere.

When the earth’s surface from satellite
is observed, the optical information by
through atmosphere is transferred. The
optical information needs the correction
for influence of the turbulence to exist of
aerosol, water vapor and etc, in
atmosphere.

In the future it would be necessary to
correct turbulence in atmosphere for
satellite data.
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Automatic selection of reasonable training areas for supervised
texture classification based on the genetic algorithm
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Hiroshi Okumura, Katsushi Uchiyama (Nagaoka Univ. Tech.), Koji Kajiwara (CEReS, Chiba Univ.),
Xi Zhang and Toshinori Yoshikawa (Nagaoka Univ. Tech.)

Abstract
An automatic selection method of reasonable training areas for supervised texture classification is proposed.
This method is based on both the texture representation method using rotation invariant moments and the
genetic algorithm (GA). In the‘proposed method, first, sets of candidates for each texture category are roughly
given. The chromosomes for the GA are formed by the indexed candidates and their extent. The fitness function
for the GA is obtained by the mixed texture model and quantified pure textures. In this paper, summary of the
texture representation method and comparison of texture discrimination ability with the conventional Haralick’s
method are described. Furthermore, the details of the proposed automatic selection method are presented, and

some simulation results are also shown.

Keywords
supervised texture classification, complex Zernike moment, training areas, genetic algorithm
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Fig.2 Evalation result by the proposed method(a), the conventional method 1(b) and 2(c).
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Fig.3 Mixed texture model(a) and the weighting function based on Hanning window function(b).
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Fig.4 Typical mixed texture cases for calculation of the classification reliability.
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Fig.6  Processing results for test image, example of selected training areas before convergence(a),
classification result with the trainig areas(a)(b), selected training areas after convergence(a), and classification

result with the trainig areas(c){d).
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Fig.7  Actual airborne MSS image for processing(a), selected 3 classification categories, and the candidates

of the center of training areas for each categorie.
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Fig.8 Processing results for actual airborne MSS image, example of selected training areas before
convergence(a), classification result with the trainig areas(a)(b), selected training areas after convergence(a),

and classification result with the trainig areas(c)(d).
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An Examination on Ailtomatic Determination of Threshold for Extraction
of Mangrove Forest with TM Data of LANDSAT 5

g —Hk*
Kazuhiro SATO

ABSTRACT : We had suggested a mask process that separates three categories of land area,
mangrove forest and waters from a mangrove area composed with the categories. And the procedure
and a practical way had been examined to decide thresholds in order to avoid the misclassification and
to prepare data sets for quantitative estimation of stand parameters on mangrove forest with TM data
of Landsat 5.

In this paper, an automatic determination method of the thresholds was examined to produce
masks for extraction of individual categories. For the purpose, the Otsu’s automatic threshold
selection method was applied. For several ranges, searched threshold was compared. It was one or
two of CCT count that the deference among searched thresholds in the rages suitably set. Therefore,
the application of Otsu’s method was proper for the determination of threshold to extract mangrove
forest.
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Fig. 1 Histograms for band 4 and 5 and provisional ranges to search threshold (left
side), o of calculated results with Otsu’s method and the maximum (right side)
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Table 1 Frequency(n) of each CCT count in the bottom of valley of histograms in Fig. 1
and thresholds with several searched ranges

Band 4 ( 14~66) Band5( 6~34) Band 5 (35~61)
CCT count Frequency(n) | CCT count Frequency(n) | CCT count Frequency(n)
31 256 14 305 41 4136
32 303 15 287 42 3684
33 280 16 308 43 3359
34 220 17 239 44 3393
35 313 18 202 45 3288
36 427 19 222 46 2821
37 434 20 246 47 2455
38 449 21 238 48 2252
39 351 22 264 49 2459
40 436 23 270 50 2920
41 416 24 277 51 3257
42 425 25 431 52 3285
Searched Threshold Searched Threshold Searched Threshold
range Range range
20~60 39 10~30 20 40~60 49
19~61 38 9~31 20 39~61 49
18~62 38 8§~32 20 38~61 48
17~63 37 7~33 19 37~61 48
16~64 37 6~34 19 36~61 47
15~65 37 ' 35~61 47
14~66 37
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Current Status of the Global Map Development
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Abstract
The objective of Global Mapping Project is to help us understand the status of global environment and to facilitate
the identification of future challenges. In November 1998, the United Nations recommended the heads of National
Mapping Organizations to participate in Global Mapping Project. The number of countries and regions participating

in the project is increasing. Following is a report on background of the Global Map and activities of ISCGM.

keywords : Global Map, Global Map Specifications, VP F. GLCC
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Information from Plants Leaves by. Laser Induced Fluorescence
method
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abstract

The LIF(laser-induced fluorescence) method is a potentially useful tool for remote sensing
of plant vigor because LIF spectral profiles vary according to chlorophyll contents which
indicates the activity of the plant .

In order to examine the relationships between the transverse distribution of fluorescence
(blue:450nm, green:530nm, red:687nm and infrared:741nm) within cell tissue and LIF
spectra of leaves of pothos with different chlorophyll contents, a LIF spectral system and
a micro-fluorescence imaging (MFI) system using UV laser were developed.

The F450/F685 and the F450/F740 ratio of fluorescence intensity (F450:450nm,
F685:685nm, F740:740nm) toward the different chlorophyll contents in pothos leaf were
measured to examine the relationships between the blue-green and the red fluorescence.The
F450/F687 and the F450/F741 ratio showed increase with the increase in the chlorophyll
contents. It was found that the F450 fluorescence in intact leaves was reabsorbed by
chlorophyll.

The blue-green fluorescence of green leaves was distributed only near the epidermis, but
there was none within the leaf tissue. The chlorophyll fluorescence of the green leaves could
be detected at mesophyll cells inside the epidermis but not at the epidermis on surface
layer of the leaves. In contrast, the blue-green fluorescence of the white mottled leaf
without chlorophyll appeared within the mesophyll cell.

It was clear from the results of this experiment that the changes of fluorescence
distribution within the leaf tissue affected the fluorescence spectra emitted from leaves.



1. BB

19804ERIC A THRMICEE S NBD ZHIROBE(L, TV EBOME L W il
HREMOBEREIX., ZORT—VBENMIAEL, PDIORRBEREERNT
Z0H7E5T. BREDOHEEEREROBILICHERLEEER AN I LIZEEHODT
BBEEXLNTNSY, |

COEIBEREOERIIAE S TEBRONS > AOBREOERAMLLTETHY,
TNEEQOEIICHEL., WAL TNT D ADRELERZNNREAFH LZ> TS,

COREREROP T, MYOLEETREZEME, EEMTERMICEZSIYITS
| — Y 5540 2% Yt (Laser — Induced Fluorescence : LIF)I D FFZE” ~OBED SN TS, ZO
FEEL, VR TERNOHXEGRARCENCER SN LEMEMEL. TILEK
Hans®HEEFALT. EYoRERERE#METS2D, VE—N2I I TT—F
DRI HERYT S Ry V= ATF— Y REOHEARELTH AR DD EEZ S,

AFETIE., UV —SH2BHEL THEEINIENOBHERARZEDOHRELL
T, RrNAOAERFRATHIEICLE, RMNAOEEFZR—FHFOTFTTETCTH O
O7 4N E2RESELVEVEADODONS 7007 4 VRBEOEVWERZEDODOD X
THEEL. EYEBEFOMEAOHEICHEL TR0 EEXTHEALE.

X5, READSHEINIHFRAEEZ7OO 7 2 JVIZXBHEENSERINOLIFZ
Ry MVEROPEFNICERT2HNEOEASFTDONTHLNIZTH ELEDBIT. TNS
OBEBEMHIZDNTRRS.

2. WEERE

ABEIZBNTIE. BACKREINBLFARY MLV & HET 2 LIFAIERE" S ERN
OREIEB LIS % BE T DM EEEY ~® (Micro-Fluorescence Imaging
system) ZHWNWT>7%. UTREEBOBELZDONWTIRNS,

2.1 LIFHIEHE

LIFfiE e 1 IcRT. ARBIX. JER (A) . 2YREHE (B) &7 -4
HE (C) THRINTKLD,

YEER D L — I, %A GB5Inm~364nm) THFHEIET 5 cw Ar'l — 5 (H /70~ 400mW,
NEC) &H Wz,

SYERBERIE, T 7 ANAEHHBICLIAYT A F— R7 LA BRtids C12%F) %
BV DiF. MDS (Multipurpose Data Processing System)& 1 > B o — % THREIN TN S,
SRV WK EMEIT. K330mO K EERERRBICHETES LS LE. 27
RV F R, BREEOKEITH L T4 OFMMSLIFARY MVERHTEZSHEESL
7o

F—FNEEIE, A ¥a—F., FUF, Ty I THRIN WS, LIFAXS b
NVOF—FNEIZ, MDSICFEEEINTWEANET—F 22 Ea—F THXRERMIE.
BE, AL—V U ERTVWEREREIREINS.



A B C
r=--~-~=-=-=7===7777 1 r-———"—""=-"=—"=—"—="==-=-- | T T T T T T s 1
| L [ M R ‘

1 ultipurpose |

| | shutter ' purpose - i
' | controller i data processing — '
! Iy system P —— :
i 1 | I
! ! : ! ! : {
| | . | i
I | : Diode array P! Computer \
! b detector ! : |

! |
| | ! Monochromator | ! | |
' SN X e
| (I [ ]
| UV Ar*-Laser ! ! b Printer !

