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PERESBERES MO THTEE
Land Degradation in Naiman Province of Inner-Mongolia

HE ], S RO A Y — R
(199589 A11H)

Photo 1. Gully erosion in hilly land of the
south Naiman province. (Sep. 11,
1995)

B, EEHrhiR & sdbicih - T
W A#HECERE. (1995529 B 3 H)

Photo 2. Jiaolai river which runs from
south to north through Naiman
Province. (Sep. 3, 1995)

B3, Aok i,
(19954E 8 H30H)

Photo 3. Sand dune in the central Nai-
man province. (Aug. 30, 1995)




HiT4, REMHCToEEER L. (19954
9HTH)

Photo 4. Saline soil in the norht Naiman
province. (Sep. 7, 1995)

BIG5. B3 LEHAICH T S L. B 6. B4 RSO . (19954E 9 B 7 D
BEYFOBRMED SN 3. Photo 6. Soil profile at the same site of Photo 4.
(19954 8 H30H) (Sep. 7, 1995)

Photo 5. Soil profile at the same site of Photo 3.
Accumulated organic layers are obserbed.
(Aug. 30, 1995)
(#1L—EB, Ichiro TANIYAMA)
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Climatic Characteristics at a Desert and an Oasis in Turpan of Xinjiang, China
Taichi Mak1®, Mingyuan Du*°, Borong PAN'** and Ryoji SAMESHIMA®""*

Meteorological observations have been carried out at Turpan Desert Research Station in Xinjiang, China,
since June 1990. Climatic characteristics in the arid land and climatic differences between the desert and the
oasis are as follows:

(1) Monthly mean wind speeds, and mean daily maximum and daily maximum instantaneous wind speeds
were highest in July and lowest in January, respectively. The strong wind season was in spring and summer,
ie, from April to August, while the weak wind season was in winter, i.e., from December to February.

(2) Wind speeds in spring and summer are generally strong. The minimum was observed in the early morn-
ing and the maximum was noticed from late afternoon to midnight. The diurnal variation can be approxi-
mately expressed by a sine or consine trigonometric function. Cyclic wind variations of a single day, 7 to 8 days,
12 to 15 days and 40 to 45 days were recognized in relation to weather patterns.

(3) The relation between daily maximum instantaneous wind speed and daily maximum 10-min-mean wind
speed had a high correlation both for the strong windy periods and for the long-term periods, and its propor-
tional coefficient was 1.41 as a gust factor which is based on gustiness related to topography. The coefficient in
the desert was smaller than that at a complex terrain.

(4) The logarithmic law on wind speed profile was recognized for a strong wind period in summer or August
and was slightly recognized for a weak wind period in winter, but the log-law was not adapted for a stable
stratification particularly in January. Roughness length was 0.1 to 0.2 cm on the desert at Turpan.

(5) The annual most prevailing wind direction for 10-min-mean wind speed was NE (the second most fre-
quent: NNE), however, the annual most prevailing wind deirections for strong wind period in the daily maxi-
mum 10-min-mean wind speed and daily maximum instantaneous wind speed over 17.2m/s were W(WNW),
and stronger wind period over 20 m/s was WNW(W).

(6) The wind direction changed gradually from E to S during the daytime and veered from N to NE during
the nighttime in clockwise circulation by passing through NW. This inclination was more significant in winter
than in summer.

(7) Annual amount of precipitation from July 1, 1991 to June 30, 1992 was 16.0 mm and 2-year mean precipi-
tation from January, 1991 to December, 1992 was 8.8 mm. The amount of evaporation from the extremely dry
ground surface in arid land of Turpan was significantly small. The amount of evaporation measured by a small
pan type evaporimeter with 20 cm diameter was very large amount of 25 mm on a fine day in summer.

(8) The climatic situation of very high temperature and low humidity for a long-term period of June to
August was recognized as a result of Foehn wind with a hot, dry and strong wind condition. The percentage
of appearance days of Foehn wind for 5-year average was 334 %, and in particular that of strong wind over
20m/s was 6.2 %.

(9) As for extremes, maximum air temperature was 47.9 °C on August 3, 1990 and June 29, 1992, and maximum
soil surface temperature was 84.7 °C on July 16, 1992. Maximum relative humidity was 3.8 % on August 3, 1990.
Maximum instantaneous wind speed was 289 m/s on May 26, 1992 and annual mean wind speed was 2.2m/s
from July 1991 to June 1992.

(10) The effect of climatic alleviation in an oasis was significant. Air and soil temperatures were lower in
summer but higher in winter, and lower in a daytime but higher in a nighttime. The annual and diurnal range
of temperatures in the oasis was smaller than that in the desert. The increasing rate of air and soil temperatures
after a rain was faster in the desert, on the contrary in the oasis offered much shade, it was slower by reason
of an increase in soil moisture, evapotranspiration and humidity. The wind speed values in the oasis was half
compared with the values in the desert.

Key Words : Arid land, Climatic characteristic, Desert, Oasis, Wind
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Table 2. Factorial, level and orthogonal array.

factorial level 0 level 1
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Table 3. Observed data of the experiment.

Plant height (cm)

Width of leaf (cm)

Dry matter weight (root)
(g/plant)

Dry matter weight
(leaf and stalk)(g/plant)

No. Notation
exp.1 exp. Il exp. 1 exp.II exp. I exp. I exp. 1 exp. I
1 Xooo 95 9.5 4.3 43 0.86 0.86 0.11 0.11
2 Xoos 123 123 5.6 5.6 1.31 131 0.22 0.22
3 Xoio 13.1 97 6.3 46 3.30 1.00 043 0.12
4 Xon 140 104 6.6 5.2 317 0.82 0.39 0.13
5 X0 9.9 99 4.7 47 0.62 0.62 0.11 0.11
6 Xio 10.2 10.2 49 49 0.73 0.73 0.15 0.15
7 Xio 14.1 10.0 68 49 462 0.61 0.62 0.08
8 X 1.7 9.5 71 46 2.44 0.56 0.45 0.04
exp.1 : peat, exp.l : weathered coal.
b. TiEoWEE: =HAE, KARER, BFHE BAE 3 BRAE
ki (ED. Table 3 0¥ — % 2AVT, SBAEOFE (R,
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Table 4. Physical properties of sandy soil after the cultivation.

