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Taklimakan Desert as Seen from Satellites—Application of remote sensing
Kiyoshi TsucHiYA® and Yoshinari OGUro*

Since Taklimakan desert is out of direct satellite receiving station coverage the satellite data of the desert
is extremely limited. Basted on available satellite data studies are made on the surface feature of Taklimakan
desert. A mosaic image of the desert indicates well developed longitudinal sand dunes in the eastern and cen-
tral parts and salt distribution along the rivers and places flooded in the melting season.

The detailed image analyses of a few selected areas indicate following features. In the oasis of homeland
of the 31-35 Agricultural Troops in the downstream basin of the Tarim River flowing in the north to eastern
periphery of the desert, newly developed farmlands are identified. It was also found that water in the reser-
voirs, lakes and marshes was decreased in the past 19 years. .

In Hotan oasis and its surroundings in the south of the desert, no significant desertification is recognized
in recent 20 years showing the success of anti—desertification activities since there was a large scale
desertification from the early 1950 to the end of 1960’s in the area. The farmland is easily identified since it is
a regular shape surrounded with anti-sand poplar trees. In spite of the fact that there is a fairly large sand
transport associated with a sand storm, no significant transformation is recognized in large sand dunes of eas-
ily recognizable size in a satellite image, which can be explained by the following hypotheses. Although there
is an instantaneous convergence or divergence in sand transport, the continuity condition is satisfied with a
balance of the lost and the gained sand transport in the long term. There is a limit in the size of sand dune de-
velopment and a steady state is attained after development into a proper size. There is a similarity between
sand dune formation and that of convective clouds associated with a strong cold air outbreak into the warm
ocean. An outstanding topographical effect on sand dune formation is recognized in Mazartag mountain range
with an orientation perpendicular to the prevailing strong wind. Although height is low there appears a sharp
discontinuity in the sand dune orientation across the range. In the windward side the sand dune orientation
is along the mountain range and across the range it changes discontinuously into the orientation along the pre-
vailing strong wind which is perpendicular to that of the range.

Roads, mountains, rivers, farmlands surrounded by high poplar trees and large sand dunes are recogniz-
able however small sand dunes and the underground features of Taklimakan desert are not recognizable in
JERS-1 SAR image.
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Extraction of the Desertified Areas in Oases in Taklimakan Desert through
the Analysis of SPOT Image Data

Yoshinari OGuro* and Kiyoshi TSUCHIYA®

A simple method to extract a desertified area in arid areas from satellite data is developed. The method
utilizes image data of visible channels only. Application of the method to SPOT data covering two oases in
Taklimakan Desert, the first in the northeastern part in the downstream of the Tarim River, the second in the
southwestern part of the desert indicate following features. No large scale desertification has taken place re-
cently in these areas except limited places where anti-desertification procedures are unsatisfactory.

The analysis of two image data taken in 1989 and 1993 over the first place indicates that a desertification
took place in a small part in the eastern edge of the place with the average speed of 13.7m/year. On the other
hand the analysis of images taken in 1998, 1989 and 1950 over Hotan oasis (2nd place), the largest oasis in the
southwestern part of the desert indicates small desertified places in the downstream area of the western of
Karakax River. The estimated speed of desertification is around 5.0m/year.

Key Words : SPOT, Taklimakan Desert, Desertification
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Fig. 1 Albedo vs optical thickness for single scattering.
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Table 1. Regression coefficient of albedo for
single scattering.

Band A B RMS
2 9.598E —01 6.383E + 00 7.352E—03
3 9.497TE—01 7.331E+00 1.307TE—02
4 8.983E—01 9.575E+ 00 6.696E—02
5 6.253E—01 1.128E+01 1.513E—-01
7 1.205E + 00 2.012E+00 1.362E - 01

Table 2. Average values of asymmetry
factor for scattering.