1

| I ] |
! ! : P! |
| L [ !
: Mirror : I : : |

|
: Electromagnetic : I Plant : ; :
X shutter P , : Plotter
_________________ 3 e e e e e _ 3 —_— e e - - ——— e —

2.2 MFIfIsE &
MFIfIE S E %2 K212 R Y. REEL, J2FIRIVY, L—9NE. EEREEE,

Fig.1 Blockdiagram of LIF system

TGk - WEBREBTHRINTN S,

Yo TNENTE, HBRLUEEOKARZIZE DI AV EH<STEDITKIEEDT

HhofmTErLOEEE L,

L —SYEIZ, ARLUEZEATRETScwArL—Y2FHL, YOIV EIVSE

D EFICKS0um iz GEEIZU T2 W L2 YT %) EOMBE LICBEL &,
EHEEL, SBEMELZO FRICAKOEEETH 74 VY (BB -V ¥
£ : 450nm, 530nm, 687nm, 741nmT }{HIEHK)Snm) ZEXD DI} ZLLACCDA A T THE
RENTND, EOYMENS ORMIEOENSMIE. L —UXOJENIN UEELMIC

BE LM E
HEETHT 4
V& B EBL
T, fEEZ &
IZ L1.ff CCDJ A
T T2RICHE B &
LTHIEL Z,
¥z, BENXOD
ENSMD T
TJ4NFORD
DICEAXT 14V
ZEFERLURK
BRAEEZHANWT
WETESZ LD
L7z,

T — & & -

Video TV
Printer |:|

Image

Processor |
Image Intensifier |
ﬁ.

Filter
Printer

Computer

Midaoscope

Plant
Mirror Sample Holder m/
—

Video Printer

Plotter

Fig..2 Blockdiagram of MFI system




BB, EERECLDCHEEHILTEEDOA A—V T Oy, f A—TF
DAY R— RE2HARAALEIACa—¥, ETZTU Y, Tavsy, U FTHE
RINTW3, HEINEEGT, HHEROFRM-TOOLKIT (7+ o> &) &igpgEn
B% L 7=P-GraphEH&WUEY 7 b 2HAWTHEBIEEL ZMEBOxE LoBRE 0
TAIWN NI T REE, BERETHEOEGUBENTZELDITLE.

23 FHb

BREIZIZ., runr)lo¥Eraa 7 o VA O{LEMIc XD MHOBEEREH
REEDIZBCOENTEEFIRERMNAOEEZAVWE, 7ouZ o )VEBEDORIZ-
FAEEERBREDIZ, 7007 4 )VIBESHEENE < ERETHE TE 3 ERRS
(SPAD 501, X /)V%) W ® 2ALE., ZOEMS OO T LI 2REGERNE
WHEAD D (EREFHMEGCM=2) 20074 VEBERRLICEL > REE
(ERBEMENGM=7, 17, 25, 36) O4BEOELZZNHEICHER L.

3. WEHE

31 RMAEQLIFARY NV

Y E TN L ZBAKXDPAHAOH T XN F -, BERARKEEINZERLEDD
g¥Hroaro)va, bRUBAOF /A REOHEGREEEHOARB T RIVF—
EEIN, BRECKIEFR L7007 4 ) alZBELERKIBICRAEINS, FOoT
FINVF—ZERET. TO—FHNENCHEE U THR I NS, FiT, AIEERIE T,
707 4 )i & 3650nmA 5 800nm D F BT AT BN ETHFEINDE. Tz, ¥
AR TIE, Zooryq VicksEHCmAZan 7 4 VEUSNDOENITEE I N2t
AW X 5400nmAp 5 600nmD P EWMO KSR EIND, TOZ &%, HEPHIEE BN
THRELZESICE, T mEIcE 37007 4 VEERIEOSE & R, HEIH S
ODEEHEBHEL L DERVEENT VWS D, HYOBEREEBDIQIIEY I EE
#%2%, LML, 400nm

2 5 500nm{st i E T O 1.0 |-, —— : GM36
€ ——: GM25
E#IZ. yuoryq V% \ ——: GM17

DA R AR D FER G —: GM7

ZHEn, yanor )b
KERIN - BRAINS
=, Zan T 4 VIt
WEETBHILENERDS
N,

ZOlED. —KOR b
ALETEANRIVE

e
(7

---------

500 600 700 (nm)
REFOCMENRRRD : WAVELENGTH

=]

Relative fluorescence intensity

SR (GM=2, . 717 2 Fig.3 Laser induced fluorescence spectra of pothos leaves with
5,36 ZEDNY, £TOE different chlorophyll contents

ERALE Z OERPLITH IS L



7ZLIFR R 7 ML & BK#
ETHRELEDOZKIIZ
RL77Z. ZORE. LIFX
RZ MVIEGCMED BT
£ W\ F £ D 450nm (F450) 5}
D E—7 BN /NE
{72y, #izrzoozq)y
Ik B RED SIERIN DY
tERISRMCEFKL &
685nm (F685) & YAt 2 K it
ZNZBE 4% L 7= 740nm (F740)
fHEDE—I BKEL 72D
7o EHIIZ, youara)b
LB D0OE—J DT
1, 488omD FHE I KB Fig 4 Relationship between ratios of fluorescence peak
ABERH WA /OO T 4 :)I;'tegf)l’go(sl:?g\g:so, F740/F450) and chlorophyll contents
JVIBEE & F740/F685H.TE 5
NEDBOEARICGMEOEMZ EBH B NWHIENHRIZL > TEERERDOF14028 Kk & <
BB EERLEY . EHMAE—IBOBRERAND LD, FEEHOY—s &/ 00
T 4 VEIE — 2 . (F685/FA50 L. & F740/F450 ) S GM{E & DBEG2RDK 4 127 L
oo ZOREMNG, F685[F450 thld, GMEDOHEME EDHITHZ B BN ITHML 7=,
U L. FT40/F450LLIS, BICHWIMOEZ N KREL o7k, 2O . AR O X L%
RISFRANDEW R/ OF685ZFIA0IABHR N T 2 ERBECH LR THIEEXS
na,

INHOTENS, HEREIZ OO T 4 VA S5DLIFARY MVOFIL, £ERNO Y
OO7 4 )VBEICEEKEL VWS ZENHENIE> 7=,

91

X : F684/F450
O : F740/F450

N
|

w

[ (8]

—

20 30 40
Green Meter

F685/F450 and F740/F450 Ratio

(=
(=
P
o .

32 RN RENO RIS FRYEHA

AHEAZEA L2 E ZORRNAOEANFIL. FEFICL>TEAOI OO T 2 )L
B fRAF LT 52 ERLA o MIBISRL S S IZUVEREIC £ BLIF 2 <2 b
JVIZiE450nm i EIC ¥ — 2 £530nm (F530) ASEDEZ b D 70— RABFRBOYNLE Y
OO7 4 JVEHEOD DO —2-687Tnm (F687) , 74lnm (F741) ZSEFEL. Zh b DMK
E—2 OWEICBT 2 OMNAEOENSH & OBKREHR L.

LIFZR7 MVORBIZAWEZEO /7 0O 7 4 VRBEN, BEAEEINRNE (G
MM :2) e (GME:17) BEUEEE (GME:36) O 3EEOE N ES
A—=Ry bANSERL, BEYEEMIE (F450, F530, F687, F741) O ERN4Fi % HE
L. TORERREZ, SREOEOMEHMEL LD ITRNIEEHIDENSIHRIE
DEEBROE —BITICEI W1 > LOMETO 7 vy IV 2HKBILL TRSIZRLE,
INEKDUVERIEOERNSAIZ. 7007 )V BECHEDLLTEO THRE T THE
LTHIEMHASNTIzo 7z, ERNOBEXR., 700740 VEEERVEHVWEAD D
ECTRLEEZRMETRSAHFTEN., 70074 V2 SAFETREEZEEBEORN



Fig. 5 Image of leaf cross sections ,scattered light ,blue-green (F450,F530) and
chlorophyll fluorescence (F687,F741) in pothos leaves contained
different chlorophyll contents (Upper : GM=2, middle: GM=17, bottom :
GM-=37). Profiles of scattered light, blue-green (F450,F530) and

chlorophyll fluorescence (F687,F741) at the horizontal lines on the images.
The scale bar is 200 © m.
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component(Middle) and near infrared component(Low).
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RELATIONSHIP BETWEEN SPECTRAL REFLECTANCE AND EVAPORATION FROM
VEGETATED SURFACE

A. KONDQOH AND A. HIGUCHI
Center for Environmental Remote Sensing, Chiba University, Chiba 263-8522, JAPAN

ABSTRACT

This paper attempts to extract the signal on evapotranspiration from continuous visible and near-infrared satellite
images. The site is the experimental field covered with grass in Environmental Research Center, Tsukuba
University. Eighty Landsat TM images from the launch in 1984 till 1998 are collected, and the digital numbers at
the site are extracted. The spectrum brightness and NDVI(Normalized Difference Vegetation Index) are compared
with measured evapotranspiration by eddy correlation and heat budget methods. As a result, it is confirmed that
vegetation index is a good index of transpiration, however, the relation is different between growing season and
mature period. The reflected brightness in near infrared band is increased in the growing season from spring to
summer, on the other side, the red brightness is decreased in the same period. As action spectrum is large in red
wavelength, the data in red band contains the information on physiological activity of the grass. In the mature
season after summer, red brightness become constant and evapotranspiration get the correlation between near
infrared band which has a correlation with solar radiation. The relationship between NDVI and evapotranspiration
should be considered separately between growing season and mature period. The inherent mechanism is different
at the phenological stages.

