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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.

BEIBEHRTFI = 7 o VRS TR REN SR
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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.

Key Words : Taklimakan Desert, Sandstorm, Visibility.

1. Introduction

In the desert area, sandstorm is a common
weather, which occurs when the sand particles
and dust are blown up from the ground surface
to the atmosphere by strong winds and make
the air dusty. Accordingly, the ground visibil-
ity becomes lower, less than 1 km or so. In the
Taklimakan desert, severe sandstorms occur
and persist from several hours to more than 1
day, and cause damages in the oases. The dust
can drift from China far to the down stream re-
gion, for example to Japan. KAl et al. (1988)
carried out a numerical simulation to investi-
gate the long range transport of the Kosa
(Asian dust) particles and concluded that a
travel time of the Kosa particles to from the
Taklimakan desert to Japan is five to six days.
Thus, it is important to clarify how frequently
sandstorms occur in the Taklimakan desert not

only from the viewpoint of the local disaster,
but also from the long distance material trans-
port (KLIMENTO and MOSKALEVA, 1979). Al-
though the transportation process of dust
particles has been investigated intensively, few
studies concerned with the time and spatial
distributions of the occurrence of sandstorms
have been conducted so far.

In this paper, we analyzed the daily data of
ground visibility measured at 17 stations lo-
cated at the fringe of the Tarim Basin; These
data were obtained during the last 30 years,
from 1961 to 1990. We also analyzed recent
data taken at two stations located in the inner
part of the desert, at Manxiyi (40°06'N, 83°06'E)
and Tazhongyi (38°40’N, 83°50’E). The alti-
tudes of these two places are 1,100 m and 1,200
m, respectively.

In Section 2, sandstorm grades are defined in
conjunction with the ground visibility. Section
3 refers to the spatial distribution of the sand-
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storm. Sections 4 and 5 discuss seasonal and
long term variations of the sandstorm occur-
rence.

2. Criteria of Sandstorm Grades

According to the standards of the World Me-
teorological Organization (WMO), the sand-
storm grades are classified by visibility at the
ground level (Table 1). The grades of “0", “17,
“2" “3” correspond to the visibility within 50,
200, 500 and 1,000 m, respectively. The grades
can reflect four degrees of sandstorm'’s inten-
sity as follows: violent, strong, moderate and
light. For example, when the ground visibility
was less than 50 m, it was considered that a vio-
lent sandstorm occurred. It has a local name of
“Kara Bran"” or “Black-wind” in the Taklimakan
desert.

Sandstorm sometimes results in disaster,
which can be classified by cumulative persis-
tence time (hours) or total days of sandstorms
a year. FAO (Food and Agriculture Organiza-
tion) and UNEP (United Nations Environment
Programme) first referred to the problem of
the dangerous probability of desertification in
1984. There are four grades, namely, light,
moderate, heavy and extremely heavy, for
evaluating the dangerous probability by the
number of days with strong wind or persistent
time of it (FAO and UNEP, 1984). We use simi-
lar grades to classify the dangerous probability
of sandstorm as listed in Table 2. For instance,
an area where the annual number of days with
sandstorm is greater than 25 days or the persis-

Table 1. The grade and intensity of sandstorm
and visibility at the ground level.

Intensity of

Grades Visibility (V)

tence time is greater than 200 hours, is classi-
fied to the extremely heavy dangerous prob-
ability area.

3. Spatial Distribution of Sandstorm

Figure 1 shows the annual number of days
with sandstorm averaged over the past 30
years around the Tarim Basin, as well as 2
years' data at Tazhongyi and Manxiyi stations
in the inner desert area. It demonstrates that
the annual number of days with sandstorm
varies among 10 to 65 days, and the contour’s
shape is like an oval. Sandstorms occur more
frequently in the southern periphery of
Taklimakan desert than in the northern pe-
riphery. Meanwhile, the sandstorm occurs
more often in the western periphery than in
eastern periphery and most frequently in the
inner part of the desert such as Tazhongyi re-
gion, where the earth surface is covered by
drifting sands. The annual number of days
with sandstorms reaches from 56 to 75 days,
which is the highest frequency not only in
Tarim Basin but also in China. The 20 days’
contour of the annual number of days with
sandstorm lies around the fringe of the desert,
extending northward to the vicinity of the
Tarim River, southward to the piedmont of the
Mt. Kunlun, westward to the Yarkant River,
and eastward to the Qargan River. From the
view point of sandstorm occurrence, we can
classify the desert as two areas according to
Table 2. The first area is the outer periphery of
the desert with heavy dangerous probability of
sandstorms, where the annual number of days
with sandstorm is from 15 to 25 days. The
other area is the inner area of the desert, which
corresponds to the extremely heavy dangerous

Sandstrom .
5 V<50 Vior probability of sandstorm due to the annual
iolet number of days with sandstorm more than 25.

1 50 V<200 Strong days.

2 200< V<500 Moderate )

3 500=V<1,000 Light

Table 2. The dangerous probability of sandstorm’s disaster.
Index Light Mederate Heavy Extremely Heavy

Annual Number of Days <8 8~15 15~25 >25
Persistent Time (hours) <50 50~100 100~200 >200
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4. Seasonal Variations of Sandstorms

Nine typical stations are selected to analyze
the seasonal variation of sandstorms. Seven of
them are distributed in the periphery of the
Taklimakan desert, and the other two locate in
the inner desert area. Table 3 indicates that

J

D month

A S 0 N
The seasonal variation of number of days with sandstorms in the Taklimakan desert.

there is an obvious seasonal cycle of sand-
storms in the Taklimakan desert. During the
strong wind season, the sandstorm occurs very
often. Ninety percent of the sandstorms is con-
centrated in spring and autumn (from March
to August) ; and more than 60 percent of an-
nual sandstorms occurs from April to July. As
shown in Fig. 2, the stations can be classified
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Table 3. The frequency of sandstroms in Taklimakan desert (1961-1990).

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean An-
(Total days of the 30 years) nual (Days)
Kurla 3 6 12 18 6 6 9 3 0 0 0 0 2.1
Aksu 0 0 21 72 66 57 24 156 27 6 0 0 96
Ruogiang 6 33 66 102 72 60 39 36 24 9 3 3 15.1
Kashi 3 9 21 45 54 54 30 18 6 6 6 0 84
Hotan 18 15 63 159 204 162 117 90 48 15 12 3 30.2
Minfeng 18 30 9 168 210 210 157 123 54 21 18 12 36.7
Kalpin 3 25 76 164 192 234 192 123 74 18 3 6 36.7
Manxiyi (1988) * 0 2 3 7 11 11 9 12 3 2 0 0 60
Tazhongyi (1989) * /s S 2 8 12 23 12 11 6 1 0 0 75
Tazhongyi (1990) * 0 3 2 7 14 7 10 6 5 2/ /7 56

*denotes one year's data are available; /denotes no data.

into three groups by the season with the most
frequent occurrence of sandstorms. The first
group usually has the highest value in April,
occurring in the eastern part as well as the
northern part such as in the Kurla, Aksu and
Ruogiang regions. The second group repre-
sents the mode of sandstorms occurred in May,
occurring in the southern part (e.g., at Hotan
and Minfeng) as well as in the western part
(e.g., at Kashi). The Kalpin region is not in-
cluded in the two groups above, because the
maximum occurs in June. In the inner desert,
for example in Tazhongyi region, 68 percent of
the sandstorms occurs from April to July, 20
percent in autumn and the end of summer;
while less than 10 percent of the total happened
during winter.