Three phase(%)

Void Unit weight Max. water
Sample pFl18 pF24 (%6) (kgm ™) holding capacity
solid liquid gas solid liquid gas pF18 pF24 pF18 pF2.4 (g kg™
none 67 7 32 59 5 36 388 409 156 156 227.7
fine sand  peat 46 12 42 45 13 42 541 555 118 114 345.9
weathered coal 56 17 27 56 18 26 443 443 141 142 2458
none 63 10 27 61 5 34 374 392 1.60 1.66 2235
coarse sand peat 44 23 33 47 18 35 562 53.1 113 121 314.1
weathered coal 61 11 28 58 6 36 395 419 153 147 2233
Table 5. Chemical properties of sandy soil after the cultivation.
EC Organic
i H i - — -
Sample ds m-" p substance Total-N  Quick ltl Quick l_’ Quick {(
(H:0) (%) (%) (mg kg™ (mg kg™") (mg kg~")
pF18 pF24
none 0.51 1.86 7.94 0.397 0.024 253 14 41.0
fine sand  peat 2.54 281 6.04 3.177 0.103 100.3 30 490
weathered coal 1.95 3.03 6.86 5.019 0.055 30.7 0.4 33.0
none 0.88 1.18 8.04 0.217 0.016 15.7 0.4 35.0
coarse sand peat 263 331 6.06 2.965 0.096 771 36 280
weathered coal 1.53 2.74 6.86 5.526 0.059 20.5 0.0 25.0
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Table 6. Analysis data of variance.

(1) Plant height and width of leaf

Plant height:exp. 1 Plant height:exp.

I

Width of leaf:exp.1 Width of leaf:exp.ll

Factor (with peat) (with weathered coal) (with peat) (with weathered coal)
s.s. d.f. m.s. Fo s.s. d.f. ms. Fo s.s. df ms. Fe s.s. d.f. m.s. Fo

A 1.12 1 1.12 2240° 066 1 066 371 006 1 006 048 0.045 1 0.045 18.00

B 15.12 1 15.12 302.40°° 0.66 1 066 371 6.66 1 666 53.28° 0.005 1 0.005 2.00
C 0.32 1 032 640 1.36 1 136 765 055 1 055 440 0405 1 0405 162.00°*
AXB 002 (D - - 015 (D) - - 015 i 015 120 0000 (D - -
AXC 420 1 420 84.00° 171 1 171 961 015 1 015 120 0.500 1 0.500 200.00°°
BxXC 264 1 264 5280° 1.05 1 105 590 010 m - - 0.180 1 0.180 7200°
E 008 (D2 005 - 021 (D2 018 - 015 (12 0125 — 0005 (1)2 00025 -

T 23.52 7 - - 580 7 - - 7.28 7 - - 1.140 7 -

(2) Dry matter weight (leaf and stalk) and dry matter weight (root)

Dry matter weight

(leaf and stalk) :exp. I
Factor

Dry matter weight
(leaf and stalk) :exp.ll

Dry matter weight(root):
exp. 1 (with weathered coal)

Dry matter weight (root) :
exp. I (with peat)

(with peat) (with weathered coal)
s.s. d.f. m.s. Fo s.s. d.f. ms. Fo s.s. d.f. m.s. Fo s.s. d.f. ms. Fo
A 0.007 1 0.007 0.16 0.270 1 0.270 22.50° 0.0040 1 0.0040 1.60 0.0050 1 0.0050 1.14
B 12.525 1 12525 2836° 0.035 1 0035 292 02110 1 0.2110 84.40° 0.0060 1 0.0060 1.36
o} 0.383 1 0383 086 0014 1 0014 117 00004 1 00004 016 00018 1 00018 041
AxXB 0248 (1) - - 0004 (1) - - 00128 1 00128 512 0.0084 1 00084 191
AXC 0714 (D - - 0006 (1) - - 00050 (1) - - 00018 (1) - -
BxXC 1.030 1 1.030 233 0078 1 0078 650 00162 1 00062 648 0.0040 1 00040 091
E 0363 (D3 0442 - 0026 (1)3 0012 — 00008 (1)2 00025 — 00070 (1)2 0.0044 -
T 15270 7 - - 0.433 7 - - 02502 7 - - 00192 7 - -

s.s.:sum of squares, d.f.: degrees of frcedom, m.s.: mean squares, F,: variange comparison, E: error sum of squares, T :total sum of squares,

*: significant difference of 5%, °°:significant difference of 1%
0.05

exp. I : peat, exp.II: weathered coal, F-distribution devitation: F;(O ol
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Effects of the Peat Application on the Physical and Chemical Properties of
Soil and Growth of Plants in Sandy Soil
—Statistical Analysis for Pot Cultivations of Chinese Cabbage—

Fenghe JIN®, Yasushi NisHizak1* *, Huaining YIN® * *, Hongxiang Bar***,
Yingshun ZHENG*** and Tatsuaki YAMAGUCHI®

Peat is generally utilized for the horticultural purpose. However, its application as ameliorant for sandy soil
in the arid land have been scarcely investigated. During 1994-1995, we have carried out a series of experiments
about the effect of peat application on the pot cultivations using the sandy soil in China.

This paper summarizes the results of the experiment on Chinese cabbage cultivations at Keergin sandy
desert of Inner Mongolia, China. The domestic peat sample was excavated from Beisiping of Liaoning Prov-
ince, China. For comparative analysis the local weathered coal was adopted as another improving material.
We have conducted the experiment according to the designed plan and performed on statistical analysis. Fac-
tors of model were designed so as to include particles size, water supply and improving materials to find how
the factors and their interaction affect on the plant growing and the sandy soil improvement.

The main results are summarized as follws:

(1) Particles size of sand, water supply and improving materials were influential to the growth of Chinese

cabbage and the improvement of physical and chemical properties of soil.

(2) The fine sand was affected by the soil improving effect of peat more greatly than the coarse sand.

(3) The improving dffects of the peat were larger than the weathered coal.