KEY WORDS: remote sensing; Landsat TM; vegetation index; evapotranspiration; phenology
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Fig.5 Relationship between DN in red band and daily evapotranspiration.
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Trial manufacture of goniospectroradiometer and reflection spectra of tree leaves.
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FREXYR4EHRT 1-33, Phone:043-290-3840, FAX:043-290-3857)
Takuji MIWA and Takashi IKEDA (Center for Environmental Remote Sensing, Chiba
University, 1-33, Yayoi-cho, Inage-ku, Chiba-shi, Phone:043-290-3840, FAX:043-290-3857)

1. X

THECBAED AR MAACKLT, 1 :EOQARRZ M OBEBREBOREEL °, 2 BOFH
fLE, BROFI, EORBE °, 3 :HEE, BAEOREBEICLIEL? 4 K- -BFRBELE
KEOBE®, 5 : K BRRLEAUNSDOEDBEHRY, ROBANLERMIIRT L. SEEIL,
T=FARY baFTPFA—FORME, BIET R b, BAREORK AT MOAEKEEORTHT
EELE. THETI, B2, BEBIBEOT—ZERE LY, REFBITFOE, FEIL,
R, AE, ERE2ZEANCHPAL, REAXS bAoA ERFHRCAVTIBMERRIZLED 3.
ASBOWEDEEHIL, BAVE— M 7228 27 BIENBERRITRRLEDTHS ®.

2. EBR
2—1. RAfEd L SPC, LPCELE

doF AR hr IV A—FORECEL, 1) BO&EEFR, FBEERELAE TREZRBH
ARELAETHS. 2) RIZBEYRBHCELy VU7 Pu—T2EBTH2HETHS. BEYREELLT,
1 R Fe—THAERZEE, 2 Bt Ie—THAEOEED 2EIBEALND. ThOD
BAECHLAEZ RIS TER, BEA4 OEESL L. _

REEE T, ABEZEEL, 2hzPLe LT, KE Vo XEEZRELLRAT —UBREEBET 5.

BEOAEIE, NYarTHE L VAE-ZBHOABEREEBE TENTTS. KREX, FU7
RF a5y B 12V, SOW 2 BEEAEOERTEMER T IV TR L, BFRAKL
VA S BERE 100mm TEITHEL, HOoZBELTRARZEH L. B8hL, #XToAETRE
HOHLBFACIARAMNBICEEBE L. B v/ Pu—T70ORBERA  FOV X 25 " T, 2EOD
BEOMALOBEEL, REFLAHE—O 25mm OFEEIZ, BEETH.OLEASFP LA BT 28
WEREL:. #-oT, BEPLBOREE EOBEEY 1lmm BoE2ER L. BHEHE, O TH
BL, BHEEIVESTIHREL L. Tu—T70REBEELEHLUTICRRTS.

1 R —Fo—THAE 4 BHE: ZOBEBTHE, RBEEELE e —T2EELL. ZOEE

% PL#% SPC (constant angle between sample and sensing probe) B§5C 9 5. v

2 BENY—Tu—THAE 4 BE : COBEBT, Tue—T2RE, VOXEEERELLAT—

PICEE L. Z DELE % LA LPC (constant angle between illumination beam and sensing probe) &
#EEL T 5.

Fig. 1 1238 : SPC, LPC setting DELEK 2R3, ZOWMAP T, BRELIFME Z8#, =% A
—ZOEGE AR E X, FFRTZ XECEERFMZ YEEEEL, Fig 2 OFREMZTAL
7. ZEIz SPC B2, AfIiC LPCECE D 3SMOAE ORE —BEEMAEIC L 2EkER L. SPC
TIESP#HE SLBOKEA (45°), LPC TIXS-LBREH S-PHR (R ORK (225°) PERHA
WRDEFNRRLS DY ET.

SV AT FAITSy gt 3 : Field Spec FR : Analytical Spectral Devices, Inc. 8 2 H L 7-.

1 YE 4R 1T Labsphere 1 8 Spectralon 50x50mm : BEIER T &/ L72S, BIEMHEK : 350 - 2500nm
TIRIE 1 DEZRTOT, MEF— I IRERBEICE 3B ET fTbRboT.

2—2. HE

2D Fu—T K& (SPC, LPC setting) T, 2BDOHPEE— F (DN, WR mode) THIZE L7-. DN
%, NHREDT 4 VX NAVEBRME (digital number), WR X, RHFE (reflectance referred to standard white
board) BIEE— F&ET.
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DN JIErE, Z=0, X=0 TE¥ARELZE Y b LTEBELLETY, RBHCRBLTRHIEL. B4 D
AECBITAHER, R—EBRHETREDHLZEATEITLE.
WR HIEIX, &2z X EicRkes, ExnRkeRe e LTREL, KEFREE (100% line) REHR
RABPEEY b, BIELE. 2FY, £Z XET, ERARORKFEL 100% L L-RABORHNREH
ELT.

3. MR

SPC, LPC (z 1} % DN, WR 57— ¥ Ofl%, Fig. 3 &r¥. A5k SPC, A3k LPC 7—7%, L
ENAEYEAMR D DN 7 —%, BTV AL 3 ¥ ) ERMO DN 7—F, TBITY AL 3¥ /) ERAD
WR F—# &334, “hiv, Rp—Fa—THAER 45  KEESH SPC TIXAEIL L LEH
A, BEY— 70— 7HAEY 45 IZEE L LPC ICl~T/hE W, ¥/, LPC TIXIERHA (225°)
ISEVY 20 T CTHAR B A 2R, T OFI5H S LPC 054 SPC & Y A RO A EKFEEZT0T
WEBDNEY, ZOMICHET—F (KBERRE LB, 17V —207—F TiE, BHEA
E—7u—7EAEIX—E) T, LPC REWXMETSLEALNIOT, LTI LPC REDT
— 2 DHEFTTDIHEILT D,

Fig. 4 121X 5 DRI AZED Z=0, X=0 - 70, Fig. 5 IZ1E 2=90, X=0 - 70 DEIR L /= 17 TR ORHFH
ElLzr sy

4. ¥+ ¢ Hm - :

Ak, SPCHE, LPCEEICASICHISTRERIHBIE : Field Spec FR AL T=3 2
Ry aITFA—ZEREL, AK, BRI LT X=0-80" THx RAEEZITV, EFRBE,
F-ZRAEEE L. LML, 80 1% SN PEIICESHEHARMEHB L. 70° T SN T2
YEWR, EPERICAEDEHEEL. DN E— FTiX, SPC T45° fHiL, LPC T225° i, 2
¥y, FREAETHBRKRKERL, FADPERNOFSBRENZ L 2R LZ.

WR £— FIZBW T, ERFAMETHBRRERTEESNZV, Sk, BEORIVBARED
FRERFOES, 2V EERNOFENKRELZRT. EEAKIIEL RAE, REAPLH1RY
Bighs v A_A—bREHESNEDE, BAERIIS v AA— bEM»DREIANTZRKFE®ERTEDR
HRENTBAEORF AR i, #E, RE, EXRRORESA, EROMEFICLVELR
EEERLE. ZhbOLENE, & LTIROME, 2%9, EoRERER, flAE, HEOELS,
My, EROTIR, TEORBSICE 5 LEEShE. B2, EORUTEERIITEIELXENCD
BEDT, WEOES, Mrkllth, FEORRENTERLERSKE. LML, BEoEMTIE, %
S DPE, BIRIEFEE»OROCHTWEDT, MOHLES, EROBRIETER LERINT.
L l, REROEEOEROHENIIL, BRTIILLI AR+ THY, SHEICHMRMTEZERL,
BEHREHOERZHEATITETH . ‘

BEIER

D@ : BAY =— My 728 17 R RERKRCE p4s-p46 (1994.11), 18 [6] p187-
p187-p188(1995.5), 19 [A] p183-p184(1995.11), 21 [E p177-p178(1996.11), 22 [l p129-130(1997.5)

2) Z#RS : BARY E— bRV VU TEAE 20 FIRMEE SR CE p29-p30 (1996.5)

3)Z#S : BAY B— bRy IV TREEE 23 BIENHEIMIE paT-pa8 (1997.5), 24 [B] pdl-p42,
p243-p244(1998.5), 25 [B] p45-p46, p47-p48(1998.11), 26 [E] p599-p600, p661-p662 (1999.5)

4) SRS BARY E— bEUV IV TRAE 27 BIRENERIWE p56-p57 (1999.11)
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SPC :45°

__ (constant angle between ple

~~_ and sensing probe
Y

!

/
AN
,\ (constant angle between
light beam and sensig
‘‘‘‘‘ ~ probe)

Fig. 1 Schematic diagram of goniospectroradiometer.
Direction of irradiation is defined as Z axis. Vertical direction to
the paper plane is defined as X axis.
SPC:45 " Constant angle between sample and sensing probe setting.
LPC:45° Constant angle between illumination beam and sensing
probe setting.
l:sperctroradiometer:Field Spec FR, 2:goniometer stage, 3:angle
setting unit (stepping motor, gear box, etc), 4:angle setting
controller, 5:DC power supply, 6:sample holder, 7:sample, 8:optical
fiber and sensing probe, 9:aperture, 10:fused quartz lens,
11:tungsten halogen lamp, 12:lamp house.