5. Long-term Variation of Sandstorms

As listed in Table 4, the annual number of
days with sandstorms at the 17 weather sta-
tions shows a noticeable difference in the dec-
ades of 1960s, 1970s and 1980s.

The sandstorm occurred more frequently in
1970s than in 1960s in the regions such as
Ruogiang, Bachu, Shache, Kalpin and Aral. Es-
pecially in Ruogiang, the annual number of
days with sandstorm in 1970s is 35 percent (6.6
days) higher than that in 1960's. On the con-
trary, it seems decreasing in the other areas.

The annual number of days with sandstorms
in 1980s in the Minfeng region is 34 percent
(15.1 days) greater than in 1970s and the maxi-

mum of 62 days occurred in 1985. In the Qiemo
region in 1980s, the annual number of days
with sandstorm is 3 days more than in 1970s.
There is a small increase in Luntai and
Tikanlik. ’

In summary, the annual number of days with
sandstorms shows a decreasing trend in the
oases around the periphery of the Taklimakan
desert, except for the Minfeng and Qiemo and
other two regions as listed in Table 4. As the
weather was warmer and the precipitation was
more in 1980s (YosHINO, 1992), it was consid-
ered that the climatic condition and the local
people’s activities, which include protecting
from winds, controlling sand movement, build-
ing dams, etc., caused a decrease of number of
days with sandstorm’s occurrence in the oases.

6. Distribution of Sandstorms in the Inner
Desert

The Tazhongyi and Manxiyi stations are lo-
cated in the inner desert and regions with a
large number of days with sandstorms. In
these two areas, the data of ground visibility
and meteorological factors are available for
1988, 1989 and 1990. The characteristics of the
occurrence sandstorm at Tazhongyi and
Manxiyi can be described as follows:

1) Number of days with sandstorm

In spring and summer, as the maximum tem-
perature of the ground surface is sometimes
more than 70° of centigrade, the air mass
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Table 4. The annual number of days with sandstroms in three dacades (1860s—-1980s).

Station 1961-1970 1971-1980 1981-1990 Averages

Kurla 3.2 22 04 1.93
Tikanlik 8.7 75 86A 8.26
Rougiang 12.5 19.1 138 15.13
Qiemo 20.5 186 21.6A 20.23
Andil 25.6 245 16.6 22.23
Minfeng 38.3 288 4394 37.00
Yutian 17.2 159 14.2 15.67
Hotan 325 31.0 26.0 29.83
Pishan 34.6 234 16.8 24.93
Kashgar 10.2 89 73 8.80
Shache 18.2 18.3A 140 16.83
Bachu 174 18.7A 10.2 15.43
Kalpin 385 4034 32.0 36.93
Aksu 124 83 8.2 9.63
Aral 13.2 14.84A 104 12.80
Kuqa 144 11.3 43 10.00
Luntai 2.2 0.8 144A 1.46
Adennotes an increasing trend as compared to former decades

becomes extremely unsteady near the ground. hour

Thus, sandstorm can be easily generated. 107

Whereas, only a few sandstorms occur during §3 [

winter season, and no sandstorm from Decem- 70 | 357 bours / ¥ hoars

ber to January. In autumn, the sandstorm'’s oc- gz [ :

currences are less than in spring and summer, 4t

with having less than 10 percent of a year. The :g [

annual number of days with sandstorm varies 10t

yvear to year clearly; for example in the 0 e . o

Jan Feb Mar. Apr May Jun Jul Aug Sep Oct Nov Dec

Tazhongyi region, that is 75 days in 1989 and 56
days in 1990.

2) Persistence time of sandstorm

The persistence of sandstorms is defined as
the cumulative time (hours) a year, in which
sandstorms act practically in a region. As Fig.
3 shows, the maximum persistence time does
not coincide exactly with the number of days
with sandstorm (Table 3); for example, the
number of days with sandstorms and the per-
sistence time were 23 days and 77.5 hours, re-
spectively, in June 1989. Whereas, those values
are 12 days and 99.3 hours in May. As Fig. 3
demonstrates, the persistence’s curves show
the lower values in June and July; the reasons
can be attributed to the precipitation during
the period. From the two years’ continuous ob-
servation in Tazhongyi and Manxiyi, the an-
nual persistence time of sandstorms reached to
135 hours in Manxiyi in 1989, and 356 hours in

—+—Kanxiyi(1988) —o—Tazhongyi(1989) —&— Tazhongyi(1880)

Fig. 3. The persistent time of sandstorms at
- Manxiyi and Tazhongyi regions in the inner
part of desert.

Lines with symbol display seasonal varia-
tion; numerals indicate annual hours of the
persistent time.

Tazhongyi in 1989. According to the criteria of
sandstorm index listed in Table 2, we can clas-
sify Tazhongyi as an extremely heavy danger-
ous probability of sandstorm region and
Manxiyi as a heavy dangerous probability of
sandstorm region, although Manxiyi was clas-
sified as an extremely heavy dangerous prob-
ability of sandstorm region in Section 3 from
the view point of the annual number of days
with sandstorms.

3) Sandstorm grades
The sandstorms in Tazhongyi and Manxiyi
can be classified into four degrees by the
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Fig. 4. Intensity of sandstorms in the inner part
of Taklimakan desert.
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Fig. 6. Wind rose of the sandstorms (V= 0.5 m/s) in the inner part of desert.

standards listed in Table 1. As shown in Fig. 4,
the serious sandstorm (Kara Bran), with the
visibility less than 50m at ground level, oc-
curred 7 days in the Manxiyi region and 8-13
days (17.3%) in the Tazhongyi region in 1989.
The strong sandstorm with the visibility of 50
-200 m occurred 8 to 25 days (14.3-33.4%) in
Tazhongyi, and 9 days (15.0%) in Manxiyi.
The sandstorms with the visibility among 500
to 1,000m represent 40 percent of the total sand-
storms in Tazhongyi and more than 50 percent
of the total in Manxiyi. Thus we conclude that
there are violent and strong sandstorms more
often in the Tazhongyi region than in the
Manxiyi region.