Band g
2 0.449
3 0.504
4 0.935
5 0.644
7 0.672

THHLEMNH B, FPFLTIZLOWTRAN TTHEL
FH—BEOBEDNRS VTR 1P 5, (A3)
A& ELIENIAT: g 2 Z0HEIc X kb k.
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PLr7o/ VOB EICE > TERT S O,
HELIEH R T2 LFNE S oMK E LTEbd I &
BEURE & 78 3B Nbid 578, KPR TRGEIEBTH
HFR—ELREBE LK. &Y FOEEE % Table 2
2R,
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TREDBRAEN—BIICLBZ X537 2OFH (B
FRELEE) L LTERT S, FHEELRCELUTO
EHIcEHL, LOWTRANTICX vk EHIBE
£BR5YTvRE, B—{EICKEZ A5V T VR
25 (A6) Rick bEIHERE, al, .., a6k, <
C T Table 3 iC[EHHEE E R T

1) HERERSIEOHETE

LidoREIcL D&/ v FOREEFRE, KBKIAA,
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% 2. ETICH Wiz Landsat 55 (BflA: 1988. 7. 27)
D+ — & v BT 9EE39 T, £ OKES
K1 13402° TH 5.

Z CCLandsat TM TiBohic 7Y 5 MBS IR GFHE
SRS D, TMF Y 7 Ufih SHEXH O R
(R: mw/cm? st) ~OZEHIIKRATEL OIS () E—
r vy TERE Y 7 —, 1990).
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Table 3. Regression coefficient of multiple scattering coefficient.

Band a a:x as a. das as
2 —2421+01 A42E+01 JTTEA+01 ~A34E+01 BOSE+00 JGOE+01
3 ~169E +01 2T9E+01 A23E+01 “JHE+01 A3MEA+01 135E+01
1 = 159E+01 A99E+01 A26E+01 =530E+01 A26E+01 H64E+00
5 ~202E+00 JT4BE+00 21TEA+00 = 182E+01 ABTE+01 O64E+00
7 -T722E—-01 ~5H81E+00 A28E 400 =T91E+ 00 AT6E+01 J928E + 00

Fig. 2 Landsat TM false color image of Hotan (Path: 146, Row: 34, 1988, 7. 27).
The letter S and P denote the sand dune, plateau respectively,
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Fig. 3 The color around letters a, b, and ¢ indicates the soil water content less than 4% in the desert area.
The red area characterized with soil water content of more than 10% is farm land.
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Fig. 4 Relationship between reflectance and water
contents for soil at TM band 7.
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Fig. 5

Fig. 6 The Karakax river around Hotan oasis taken by
airplane on September 10 1991.
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Fig. T Geometric relationship between the sun, target and satellite positions.

Table 4. Description of various parameters for atmospheric correction.
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Evaluation of Spatial Distribution of Surface Soil Moisture around Hotan
QOasis in Southern Part of Taklimakan Desert based on Satellite Data

Takashi IsHIYAMA *, Masao MORIYAMA **, Nobuo TAKEUCHI®,
Koji KAHWARA**, Shigehiko SUGIHARA®** and Peijun Liu****

Based on laboratory experiments, spectral reflectance vs soil moisture content relationship was established
for the soil sampled at the desert area in the periphery of Hotan Oasis in Taklimakan desert. Experiments in-
dicate the 1.95 # m band is the most effective for detecting soil moisture content which is included in TM Band
7. Based on this fact moisture content of Hotan oasis and its surrounding is obtained from Landsat TM Band
7 data and mapped. The moisture content in the desert area is estimated less than 2% in the desert area while
less than 49 near the river and non-irrigated bare land in oasis area. An algorithm to eliminate an atmospheric
effect based on radiative transfer equation is developed and applied in the process of derivation of moisture
content from the TM Band-7 data.
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Climate Change and Agricultural Activities in the
Taklimakan Desert, China, in Recent Years
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Abstract

Great changes have been experienced in the oases of the Taklimakan Desert in recent years.
The area of oases, for example, has increased greatly. We are trying to clarify the relationship
between agricultural activities and climate change in the oases during recent years. By ana-
lyzing the meteorological data obtained in several oases in the recent 43 years, it was indicated
that air temperature is increasing in winter, but decreasing in summer and precipitation has
increased 5 to 100 percent in summer. In order to study the relationship between the human
activities and desertification in the Taklimakan Desert, data on the agricultural activities in
the oases was collected by interviewing the farmers by the group of Aichi University, Du and
LEL The present study provides some detailed discussion on the oasis agricultural activities
and environment change and their effects on the climate change in the Taklimakan Desert.
As a conclusion, it can be said that the climates in the oases are becoming better for human

being.