— 107 —



‘aqoid Suisuss pue wiedq uonRUILINI[I UsIMIeq d[Fue:d-T ‘9qoid Suisuss pue sjduwies usaMIaq dJue:d-S
‘wreaq uoneurwmipl pue o[dwres usomiaq s[Sue:]-§ ‘oqoid Jursues:g ‘sydwes:g ‘wesq uonBUIMINLY
‘Buipes 2qoid Suisuss pue weaq UOHBUIWN[[ UIBMIDQ ( _ Gp) S[Sue Jueisuod: S DJd T LHONY

‘Sumas oqoid Suisuss pue o[dures usomioq (_ Gf) S[3ue JueISUOd:  GHiDdS LA

*JoJoWoIpeIos}oadsoruod SIy} ul 9JeUIPIOO0d JO UOHIUYIP :DIBUIPIO0d: HTAJIN

‘Bunas DJT pue DS Uo 9[Sue SnoLBA pue UOHIULSP 9JRUIPIOO)) T “SI

(991b9p) o1bue -4 (991bap) m._mcm 1-S
001 08 09 0% 0l 0 00l 08 09 0¥ 04 0
T T T T T T T T 1 0
|O.Vl -
// - 1-5 —0¢
N .ION! -~
R _
//I I.O*Nm o.mo.
4 0 / d-S 4 o |
. ]
1 % Jos 5
d-S &  ayeulpiood o
N . ION-mJ Xf d-Tl ] .m
/// _ ID.-H A Lom
// m
07 § % -
d-1 - -{oot
1S Hoo z< -
-08 \

>

(Dd1).5%:91bueq-1 (DdS).GY7:91bue 4-5



Fig. 3 Examples of SPC and LPC setting performance at 0 - 50" or 80".

Left column: SPC setting,

Right column: LPC setting
Upper raw: DN mode data of standard white board.
Middle raw: DN mode data of front side of Someiyoshino leaf.
Under raw: WR mode data of front side of Someiyoshino leaf.

Reflection intensity of standard white board at Z=0 and
X=0, 10, 20, 30, 40, 50" by FSFR DN mode standardized
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at Z=0 and X=0 at 1995.08.31. AM.
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Z=0, X=40 1990.08.31.AM

e WEGOSGN1.001 SWB.
220, X=50 1896.0831 AM

Reflection intensity of Someiyoshino:PY L1 leaf Omote

at Z=0 and X=0,10, 20, 30, 40, 50" by FSFR DN mode

standardized at SW.B. Z=0 and X=0 at 1999.08.31. AM.
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e PY105GN1LO0Y
PY.LI:OMOTEZ=0X=50
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Reflection spectra of Someiyoshino:PY L3 omote
refered to standard white board by FSFR WR mode
standardized at Z=0 and each X condition at

1999.08.31.AM.
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s )
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= PY300GW1.001 PY L3 F,
Z=0X=0 1969.08.31.AM

mennee PY301GW1.00t PY L3 F,
Z=0.X=10 1999.08.31.AM

——PY302GW1.001 PY L3 F,
Z=0X=20 1900.08.31.AM

——PY303GW1.001 PY L3 F,
Z=0X=30 1999.08.31.AM

———PY304GW1.001 PY L3 F,
Z=0.X=40 1999.08.31.AM
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Reflection intensity of standard white board referred to
standard white board standardized at Z=0 and X=0 on
constant ange (45°) between illumination beam and
sensing probe by FSFR DN mode at 1999.10.09.
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SW.B.Z=0.X=80 1999.10.09.

Reflection intensity of Someiyoshino:PY leaf L5

omote:F referred to standard white board

standardized at Z=0and X=0 On constant

angle (45) between illumination beam and
sensing probe by FSFR DN mode at 1999.10.09.
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Reflection spectra of Someiyoshino L7 omote:F
referred to standard white board by FSFR WR
mode standardized at each Z and X condition

at 1999.10.09.
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Plot of reflectance of Akagashi:AQ L7 leaf front side:F
against illumination angle on constant angle between
illumination beam and sensing probe and Z=0
condition:LPCO at 1999.10.22.

Reflection of Sudajii:CS L7 leaf front side:F at 17 wave
lengthes against illumination angle on constant angle
between illumination beam and sensing probe and Z=0

condition:LPCO at 1999.10.21.
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Plot of reflectance of Kumanomizuki:CB L7 front side:F Plot of reflectance of Someiyoshino:PY L7 leaf front
at 17 wave lengthes a.galn§t |l|lum|natlon angle on side:F at 17 wave lengthes against illumination angle on
constant angle between !ll_umlnatlon beam and sensing | —#—350 constant angle between illumination beam and sensing
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Plot of reflectance of Konara:QS L7 leaf front side:F at
17 wave lengthes against illumination angle on constant
angle between illumination beam and sensing probe and,

Z=0 condition:LPCO at 1999.10.11.
0.7
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reflectance (ratio)
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Z=0, X=30

Z=0, X=10
2=0, X=70
Z=0, X=80
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illumination angle (degree)

Fig. 4 Plots of reflectance at 17 wave lengthes of 2 kind ever
green and 3 kind deciduous leaves against illumination
angle:X at Z=0 LPC setting.
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Plot of reflectance of Akagashi:AQ L8 leaf front side:F
at 17 wave lengthes against illumination angle on
constant angle between illumination beam and sensing|

——350
probe and Z=90 condition:LPC90 at 1999.10.22. —m—450
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Fig. 5 Plots of reflectance at 17 wave lengthes of 2 kind ever

green and 3 kind deciduous leaves against illumination
angle:X at Z=90 LPC setting.
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Relation between transmittance or reflectance and physiological values of Zea Mays and
Glycine Max rearing on various fertilizer levels and stressed on water to 6 degrees.

O=@mea=* T &Hig*
(*: TEXRZEREVE— MUYV IR 2 —  TETMERIREN,
o THERKZEERZE : TERRFHRF 648)
O Takuyji MIWA * and Gui-Rui YU **
( *Center for Environmental Remote Sensing:1-33, Yayoi-cho, Inage-ku, Chiba-shi,
**Faculty of Horticulture, Chiba University:648, Mtsudo, Matsudo-shi, Chiba-ken.)

1. XL

ThETIZ, T EBT Y Zea MaysZM, & A X :Glycine MaxGM, ¥ v T ¥ =
-ViburnumAwabuki:VA, = U / % Liriodendron tulipiferalLT iz 2 X AT OHPEELEK L7z, 1)
HIEE SEBR, Ky PTERLEZM GM, ¥y FHT1 OFEREFR L VA LT 2 & R
L. rhAbLORBRECHAMICATNE CRASELZE, HIKRMC1IE, EXKEER
HART MAFBHEL., BrhEKBYETELB4RERORFERLRFERELOMEMN
BAEEMICHETL, SAE2RTEL L CHMEAEYZVOEKLEIERT, HEFICK
FELAVWHBEERRXZB2". 2) 1) ODZIM GM VA LT K6BEBDOKA M RELERT
RKEIZH LT, BEEREOEORFARY bV, B OABYPRBEZWITLTHEL, K
MR PALEBAOABEYHEEOHBEGEEMICHET LA, /2, 1) THHEHHE
BEE2) OF—FCEALBRERER 2B Y. AEIX, FEREBOEOHEBER R~
Jy A ARREST Sy PEREL, Rffa=y FORE, Bl - RKEAXI PV EAH
BEBEOMBER, BRANI M OBBORHN TEFLERRERETD. §HEOD
FREERTIEAVE— bV YU IELE 27T AIENEBERSTRERLE Y. SEOERD
KESIE, “OREONFLEHEL, ¥B, ERECOVTHEMIZIAL, FRCONT
BN ABEICED 5. BE, FMSMEPTHY, ThHRE2PVWTRREECRTT
5FETT.

2. ER
2—1 :¥E&F:

4y Y6 H 8t 3t : Field Spec FR : FSFR (Analytical Spectral Devices, Inc.f¢) (HIEH &K : 350 -
2500nm) EEFA LB (X) REOCEOKFIUAMICHERL, ThETLELDT —F
PRAELTK-EBEL2EE LE. BRBEBAZ MVAIEA=2=y b, RFE=2=vy %
FERLLELDT, RHCBER2=y NIEBRAER2=y PEBELLTERLEL. M
nNoz=v FTH, AXRY MABIEIIIZ, HHEHE  FSFREZERL .

ﬁgth%&(%)%&%MEn:yhmﬁﬁﬂé,Hgbzmﬁﬁﬁmﬁﬁﬁa:y

AR ERT. _

K==y b :Fig 1-1 Tk, BEITERE 12V, SIWD X L T AT aF 707 24
b, EREENMEBELZERALT, ZHNEEZUEFORBE,LLTIHITTV TRILE.
ZORBERETIXIE VY : InGaAs DIRRBE M A TEXEKRHOZIZ, 450om LV HE K
THENSHNEL, EELA4A5o0mm COAERTETHS.