Key Words : Sandy soil, Peat, Physical and chemical properties, Weathered coal, Pot cultivation, Chinese cab-
bage, Statistical analysis

*Department of Industrial Chemistry, Chiba Institute of Technology. 2-17-1, Tsudanuma Narashino-shi Chiba 275, Japan.
**Department of Industrial Management, Chiba Institute of Technology. 2-17-1, Tsudanuma Narashino-shi Chiba 275, Japan.
***Department of Geography, Liaoning Normal University. 850, Huanghe Road, Dalian, 116022 China.
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A Fundamental Experimentation of Desert Fertilization Using Peat in Xinjiang China
—Water Retentivity of Peat and Pot Cultivation of Pak-choi—

Yutaka SHINODA®, Yasushi NisHIzAKI®®, Shigeyoshi Noyor1®**, Tatsuaki YAMAGUCHI®,
Zhougiong WANG', Jin JLANG', and Jian MA'

The peat is most useful water retention agent among natural resources.
The objectives of the present experimental investigation are to afford the fundamental data as to its prac-
tical use in arid zone.
In the summer season of 1993 and 1994, we had performed a few tests in Gurbantunggut Desert of Xinjiang
China. The field tests are conducted as follows:
(1) Direct measurement of water retention in the desert sand mixed with peat.
(2) Continuous observation of soil moisture and temperature by a simple practical system.
(3) The effect of peat addition to desert sand on the pot cultivation of pak-choi.
Results are summarized as follows:
(1) By the lm X 1m area test, Canadian peats showed the most best water retentivity. The optimum ratio
was 5 percents in weight.
(2) Peat could neutralize the alkaline desert sands.
(3) Canadian peat was very useful for growing of pak-choi in the pot cultivation with controlled water by
pF meter.

Key Words: Peat, Gurbantunggut desert, Desert reclamation, Sandy soil moisture measurement, Pot cultivation

* Department of Civil Engineering, Chiba Institute of Technology. 2-17-1, Tsudanuma, Narashino-shi, Chiba 275, Japan.
** Department of Industrial Management, Chiba Institute of Technology. 2-17-1, Tsudanuma, Narashino-shi, Chiba 275,
Japan.
*** Construction Project Consultans. 2-1-9, Okubo, Shinjyuku-ku, Tokyo 169, Japan.
! Department of Industrial Chemistry, Chiba Institute of Technology. 2-17-1, Tsudanuma, Narashino-shi, Chiba 275, Japan.
! Xinjiang Institute of Biology, Pedology and Desert Research. Chinese Academy of Sciences. No. 40 South of Beijing Road
Urumgqi, Xinjiang 830011 P. R. China.
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Abstract

In estimating the vegetation coverage from NDVI (Normalized Vegetation Index: RoUsE et.
al., 1974) or SAVI (Soil Adjusted Vegetation Index: HUETE, 1988) which is calculated from the
satellite data, the vegetation density within a pixel affects the results. To eliminate this unde-
sirable effect, an optimum vegetation index (OPVI) is presented in this paper. In this method,
the vegetation coverage within each pixel is calculated from the reflectance ratio of radiance
in TM 5 band to that in TM 7 band. Then, if the reflectance ratio is larger or smaller than a
critical value, we select either NDVI or SAVI for calculating the vegetation index in each
pixel. In this case, the critical value must be set in advance. For determining the critical value,
the relationship between vegetation coverage and the reflectance ratio is studied. The spectral
reflectance is estimated in the laboratory experiment as a function of the ratio of coverage
area of plants to that of soils. As a result, the critical value is determined by comparing the re-
sults obtained by NDVI and SAVI.

Comparison of results obtained by OPVI method with those by both NDVI and SAVI is
made by using the satellite data collected in and around oases in Taklimakan Desert in China
where the vegetation is expected to vary over the wide range. The results show that OPVI is
a better indicator of actual vegetation coverage in an arid area than single NDVI or SAVI

alone.

Key Words: Remote Sensing, Vegetation Index, NDVI, Vegetation Cover, Satellite Data

1. Introduction

Many researchers have presented methods
for evaluating the vegetation biomass since the
initial stage of remote sensing technology.
From remote sensing data, however, the quan-
titative and efficient evaluation is not easy
since interactions between vegetation and elec-
tromagnetic waves are complex. Plants
strongly absorb the blue and red in the visible
light through chlorophyll while exhibiting a
high reflectance in the near infrared part out of
the red edge (HORLER et al., 1983). These spec-
tral reflectance characteristics are in contrast
to that of soil, which shows gentle characteris-
tics within the same spectral ranges.

Some vegetation indices utilizing these re-
flectance of plants have been presented up to

now. Among them, NDVI is a representative
index and many researchers have prepared re-
gional or global vegetation maps using this
method. However, one of the problems in NDVI
is an increase of errors in arid lands where
vegetation is sparse because of strong influ-
ences of the reflectance from the background
soil. To overcome such defects of NDVI, HUETE
(1988) proposed SAVI, which is described
later in details. In addition to NDVI, PVI (Per-
pendicular Vegetation Index: RICHARDSON and
WIEGEND, 1977) and TSAVI (Transformed Soil
Adjusted Vegetation Index: BARET and MAJOR,
1989) have been proposed by other researchers.
These indices, however, have the difficulties in
practical use since reflectance from soil must
be known. The above mentioned all vegetation
indices use the radiance in the red band and
near infrared band. The selection of the same

* Center for Environmental Remote Sensing (CEReS), Chiba University. 1-33, Yayoicho, Inageku, Chiba-shi 263, Japan.
** Remote Sensing Technology Center of Japan. 1-9-9, Roppongi, Minato-ku, Tokyo 106, Japan.

(Received, June 25, 1996; Accepted, November 20, 1996)
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Fig. 1. Vegetation isolines plotted in NIR-red wavelength as a parameter of LAl and vegeta-

tion indices.

The dashed lines correspond to canopies with different soil backgrounds for the same
LAL The line, for which LAI=0, is the soil line. The open circles correspond to the can-
opy reflectance simulated by SAIL model. The thin lines are the lines along which the
different vegetation indices are constant. These indices are determined for each LAI
and for the median value of soil reflectance (0.20 in red reflectance ). (after BARET and

Guyor, 1989)

bands is also found in other indices reported,
and few algorithms use other bands for evalua-
tion of the vegetation. One exception is found
in an index proposed by PICKUP et al.(1993);
they obtained the vegetation coverage based
on the MSS (Muiti Spectral Scanner) bands 4
and 5 to extract the vegetation index on the
red soil. Although this was practically a modi-
fied PV], they reported that better results were
obtained than that calculated from MSS bands
5 and 7 in the case of the red soil background.
The present studies will examine several vege-
tation indices proposed up to now, and develop
and discuss an algorithm to overcome the de-
fects of such vegetation indices.