Key Words : Agricultural activities, Climate change, Oasis development, Taklimakan Desert

1. Introduction

The Taklimakan Desert is one of the distin-
guished sandy desert of the world. There is a
long history of agricultural activities in the
oases of the desert. Changes of rise and decline
of the Silk Road, and of flourishing and falling
of the towns have remained great a lot of natu-
ral mysteries. Some researchers have pointed
out that the abandonment of most of the re-
mains and the nomadic southward migrations
in East Asia have a close relationship with cli-
mate change during the historical times (FANG
et al., 1992). It is found that many people from
the eastern part of China (such as Sichuan and
Hunan Provinces) have been moving to the
Taklimakan Desert for farm work in recent

years. Studies on the relationship between cli-
mate change and agricultural activities in this
area are of great importance.

The global air temperature has been increas-
ing, according to analyses of the observation
data, especially since 1977 (JONES and BRIFFaA,
1992). Some simulation models have demon-
strated that there will be an increase of precipi-
tation in the middle latitude (FOLLAND et al.,
1990). However, almost all research works on
the climate change in the arid lands of China
have pointed out that the climate is becoming
or will be drier and drier (GENG, 1986; ZHU et
al., 1989; LING, Y., 1990; ZHANG and CHEN, 1992;
YE and CHEN, 1992; ZHU and CHEN, 1994). Du
(1993a) has analyzed the data of air tempera-
ture and precipitation in recent 40 years (1951
-1990) at 30 stations of arid China and found
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that variations in air temperature and precipi-
tation in the western part of arid China were
different from those in the eastern part of arid
China. In the eastern part of the arid regions of
China, air temperature has increased and pre-
cipitation seems to be decreasing both in win-
ter and in summer. In the western part of arid
China, air temperature seems to be
increasing in winter, but decreasing in sum-
mer. However, precipitation in summer has
increased since 1980. By using detailed data in-
cluding discharge data for several rivers in
Xinjiang, China, Du (1996) suggested that the
increase of precipitation in summer in the
western part of arid China was affected by
both the global change and the local environ-
ment change, such as the expansion of the area
of oases. The present study gives some discus-
sions of the agricultural activities in the oases
and their effects on the climate change in the
Taklimakan Desert.

2. Data and Sketch of the Study Region
The western part of arid China is character-

ized by a basin type which distributed mainly
in four basins, Jungar Basin, Tarim Basin,

Sketch map of study region and names of observation stations and oases.

Turpan Basin and Chaidam Basin. The high
peaks (over 5500m as.l.) of the surrounding
mountains are covered with permanent snow,
ice or glaciers. The geographical sketch map of
the region is shown in Fig. 1. The climate
is characterized by a great annual thermal
range with severe low temperature in winter,
scarce precipitation but occasional heavy rain-
fall, and frequent severe sand and dust storms
(YosHino, 1992; Du, 1993b).

Monthly mean surface air temperature and
monthly precipitation of thirteen meteorologi-
cal stations from 1951 to 1993 were used. The
thirteen meteorological stations were shown in
Fig. 1 (as @ and A). Five of the thirteen sta-
tions (as M in Fig. 1) were in the Taklimakan
Desert. All stations are located inside big oases
in the basins.

In order to clarify the climate change impact
on agriculture, Martonne’s arid index (AI) was
used;

Al =p/(t+a) n
Where p is monthly precipitation (mm), ¢ is
monthly mean of air temperature, and a is a
constant coefficient. Here we take a as zero.