FEB2=v b : Figl2 TiX, RECEHEK 12V, SOW F U TFRTFo nuFry 071
PREEBEBET LIV CAT LE. XX, VE—bayds ) EFF :RCRRIZE Y
sy rFu—ThkEy bLTE. RB (EZ) X, AAFITHEHEAT, RCR O ZNKE O E AT
(0.5mm B ) |ZHELE L7-. RCRIX, Field Spec FR F 12 ASDA:DHMIER TH 525, A
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B A%, 400-2200nm WHIRE A TEY, OB TLrRVBERT —FPMBIND.
BIEF— 252 BB-HIIC, SHXILEE : Lambda 19: Perkin Elmer #8412 55 2K : Labsphere
HBEMT T, KE, BB MAEE2HELE.

2—2 : & @ '
EEORIEFAORBE LT, AAGEHAFRROR, &, FORBKEZAWVE.

kY w3 Zea MaysiZM, # A A :Glycine MaxGM ® 2 B2 LMW & L7z, 1/5000 7 —
ARy PCHEBREOHEIEE (HAT 7Y — KK 888 {LARIEER, 1.0, 2:3, 3:6, 4.9, 5:12g/pot) T
FR%, BEOKH 10 BYi»OEAEEZFABLT, 6EBEBOKA N REEX RS 2R
WML, ARAPLVAE, 1, 2, 3, 4, 5, 6DECHIBIERABEERT. Xy bR
B, BIEESETERLEDN, 2L O0OBRACERBEEBTLBRLIBRIENBDLONARR
57DT, SBRERBOMEEZERKL, 48 (B MEZEEL .

2—3: HE

BIEIX, FSFRO WRE— RTEBLZ. 2F Y, E# BRI : Spectralon 50x50mm : Labsphere
O (RERM) 2EAL CTEEL, EERE : 100071 VRELERKEZR, FEBAR
HTA2RBORHRRARY MUEZRELE. AER2S2K CEEAROKHBRZZEROT,
HEBCHTARERICEIBABERTLT, IEEZEBEALL. MhAOHEICy, &
BHEOHERX, TOEEARCTRENL, EERBOREERR, DIV EHOHEI L2V
RECHEEZFAANVFIICEEL, ZORETI—TUVETALTARAPER T IREIZ
REH, RFRARIT FAVEREL .
¥HFLCHELAAEYERIT 1 BT, KE, KB, ¥E, BHEE, LtEFFE,
ELavFrx R, KEREEIRa A —F T, XE&KE (SPND ) XHEHA—F TH
BLE. KEF VYA MIFART PLVAIERTHREZERLEAF Yy A A—ET, Bt
BOKXKEEE, AR MBEERTH, BELIE2EMLT, LAE (BREROERE L
80° COA—TVHT3AULERBOEEDERZKERLTS) TRd/z. HERX, &
THHEBBARZ MV LCEBRLAAS CHRETELZAEAEDHEELETLTEBLEL. 20
%, WEARBYERBNIE, REAXXJ MM ELEBOABYERMELZER L /2.

3. WR

3-1. RIEFBR

BRI, BOREMNT O EEHORN, HBERAT —F ¢Rffz=y b2 AVWED
RHHOF —F 2 HMICHEBRNTIFICL - TITo. &7, REAOCEAKIBDT —
FREOWTHMCEERSN L TRy NCEERT 2P BBILIIF2HERLL.
FO#%, RBHICERLEZEEZSODVWTEFRRT —FRBLIFEEZEBLL. ZHhiZE-T
RE2=y PCEFRT—FBRBILDLHEL, REOFERECH L THELZEREL
7.

3—2. RBEFR

TOEETIR, FrUERIVOT—FEHRTS. Fig 2 KR hUVERITVORHRA
7 VERT. ESOAH->DOEIE, BEE4ABRORBIIZ, MR bAKRA MLV R %6 B#T
rBREDARY MLERL, LBEXLTERFAK, BEEL, 2, 3, 46273 7. &
Bl ARITHEDKRA PVARBOBREICEDZANRY bAEEERT. EEMDOTEN
MIZAARMNLVRL, 83, 5, 6BOBEEFT. Fig 3 WMV ERIVOEBRBANT b
NERYT. EFO4-50OHi%, BEE4BRORBIZ, MAICHbARA NV XZ6 BB TS
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ARIZEEDAKA PVAREOKIEEBIZLE 2R LB E2RT. EEIPL TEF\IC
AAFLZR1, 3, 5, 6BOBEEETRYT. DE2RX, FHIEE, F#KXAPMVIARY
FREBEHF VT 2HROEIHVWTRIELZLEDT, EFXICE 12 K, FFHIZIXZ8 A
DF—ARBRENRTVS. ZNDHDrTERaIT—FZOWEL Fig. 4 (277 . EEIX
BEALT ML, TEBRRFEARXZ bvE2FRT. EFMEEREIBRERABIZAR LR 2
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4. £ L BER

AEE, ERICHOVWTHNMIIHEPAL., BRIBEO0AXEZFHMHALEYT. 1. FLC®] T
MR, TNETCRIBBROBIEETERE. KA M RE6BEEN TV ERD
v, F4XOFRy FRB L I0EBRERy PP TERLAEY /X, hrr IV 2l 6 B
DARPILVREEZERBIZOWVWT, KEAXRI MBAEIELET L TEAODAREHEE R
BEL, KN ABYEEREORMBERLZHMIASN, RooERLOHBEEERTZR
X FELESLTABBOLRELE. THhETIE, OXEHCESREMAT T, #
AOBRBREICHLTRE, BEBARI PADOHZR TR, B2 RAXI7 MR ZIT- T
kEz L, FhiCkdE, REARI PLEBBRART PATIHE, B 0 RBEBETIX, B
CloZLeh xR LETE, FB1REOCEIPRVBLRZZEHLEIZINELRL. ZHhET, B
NEDHBCHEBRFCIILEBBERASZ MBAIEZLITVWERATLER, D
HTELBRETOBRANRI MICBATAIHARERIFEFTIRVEBDbhET. HXk
EHICLIFEETIE, KRHARI M EENPRVELRBZEHZFRTET TR, BBANR
JIMNOFEBPRFRARI MLV EEZIVBSRLTVWIE PRI TREL. £
WELT, BIREZ2ZZATERBEARA I AZ2E5E2ERABOHEAETYH, BITLTCHELL
HaeABYELOMBERELT, BBARI M TREFLVEBEFLEREREGON L H#
BINFL. HMEFREII. BAOBRRELFEHIC, KFLFBTIE, F o RBIZTITEM
REBERLETE, F1LAVCEDPRVEFEFRITEIERINELLY, BICHFEML
BRESLELHBENELE, BOVELT, #FML2RNEROREIREECRE LT D
FETY. ‘

5 & CER

D=8 : BERVE—- Vv U7 EZ2F U EZEREESRXE p4lps2, p243-p244
(_199.5),25 B p45-p46, p4a7-p48 (1999.11), 26 [B] p599-p600, p661-p662 (1999.5)

D)ZWHN ARV E— PV UITERXETEIEMBE IR ILE p55-p56 (1999.11)

Fig. 1 Block diagrams of the measuring units for reflection spectra ( left:1-1 ) and transmission spectra ( right:1-2 )
of a leaf on a twig, '

i Fig. 1-2 Schematic diagram of trail unit for diffuse transmission
spectra by spectroradiometer:Field Spec FR ( FSFR )
with remote cosine receptor.
1:optical fiber tip of FSFR, 2:remote cosine receptor for FSFR,
3:sample holder, 4:sample, 5:tungsten halogen lamp

]
D

Fig. 1-1 Schematic diagram of trail unit for diffuse reflection
spectra by spectroradiometer:Field Spec FR ( FSFR)
1:optical fiber tip of FSFR, 2:tungsten-halogen lamps,
3:sample holder, 4:sample: leaf, etc., 5:metal fittings

for holding sample ( leaf, etc. )
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Fig. 2 Reflection spectra of Zea Mays levels reared at 4 fertilizer levels and of 6 degree water stresses.

Left column: reared at the Oth, 1st, 2nd, 3rd fertilizer levels and stressed in water to 6 kind degrees.
Right column: reared at the 5 or 4 kind fertilizer levels and stressed in water to the 1st, 3rd, 5th, 6th degrees.

Reflection spectra of Zea Mays leaf 1 and 2
reared on fertilizer level 0 and stressed to 6
levels on water by FSFR of FOV 25°
at 1999.07.20.
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Fig. 3 Transmission spectra of Zea Mays reared at 4 fertilizer levels and of 6 degree water stresses.

Left column: reared at the Oth, 1st, 2nd, 3rd fertilizer levels and stressed in water to 6 kind degrees.
Right column: reared at the 5 or 4 kind fertilizer levels and stressed in water to the 1st, 3rd, 5th, 6th degrees.

Transmission spectra of Zea Mays leaf 1 and
2 reared on fertilizer level 0 and stressed to
6 levels on water by FSFR with RCR
at 1999.07.20.
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Fig. 4 Spectral change of Zea Mays leaves reared at 4 kind fertilizer levels and stressed in water to 6 kind degrees.

Upper raw: transmission spectra, Under raw: redflection spectra.