4) Wind characteristics

The threshold velocity of wind for generat-
ing sandstorm is usually considered as 8.0 m
/s (mean velocity of 10 minutes at 10m above
the ground surface) in Taklimakan desert.
But, a sandstorm can generate at lower speed
about 6-7 m/s during summer, because the

¥ind Speed(a/s)

12 Q
10th. Apr.
10 :
8 : forming sandstorm
6 : ; : 5 / 6th. Apr.
: i m mOVing sand —-—
2 byt e
5 K o ; A\\mm pr. \
6:30  8:30 10:30 12:30 14:30 16:30 18.30
Local Time

Fig. 5. Daily variations of winds speed in differ-
ent periods of a sandstorm in the Manxiyi
region.

sis” | sis

S
—o— Tazhongyi(Mar. -Dec. , 1989)
—0—Tazhongyi(Jan. , -Oct., 1990)

atmosphere becomes unstable for higher tem-
perature near the ground surface. In winter
season, however, the threshold velocity be-
comes a little higher as 9-10 m/s. In the inner
part of desert, the measurement of wind shows
that eighty percent of the sandstorm is gener-
ated by the wind stronger than 8.0 m/s. When
the wind speed is over 12.0 m/s, the strong
sandstorm can be generated. Moreover, if wind
speed exceeds 17.0 m/s, the “Kara Bran” will
occur; visibility at the ground level can be re-
duced to 2 meters. Figure 5 shows time series
of wind speed in the Manxiyi region on 10th of
April 1988. In this case, diurnal wind speed was
over than 8.0 m/s, reaching to a maximum
mean wind speed of 120 m/s and a maximum
instantaneous velocity of 17.0 m/s at 12:30 on
the day. As the other two curves indicate, it
was only a sand-drifting weather on the 6th
April; as the time going on, the wind became
stronger and stronger until on 10th; then, the
wind became weak gradually. The wind speed
decreased to 4.0 m/s on 16th, however, the



floating dust still was covering this region.
The frequency distribution of wind with the
sandstorms in the Manxiyi region is shown in
Fig. 6. The northeast wind makes up 30.4% of
the total, while the northwest wind corre-
sponds to 26.1%. In the Tazhongyi region, how-
ever, the most prevailing wind is north eastern,
which is 28.29% of the total, and the other east
wind, which makes up to 17.5% in 1989. In a
word, the prevailing wind blows from north-
east or northwest in northern part of the inner
desert, whereas, northeasterly or easterly
winds prevail in the Tazhongyi area. These
prevailing winds cause 50-60% of sandstorms.

7. Discussion

It is well known that there are two factors
playing the most important roles on forming
the sandstorm: the first one is the wind force,
and the other one is the material source. In
general, the threshold velocity of effective
wind causing sandstorms is about 8.0 m/s; how-
ever, it can be a little lower value in summer
season, and a little higher in winter season tak-
ing account of thermal effect of the ground sur-
face. Such seasonal change is expected
because of the facts that the atmospheric con-
vection becomes active nearby the ground sur-
face in summer. The size of particles is an
essential factor to maintain the dust in the air.
If particles’ size is less than 0.07 mm (BAGNOLD,
1941), the particles can keep suspending for a
long time; whereas, coarse particles soon fall on
the ground. In the Tarim basin, the previous
studies show that strong winds were generally
observed in the eastern part of the desert,
where the annual days of the strong winds (V
< 17.2m/s) are more frequently, for example,
35 days at Rougiang and 28 days at Korla
(YosHINO, 1991, 1992). At some stations in the
surrounding peripheries of the western desert,
the frequency of the strong wind is decreasing
towards east. For example, the number of days
with strong wind is about 40 day in the
Kashigar region, but 10 days at Shache and
only 6 days at Bachu (YosHINO, 1991,1992).

However, the present paper revealed that the
number of days with sandstorm increases to-
wards the inner part of desert as shown in Fig.

191

1. To examine the regional patterns of winds
and the features of the ground surface, the
following facts can give us an enlightenment
for that. During spring and summer (April to
August), the regional patterns of winds are
composed by three prevailing air flows
(YosHINO, 1991, 1992).

(1) The first air flow is northeasterly and
prevails in the eastern part of the Tarim Basin,
especially from March to April; it is powerful
and increases the frequency of sandstorm over
the area. Accordingly, the maximum fre-
quency of sandstorm occurs in Kurla, Aksu
and Ruogiang in April (Table 3). Regarding
the material source, there is not enough avail-
able fine particles to form the sandstorms in
the eastern part of the basin. Because the
ground surface consists of Gobi, Yardangs and
well sorted sands, as well as the saline-alkali
crust (e.g., Lop lake). When the strong wind
advances, a sandstorm is formed in these areas,
but most of the particles easily return to the
ground without delay, due to the higher pro-
portion of coarse particles in the material
source. Moreover, the other dust in suspension
is easily carried to surroundings or the inner
part of desert by the weak wind that blows
later.

(2) When the westerly wind blows over the
plateaus and into the western desert, it be-
comes dry and hot. In addition, the fine parti-
cles are provided widely from the alluvial plain
and the dry delta in the area. Thus, sandstorms
are easily generated. The maximum frequency
of sandstorms usually occurs in May or June
(for example Kashi and Kalpi, etc.), which is at
least one month later than that of the eastern
parts.

(3) As mentioned above, the frequency of
sandstorms increases successively towards the
inner part of desert as far as observed data
available in this study concern. This fact can
be attributed to the convergence of the air
flows. Besides these two prevailing winds,
there is a third air flow blowing from the North
and prevailing in the northern part of the
basin. It makes the convergent belt near the
zone with the longitude of 83-84° E, especially
in July, and the uprising streams become
stronger (YosHiNno, 1991, 1992). If the
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sandstorm has been formed by a strong wind,
the fine particles can be kept suspending for a
long time even when wind becomes weak, and
can be uplifted again easily by the convective
air motion. Thus, we can conclude that the
dust in suspension supplied from the three air
flows mentioned above, would float towards
the inner part of desert, and the dust could be
kept suspending state for a long time. So, the
peak value of the occurrence of sandstorm ap-
pears in Tazhongyi and Manxiyi regions.

(4) Kalpin is another region with high fre-
quency of sandstorms, which is probably af-
fected by the local winds pattern and the local
topography. A more detail research is needed
in future.

8. Conclusions

The seasonal, decadal and spatial changes of
sandstorms in the Taklimakan desert are stud-
ied with the following conclusions:

(1) Probability of sandstorms

There is a small probability in the oases in
the northern part of Taklimakan Desert, where
the Kurla and Luntai regions are included. The
Aksu region, and the Aral region, which lie in
the upper reach of Tarim River, belong to the
middle number of days with sandstorm. The
western part, southern part and southeastern
part of the desert constitute the area of the
heavy sandstorm. The extremely high number
of days with sandstorm is recorded in the inner
part of the desert.