In order to study the relationship between
the human activities and desertification in the
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Inter-annual variations of precipitation (P) and air temperature (T) for summer

(s, sum or mean of June, July and Aug.) and winter (w, sum or mean of Dec., Jan. and
Feb.) in the western part of arid China in recent 43 years (1951-1993).

A.: b years running average.

Taklimakan Desert, collection of data on the
agricultural land use in the oases was made by
interview with the farmers in several oases
around the Taklimakan Desert during August
and September in 1993 and during July and
August in 1994. In 1993, interviews were con-
ducted in the areas of Hotan and Qira in the
southwestern part of the Desert and in 1994, in
the areas of Korla, Aksu and Kashi in the
northern and western parts of the Desert as
shown in Fig. 1. The detail of the interviews
(original records and discussions) have been
published (YosHINO et al., 1993a, b, 1995a).

3. Air Temperature and Precipitation
Change in the Recent 43 Years

As shown in Fig. 2, the inter-annual varia-
tions of precipitation and surface air tempera-
ture for summer (June, July and August) and
winter (December, January and February) in

the Taklimakan Desert in the recent 43 years
(1951-1993) (means of 5 stations), air tempera-
ture was increasing obviously in all stations in
winter. It can be calculated that mean surface
air temperature in the Taklimakan Desert has
increased about 3.0°C with a range from 2.0 to
9.0°C since 1951. The increasing rate reaches
0.05-0.21°C/year in winter. However, mean sur-
face air temperature in summer in the Taklima-
kan Desert has decreased about 1.0°C. DOMROES
(1993) has carried out some statistical analy-
ses on the monthly means of air temperature at
the stations in the Taklimakan Desert and
given the same warming trend in January and
the same cooling trend in July. Therefore, the
annual range of air temperature in the
Taklimakan Desert has been decreasing.
Although there were many fluctuations, indi-
cating no general trends in precipitation in
winter, precipitation in summer seems to be in-
creasing at most stations, according to five
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Fig. 3. Comparison of 5 years means of annual

variation of temperature and precipitation

in the Taklimakan Desert (mean of 5 sta-

tions) between 1975-1979 and 1989-1993.
year running means. The mean precipitation
in summer at the 5 stations in the Taklimakan
Desert has increased about 509 in the recent 43
years as shown in Fig. 2. Comparing the mean
of 1975-1979, the mean precipitation in summer
of 1989-1993 has increased about 5% (at
Ruogiang) to 1009 (at Hotan). Monthly mean
precipitation at the 5 stations in the Taklima-
kan Desert in March, May and August have in-
creased more than 100%, as shown in Fig. 3.
Monthly mean precipitation of 13 stations has
also increased about 100% in the western part
of arid China in July. As pointed out by Du
(1996), these increase in precipitation were
mainly in the basin area by showers. Due to
lack of observation data, it is uncertain
whether the air pressure pattern or wind and
weather system had changed or not.

This increasing in precipitation, especially
large amount of rain in 1993, has great influ-
ence on the plant growth there. We observed
that the “Gobi” parts in Qira near Hotan were
covered by small grasses in the summer of
1993, where there used to be no vegetation
cover. Although it was said that this kind of
scene occurs about once ten years, they existed
in some parts until the summer of 1994.
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Fig. 4. Inter-annual variation of standardized

arid index for summer (June, July and
Aug) in the Taklimakan Desert in re-
cent 43 years (1951-1993).

4, Variation of Arid Index in the Recent 43
Years

To clarify the climate change impact on the
agricultural activities, Martonne’s arid index
was analyzed. The greater the arid index is,
the less water is needed for cultivation. Fig. 4
shows the inter-annual variation of standard-
ized Martonne’s arid index for summer (June,
July and Aug.) in the Taklimakan Desert in the
recent 43 years (1951-1993) (mean of 5 sta-
tions). It is obvious that the Martonne's arid
index has a statistically significant increase in
the recent 43 years, especially since 1961. The
5 year running mean, 5th degree of polynomial
and linear regression show an increase trend.
The arid index has increased over 70% since
1961.