Left column: reared at the 3rd fertilizer level and stressed in water to 6 degrees. Right column: stressed in water to the 6th degree and reared at 4 kind fertilizer levels.
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Phenology monitoring at grassland by several methods:
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Fig. 1 Schematic diagram which represents a concept of phenology monitoring by several methods.
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Fig. 8 Examples of the hyper-spectral reflectance derived from a spectrometer, observed on
the top of 30 m meteorological tower (after Higuchi et al., 2000a, but slightly modified).
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Fig. 10 Seasonal variations in evaporative frac-
tion at grassland in ERC, 1990-1993.
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Fig. 11 Seasonal variations in evaporative frac-
tion at grassland in ERC, 1994-1997.
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1. INTRODUCTION

"Phenology" is essential and the concept, when
we consider about the application of satellite remote
sensing today. In the near future,

"PGLIERC (Preliminary Global Imager Exper-
iment at Environmental Research Center)" had been
planed which considered to monitor "phenology",
and PGLIERC has four main objectives;

1) To validate of inferring the physical data on the
ground using multi-spectral satellite data
2) To reconsider the knowledge about relationship
between satellite data and ground-based data
(especially the knowledge of hydrological aspects)

To monitor the temporal variations in the
combinations of Vegetation Indices (VIs) and
surface temperature (Ts) at "real scale"

4) Bi-directional Reflectance Distribution Function
(BRDF) monitoring with the growth of grass, and
its modeling

In this study, we focus on the second objective.
Fig. 1 shows the schematic diagram of the concept
for monitoring phenology by the several methods.
PGLIERC has three components; temporal resolu-
tion (on site measurement), spatial resolution (visi-
ble and near-IR video camera), and spectral resolu-
tion (spectrometer). These components compensate
for weak points each other.

Visible—NIJ’F Video Images

Spatial Resolution

Temporal Resolution

Spectral Resolution

Spectrometer

On Site ;Ieasurement :
(Albedo, PAR)

Fig. 1 Schematic diagram which represents a concept of phenology monitoring by several methods.
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Fig. 2 Seasonal changes in the surface albedo (a),
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spectral reflectance in PAR wavelength (b),

and spectral reflectance in NIR wavelength
(c) (Same as Fig. 5 in Japanese page).

RESULTS
Results are summarized as follows:

. From the on site measurement data, we could

estimate downward and upward shortwave radia-
tion in PAR (Photosynthesis Active Radiation;
Visible) wavelength and in near-IR wavelength
derived from differences between the whole of
shortwave radiation and that in PAR (see Eq.

1-4 and Fig. 2 and Fig. 3 in Japanese pages)

. Seasonal changes in upward radiation in PAR

and in near-IR were quite different. In PAR,
these were absorbed by the grass canopy during
early growing, as the results, detected values
were decreased from 90 DOY (Day of Year) to
150 DOY. (Fig. 4 in Japanese page).

Seasonal changes in the surface albedo, and

spectral reflectances in PAR and in near-IR (Fig.

2, Fig. 5 in Japanese page) were good responses
to express the phenology in grassland. The incre-
asements of the spectral reflectance in near-IR
were delayed the responses of the decrease in

PAR. Because much increase in near-IR spectral
reflectance derived from the rise of vegetation

NDVI

IE/Qn

Simple Ratio
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Fig. 3 Seasonal changes in Simple Ratio (SR) (a),

NDVI (b), and evaporative fraction (1IE/Qn)
(c) (Same as Fig. 7 in Japanese page).

coverage in grassland. In this study, we showed

4)

5).

6).

the evidences from ground-based measurement
of vegetation coverage (Fig. 6 in Japanese page).
. Seasonal changes in Vegetation Indices (VIs)
were also described the phenology in grassland.
And good agreement in its variation in evapora-
tive fraction at grassland (Fig. 3, Fig. 7 in
Japanese page).

Spectral reflectance measurements by a spectro-
meter represent good examples of explanations
in hyper-spectral reflectance in grass. And good
agreement was found between two components
(Fig. 8 and Fig. 9 in Japanese page) .

From the inter- annual variations in evaporative
fractions derived from the routine measurements
at Environ. Res. Center, Univ. Tsukuba, we
detected the differences of grass phenology at
each year. Especially, we detected change of the
status in land cover from 1993 and after 1994
from the changes in pattern of evaporative
fraction. (Fig. 10 - 13 in Japanese pages).

Key Words; PGLIERC, Phenology, Vegetation

Indices, Spectral Reflectance, Latent Heat Flux
(Accepted 26 November, 1999)
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A Water Balance Model of the Lake Bosten in the Overall Drainage
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Abstract
The Lake Bosten in the Yanji Basin is the biggest lake in Xinjiang, China, and plays important roles
on the agriculture, industries and environment in the local region. However, the water levels of the Lake Bosten
demonstrate a decreasing trend in the past several ten years. The goal of the research is to clarify the mechanism
of the water balance of the basin. Based on the available hydrological data from 1976 to 1989, we give the
annual water balance model to evaluate the water budgets of the Yanji Basin. Details are given of
the method to calculate the evapotranspiration from vegetation, the evaporation and the storage
change of groundwater. With this model, we calculated the annual water budgets from 1976 to
1989, and evaluated the effects of the irrigation expansion to the lake that had made the Lake's
water level dropped more than 0.8 meters down during the past 13 years from 1976 to 1989.
Key Words: Water Balance Model, Bosten Lake, Yanji Basin.

1. Intruduction

The Yanji Basin almost is an enclosed Basin within the Range of Mountain Tianshan. The Lake of
Bosten, which is located in the lowest place of the Yanji Basin, nowadays, becomes the biggest lake
in Xinjiang after the Lop Nor and the Aibi lakes dried up, and also is the biggest freshwater lake
inland of China. The lake's area is about 877.0-1002.4 km* with capacity of 52-88 km® corresponding
to the elevations of lake's water level of 1044.95-1048.75 meters (Li, Huang and Yi 1984). In the
Basin, the three main inflow rivers, named Kaidu, Huangshui and Qingshui, derive from the
northwestern and northern mountain areas. The unique outflow named as Kongque River originates
from the Lake Bosten and stretches out of the Basin (Figure 1), and provides the water resource for
the Kurla City. The Yanji oasis in the basin consists of irrigation areas, reed lands, lake Bosten and
other areas etc, so, it is one of the most important bases of égriculture, reed and fisheries in the
Xinjing Region.

However, in the past several ten years, the water levels of the Lake Bosten present a
decreasing trend, and the water salinity also increases quickly, especially, during the 1980s,
the lake's water levels reached the lowest value in the history of records. To avoid the same
misfortune experienced in the famous Lake of Lop Nor in Central Asia, it needs to clarify the
mechanism of water balance for the Basin. Since 19605, several of general estimation
methods for calculating the water budgets of the basin have been proposed for some specific
years. However, fewer researchers have concerned about a systematic water balance model
for the overall drainage area.

In this paper, an annual water balance model of the overall drainage area is given (Figure 2). Details

are also described of the method to calculate the evapotranspiration from the main types of the

—129—



vegetation, the evaporation and the storage change of the groundwater in the basin. Accordingly, we
give the calculations of the water budgets by using of this model for the 14 years of 1976~1989.
Moreover, after examining the precision of this model within the period, we have evaluated the effects

of the irrigation expansion to the lake's change. The agriculture increment is one of the reasons that
' caused the lake's water level decreasing; as an example, the calculation shows that the lake's level had
been dropped more than 0.8 meters in the past 13 years of 1976-1989, which caused by the farmland

increase only:.

*  Hydrological Sation @ Mubuerchahan River

@  City, Town @ Waulasitai River
>  Ground Water ® Quhuigon River
- Water Canal @ Dasiha River
_
0 " 40 km

Evaporation &.
Evapotranspiration

(Eo)
Groundwater | _
Iinflow(Gi) = Irrigation
. Area Lake's Periphery

Rivers’
Inflow(Ri)

Storage Change-
(AWs)

Alkaline,
Uncultivated land

Rivers’
Outflow(Ro)

Other water
areas &.

Storage Change of
Groundwater ( A Gs)

Groundwater

Outflow( Go)

Figure 2. Sketch Map of the Water Budgets of the Yanji Basiﬁ
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2. Available Data and Previous Researches
The a{railable data during 1976-1989: i) The rivers discharges and the lake's water
levels recorded at hydrological stations. ii) The data of precipitation, evaporation
observed at hydrological and meteorological stations. iii) The areas of the oasis that
including the irrigation lands, the reed lands, and the other water area etc.
Table 1. List of Hydrological and meteorological data available in this model

Station Name of river | Catchment area Elevation Period Data
: (km?) (m) (year)

DSK St. Kaidu 19,022 1338.9~ 1339.7] 1976~1989 Q
HSG.St Huangshuigou 5,000 13194~ 1323.3] 1976~1989 Q
QSH.St Qingshui 465 | emmee- 1976~1989 Q
TSD.St. Kongque | = -—— 1048.2 ~1052.3| 1976~1989 Q, E20
BST.st. BostenLake |  ------ 1047.7 ~1049.1] 1976~1989 H,E20, P.
Heshuo Town | - 1976~1989 E20
Hejing Town |  —m=mem- 1976~1989 - E20

Yanji town | @ meee--- 1976~1989 E20

E20: Evaporation with 20 cm evaporation pan. H: lake's level is available during (1955-1993)
Q: Discharge P: precipitation . Tw: Water temperature

The Previous Study Results: i) The relationship between the water levels and the
lake’é area and the capacities ii) The empirical coefficients for calculating the lake's
evaporation and vegetation evapotranspiration (Table 2).