(2) Seasonal changes of sandstorms

There is a clear seasonal cycle of sandstorm
occurrence in the Taklimakan desert. Most of
sandstorms concentrate in spring and autumn,

from March to August. Especially, more than
6036 of sandstorms occur from April to J uly.
(8) Long-term changes of sandstorms
In general, the frequency of sandstorms de-
creased in 1980s. This may be relate to the in-
creasing trend of precipitation during the
recent decade.
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£ 1. F@Y 1 7 VEARDIURES SRELL -k O RR,
No. SREUS EC pH HCOs Cl NO:  SO. Na K Ca Mg {LFR 244 8K Sr Sr
mS/cm mmol/L g/L ppm 87/86
BEARMILRD o WD
BEARIKR
921015-1 ¥ 585 830 244 4103 2368 4580 04l 888 1287 Na-(Mg)-(Ca)-Cl-SO. 422 376 0.710298%18
921014-1 &% 276 801 284 1884 1167 2094 027 508 615 Na-(Mg)-(Ca)-CI-SO-(HCO,) 216 197 0.710648%+18
921012-1  EBAFR K 216 762 733 1009 694 1313 037 474 562 Na-(Mg)-(Ca)-Cl-SO-HCO; 184 142 0710575123
921012-1 R 813 220 942 614 1050 020 332 313 Na-(Mg)-(Ca)-Cl-SO-~(HCOs) 118 086 0.710578+24
TFHARE (16-2, 16-3AKHIZH, 15-3MFFD)
921016-3  {ATEIRIE 0.51 833 268 113 008 229 176 015 241 1.88 Ca-Mg-Na-HCOsS0.(CD) 052 043 0.712056+24
921016-2  RBURK®S 044 817 228 L13 004 1.69 152 012 221 1.25 Ca-Na-(Mg)-HCOsSO.(Cl) 043 042 0.711328+24
921015-3  MF#L. A 049 760 284 001 134 0.70 172 012 243 139 Ca-Na-(Mg)-HCOs=NO=(SO.) 049 049 071128624
921016-1 /K, gL 9.20 7.88 164 7368 000 4135 8082 030 2837 1021 Na-(Ca)-(Mg)-C1-SO. 731 854 0.710579+24
FIREERKR (OT-2MUEESER, 18-1~18-3 FEHTF/, 18-4~20-1FJ5ERH])
921017-2 HAFR 023 810 176 007 004 0.97 0.16 006 156 087 Ca-Mg-(Na)-HCOsSO. 026 032 0.710344+24
921018-1 EHHE 0.31 788 266 058 010 098 077 004 1.92 139 Ca-Mg-(Na)-HCOs(SO«~(Cl) 039 032 0710551+17
921018-2  grAt K 032 825 255 054 009 095 075 004 1.88 141 Ca-Mg-(Na)-HCOs(SO(Cl) 038 031 0.710584+20
921021-1  IFiEk 028 846 264 054 009 094 075  0.04 1.86 142 Ca-Mg-(Na)-HCO=(SO~(CI) 039 031 0.710627+20
921021-2  PUFA 036 839 280 081 009 1.36 106 005 202 193 Ca-Mg-(Na)-HCO+SO.(Cl) 044 040 0.710452%26
921021-3 HA&F 042 862 330 092  0.09 1.50 122 006 227 218 Ca-Mg-(Na)-HCOsSO+(Cl) 051 043 0.710597%+26
921018-3  TA&HER 053 815 334 112 009 227 145 006 267 256 Ca-Mg-(Na)-HCOsSO~(Cl) 058 060 0.710411%+17
921018-4  PEEKFE KB Kith 045 8.14 2.88 0.96 0.07 1.92 117 0.07 2.36 223 Ca-Mg-(Na)-HCOsSO-(CI) 050 055 071037620
921018-5  PIEBFPEAIE 0.31 801 224 047 006 1.67 0.51 0.07 1.88 127 Ca-Mg-(Na)-HCOsSO«(Cl) 037 036 0.710300%18
921020-1  FEFEHIE 033 800 238 057 006 169 081 008 233 1.66 Ca-Mg-(Na)-HCOsSO+(CI) 041 049 0.710396+36
921020-2  o&HIEIR 0.39 818 248 072 005 179 097 008 233 1.80 Ca-Mg-(Na)-HCO=SO+(C1) 043 050 0.410424+36
921019-1  KSaERiRL/kEs 0.57 321 207 341 006 305 1.44 0.78 0.709758+23
i
921011-1  {QURERMS 177 835 432 7.70 993 1153 043 262 754 Na-Mg-(Ca)-SO.Cl-(HCOs) 1.57 081 0.710771+24
921012-4  FL#F, HURE 131 832 428 5.38 6.92 791 030 301 521 Na-Mg-(Ca)-SO.-CI-HCO, 123 074 071062818
921012-2 L&A, BRL 2.22 780 600 1064 1069 1324 029 594 715 Na-Mg-(Ca)-SO.CI-(HCOy) 196 117 0.710626+27
941009-1 #TFHE®R 1006  8.14 2.80 504 000 422 620 027 265 266 Na-(Mg)-(Ca)-Cl-SO-(HCO,) 087 099 0.710782%21
941009-2 HTER GHP) 2.18 798 648 1173 0.00 827 1416 0.43 474 694 Na-Mg-(Ca)-Cl-SO(HCOs) 192 180 0.710656+27
941009-3  {LELTF GHF) 418 7.32 880 31.62 000 2521 3023 092 1225 2182 Na-Mg-(Ca)-Cl-SO~(HCO,) 438 545 0.710736+34

861
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No. FREUI EC pH HCO, (i NOs  SO. Na K Ca Mg =iV 24408 Sr Sr
mS/cm mmol/L g/L  ppm 87/86