2. Evaluation of Biomass Using a Vegetation
Index

1) Vegetation indices (NDVI, SAVI)

This section briefly describes the several al-
gorithms proposed in the past for the evalua-
tion of the biomass of vegetation. In earlier
studies, the ratio between the red band radi-
ance (R) and near infrared band radiance
(NIR), ie. RVI (Ratio Vegetation Index:
PEARSON and MILLER, 1972), was proposed for

evaluating vegetation after removing the influ-
ence of the reflection from soil. Since this
method showed a very large error, NDVI,
which uses the ratio between the difference
and sum of radiance at two bands, was pro-
posed. This method uses radiance at the red
band in the visible part and near infrared band,
e.g. MSS bands 5 and 7, TM (Thematic Mapper)
bands 3 and 4, or NOAA/AVHRR (Advanced
Very High Resolution Radiometer) bands 1
and 2.
NDVI is defined by,
NIR—R
NDVI = NIRFR ¢))

The accuracy of NDVI was estimated by the
BARET and Guyor (1991) , and their results are
shown in Fig. 1. In the figure, the variation of
isolines for NDVI and LAI (Leaf area index is
defined as the cumulative one-sided leaf area
per unit ground area measured from the can-
opy top to a plane a given distance above the
ground. The total LAI is the value determined
at the plane of the soil, ALLEN et al., 1970) are
plotted on R-NIR coordinate as a parameter of
LAI and the reflectance of background soil.
The reflectance used here was calculated by
the SAIL model (VERHOEF, 1984), which is a
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Fig. 2. Vegetation isolines in NIR-red coordinate as predicted by
the ratio-, normalized difference-, and perpendicular-

vegetation indices.

The lines of constant vegetation amounts (isolines) as
predicted by the ratio and orthogonal indices. The ratio
indices are represented by vegetation isolines of increas-
ing slopes diverging out from the origin while orthogonal
index isolines remain parallel to the soil line. (after

HueTk, 1988).

reflection simulation models for plant leaves.
When LAI is large, NDVI is an effective index
for evaluating vegetation since the isolines of
NDVI and LAI almost overlap each other as
seen in Fig. 1. When LAI is small, however,
error increase. This deviation is ascribed to the
increase of the reflection from background soil
when vegetation is sparse, particularly when
soil is dark. In this case, the apparent vegeta-
tion index becomes large since the reflectance
in the red band is low. In order to improve this
situation, PVI was proposed by RICHARDSON
and WIEGAND (1977) as an index for evaluating
sparse vegetation. The reflectance of soil varies
with the water content, etc. In the visible and
near-infrared region of spectrum, however, the
plot of reflectance in the near-infrared against
that in visible light falls on near the line of di-
rect proportion. The line is called the soil line
(corresponding the line in case of LAI=0.0 in
Fig. 1), and PVI is defined by the Euclidean dis-
tance from the soil line. In this case, it is neces-
sary to know the soil line in advance to use this
vegetation index.

On the other hand, HUETE (1988) proposed
SAVI which is applicable for sparse vegetation
and practically modified NDVI; the origin of
the visible and near infrared coordinate for
NDVI is moved. Let's assume that the data in
the case of sparse vegetation is located at point
A on the visible and near infrared coordinate in
Fig. 2. With decreasing reflectance of soil, the
data moves to point D. On the other hand, the
index itself does not change because the vege-
tation is unchanged. It should be noted that the
isoline of NDVI is extended toward point B,
and the isoline of PVI also toward point C. Ac-
cordingly, the index at point D differs from
that at point A. If the original point is moved to
point E (—1,, —/2), the point A is shifted to
point D on the isoline of NDVI. This results in
correct evaluation of vegetation index. To sim-
plify the calculations here, it is assumed that,
I, and [, are equal each other (=L/2). Further,
the index is multiplied by (1+L) so thatitis1
when R=0 and NIR=1, and —1 when R=1 and
NIR=0. Thus, SAVI can be expressed as,
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Fig. 3. Soil adjusted vegetation index in case of cotton is plotted
against the shifted origin correction factor showing influ-
ence of light and dark soil on the SAVL

Shaded area indicates vegetation index variations from
a constant amount of vegetation over the two soil back-
grounds. (after HUETE,1988)

_ NIR-R
SAVI = NIR+L+R (1+L).
when L =10+, (2)

The constant L (Soil adjusted factor) is in-
troduced in order to minimize soil radiance in-
fluences and to produce vegetation isolines
more independent of the soil background
(Fig.1). It can vary from zero to infinity with
the canopy density. If L=0, SAVI is equivalent
to NDVLI. For vegetation with intermediate den-
sity the best adjustment is obtained for L=0.5.
Fig. 3 shows that the light, and dark soils and
various LAI influences on the variation of
SAVI with L. As far as L is located near the
point where the characteristic soil curves for
a low and high reflectances intersect each
other, it is clear from the figure that the index
calculated is not affected by the reflectance of
soil.

However, the optimum value of L becomes
smaller as LAI increases. This indicates that
the influence of soil decreases as the vegetation
coverage increases. Further, when L=0.5, the
isoline of SAVI comes nearer to the isoline of
LAI on the visible near infrared coordinate
than that of NDVLI. On the basis of these results,
HUEeTE (1988) suggested the validity of SAVL
When the value of L is 0.5, it is clear from Fig.
1 (SAVD) that the isolines are apart from each
other more than in the case of NDVI in the area

where LAl is high but the isolines come closer
to each other when LAI is small. From the
above results, it is concluded that NDVI and
SAVI (1.=0.5) are appropriate vegetation indi-
ces when vegetation index is high and low, re-
spectively.

2) A semi-empirical model of vegetation index
and LAI

The relationships between VI and LAI ob-
tained from the reflectance in the red band and
near infrared band, were studied by many re-
searchers in the past, and they showed that
vegetation index is gradually saturated as LAI
increases. In order to relate the vegetation
index to LAI, VERHOEF (1984) presented a semi-
empirical model.

VI=VI.+(VIg—VI.)sexp(—KvieLAD. (8)

where, VIg is the value of VI for bare soil
(LAI=1), V1., the saturated value for VI (prac-
tically reaches this limit always for LAI greater
than 8.0), and Kv,, the coefficient which deter-
mine the slope of the relationship (equivalent
to an extinction coefficient). These constants
vary with the solar irradiance and the distribu-
tion of leaves. The coverage values of Vig and
VI given by BARET and Guyor (1991), are
Vig=0.19 and VI =093 for NDVI and are



Vig=0.12 and VI =0.77 for SAVL Ky: largely
depends on the slope of leaves from the zenith
and ranges between 0.7 and 1.4 for NDVI and
0.5 and 1.0 for SAVI. It was shown that the KVI
for NDVI is always approximately 14 times
larger than the Kv, in SAVL They evaluated
LAI on each index through the simulation
using the SAIL model. When LAIZ>3, their re-
sults show that dispersion becomes large in
any index because of the saturated vegetation
index. When LAI<3, however, they concluded
that SAVI is suitable index for the evaluation
of vegetation coverage.