Table 2. The empirical coefficients (K) for calculating the vegetation transpiration
Land Type |Farmland &. Reed 1,2 | Reed 3, 4 &. Cattail | Bare Land Herbage

K (Krsq) (Ko) Xy

coefficient 1.3 1.0 0.90* 0.75%

* denotes that is referred by HLL Penman for calculating the potential evaporation on bare land

3. Water Balance Model of the Yanji Oasis
As the Figure 2 shows, the basic equation of the annual water balance in the overall basin is given
by,

(Ri+Ps+Gi)—(Ro+Eo+Go)=AWs+AGs+AQ,,} I

Eo=E; +E+Ep
where Ri is the discharge of the inflow rivers, Ps is the precipitation over all the oasis areas, Gi is
the inflow of the groundwater, Ro is the discharge of the outflow river, the groundwater outflow
presents Go=0 here, AWs is the storage change of the lake, AGs is the storage change of the
groundwater in the basin and  AQ, is the water residuals of the equation. Eo consists of E ., E
and FEp, here E; is the evaporation of the lake, E is sum of the evaporation and
evapotransporation of the oasis without the lake, and Ep is the evaporation of the groundwater in the
lake's periphery area. The calculation of the. three unknowns of Gi, Eo, AGs in the equation is key
point for this model.

3.1 Calculation of the discharges of groundwater inflow
The equations (2) gives an approximation method to calculating the annual ground water that

percolated into the basin; & is the ratio between the Gi and the Ri of some specific years.
Gi=a-Qi, a=0.0833 2)
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3.2 Calculation of the evaporation and the evapotranspiration
With using of the data of Ey at four stations, we give a calibration parameter to revise
the records, then to calculate the potential evaporation of the region with the empirical
coefficient . Thus, the evaporation and the evaportranspiration of the oasis can be
' calculated with the following equation,
]
Ep =Epy-A-SL
. Ey=K, Epo-A
E=Kjy Epy-Spr +E, Y (KjS;)
J

(1 =0.4045)

G=1.23) ©

where, E; is the lake's evaporation, Epyo is the data at the Bosten hydrological
station; E,, is the potential evaporation, Ejq, is the average value of Ey over the four

station, K, is the calibration parameter, K, K; is the empirical coeﬂ”lcients_, Spy, S is the

areas of the land. In this model, we employ the K,,, Kj, as parameters, which are changed in the
reasonable range of 0.9-1.25 and 1.20-1.45, to calculate the evaporation and the evapotransporation
respectively.

3.3 Calculation of the groundwater evaporation in the lake's periphery areas

With the hypothesis of that, the change of groundwater storage is directly proportional
to the water level's change Ak, ie.

AGs o< Ah 4)

we can ignore the AGs in the four years of 1976, 1979, 1981 and 1982 due to the little
change for the Ak . Therefore, we can calculate the groundwater evaporation Ep of the
area from the equation (1), moreover find out a series of the regression equations
between Ep and the lake's water level .

3.4 Calculation of the storage change of the groundwater in the basin
In combination with the water balance equation and the calculations above as Gi, Eo

and Ep, We can calculate the annual storage change of the groundwater for 1976~1989.
Moreover, we find out the regression equations between AGs and A4.
3.5 Establishment of the water balance model

Because, sum of the square of the water residuals should be close to the mihimum, as

1989
> (80,) > e ()

i=1976
thus, we can obtain a series of the optimum combinations of X,, K, and the regression

coefficients for calculating the FEp and the AGs by means of the least square method. In
this study, we employed the parameter of Kirr varies from 1.20 to 1.45 with a step of
0.05, and obtained six patterns for the water balance model.
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4. Results
The examination of the model's precision was carried by means of making the comparisons of the

level water between the data and the calculation results (e.g. Figure 3). The level's deviations between
the data and the calculation are less than 0.20 meter during the period of 1976-1989 with the
maximum value in 1985 and 1986. Using of the model's six patterns, we calculated the water budgets
of the basin respectively from 1976 to 1989 (e.g. Figure 4). Moreover, the results shows as the
follows: i) The average of the vegetation evapotranspiration varies in the range of 18.88x10°m’® per
year, which is 46.3 ~ 49.1% of the total water resource in the basin; ii) The lake's evaporation is about
9.63x10°m’ per year. iii) The groundwater evaporation in the lake periphery is directly proportional to
the lake's water level, with the value of 6.94~7.68 x10°m®in 1976. iv) The evaporation of the other
land surface in is 1.45~1.65x10°m’ per year, and 3.6~4.0% of the total. v) The total decrease of the
groundwater storage is in the range of 7.46~15.71x10°m’ from 1976 to 1989. Furthermore, we also
calculated the effect of the human activities to the lake, and the result indicates that the irrigation
expansion for agriculture in the basin had made the Lake's water level dfopped 0.83 meters down
during the past 13 years from 1976 to 1989 (Figure 5).

Thus, we can give the conclusions as the follows:

1) Most of the water resource has been consumed by the vegetation evapotranspiration, the lake's
evaporation and the discharge of the River Kongque.

2) The groundwater evaporation in the lake's periphery region becomes stronger when the lake's
water level is higher than 1046.7 meters. |

3) The variations of the rivers inflows and evaporation strongly influenced the fluctuation of annual
water levels of the lake.

4) The increase of the irrigation areas is one of the reason that caused the lake's water level low.
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Figure 4. Water Budgets in the Basin Calculated
by the Water Balance Model( when Kirr=1.30)

Figure 3. Contrast of Water Levels between
Records and calculation(when Kirr=1.30)
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Derivation of Aerosol Extinction-to-Backscattering Ratio

using a Multi-Wavelength Lidar and a Sun photometer
Hideki Kinjo, Hiroaki Kuze, Tamio Takamura, and Nobuo Takeuchi

Center for Environmental Remote Sensing, Chiba University
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Representative sets of the extinction-to-backscattering ratio for several wavelengths from the actual measurements

would contribute to extract more substantial information from remotely sensed aerosol data. Here we propose a method

to determine the extinction-to-backscattering ratio using a multi-wavelength lidar (1064, 532, 756, and 355 nm) and a

sun photometer data. In our approach, first, the ratio is obtained at 532 nm by comparing the optical thickness derived

from the lidar data with optical thickness obtained with the sun photometer. At each altitude, it is assumed that the

aerosol extinction coefficient at each lidar wavelength is proportional to the coefficient at 532 nm. The proportional

factors are obtained from the sun photometer data. Then we determine the value of the ratio at 1064, 756, and 355nm

using the profile as a reference profile.
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Fig.2 (a) Top panel shows aerosol extinction profiles at 532
nm measured at May 21, 1999 and Oct. 9, 1998. Middle and
bottom panels show the comparison of the lidar ratio
obtained with Eq.(7) and (8). (a) May 21, 1999. (b)Oct. 9,

1998.
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Remote Sensing Data Search System
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Abstract
The remote sensing technology has been used in many science fields. Since
it isn’t easy to search and get the satellite data, a new remote sensing
data search system was made by Computer center for Agriculture Forest and
Fisheries Research, Ministry of Agriculture Forest and Fisheries. The data
of NOAA,DMSP,GMS and others can be search and download easily anytime and
anywhere by signed users.
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Fig. 1 The system map of remote sensing data search system

2. YT B FEOT— 4 DS

YHRE T2 FEDOT—FE. UTO@ED TH D, 5. ADEOS-II. ASTER 7z &&5
fREEDT — 2 YR TE D X O5REATZEDH TN B,

— 144 —



NOAA

NOAA F—# ik, KEEERGTHER L TWARKEHE T, RIAKKEMER. H
SOKBERFZERT. PEiEX K EERRZERT 41832 & U ACRORS, AIT(Asian Center Research on
Remote Sensing, Asian Institute of Technology)icHBWT. ZIELTWBHDEEM
KEMEEELH—TC. WELTNBZHDTH 5%,

RETZFEDT—F LV b

a. £57—%

b. AVHRR Level3

c. MCSST. NDVI H. & H5—%
d. TOVS, DCS A& F—%¥

GMS

GMS X, TOEDLD ) OEMRTHINTV ZFHIEREEE T, EADOKER C1itkEY
KBNT, RESNDDOZEMNKERFNFELY I —T WELTNEZHDTH %,
R’y TEDOT—F LY b

a. £5—-%
b. GL3 Level3

DMSP

DMSP iZ. KEZE - EOEEHET. T2 KEBICIZ—BROFABICHRMEINT
WBHDTH B, T—4F ik NOACKEWEHEKRSIT)D National Geophysical Data Center
(NGDC) 25 AF L. BMKEHEFEL I —T. WEHLTNWEZHDTH 5%,
Ritd 2 FEDT—F LY |

a. OLS

b. SSM/I

TRMM

TRMM i&. #FHIROBRNBE L 200 M 2Bl T 2HET. NASA 65792 AF
[ON l_ﬁ“‘:%ﬁt%io

— 145 —



3. RRGIE

KV 2T bADL—Y—BgEIT. ERLET—% W _ECERBER, SHEES,
SEBER (LEL )V, T—F Ly M4, BEEE) 2BRL RRITIBHNTES. X
fzo TARA TS OUD 2 LR, #EE BERORR-ERRREEBEEL
CE—F—F BN TED, MEFHERIZ. VLRA)VEIER, JPEG(600X800)Hitk T2
RYBIENTE B,

ik —Y—it. LERBRCWWW L TCUTOLSBA—F—-PTE B,
1) FA—=¥—=lz&b5—%+tv MEK.