BEAZMAHRER
% BX, RS
941010-4  FEFEAL (LA 237 699 752 18294 000 13529 22275 523 3029 90.13 Na-Mg-(Ca)-CI-SO. 20.70 11.67 0.711533+33
941010-5  EHEWM GEF) 1.692 713 620 965 020 844 1145 024 348 772 Na-Mg-(Ca)-C1-SO.HCOs 176 121 0.711569+38
941011-1  SXHWIK 0.998 8.1 220 372 000 665 442 020 448 314 Ca-Na-Mg-Cl-SO.-CI-(HCOs) 089 075 0.712688%24
941011-2  {T#obik 1.04 8.24 2.80 452 0.02 6.54 5.92 0.21 5.27 234 Na-Ca-(Mg)-SO.-Cl-(HCO,) 1.01 067
941011-4  HEKKIG 0678 741 360 336 004 230 464 019 168 236 Na-Mg-(Ca)-HCO+Cl-(SO.) 074 053 0.710927+60
941012-4  FHIRET 0876 742 396 369 000 248 589 025 201 1.62 Na-(Ca)-(Mg)-HCOsCI-(SO.) 082 060 0.710895+24
941012-5  ZF/REEEGE 247 77 664 1299 000 927 2509 056 1.40 294 Na-(Mg)-CI-SO(HCOs) 217 109 071105721
FH (RERFAR)
941012-6 FH 231 748 364 1393 000 887 1841 070 350 524 Na-(Mg)-(Ca)-Cl-SO.(HCO:) 184 107 0.710869+24
941013-1 B&EA 1728 784 532 1058 000 559 1503 048 189 471 Na-Mg-(Ca)-Cl-SO.-(HCOs) 159 097 0.711351+24
941013-2  FETHEhIE 1.848 818 544  10.26 0.00 534 1455 0.50 1.65 447 Na-Mg-(Ca)-Cl-HCO+SO. 156 095 0.711274+28
941013-4 HHHEH 1936  7.92 576 1023 000 540 1433 050 207 442 Na-(Mg)-(Ca)-CI-HCO+SO. 1.59 096 0.711183+24
941013-5 BEA&FH (HP) 1996  7.01 664 1184 000 642 1525 146 310 628 Na-(Mg)-(Ca)-Cl-HCO:SO. 1.88 256 0.710957+31
941013-6  XEi& 1.062 781 476 408 + 251 683 032 182 259 Na-(Mg)-(Ca)-HCO+CI-(SO.) 094 058 0.711232+30
941014-1 B FRIHAPIR 0.781 752 416 600 000 307 669 039 321 316 Na-(Ca)-(Mg)-CILHCOs(SO.) 101 063 0.711117+26
R (2—o v h v)
941014-2  E#& 0635 797 356 238 004 198 412 020 202 1.37 Na-Ca-(Mg)-HCOxCl-(SO.) 067 037 0.713186%26
941015-1 % 337 786 280 3233 071 1811 3348 057 1254 936 Na-(Ca)-(Mg)-Cl-SO~(HCOs) 347 274 0.711436+31
941015-2  7HHEFEILKII2km 313 827 304 2942 + 1882 3345 067 1269  7.78 Na-(Ca)-(Mg)-Cl-SO-(HCOs) 337 276 0.710869+26
941015-3  7hTEFEIL#25km 0404 741 372 1.88 004 1.53 352 0.8 1.67 1.19 Na-Ca-(Mg)-HCOsCI-(SO.) 062 031 071373649
941015-4  FNEARI#I30km 0.381 827 348 183 004 1.49 345 017 1.61 115 Na-Ca-(Mg)-HCO+CI-(SO.) 0.59 0.15
941015-5  ERlRKH KB 0222 802 0.81 000 089 149 013 143 059 0.22 071302626
B HEAR MRS S TG
NI = ER
BB LR
931024-1 EHER 1.869 648 1680 000 1205 221 093 0.721053+25
931022-1  RERIHIEHA] 0.201 8.36 180 042 000 088 060 174 053 Ca-(Na)-(Mg)-HCO+SO-(C) 024 022 0.711262+23
931022-2  #RB-75 1169 827 200 088 000 289 566 045 002 Na-(Ca)-SO-HCOs(CD 0.48
931022-3  #MR-60 1149 837 497 012 049 001 0.64 070951821
Y h v KRR
931022-4  HHFRF 0.851 270 083 001 076 204 0.1 205 051 Na-Ca-(Mg)-HCO»(C)-(SO) 035 0.31 0.710391+21
931023-1  JLHHE 0104 831 160 005 001 0.27 0.11 0.04 146 026 Ca-(Mg)-(Na)-HCOs(SOJ) 021 012 0.710454+26
931023-2 KK, 0.171 8.30 180 018 002 052 028 006 178 044 Ca-(Mg)-(Na)-HCO~(S0J)-(CD) 0.19 0.15 0.710894%21
931023-3  -EhI#ASE 0.131 8.31 1.0 0.04 0.02 0.53 0.20 0.04 1.53 048 Ca-(Mg)-(Na)-HCOs(SO.) 029 0.15 071224321
931023-4  #ifhid/R 0247 840 295 014 002 076 041 0.06 153 074 Ca-(Mg)-(Na)-HCOs(SO)) 023 024 0.710945+27
931023-5  [Ri%A 0.364 8.56 2.75 0.45 0.07 2.12 0.81 0.26 0.710839+20
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No. REUS EC pH HCO, (I NOs  SO. Na K Ca Mg LR 24208 Sr Sr
mS/cm mmol/L g/L  ppm 87/86

H@HBEAR
S]]
931008-1 =L 0.086 112 006 003 026 020 003 073 023 Ca-(Mg)-(Na)-HCO+(SO.) 011 007 0.708932+24
931008-2  FHH 0.200 156 010 002 083 057 004 129 035 Ca-Na-(Mg)-HCO+SO. 020 0.4 0.707176+25
931008-3  RIKIR 0.333 340 044 003 1.25 109 005 225 086 Ca-Na-(Mg)-HCO»SO. 039 030 0.708643+24
931019-2 EHFEIIGHE 0333 830 250 039 005 142 080 004 2.16 0.74 Ca-(Na)-(Mg)-HCOsSO: 036 031 0.708273+20
931019-1  BHBEI/NER 0358 842 295 044 005 147 105 004 199 074 Ca-Na-(Mg)-HCOsSO. 037 032 0.708038+25
931012-1 fH 1853 777 574 492 000 1003 1169 000 392 463 Na-(Mg)-(Ca)-SO-HCOs(C) 158 195 0.709741+25
931016-4  EIMIFAI T 3070 840 588 929 005 1545 2533 034 368 490 Na-(Mg)-(Ca)-SO-CI-(HCO,) 244 252 0.709064+18
wEn
931017-3  MAESHIKES 150 026 007 088 057 002 118 049 Ca-Na-(Mg)-HCO+SO.(CI) 021 017 0707166220
931017-2 W& 0286 821 186 040 006 100 072 002 158 050 Ca-Na-(Mg)-HCOx»SO.(CD 026 028 0.706960+25
931017-1  THEGFR/KES 0213 821 160 027 006 087 05 003 123 050 Ca-Na-(Mg)-HCO+SO.(Cl) 021 023 0.707270%+18
931017-7  THEGM Tk 0.280 838 1.90 0.35 0.06 0.93 0.77 0.03 1.34 057 Ca-Na-(Mg)-HCO:»SO.(Cl) 300 022 070720418
—ia%
931009-1  —iiA% 0.182 851 168 017 004 062 052 005 110 046 Ca-(Na)-(Mg)-HCOs(SO0-(Cl) 0.19 016 0.707269+25
931009-2  iAKES 0.192 150 021 001 068 061 003 108 048 Ca-Na-(Mg)-HCOsSO(CI) 019 019 0.706884+21
931009-3  AAIIKES 0205 809 110 020 003 066 059 003 105 048 Ca-Na-(Mg)-HCO»SO.(Cl) 0.16 0.19 0.707016+18
931009-4 A 0774 825 332 250 012 296 418 007 278 131 Na-Ca-(Mg)-HCO+SO.-Cl 067 062 0.708092+27
9310152 /R 0925 832 314 321 017 349 462 006 248 152 Na-Ca-(Mg)-SO.-CI-HCO; 074 086 0.707941+23
B
931017-4  -EREIKEE 0311 839 215 045 007 118 081 002 162 058 Ca-Na-(Mg)-HCO:SO.(Cl) 029 023
931010-1 AW 0675 849 268 1.01 005 359 245 004 206 218 Na-Mg-Ca-SO-HCOs(CI) 055 058 0.707556+27
931017-5  FMIRgAK 1659 824 520 243 000 1531 666 016 531 861 Mg-Na-Ca-SO«(HCO)-(Cl) 1.72 276 0.707863+20
931017-6  B3&Ukalt 3160 810 640 772 010 2459 2256 030 608 998 Na-Mg-(Ca)-SO~(CD-(HCO;) 300 285 0.707774+20
931010-4 B3SO (&) 3650 827 554 892 000 2933 2415 031 695 1106 Na-Mg-(Ca)-SO-(CI)-(HCOs) 3.11 349 0.707769+18
931010-3 L0 (&¥MK) 1863 833 380 442 000 1412 1243 014 433 595 Na-Mg-(Ca)-SO~(C)-(HCOs) 162 195 070775718
9310102  FUNA&HR 1971 835 386 452 000 1479 1260 015 448  6.14 167 207 0.707729+24
Fayhri
931016-1 PG 0.271 845 312 034 002 056 068 006 162 061 Ca-(Na)-(Mg)-HCO=(SOJ-(C) 0.30 026 0.708701%21
9310162  FURER 0327 845 310 034 005 096 101 006 177 076 Ca-Na-(Mg)-HCO»(SO.,)-(Cl) 034 064 0.708544+23
931016-3  RURBKES 0306 850 280 035 003 007 08 007 174 066 Ca-Na-(Mg)-HCO»(SO)-(C) 030 041 0.709448+20
zofao/NEl
931013-1  Fatbk 0.651 752 322 042 000 1121 136 004 787 278 Ca-(Mg)-(Na)-SO.~(HCOs) 111 092 0.706994+18
931011-1  #¥R (HAdD) 0203 833 210 019 003 070 121 004 126 044 Ca-Na-(Mg)-HCO»(SO,)-(Cl) 024 026 0.707430+20
031011-3  /NEXNG 0958 829 160 430 042 289 220 005 411 241 Ca-Mg-Na-Cl-SO.(HCO») 066 097 0.707183124
031014-3 B& O -HEHBKE 0284 833 205 038 000 094 075 003 1.31 056 Ca-Na-(Mg)-HCO+SO.-(CI) 025 054 0.707324+21