3. Experiments

1) Spectral reflectance characteristics of ve-
getation in relation to vegetation coverage
For deriving vegetation indices such as

NDVI and SAVI from satellite data, the radi-

ance ratio of the red band and near infrared

band is used in general. For the Landsat TM,

for example, radiance at TM 3 band (630 to 690

nm) and TM 4 band (750 to 900 nm) are used.

However, it is known that reflectance varies

with vegetation not only in TM 3 and TM 4

bands but in TM 5 (1,550 to 1,750 nm) and TM

7 bands (2,080 to 2,350 nm) (ISHIYAMA et al.,

1984). The reflectance of vegetation decreases

as the wavelength increases in the order of TM

4, TM 5, and TM 7 bands. On the other hand,

the reflectance of dry soil gradually increases

as the wavelength increases. The correlations
between the vegetation coverage and reflec-
tance in the red band and near infrared band
are examined in this study. As described in the
previous section, the error of vegetation index
depends on the vegetation coverage. In this
study, the vegetation index is represented by

NDVI or SAVI; either NDVI or SAVI is selected

by using the critical value of vegetation cover-

age which is described below.

As the first step for determining the critical
value, the variation of spectral reflectance with
vegetation coverage was investigated. The
variation of spectral reflectance vs vegetation
coverage was studied in the following manner.
The vegetation coverage is defined as the ratio
of the area of vegetation projected on the sight
of the spectral radiometer to total area of sight.
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Fig. 4. Observed spectral reflectance characteristics
of various vegetation coverages with dry soil.

The leaves of Canna (Canna indica var. orien-
talis Hook fil.)was used for the experiment.
The leaves of this plant are so large and flat
that even a single leaf can fully cover the sight
of the spectral radiometer and can eliminate ef-
fects of the diffusion due to the roughness of
leaf surfaces and the shade produced by the
leaf itself. Although the reflectance from leaves
is slightly larger and smaller in the red and
near-infrared bands, respectively, than that
from an actual canopy of grass and trees, it is
the most suitable index for investigating the
influence of vegetation coverage on the reflec-
tion spectrum of vegetation at a high accuracy.
On the other hand, the soil collected in the
southern part of the Taklimakan Desert, which
was selected as the experimental site of the pre-
sent study, was used for this experiment. Spec-
tral reflectance was measured with the IRIS
spectral radiometer (GER Inc., USA) which
measures the reflectance in the spectral range
of 400 to 2,500 nm; the spectral reflectance is
measured 2 nm in the visible part and near in-
frared part and 4 nm in the middle infrared
part. As the light source a tungsten lamp was
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used.

The measurement of spectral reflectance as a
function of vegetation cQverage was performed
in the following manner. First, for the calibra-
tion of vegetation coverage, the various gray
levels were prepared by varying areal ratio of
area of carbon powder board to that of stan-
dard white board. The reflectance of carbon
powder is expected to be similar to that of
blackbody. The reflectance at each gray level
was measured in the wavelength range of 450
to 2,500 nm. The results show the proportional
relation between the reflectance and gray level.
Next, the spectral reflectance at several ratios
in area between vegetation and soil was meas-
ured. The spectral reflectances averaged over
three successive measurements are shown in
Fig. 4. The reflectance increases in TM 4 and
TM 5 bands as the vegetation coverage in-
creases. Particularly, the increase in reflectance
in TM 4 band is remarkable. On the other hand,
the reflectance in TM 7 band decreases as the
vegetation coverage increases up to 50 %. For
the vegetation coverage larger than 50 9, the
reflectance is kept constant with increasing
vegetation coverage. It should be noted here
that the low reflectance around 1,450 nm and
1,950 nm is ascribed to the light absorption by
the water content present in the leaf.

The relation between the spectral reflectance
and vegetation coverage over a wide and con-
tinuous range from the visible part to middle
infrared part has been reported by a few re-
searchers. RIKIMARU et al. (1988) measured the
variation of the spectral reflectance in the visi-
ble band and near infrared band with various
coverage ratios among grass, bare soil, and con-
crete, and discussed their spectral characteris-
tics. ELviDGE and CHEN (1995) measured
spectral reflectance of the various coverage of
the vegetation planted on an experimental
plate in the spectral range of 400 nm to 1,000
nm. From the experimental results, they evalu-
ated the vegetation index and vegetation cov-
erage and discussed the correlations among
them. Further, DYMOND et al. (1992) compared
the quadrat vegetation coverage observed in
situ with the vegetation index obtained from
SPOT (System Probatoire d’Observation de la
Terra) data, and evaluated the accuracy of the
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Fig. 5. Correlation between vegetation coverage and
ratio of reflectance at TM band 4 to that at TM
band 5.

vegetation index in order to obtain vegetation
coverage from vegetation index. The results
obtained by the authors cited above, are based
on the spectral reflectance at several discrete
bands or in the limited spectral range. The pre-
sent studies which is based on the accurate
laboratory measurements in the wide and con-
tinuous spectral range are valuable for obtain-
ing the detailed relations of the spectral
reflectance to the vegetation coverage.

4. OPVI and Its Critical Value

1) Relationship between the coverage and the
radiance ratio in the middle infrared band
Based on the relationship between the vege-

tation coverage and spectral reflectance ob-

tained in the laboratory, an algorithm to
estimate vegetation coverage from the Landsat

TM data will be introduced below. First, the ra-

diance in TM 4, TM 5, and TM 7 bands are cal-

culated from the measured spectral reflectance
and then the correlations between those radi-
ance ratios and vegetation coverage are
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Fig. 6. Vegetation isolines plotted in NIR-red wavelength as a parameter of LAI, vegetation in-
dices and various vegelation cover are shown in Fig. 4.
The dashed lines correspond to canopies with different soil backgrounds the same

LAI The line, for which LAI=0, is the s
to the different NDVI and SAVIL

calculated. The results are shown in Fig. 5. The
vegetation coverage and reflectance show a
high correlation in any spectral band, particu-
larly the radiance ratio of TM 5 and TM 7
bands show the higher correlation with vegeta-
tion coverage. The relationship between the
ratio of radiance of bands 5 and 7 (TM 5/TM 7)
and the vegetation coverage (x: %) can be ex-
pressed as follows:
T = 0.9+0.01x 0

As described above, OPVI (Optimum Vegeta-
tion Index) proposed in this paper calculates
the vegetation index using either NDVI or
SAVI depending on whether TM 5/TM 7 in
each pixel is above or below the critical value.
From the ratio of radiance of TM 5 and TM 7 of
satellite data, vegetation coverage is estimated
by equation (4). A critical value is estimated
from the coverage which is estimated from the
radiance ratio between TM 5 and TM 7 bands
in each pixel of Landsat data.