For the whole western part of arid China in
the recent 43 years (1951-1993) (mean of 13 sta-
tions), the arid index shows a progressive in-
crease during the recent 15 years, although it
was high in the 1950s and low around 1963 and
around 1977. It has been increased 70% since
1977.

Thus, it can be concluded that the climate is
becoming favorable for the oasis agriculture
activities.



b. Effects of Agricaltural Activities on the
Climate Change

1) The probable causes of the climate change
The presumable causes of the climate
change: the increase of surface air temperature
in winter, the decrease of surface air tempera-
ture in summer, and the increase of precipita-
tion in summer, can be interpreted as follows:

(1) Global change effects

The increase of surface air temperature in
winter could be thought to be mainly due to
the global change caused by greenhouse gas
emission, because the Mongolia High controls
this area in winter. Fine days dominate in the
area in winter and it has less influence of cold
wave from north (L1, 1991). Furthermore, cold
wave influence has become weaker in the re-
cent years.

There is a possibility that the global change
has led to active atmospheric circulation
around the western part of arid China, bringing
more water vapor into these areas. So that
there form more clouds. Thus, the surface air
temperature has decreased and precipitation
has increased. In this case, there would be
more precipitation on the slopes of the sur-
rounding mountains. However, analyses of the
discharge data of the upper reaches of the
Hotan River in summer had not give a increas-
ing trend in recent years (Du, 1996). More stud-
ies on the variation of cloudiness and rainfall
days, as well as on the variation of water vapor
transportation and weather system, are ex-
tremely necessary.

(2) Long-term fluctuations

Precipitation data of 43 years is not enough
for analysis of the variation trend. The in-
crease of precipitation in summer may ascribe
to a part of a long-term fluctuation. According
to YuaN (1990), there was 17-year cycle for an-
nual precipitation during 1852-1987 in the
northern part of Xinjiang, based on a statistical
analysis of the reconstructed data obtained by
the tree rings of Populus diversifolia. YuaN
came to a conclusion that the annual precipita-
tion in the northern part of Xinjiang reached
its high peak in about 1987 and it will decrease
until the middle of the 1990’s and then, it will
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Fig. 5. Comparison of monthly mean of diurnal
variations of air temperature between an
oasis (0) and desert (d) in Turpan,
China for July(J) and December(D).

increase again. However, as shown in Fig. 2.,
actual precipitation in the Taklimakan as well
as in the northern part of Xinjiang did not de-
crease in the middle of the 1990’s. Another re-
constructed annual precipitation curve at
Yutian (cf. Fig. 1) during 1785-1986 shows a
marked decrease since the 1830’s and a little bit
increase since the 1950's (LING, Y., 1990). How-
ever, as mentioned by YosHiNo (1992), it must
be noted that in general the relatively small
but obvious fluctuations of annual surface air
temperature and precipitation in this century
are parallel to those in Xinjiang, China. Thus,
monitoring of the precipitation and surface air
temperature variations in the near future is of
great importance for the understanding the cli-
mate change.

(3) Local environment change effects

Local environment will exert some influence

on climate change since all the meteorological
stations used in this paper are situated inside
of oases. According to SunN (1990), LiING, Z.
(1990), Du and Mak1 (1994), the climate in an
oasis is characterized by a comparatively lower
wind speed; smaller temperature variation,
higher air humidity and evapotranspiration
and more precipitation than in the desert area
due to increase in irrigation of water and vege-
tation growth. Fig. 5 shows a comparison of
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monthly mean of diurnal variations of air tem-
perature between an oasis and desert in
Turpan, China (cf. Fig. 1) for July and Decem-
ber (Du and Maki, 1994). It is obvious that the
air temperature inside the oasis was lower in
July and higher in December. By comparing
the data on the desert area at Qira (Mikam1 et
al., 1995) to the data of Hotan Meteorological
station near the oasis, there was the same effect
of oases on air temperature, lower in summer
and higher in winter inside oases. Monthly
mean of air temperature at the desert station at
Qira in July, 1992 was 1.8°C higher than that at
the oasis station at Hotan and that in January,
1992 was 0.4°C lower than that at Hotan. This
phenomenon is the same as the climate change
in the recent years.