002
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No. REUHSR EC pH HCO, <Cl NO, SO, Na K Ca Mg {eEi 24401 Sr Sr
mS/cm mmol/L g/L ppm 87/86

HEF M
nv—X, @Kk
9310132 HlIMkAL-—X 0335 812 180 053 007 1.12 189 004 084 052 Na-Ca-(Mg)-HCOsSO-(Cl) 027 031 0.707043+20
9310140 HL—-XtvH-— 165 022 005 044 099 003 059 039 Na-Ca-(Mg)-HCO«(SO.)-(CI) 018 023
931018-3  WHAR 0220 836 020 032 002 073 L15 004 061 035 Na-Ca-(Mg)-HCOsSO.(Cl) 0.18 020 0.707931+21
931018-4  BLJLER 0338 736 190 053 002 1.03 169 004 093 046 Na-Ca-(Mg)-HCO+SO~(Cl) 027 025 0.707248+20
931018-5  HEJLM 0217 806 155 023 003 055 088 004 071 037 Na-Ca-(Mg)-HCO=(S0.-(Cl) 0.18 019 0.707439+21
931018-1  k#mbLi#R 96000 764 1.24 129643 000 401 117660 351 5729 6484 Na-Cl 76.65 124.63 0.708656 21
#HEK, LEMTK
931018-2 X THHFK 2118 758 260 88 024 1143 1025 006 @ 442 8.73 Na-Mg-(Ca)-SO.Cl-(HCOs) 170 216 0.708920+21
931018-1 X THLiEMITK 630 16862 000 17230 17812 086 1565 5271 Na-(Mg)-SO.Cl 2219 637 070781520
931017-8  BEMEHFK 0829 756 260 297 049 334 367 008 323 1.85 Na-Ca-(Mg)-SO~CI-HCO, 071 076 0.706998+21
=i
941005-1  RIREREH (X) 0315 865 176 080  0.00 1.14 125 029 260 0.6 Ca-Na-HCOsSO«(Cl) 0.21 0.708920+21
931019-3  BIFIREH () 175100 767 1096 4219.15 000 36349 402740 4752 448 231.17 Na-(Mg)-C1-(SO.) 269.26 303 0.708840+35
931014-1 LT HIsHEE 199.300 720  6.28 381561 000 66728 463245 1809 629 11867 Na-Cl-(SO.) 280.29 621 0.70798040
931012-3 X T#isR >220 1766 340 368235 000 56908 463245 1588 629 67.10 Na-Cl-(SO.) 269.52 2029 0.709059+25
931012-2 X T#HidER 210700 727 380690  0.00 18620 4180.08 1382 827 80.70 Na-Cl 24549 5338 0.708304+24
Javiratt
ZHHAR
941024-4 BE 013 749 168 008 004 044 041 0.03 150 029 Ca-(Na)-(Mg)-HCOs(SO.) 022 020 0.708530%31
941020-1  MHEH (BRH) 0.209 7.56 256 0.13 0.05 050 0.90 0.06 145 043 Ca-Na-(Mg)-HCOs(SOJ.) 032 0.28 0.708339+33
941021-1  HiA] 0.191 7.64 240 012 005 042 043 004 212 021 Ca-(Na)-(Mg)-HCO-(SOJ) 030 026 0.709218+31
941021-2  KE®A 0.251 811 310 022 004 1.07 0.71 004 228 1.17 Ca-Mg-(Na)-HCOsSO. 042 025 0.709386+31
941023-2  h# 522 792 632 62368 000 44480 87516 971 1390 20485 Ca-(Mg)-CI-SO. 67.34 343 0.709458+24
941023-3  STLHLHILIEHITK 764 717 340 98138  0.00 12835 1083.51 447 3788 5194 Na-Cl-(SO.) 67.80 21.62 0.708900+28
941021-3 Z=AREAH 244 891 1340 897 000 2172 1524 066 042 2059 Mg-Na-SOHCO«(Cl) 333 003 0.708689+27
9410214 BFM® 023 835 330 000 + 077 021 002 230 114 Ca-Mg-(Na)-HCOs(SOJ) 040 014 0.709227+26
941021-5 RFHE 0229 813 310 003 008 059 3028 003 212 095 Ca-Mg-(Na)-HCOx(SO) 038 0.14 0.709437+37
2oy €
9410216 TRIR 034 804 380 017 015 081 087 005 235 1.31 Ca-Mg-(Na)-HCOs(S0) 049 029 0.710025%18
941022-1  #EBY 0208 799 016 005 062 061 0.05 187 063 Ca-(Mg)-(Na)-HCOs(SO.) 043 0.19
941022-2 HEERARB 0252 784 360 026 005 081 077 005 213 077 Ca-(Mg)-(Na)-HCOs(SO.)-Ct 041 023 0.710382+24
941022-3  (RRYE, BHFAWA 022 802 310 016 + 055 055 005 198 063 Ca-(Mg)-(Na)-HCO«(SO.) 033 0.20
941022-4  FHEK FRFE 0417 794 260 059 011 232 200 007 258 1.38 Ca-Na-(Mg)-HCOs=SO+(Cl) 047 048 0.708831+33
941022-5  fARVKIR 0319 815 240 034 006 L10 095 006 216 096 Ca-(Mg)-(Na)-HCOs(SO)-(C) 042 028

102



202

+ SRAFEKR
o MFIKR

n BIRBERR
o WNIRIKR
o Faviimi
o 8Tk

o UBk

+ BR BEX. RSB,

o FB (RRVTAR)
a HB (A-Drh2i)
« 0B EFas)

. O NI-ABR

o 18Fk

o MBk

+« Alm
o ARR+=OAN
z BRR
o MRR+ATER
o toRe

—_—
Ca a
Cations % meq/L Anions

2. BARMOMNY ) =TFA¥ T 54,

1. BEARZMILE, ERBLUTYa v A VAML 1 BT (B, 2: 23~#F (ETEH), 3: FWLLY 73 (AT,
4: B9 (RS, 5: BIEMITFAK CIHHD), 6: HMRA, 7: 3Tk, 8: TEEAH.