2) Algorithm of the OPVI

Fig. 6 shows the vegetation indices of NDVI
and SAVI and the reflectance of vegetation as
a parameter of LAl and vegetation coverage on
the red band and near infrared band

oil line. The thick and broken lines correspond

coordinate. Red and NIR reflectance as a func-
tion of each vegetation coverages which ob-
tained in Fig. 5 are also plotted in the figure.
The isolines of SAVI (0.4) and LAI (0.8) cross
each other around 75 % of vegetation coverage.
On the other hand, the isolines of NDVI (0.6)
and LAI (1.6) are parallel each other around
100 % of vegetation coverage. The results sug-
gest that the critical value for selecting either
NDVI or SAVI lies around 875 % which is an
intermediate point between 100 % and 75 % of
vegetation coverage. From Fig. 5, 1.75 in terms
of the radiance ratio of TM 5/TM T at 87.5% of
vegetation coverage, is determined as the criti-
cal value for OPVL

Vegetation index of OPV] is calculated as fol-
lows. First, the ratio in radiance between TM 5
and TM 7 is substituted in equation (4) to ob-
tain vegetation coverage. When the ratio (TM
5/TM 7) of satellite data is larger than 1.75,
NDVI (equation 1) is adopted as the index. On
the other hand, the ratio is smaller than 1.75,
SAVI (equation 2) is adopted. Constants for
NDVI and SAVI in equation 3 which is used for
evaluating for LAI are different. Substituting
the constants in equation (3), NDVI and SAVI
are expressed as follows:

NDVI=0.93—0.74exp(— 1.4ksavi*LAD. (5)
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OPVI

NDVI

Fig. 7. False color image and normalized difference-, soil adjusted-, and optimum-vegetation
indices around Hotan oasis in southern periphery of Taklimakan Desert.

SAVI=0.77T—0.65exp( —Kksavi* LAI). (6) 5. Vegetation Index Maps Based on Satellite

From equations 5 and 6, we obtain a following g

equation valid for both OPVI and SAVI:

OPVI = 0.93—0.74 (&O—ngﬂl)'-*

Accordingly, LAI is obtained as,

1) Analysis of satellite image in arid and semi
(7N arid land
To examine the validity of OPVI proposed in
] 0.74 this study, the vegetation is evaluated from the
LAI = In ( . ) ’ (8) satellite data collected over the arid area
1.4ksaw 0.93—0PVI ..
around the Hotan oasis in the southern part of




the Taklimakan desert in China. This area con-
tains the oasis with a relatively high vegeta-
tion density, semi desert with a low vegetation
density, and desert with almost in the absence
of vegetation. Although the in situ survey was
not performed on the same days as overpass
for the Landsat, it was repeated five times dur-
ing the period of the end of summer to autumn
in every year from 1991 to 1995. The TM data of
Landsat 5 (path: 146, row: 34) observed on July
27, 1988 was used for analysis. Before calculat-
ing the vegetation index from satellite data, the
digital count of TM is converted into radiance.
The absolute radiance at the satellite (L in
Wm-2esr ' um~') is calculated from the
CCT (Computer Compatible Tape ) count by
means of,

Ruax —Ruin

L= ("o
where, R and Rua: (MWcem 2esr~'e um™') are
the upper and lower limit of radiance, respec-
tively, for the TM sensor. The reflectances are
calculated from the radiance obtained from
equation (9) and is related by,

zL

P = TFocos b (10)
where E; is mean solar exoatmospheric irra-
diance at the top of the atmosphere (W g ~2¢
nm~") , and cos @ is cosine of the solar zenith
angle (8,).

Removal of path radiance which acts as
noise in analyzing the satellite data is desir-
able. The upward radiant energy from below
the water surface becomes very small in the
near infrared part (above 700 nm). Therefore,
the minimum value of radiance in the near in-
frared part from the water area is almost equal
to the path radiance (GRIGGS, 1975; NAGARAJA et
al.; 1989; HiLL and STuRM, 1991). In this study,
the path radiance is estimated from the near in-
frared (TM 4) radiance from the water area
(reservoir) found in the image of the object
area. After removal of path radiance, NDVI and
SAVI are calculated by equations (1) and (2),
respectively. In this case, the reflectance in TM
3 and TM 4 are substituted to Red and NIR, re-
spectively. SAVI is normalized by equation (8)
to compare it with NDVI. The vegetation indi-
ces should take a positive value here because
the reflectance of vegetation is higher in the

) CCT +Run. )
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Fig. 8. Horizontal distribution of vegetation indices
along the line 1 shown in false color image in
Fig. 7.

near infrared band than that in the red band.
Therefore, if there is the pixel which takes
negative index, is regarded as a water area. In
addition, in calculating the ratio of reflectance
of TM 5 and TM 7, the ratio becomes too large
if the radiance in TM 7 is extremely low as hap-
pened in a water area. Therefore, pixel of which
radiance in TM 7 is smaller than 5 % is also re-
garded as a water area.

Fig. 7 shows the false color image and the
NDV], SAV], and OPVI maps of the object area
for this study. Most of the area inside the oasis
in the NDVI map shows higher vegetation
index than in OPVL Further, a high vegetation
index in the NDVI is shown outside the oasis
which has a lower vegetation density. On the
other hand, the vegetation index in the SAV],
as a whole, is evaluated to be a low even inside
the oasis. Particularly, even in a high vegeta-
tion density such as fruit gardens and cotton
fields as confirmed by in situ survey, the vege-
tation obtain from the SAVI is too low. To com-
pare the results from NDVI, SAVI and OPV],
several areas having characteristic coverage of
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Fig. 11. Horizontal distribution of vegetation indices
along the line 3 shown in false color image in
Fig. 7.

soil were selected and the horizontal distribu-
tion of the vegetation index was obtained. The
results corresponding to the line Nos. in Fig. 7
(False color imagery) are shown in Figs. 8,9, 10,
and 11. The abscissa and ordinate in the figure
stand the relative pixel number and vegetation
index, respectively. In the pixel located in the
range of 45 to 53 in Figs. 8, in the range of 40 to
47 in Fig. 9, and in the vicinity of 70 in Fig. 10,
NDVI shows an extremely high as compared
with SAVL In this area, irrigation reservoirs,
rivers (lines 1 and 4) and paddy fields along
with swamps and pastures that extend over
around them (line 2) judging from the in situ
survey. Therefore, it is natural to suppose that
wet soil leads to a low reflectance and the vege-
tation index becomes large. In this area, the
vegetation index was derived from SAVI, and
the results show that the vegetation index esti-
mated from NDVI becomes larger if the reflec-
tance from the background is low. On the other
hand, the vegetation index in relatively rich
vegetation (lines 2, 3) is calculated from NDVIL
On the whole, most of the area is occupied by
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Fig. 12. Scatter diagrams of NDVI vs SAVI in the
inner oasis, fringe of oasis and semi-desert
area.

desert with low vegetation. In fact, the number
of the pixels where the vegetation index were
derived from NDVI attains to nearly about 10
% of total pixels in this area.