2)  F—y¥BHGEARE Dl 12k b 1—-Y—GEig

3) a2—V—Furn—REBETF—IEAFTE S,

b, BMRY UV ZIWRVITF—FH TV
M2 &3

BHLDHIT
SEBELTNEYRT LD LW BOMAEIC AL FHAINSE I L 2HRT 5,
HiZ, 5% BAACREINTWET—Y 2HERNATED VAT LADMILIND T

EHHIFT o

— 146 —



53 1) 2+ _‘:!
A—HURFITIE, LTOA A ERINET, ‘
- REREGTEA SR I, A — 2 B BRAD RSN TN — 0 REn &

BRBIEERAT —H1TIL, F— R R B A — A D TRINET .

=

AT —SOEELR TUICB SIS, rtam@testoo ?Ejﬁl A—-ILET,
A—IDREHEER § D551, BINNN AP ~ XL FERL T FE L,

S RBEA —SF YR

'I ’Q_F ZHOREFTHFEII. TRERAL AU ST TR A S EHBR T DB S, THER IR o0y

i
—Ho BTN A A S —EEB o Tz EE B A S NTER T,
‘T*—’* *f*n';xzﬁh?:_'? Hid £ ﬁi}’!* NUAMSEINSNET .

F—atwt [NOAATDFET -3 ¥

—f———— .
i ———— w 2R

F—fyt [NOAA/AVIRR Leweld ¥

(More)  (No

re)

55 IRE SR
226{DP1) P2 P3 P4 P3PS P2 P4 Pe P10 P11 P12 P13 P14 PIS P18 P17 P18 P19 P20

Thombrall Only 8 | Bearchagaimn | [ iiwkaidoa on op | | el il marks o ap ||

3
19980112 00:00:00
19980112 235959
NOAA/NCSST Hit®

[ Samhagn | [ Makalddaonmap | [ Debsimabsoniiop | [ Gowoweim |

m PI—QO)&#&ID‘“:‘(D?‘L\?—5"{-‘6_«6:&%‘%L2 T, COPAAVEI DT
3 R L 12
=

EISERNHL T - ATHDILETLE

aty
i
N
i
L3
3%
T
i
84
ma

HERI-THLL M TS #he

Fig.
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Transpiration and Leaf Temperature of Cotton and Soybean under Different Climatic Conditions:
Akihiro ISODA and Yoshizumi YASUDA* (Faculty of Horticulture, Chiba University, "Center for Environmen-
tal Remote Sensing, Chiba University) )

Abstract: Adaptability of cotton and soybean, which are known as leaf moving crops responding to the sun
ray, for different climatic conditions were examined in terms of leaf temperature and transpiration. Cotton and
soybean were grown in the arid (Urumai, Xingjiang, China) and the wet (Matsudo, Chiba, Japan) conditions. In
Urumaqi, leaf temperature of the cotton cultivars was greater than that of the soybean cultivar and the air
temperature during the morning. The cotton cultivars had greater transpiration rates as compared to the
soybean cultivar, with responding to the value of vapor pressure deficit. In Matsudo, there was no large
difference among the cotton, soybean cultivars and the air temperature. Transpiration rates of the soybean
cultivars were greater than those of the cotton cultivars in the wet conditions. Leaves of cotton moved
diaheliotropically to the sun ray during the daytime, although soybean moved leaves paraheliotropically dur-
ing the mid-day. Cotton seemed to adapt for the arid conditions with high transpiration ability, as compared to
soybean.
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PGLIERC (Preliminary GLobal Imager experiment
at Environmental Research Center): & D E"

Preliminary Global Imager Experiment at Environmental Research
Center, University of Tsukuba (PGLIERC): Its Overview”
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Overview of PGLIERC

(Preliminary GLobal-Imager experiment
at Environmental Research Center)

5). Remote Sensors (T*)
B a) Visible-Near IR Video Camera
b) Thermal IR Imager
c) Hyper-Spectral Reflectance

4). Vegetation Measurements (T*)

30 m Meteorological Tower
1). Routine Measurements (C*)
30 elements

6). BRDF Measur
(T%)

me.

a) Ratio of Vegetation Cover
b) Grass Height
- ¢) Leaf Area Index (L.AI)
d) the Amount of Biomass
¢) the Amount of Chlorophyll

7

2). On Site Measurement (C¥)

a) Short-wave Radiation (Downward,
Upward)

b) PAR (Downward, Upward)

c¢) Brightness Temperature

d) Volumetric Water Content

3). Grid Measurement (T%)
a) Hyper-Spectral Reflectance
b) Brightness Temperature

¢) Volumetric Water Content

Fig. 2 Overview of PGLIERC. *C indicates the continuous experiment, T represents the temporal measurement.

Fig. 3 PAR Radiometer
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27 Apr., 1999

12 Jun., 1999

. - ;.&fem -

Fig. 4 Examples of the captured images derived from visible and NIR video camera (SILVACAM).
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Fig. 5 An example of the BRDF measurement
by spectrometer
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ADEOS: Advanced Earth Observation Satellite ,

AVHRR: Advanced Very High Resolution Radiometer

BRDF: Bidirectional Reflectance Distribution Function

EOS: Earth Observing System

GLI: GLobal Imager

HRYV: High Resolution Visible

LAI: Leaf Area Index

MODIS: Moderate Resolution Imaging Spectroradiometer

NIR: Near-InfraRed

NOAA: National Oceanic and Atmospheric
Administration, NOAA Satellites

PAR: Photosynthesis Active Radiation (Visible)

SPOT: Systeme Probatoire d'Observation de la Terre
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1. INTRODUCTION

Applications of the remote sensing technologies
to hydrological processes have been an important
subject in hydrological studies. However, it is
difficult to determine that a great success in these
applications has been achieved until now.

This study focused on GLI (Global Imager)
boarded on ADEOS-II (Advanced Earth Observation
Satellite-II) which would be launched in 2000, and
carried out a preliminary ground-based experiment,
so-called "PGLIERC (Preliminary GLobal Imager
experiment at Environmental Research Center)".
PGLIERC has four main objectives;

1) To validate of inferring the physical data on the
ground using multi-spectral satellite data
2) To reconsider the knowledge about relationship
between satellite data and ground-based data
(especially the knowledge of hydrological aspects)
3) To monitor the temporal variations in the
combinations of Vegetation Indices (VIs) and
surface temperature (Ts) at "real scale"
4) Bi-directional Reflectance Distribution Function
(BRDF) monitoring with the growth of grass, and
its modeling

2. OBSERVATION METHODOLOGIES
2. 1 Study site

Study site is the experimental field within
Environmental Research Center, University of
Tsukuba, which vegetation is grass. This field has a
30 m meteorological tower, such situation is very
good for the hydrological and remote sensing

experiment (Fig. 1).

Red pine [ Grass
Deciduous  [=2] Others

Fig. 1 Study area
2.2 Overview of PGLIERC

PGLIERC could be divided into six observation

elements as follows (Fig. 2);

1) Routine meteorological / hydrological measure-
-ments. ’ :

2) On site measurements.

3) Moving measurements (grid measurements)

4) Biomass measurements.

5) Measurement from top of the tower.

6) BRDF measurement.
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Overview of PGLIERC

(Preliminary GLobal-Imager experiment
at Environmental Research Center)

30 m Meteorological Tower

5). Remote Sensors (T*)
a) Visible-Near IR Video Camera
b) Thermal IR Imager
¢) Hyper-Spectral Reflectance

—

4). Vegetation Measurements (T*)

1). Routine Measurements (C*)
30 elements

6). BRDF Measureme
(T%)

a) Ratio of Vegetation Cover
b) Grass Height

c) Leaf Area Index (LAI)

d) the Amount of Biomass

¢) the Amount of Chlorophyll

Grassland

2). On Site Measurement (C*)

a) Short-wave Radiation (Downward,

Upward)
b) PAR (Downward, Upward)
c) Brightness Temperature
d) Volumetric Water Content

e

3). Grid Measurement (T*)
a) Hyper-Spectral Reflectance
b) Brightness Temperature
¢) Volumetric Water Content

Fig. 2 Overview of PGLIERC . C indicates the continuous, T is temporal.

1). Routine measurements

In this experimental field, 30 elements included a
turbulence measurement have been collected
routinely.

2). On site measurements
These elements have been measured on site in
this field, as follows;
* Downward and Upward Short-wave radiation.
* Downward and Upward PAR radiation.
* Brightness temperature.
* Soil moisture at 5 cm depth below the ground.

3). Moving measurements.

In this experiment, we make 30 grids, which
intervals are 8 m (directions are from center to end
of field), and 5 m (perpendicular directions),
respectively, At each grid, we measured the
elements as follows;

* Spectral reflectance from visible to near-IR.
* Brightness temperature
* Soil moisture

4). Biomass measurements

We measured biomass elements at each grid
described above;
Grass height, fraction of vegetation cover, leaf area
index (LAI), amount of biomass, amount of Chloro-

pylL

5). Measurements from top of the tower.
We measured these elements as follows;
* Visible - near IR video images
* Thermal IR images.
* Spectral reflectance from visible to near-IR
* Digital images by digital camera (visible images)

6). BRDF measurements

We carried out BRDF measurements using
instruments by hand made with spectrometer (see
Fig. 5 in Japanese page).

Key words: PGLIERC, Remote sensing, GLI, Grass-
land, Vegetation indices
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