2. WEAZHRN, BEHSBLU - VR 1 2ETK (BEE), 2: WhHlkH &0, 3: FHL L 7H# (FH), 4:
BR O I-A8R), 5: WHAEH (3 - 1Tk,

3. HEFBAMFTIIK.

4 HAFBHMTK, #BK 1:Hr—X (HHK), 2:5v—X (Fv—Xtkry—), 3: HEBR, 4: BJLKR, 5: HJLA, 6:
KIGLFSR, 7: BhiEkH GETHIHEL), 8: LTk GETHHL), 9: 23~HF (HBBFHA), 10: BIKREH (K), 11:#
BRIEH (), 12: ZTH GRS, 13: XTH (M),



2) BRIGEHE

B OBIUCLEE & 2B A &~ BIRE & ORI T
L RBGENS D, BRARDEERET S LickD,
HEHEMCEROLSIRA + Y BE, $ubbaatiang
EHETEEMTES,

2884 & VI (meq/1) = 10XEC (mS/cm)
BREEAM OBIU=EE IF EHIRD0.086mS/cm» &
TR OEFEIERUIIKD5.85mS/cm & (LT 3 01, K&
213025 535mS/cmDEIC A 3. HEKIZ b % 1202
H542mS/cmDlicdH 245, ERMKAICHE->TWVWS
HEKTH20mS/cmLl LD bDMH 3. —H T, MHE
fHED T K LB OERL O 2 K L T20h
580mS/cm& WS FERICEVIEREEA RS, 4, O
HEDMOZLTHRBEMEVWEREZRTL, Yav
H O L &50mS/cmEFEVEREERL, A
Nk, HPKOBE#H?585TH BT L, KEME
NBhH3,

SO ERBROBERFICHVWIZT LT, BER
BEHs 5g/L LA EotEkicimd 3 boEIK, HFPKic
24=0-% (B4R

3) kg

KREH LRIz >V TIiEF 1 i< EUGsTER and
HarpiE (1978) OB IcB SV TR LY, KFOH
H LR Tt #LEEEMBE5XTL{fibh3
VY =T 5475 (K2R d. ChidBKkoER
NTH5, BA14 >~ : (Na+K), Ca, Mg BL U1
4~ : (COy +HCOs), Cl, SO, DM DAFH %100% &
L, B2 DilaHED38&%RT DT, Th¥ho
Rk G B HLE D S 2 OKOBEEFRAMS CLMT
X3bDTH5 (Piper, 1944 ; 117, 1983), Be/kE¥
BT 70LDRBIcHEMicE>T, TRAEK
DEICHETHIEMNTE S,

I Ca-HCO: &, Mg-HCO, & : F]JIIZKPE W HITF K.

I Na-HCO, & : Bkt DR T k.

Il Ca-SO, %, Mg-SO. & &R tEBIOREL

FiF 1ok

IV Na-SO. %, Na-Cl & #Kk, {baifk, Hiike,

P Y =T FLY TS ahoENThOMBIOKRD
{EERIc> VTR~ B,

(D) BEAZMILEH, o BB

WEAR  {LFRIE NaCIB, rYY=T751+
74 (K2-1) LCHENVORBH-bIcAHL, B
ALEH S ORBBMLV I EERLTWS, BEAR
R EEER], fEAE, HRERMAH L THEEARME
B SHEAMN ZBEARRMMBARORNITH 5. HLH
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ORA, BREE - T, 19724ELIENEERILOSEEY
FTHEELTOWAY, RECREMFILSORTERERD
KRGS A LS D, RT3, BEAFAOHRE
FRAAKOERRIOMMYT 2 4 Ah oD LAY, o
Bk &S, Bokkoftbshs7H, 8H, 9AKRE
KEZRL, BUEDT 5. 1958FELIF3 B BAR DK
T GIATEEEE S 1g/L LUTF DHKkTSH - 7o, B4,
AL LW (G137, 1990 ; Fan et al., 1995).
BFHEAR . LRAIRR, HR HELFE500%
HOTHFRLE N, BEARAIKEGHT 5. (LERIZ
Ca-HCO: HTHh, [ +LNMOERHSLDICHS.
FIsERAAR : EFRIc- 0%, BEESEM,
HFRAEF>. EMOFEA 7 2 THAFEEEHELT-
THRHA & 2 o IEEARMIc AT 5. BEAA~OF
SoRkbKEGFAN (FMRERT72%, fOHEF225%, M
IRFEFIS5%) TH5H (Bizh, 1990). (L% R Ca-
HCO:®THH, rYYV=754+rr54 (H2-1) £
TRIOHKICHh, LitoMERRH, EHFA»S
THcESET, KEOEMHEHKE(BLVLIEE
RLTWAE.

bl vy S b T ST 3 e i )
KRB TELRARNIBAMATH 505, Bk, B
FHIC M O/NENISHAT 5. FLERNS R &
hfith LT, BURE)EE D RARD 5 Rp THERICRHE
T 5. (LERIRERY, FLERTHE Na-SOBITH 3
2, PR TII NaCIBIZRY. P V=T 514v 7
54 (H2-1) b8%TEHE, FHTSEOHPERIIGHR
BARICET A EERLTVAS. RITL A& IH
TROBBFEL >TVWBRTENEL SN S,

(2) BEAAMBGH

#Hk, BE BREIX : chooREHE UKRICR
TEHOTIREL, HEMK, BEFRMX TEREL 258
ZEENICE DA LDOTH 5. HRMRIF/RSIR
DILRIER D & C ORUSERENR TH 2 BF BE%
59, BRERI1960ELIFITE TKOD 3 TH - 85,
BERT LM -> THEERRIEVERTHDbhTW 3,
MTARBIZEC, Frx@filrei-T, fEomys
Bohs, BKEVORERI OHFK (941010-5)
MY Tt Na-ClB%EZRL, BEBELFHV L TH 3.
COHPREM, ALk 5120, FH)KkD
HHAHIIL 1 o o & BIC{ERT 2Bk T, BeHd
FRILA10BRFLEAL T - oA DERICHA
TE—Y—%2UHhLTHOWEKLALLOTH S, T
KEriz20m<¢ S Bbh s, MTROHBHE LEL,
BOKBOBPRHBESITEDbR T W W, HREESH
MmLicEEZLNS,



204

BEMIK : F = VF = vENIERELTOKER ICHKIR
2Hb, BREMi-T, HOEMAKERAHENNS.
ZHIRE, FREGHRFERER, REMonBuko/NT
NTHsd, F=NVF=vF, ZH/RE I Na-HCO; B %
REY, FEEHRA R Na-Cl M %E2RT. BALLEh
o DB OB NI DKEERESEALTVWEDT
HA9.