6. Conclusion

In this study, the vegetation coverage is esti-
mated from the ratio of radiance in TM 5 to
that in TM 7 through the vegetation index al-
gorithm selecting either NDVI or SAVI. Judg-
ing from the resultant vegetation index map as
shown in Fig. 12 (a, b, ¢), NDVI is selected for
most of the pixels inside the oasis indicating a
high vegetation density. A few pixels for which
SAVl is selected correspond to the bare soil in-
side the oasis and small scale of desertified
areas. These results are confirmed by the in
situ survey. Thus, we concluded the conven-
tional evaluation from NDVI alone may cause
errors in a mixture of farmland and bare soil,
and OPVI proposed in this study is effective for
more accurate evaluation of vegetation index.
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As shown in Fig. 12 (b), the vegetation index
of nearly 90 9 pixels is evaluated from NDVI in
the high vegetation density areas due to irri-
gated farmland in spite of the location of
boundary between the oasis and desert
(fringe). On the other hand, the vegetation
index in most pixels in the semi desert area are
evaluated by SAVI as shown in Fig. 12 (c), in-
dicating a low vegetation index. Thus, since
wide range of vegetation density is found, an
evaluated vegetation index results in lower ac-
curacy if NDVI alone is used in the oases and
their peripheral area. Accordingly, OPVI is ef-
fective indicator for monitoring the vegetation
in a mixture of a high and low vegetation
coverages.

Because the purpose of this study was to
evaluate the vegetation density in semi arid
areas, dry soil was used in laboratory measure-
ments as the background of vegetation. For
further studies, however, it is necessary to ex-
amine the changes in reflectance in those cases
where the background is wet soil showing a
low reflectance and typical soils in various
parts of the world, e.g. laterite, which is a popu-
lar soil in the tropical region. Further, effects of
natural canopy upon the vegetation index to
be evaluated must be studied experimentally
in comparison with the results for a single leaf
which was used in this study for obtaining the
spectral reflectance of vegetation. It is also nec-
essary to perform experiments about actual
canopy. In addition, to estimate the accuracy of
the analysis results from the satellite data, it is
necessary to compare OPVI results from the
satellite data quantitatively with in situ con-
current surveys of the biomass such as LAI
and coverage of the vegetation. Recently, large-
size deforestation is becoming at issue in tropi-
cal forest in South America and South East
Asia. These area may be a mixture of a high
vegetation density and bare soil resulted from
deforestation. If NDVI alone is applied to esti-
mating the vegetation index in those areas, we
could not obtain the results. Further, OPVI be-
comes effective to investigate the deserti-
fication, which is becoming at issue in many
arid and semi-arid areas in the world.
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(Appendix 1)

1. Formulation 2

SAVI can be obtained by shifting the point which
has a position of R and NIR on a two-dimensional
space, so that the isoline of NDVI becomes near to the
isoline of LAI The procedure is formulated below. If
the position of the vegetation point (V: this corre-
sponds to A in Fig. 2) are (R, NIR), NDVI is expressed
by,

NIR—R
NDVI = NIRTR (A1)

While NDVI isolines coverage to the origin, the LAI
isoline of V does not pass through the origin. There-
fore, the origin is shifted to the point where the LAI
isoline and the soil line intersect each other (Fig. 2).
If the coordinates of this intersection point are (—1,,
-1 , equation (1) is express by,

(NIR+2)—(R+4) _ NIR—R+(£4—2)

(NIR+£)+(R+4) ~ NIR+R+(L+£)°
(A2)

Because the slope of the soil line is approx. 1, we may

assume that /, is equal to /;, putting L/2 where [, +1,=

L. Then equation (A2) is reduced to,

NIR—R
NDVI = QiR+R+L -
Let's consider to match the boundary condition to
that of NDVIL Since NDVI= —1 when NIR=0 and

NDVI =

(A3)



R =1, their values are substituted into equation (A3),
and we obtain,
NIR—R 0—1 1
NDVI = = = - .
+R+ +1+L +L
NIR+R+L 0 1 (Ad)
Because NDVI=1 when NIR=1 and R=0, substitu-
tion of the values in equation (A3) gives,
_ NIR-R _ 1-0 _ 1
NDVI = QIR+R+L ~ T+0+L _ 1+L
Therefore, equal boundary conditions can be ob-
tained if (1+L) is multiplied in equation (A3).
This leads to SAVI expressed by,

_ _NIR—R
SAVI = NIR+R+L (1+L)

(A5)

(A6)
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2. Formulation of equation (A8)
From equation (6) , the following equation is ob-
tained.

expl—ksavLAIl = Lo—:;ﬂ.
_ 1 0.T7—SAVI
and LAl = o ln[ 0,65 ] .(AD)

By substituting (A7) into equation (5), equation
(A8) can be obtained as follows,

e 0.77—SAVI
VI =093 0.74exp{1-41n( 0.65 >}

0.77—SAVI )‘}

=0.93—-0.74 exp{ln( 0.65

_ 14
= 0.93—0.74(M) )

0.65 (48)

giRttofEETe =9 ) Y ICBE L EEER T VTY) X A

Al BEC - RS - BRERRTE]

HEF— 2 h o EE - KEHEEO NDVI (Normalized Vegetation Index) % SAVI (Soil Adjusted Vege-
tation Index) o & » CHIABEENMT 3188, E7 e VRICEDZHEDOERIC L » TE OfEEMICBENE
U3, RAXTRZNLOWELWRET 3 /b ORBEHAEE (Optimum Vegetation Index, OPVD) %42%#7 5.
OPVI i3#5% i< Landsat-TM 7 — % O/ v FORBRH(TM 5/TM Nh 5K E 7 £ VOREEDEEBERD 3.
KD REEED S, HOOUHRELAMBL D AKX BMEIINDVIT, Lo/PhSBHIEESAVICIDHET — ¥
DHEE 7 e VOHEEEEHITT 3.