2) Agricultural activities concerning the cli-
mate change

YosHINO et al. (1993b, 1995b) have done a
specified research on the agricultural activities
especially on the relationship between agricul-
tural activities and desertification. In this
paper we only deal with the agricultural activi-
ties concerning the climate change. There are
4 aspects that should be mentioned regarding
the climate change:

(1) Expansion of the area of oases

Cultivation area in Xinjiang Uygur Autono-
mous Region has increased about 1.4 times
since 1950 according to Chinese statistic’s
agency (CHENG and HE, 1990). In the Takli-
makan Desert, over about 30% new oases were
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Fig. 7. Variation of farmers’ income and the area
of cultivation per person from 1985 to
1991 (expressed as (value of 1991-value of
1985)/(value of 1985) X 100 %).

appeared from 1950 to 1980 according to XIA et
al. (1991) and TANG et al. (1992), especially in
the 1950’s. In Tarim River valley (cf. Fig. 1), for
example, many new oases (new state farm)
were built up and the cultivation area in-
creased about 350,000 ha during 1951-1958, as
shown in Fig. 6 (TANG et al., 1992). Cultivation
area has increased even 7.5 times in some place.
Although the cultivation area per person in
most counties has slightly decreased from 1980
to 1988 (SDNSD, 1989), the area of oasis were
still increased at some places in the recent 15
years, as shown in Fig. 7. The cultivation area
per person has increased 91% at Aksu from



1985 to 1991. Interview with farmers of Puhui
Farm, located south to Korla (YOosHINO et al.,
1995a, ¢) clarified that rapid increase of farm-
land has been taking place since 1980. Farmers
who came from eastern China reclaimed sandy
land into the new farmland by their own
money. The cultivation area of Puhui Farm in-
creased from 400 ha in 1985 to 1,600ha in 1993
and they planed to reclaim another 667 ha as
new farmland in 1994 and 2,000ha in 1995.

Cultivation in arid China needs irrigation
water, SuN, (1990) calculated that the amount
of irrigation water in Kashi and Aksu may be
equitable to 1,000mm precipitation in a year.
This huge amount of irrigation water would
lead to increase in air humidity and precipita-
tion inside oases.

(2) Increase in artificial forestry and wind-

break forest in oases

Windbreak forests play an important role in
the cultivation of crops in oasis in China (MAKI
et al., 1993, 1994). It is considered that agricul-
ture would be impossible without the use of
windbreaks in the arid lands of China, due to
the climate improvement effects of windbreak
forests and oasis itself. Windbreak forests
planted in the 1950’s have been grown up in re-
cent years around the new oases in the
Taklimakan Desert. Most of the windbreak for-
ests have reached higher than 20m. Many new
windbreak forests and artificial forests have
been also developing in the oases in recent
years. About 166,700ha artificial forests area
has been planted around Hotan oasis, for exam-
ple, although about 130,000ha natural forests
were destroyed during the 1950’s and the 1960's.
Increase in vegetation around the oasis at
Hotan has been recognized by satellite images
(SUGIHARA et al., 1994). They pointed out that,
as far as the comparison between two images
obtained in 1973 and 1988 is concerned, large
scale desertification in Hotan has not occurred,
but the vegetation area has been increased as a
result of irrigation and plantation.

Because of air temperature and humidity dif-
ference existed as mentioned above, there
would be heat and water vapor exchange be-
tween an oasis and its peripheral desert area.
The role of windbreak forests and other forests
on climate improvement of oasis is to intensify
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the effects, reducing the exchange of heat and
water vapor due to decreasing wind velocity.
Therefore, the more and the bigger the wind-
break forests are, the greater the efficiency of
climate improvement of oasis will be.

(8) Variation in vegetation cover and cut-

ting wood in desert area

Living in the arid land, people need trees or
grasses for firewood and building materials.
During earlier reclaiming in the 1950’s, lots of
sandy land with vegetation cover were
changed into farmland. Some natural forestry
and grassland also changed into farmland. Ac-
cording to TANG et al. (1992), the natural forest
area of Populous trees had decreased 285,000ha
in the Tarim River valley during 1958-1978.
Our interview with the farmers in several oases
around the Taklimakan Desert (YOSHINO et al.,
1993a, 1995a) has indicated that people go into
desert areas around the oases for gathering
firewood or building materials farther and far-
ther. They are going into the desert 125-135km
from the oases in the case of maximum dis-
tance today in the southern part of the
Taklimakan Desert. It takes ten days to two
weeks with 8-10 families in a group by donkey
barrows, which carry 150-500kg. However, the
income of farmers has increased greatly as
shown in Fig. 7, so that using coal instead of
wood has been increased obviously since 1978
as shown in Table 1, showing the interview re-
sults about the use of coal and income of farm-
ers in different parts of the Taklimakan Desert.
There are three types of fuel utilization: a) fire-
wood from the desert only, b) coal in winter
and fire wood in summer and c) coal only.
Using coal instead of wood has a close relation-
ship with the economic development. Almost
1009 of the farmers' families in the northern
and western part of the Taklimakan Desert
nowadays use coal in winter or use coal only.
The farmers’ income in the southern part of the
desert is very low, as compared with those in
the northern and western parts. Farmers in the
southern part have to use wood fuel from the
desert, because of price of coal. In the case, that
family numbers can work for side-works and
get more money by carpet making, for exam-
ple, they can use coal in winter.

It can be observed from Table 1 that a family
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Table 1.

An interview results about the use of coal and income of farmers in different parts

of the Taklimakan Desert (YOsHINO, et al., 1995¢).

Interview districts Hotan Qira Korla Aksu Kashi
Number of families 6 5 2 4 3
Mean population 43 8 45 6 5.7
of a family
Percent of families using
X L about 50% about 109% 10096 10096 10096
coal in their villages
Th b ‘ In 1970
¢ yearbeganlo | .boutin 1983 | about in 1985 In 1980 (100% from | In 1978 or 1980
use coal
1989)
Amount of caol using/
year >1,000kg 1,000—-2,000kg | 1,000—2,000kg >2,000kg 500—2,000kg
’I‘1me§ of cutting wood twice a week to once a month |10 times a year | 7 times a year 0
in the desert
Income/person/year
799 841 — 1,058 1,367
(in 1991) (Yuan) 3

used to cut wood in the desert twice a week to
once a month. However, they have used coal
instead of wood with their income increasing
since the 1970’s. Several ten thousands families
have stopped cutting wood in the desert so
that huge amount of vegetation were rescued
from cutting. If this decrease in cutting woods
would be in excess of the amount of increase in
cutting by increasing population (demand of
firewoods), it would have some influence on
the desertification and the expansion of oases
areas. ’

(4) Control of desertification

Decrease in natural forest and cutting vege-
tation around oases had led to about
2,192,000ha of desertification area in the Tarim
River during 1958-1978 (TANG et al, 1992).
However, cutting vegetation within the periph-
eral area 10km away from oases has forbidden
since 1978. Using of coal instead of cutting
wood has become more and more prevailing as
described above. Thus, the decrease of natural
forest and severe desertification has been con-
trolled. ZHu et al. (1989) treated the desertified
area in Taklimakan Desert as extremely or
heavily desertified area in 1989. However, ZHU
and CHEN (1994) treated the most place of
desertified land as relatively stable district of
the Taklimakan Desert in 1994 when they

study the development trend of the desertified
land in the last decade, and showed a result of
the control of desertification.

If we assume that the bigger the oasis is and
the more the windbreak forest and other vege-
tation is, the greater the effect of oasis on cli-
mate will be, it can be concluded that the
decrease in air temperature and increase in pre-
cipitation in summer in recent years is mainly
caused by such human activities in the oases.