B ARG 2 -0 OEBIREE LT, ERERICELTHERM L » B4 2 Y oBER LR/ v
FORFRE & OBFEERD, EEEBIRT 30 OMBEERET 3.

ABTIRES N OPVI & NDVI, SAVIARHETELHIC, 27V RE2BL 57 5<h yEEAOMEEE
DL Y IOEVHIROBRT — 9 88T L7, ZOFSR, NDVI /i3 SAVIOBMOMEREIC L 28T &0,
OPVI i BB OFBICEMTH 5 Z LRI h.
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BERIEA (1991) OMABNSIED 2 TE SIC#H
LSERIL, EBid (1991) oL ~BROB%EL
BI1EEXFLTEI->TWA T EZRMLE. 2LT,
CORFROBEIRE BB E LT, BHLURKEDER
M ORI AMERMEET S 2 e L .
DEDZEMmS, §75<h BB 3KE
K[owEVL, RIUROEEFRBIL TS Y L&~
hidd, zotk, DELLEBROBHIBRICL > THE
FRNOEAICRESh TV ARTFHEIONG, —
H, 57 5=h RO EN B v X)) 7 OBHIE
A9 vORERE LTREFEBEhTWS (MATTHEWS
and Func, 1987; ASELMANN and CRUTZEN, 1989). C
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natural freshwater wetlands and rice paddies, their net

Remote Soundings of the Atmospheric Water Vapor and Methane
in Taklimakan Desert, China

Teruo Aoki®, Tadao Aoki’, Masashi FukaBor1®, Michio HIROTA® and Ximing ZuanG**

Remote soundings of the atmospheric water vapor and methane from the ground have been made with the
use of TERSE (Tunable Etalon Remote Sounder for the Environment) in Hotan and Qira, Taklimakan desert
of China in Octobers, 1992 and 1993. TERSE is a kind of spectrometer which scans the absorption lines of water
vapor and methane in the direct solar radiation with a tunable etalon and gives the spectral information. These
spectral informations are, in turn, converted to the vertical profiles of water vapor and methane by the maxi-
mum likelihood retrieval. The vertical profile of water vapor and the precipitable water observed by TERSE
in Hotan in October, 1992 are compared with the data of radio sonde observed by Hotan observatory. The ac-
curacy of TERSE was 10-309%6 for vertical profile and 109 for precipitable water. Although the characteristics
of diurnal variations of water vapor and methane observed by TERSE in Qira in October, 1993 could not be
found, the reduction of water vapor in a 9-day observation period was observed. Its reduction was mainly
made in the lower troposphere below 1.5 km. It is consistent with the past research result of the global objec-
tive analysis data. This reduction of water vapor is considered to be the result of a variation of large-scale
water vapor transportation. On the other hand, the column amount of methane observed by TERSE did not
vary in a 9-day observation period. In order to verify the concentration of methane observed by TERSE, air
samplings for methane have been made at three sites in the Kunlum mountain area, inner desert area and Qira.
The result was 1.84 ppmv for the site in the Kunlum mountain area and 1.80 ppmv both for the other two sites.
These differences of methane concentrations in three sites cannot be detected by TERSE from the viewpoint
of accuracy of TERSE. Furthermore, the absolute amounts of methane observed by TERSE were underesti-
mated over 30% from those by air samplings. There is a possibility that this is due to the use of incomplete
blocking filter for methane in TERSE.

Key Words: Taklimakan Desert, Water vapor, Methane, Remote sounding, TERSE

*Meteorological Research Institute. 1-1 Nagamine, Tsukuba, lbaraki 305, Japan.
** Xinjiang Institute of Biology, Pedology and Desert Research. 40 South Beijing Road, Urumai, Xinjiang 830011, China.
(Received July 16, 1986; Accepted October 14, 1996)
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Special Report
Proceedings of Sixth Symposium on Arid Land Technology

The Japanese Research Group for Arid Land Technology *

This special report is the proceedings of the sixth symposium of The Japanese Research Group for Arid
Land Technology held at Riken, Wako, Saitama, on October 17, 1996.

The first lecture was a general topic given by Professors Keiji SAkAKI and Koichi YaMaDA, the University
of Tokyo, on “Position of Biological CO. Fixation in Arid Land".

The second lecture was a sample of case study given by Professor Masuo Ozak1, Maebashi City College of
Technology, on “Waste Water Treatment and Recycling Use in Arid Land”.

The last lecture was given by Dr. Hiroshi Suimizu, National Institute for Environmental Research, on “The
Possibility of Electric Vehicles as Transport Facilities in Desert”.

*c/o The Japanese Association for Arid Land Studies. The Institute of Physical and Chemical Research, 2-28-8 Honkoma-
gome, Bunkyo-ku, Tokyo 113, Japan.
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I. Position of Biological CO. Fixation in Arid Land

Keiji SAkakKI® and Koichi YAMADA®
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I. Waste Water Treatment and Recycling Use in Arid Land

Masuo OzAK1®
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. Water and wind erosion-causes, impacts and reversing measures
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12. Handling relevant information to promote sustainable land use systems
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14. Strategies for cooperation and dialogue
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17. Physical and social monitoring of sustainable land use development
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Report on 9th Conference of the International

Soil Conservation Organization

Ichiro TANIYAMA®

The 9th Conference of the International Soil Con-
servation Organization was held in Bonn, Germany
from 26 to 31 August, 1996. The theme of the confer-
ence was “Towards Sustainable Land Use-Furthering
Cooperation Between People And Institutions”.
Almost 800 specialists from 80 countries took part in
the conference. The conference was continued by 17
joint sessions about soil erosion, desertification and
sustainable land use etc. with 100 oral communica-
tions and 180 poster presentations.

The exhibition, “Dare-to-Share Fair” was also
held during the conference and opened to the public.
The objects of this fair were information exchange,
the transfer of innovations and informal technical
discussions with booths, video and/or slide shows,
and discussion meetings. At the fair 177 governmen-
tal and non-governmental groups from 60 countries
showed the “state of the art” in the area of sustainable
land use and resource management.

* National Institute of Agro-Environmental Sciences. 3-1-1 Kannondai, Tsukuba, 305 Japan.
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