6. Conclusions and Discussions

This study on the climate change and agri-
cultural activities in the recent years in
Taklimakan desert led to following results:

(1) The climate in Taklimakan desert as
well as in the western parts of arid China has
been changing in recent years which is ex-
pressed as follows: The surface air temperature
has increased by about 2.0 to 9.0°C in winter
(Dec,, Jan,, and Feb.) during the past 43 years.
On the other hand, it has decreased by about
1.0°C in summer (June, July and Aug.). There-
fore, the annual range have decreased signifi-
cantly, which implies a better environmental
condition for human life. Precipitation has in-
creased by about 5 to 1009 in summer during
the past 43 vyears, although the annual



precipitation does not show any significant
systematic trend as a whole. This increase in
precipitation may have some influence on the
desert vegetation. The Martonne's arid index
has increased over 70% since 1961, which
means that the climate is becoming favorable
for the oasis agriculture activities.

(2) Following agricultural activities in re-
cent years should be mentioned in relation to
the climate change: Cultivation area has in-
creased greatly. Increase of the cultivation area
in some regions was about 7 times of that in
1950. Many artificial forests and windbreak
forests have been built up and grown up.
Farmers have begun to use coal as fuels in-
stead of cutting wood more and more due to
economic development. Decrease of natural for-
ests and severe desertification should be con-
trolled, taking farmers’ income into
consideration.

(3) The increase of surface air temperature
in winter is probably mainly due to the effect
of global change caused by greenhouse gas
emissions. It is suggested that the causes for
the increase in precipitation and the decrease
in surface air temperature in summer are to be
both the global change effect and the local en-
vironment change, due to an expansion of area
of oases, increase and grownup of windbreak
forests. The local environment change is
probably the main cause.

(4) It is very important to monitor the pre-
cipitation and surface temperature variations
in the near future and to have detailed data
analysis on the variations in precipitation and
discharge in the mountain area in recent years
in order to clarify the water balance variation
for future development in the Taklimakan
Desert.

The tendency of the recent climate change is
better for the human life as well as crop culti-
vation. The expansion of the areas of oases (in-
crease in irrigation) will cause further climate
change in future. Many people from the east-
ern parts of China (such as Sichuan and Hunan
Provinces) have been moving to the
Taklimakan Desert for farm work in the last 15
years. Increase of local population including
such migration is a cause for expansion of the
areas of oases. However, increasing cultivation
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area will accelerate an increase of the utiliza-
tion of irrigation water from river water and
ground water. This will be connected to
desertification and salinization of farmland di-
rectly. Furthermore, accumulation of salt in
the lower-most courses of rivers has been not
yet considered in the Desert as a whole. The
expansion of cultivated areas using a lot of irri-
gation water may result in serious problems in
future.

Thus, it is very important to have an effi-
cient use of water resource for oasis agriculture
but not to expand the area of oasis. On the
other hand, due to the increasing population,
collecting firewood and building materials in
desert and over-grazing around the oasis are
coming to a limit to utilize. It is important to
introduce more use of coal or other fuel instead
of the wood through increasing farmers’ in-
come in the Taklimakan Desert.
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The Distribution of Sandstorms in Taklimakan Desert
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Abstract

To clarify the occurrence of sandstorms in the Taklimakan desert, the north-west part of
China, we analyzed data of ground visibility collected during 30 years from 1961 to 1990 at 17
weather stations around the desert, as well as the data measured at the inner desert areas
from 1989 to 1990. We use “sandstorm” here for the phenomenon when the ground visibility
is less than 1 km. The results are as follows: (1) The annual days with the sandstorm are
about 20 days in the oases around the desert, and increase in the inner desert area and reach
up to 60 days at the Manxiyi and Tazhongyi regions. (2) Despite strong wind blows more
often in the oases around the desert, the most severe sandstorms usually occur in the inner
part of the desert. (3) The sandstorm occurrence is more frequently in the south and south-
western part of the desert rather than in the northern part. (4) There is a clear seasonal varia-
tion in the occurrence of the sandstorm. It occurs from March to August, and more
frequently from April to July. In the eastern and northern part of the desert, it occurs most
frequently in April, but in May or June in the western and southern part of the desert. (5)

The annual frequency of sandstorm has decreased since 1980.
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