FHEMEK : FREMBAOHEG200kmichifE L, BE
AREMDE SR TN > TV A TH 5. ALK
KR Z R TUEER I EMIRIc K& AXMER L
LWHBHBEZFENTH Y, FHA7 Y ZAOFF» L4
7Y RERITHET (RERK, 941013-5) KB CHRES
hTw3, 7Y REBEFPRUFENEA TV, K
fpsme A HMic BV T bRHIEREERKT 2BEKR
FICEEEART 5 S LRV, BREERO ROk
BN TELM - 1o, KEOKRKRTH 5941013-5%¢ Na-
HCO, B %R LHAME 15 » THEUE~A S & NaCl &
ABITTAIE0S, FIANDEIEAA - TH 5L
T e oEETRARMICHEREEN T Lbh B, MY
Y=F7¥4+ 754 (K2-2) LTRERAODIEER
KlT&H 5941013-1, 941013-2, 941013-4i3—piciRE v,
KEOZEbBEHAZ LW, Thd 3HKORBU
M 335kmOfEIch b, ERLAPEIKERNZICL
THHHkmOBETRERICLFEBEOMMIT L %
BELIECSBWVWC EERELTWA,

MEMX : 2—oyh v, h5rAOZKANIIZ
AHLAMARE L -T2 Y < h vDEEEEAE D
BNt Ed 3. 2—ovh yEOE#ic iR ICEER
EROGRAND D, 2—ovh yFEANEHTE MY
V=T H4Y 36205 L, HKAO2EMNIARD
a—-orhvEmedkAERICT S, o Lidkich
B3R bovFysREEOZICbIR-EDELAT
w3,

(3) BEAZMPGNS & O : < OMIKOREE
19914EBICfTI > A DT (YaBuki et al., 1993 ; [FA
127, 1994ab), M T AL ) EOERETIEDE, -
fefedd, MYYV=TFTH¥A¥IS5aticTuy bEBIE
RTERVHY, DERICBVWTI HCO, 41 & Y BER
FERA A yTREL, ERREELS5ATRERT
&%, HRERTHIRICHBIT S Na-SO B, hvaHn
A TFHIRICH 1T 5 Ca-SO, BY, ZHEIBR T T HK D Na-
Cl RS0+ oS Ic & - T4 B{LERE R
7.

@ 3 — AR
IR EREH B 2B I BB RIHR & H/RER Ok
HTHAEBHABURTRNICHN 2, HEHR O, BHHE

IRFAE-> T+ 25 v & DER, THNEHER Bk
HEES,000m) ~NEMVTWV B,

G . ZEEICO VW TIRIMERICEIR O BHERE
TR, fiEshTws (@FEH», 1992). COBE
ST7NH Y EOREZITEDOE > 2®, ZHANG et
al. (1995) BB+ v RE LB 4+ v DE% HCO; &
LTHELL, UEREEELLLE, COkHiILTH
Shi HCO; BIFREM S /R 388, {L¥BERT
HEicid’s 3, BERFENILEMIRT Ca-HCOs B ERL,
B 527 Y AAA -7 & AT Na-HCO, BINH
74 5. ROk RS, WHEEH S Ca
HCO, B&RT.

BH-H/RTA] : 19934EREICIRIN L /% 3 — VRO
HE/RFRIAROERHIVWFh & Ca-HCO, BERL,
MYV =T FAY 5L LTCIDOHEBRICH B, I
(1992) ickhif, M/RER OTF K3 Na-HCO, B %
RLTW3, icB~ALI i, BDEIRICAS EHIRE
2 Na-SO. Rl BB174 3.

(5) ¥

R Y 2 7V EMFETES, KiLLREE O
Wik & BRAKRICHT SN B,

XHMKF: ¥ a v HEfERERORRD S b, &
i, PR, RRDHEORNR LRI S 51k
BEE200mDIEHI TH 5L HHAHAT S, @IKE
Ca-HCO®, M) YV=F7¥4+/5LLT, 1iHh
L, FRHIR L FEROERERY. EEEOBEHFS T
O L, FKESEENEVWVIITRkTHSTE%
RLTWA, YavArgidEAat, Hegam
ERG D HEMAMTIBRGICEEhTVWELD, K
WiLifRd S 4 S N KB EBUISKBORILERS B,
R Y 2 v NV RIFREER O REMS T H 2 HEUR
KELTVA. Biks L UHROESLLIET 0118k
& Na-ClBARdH, HBHFAMOXTHICH~TE
BRI HEY, EHOERE O MM, AT K
OfitL £ DERE, RRAFICL->TRDONEY, Ya
YHNERIZ EHBRIOTUBRREDENK X BB
LTwabonlEbh3,

FEAH: KLLiRoLhigkRE202micd 5 =48
REA#IE Mg-SO. B 2R3, hEGEILEO \LEH
DFBIT>VWTR, F~<v bER GFiEH, 1988 ; 8,
1994), WEEH (O, 1992), skdkath (GR, 1987) o
BRI 3 AMHREShTVWA, F4, JIE (1992),
SHE, (1994) SOHEMH 545, Mg-SOBERT
BOBER IR DV, HRoEHICELTR
HARDIE and EuGSTER (1970) ASE & HTWBH, Pk
H» Mg-SO. BERTH DLV, BEABEHHT S



FINERIIEVWRITH 548, BAE504ER], HOKEOE
LR ShImWT Ehd, HAT ZKAERRRRMIZIT
EfichdLELOND (), 1987 : 186-187).

ARMIK : KILILRRE=>0XRicahh, LA
EREHTE, RTURE, BHEZOMOFEIMERTY
3. FREGCh SO ZRDTARERL, Bt
BATHY 729 VIAED VA YBICEWTW S,
SEBIE L EEDS 5, 941022-1, 941022-3i3%EH-7],
941022-4 13K H-F] & AT BRIDOFRIF, 941022-2054
TR DPAREI DK TH 54, AMBOSRE, BLUB
HFH Ca-HCO B A RT Dicxt L, Ao FRAIR
Na, SO.BENEL, MY V=7 ¥4+ 754t TI1
EMOEBFFLE BT 5. BHA & AT 2RO
BEOKE XM TH 3BRIMANIRII ¢ T IUMOE
MERESEHELTE D, A)IKD Na, SO, BENE <
BoTWADIXL, BHREIGEHICH TS WE)II
THaH1H, EHFICRoh3BA 4 Ca-HCO, B %
RLTWA.

(6) H&\FAM

HEFAMOKFRERILKTR, kfalkk HTFX,
AL-XieKBlEh3 (B -#, 1978),

RKF: ERFINE L TRAEHA, KRBT, B8
BAF], i®A, U, MRS RURIMSH B4, FEER
OFTRLR, RURBLIA T N TR O iR L % 1)
KIZIZFE>. ABFALUAOFN IR~ H 5 &3 <R
TE0, BETIKEICL > TRIGEhTL S,

BB R ERLLROKERD T, HBFIMTERH O
R BELM > T THANHAT 2HBFEIMBEADH|
TH 3. AKRIERRLFRIFEELOKFTRAK, Fk
FEROTERRELTAR L DL, AMFEROL 7
YR, BEBEHE-> THBEAMANEHAT S, LR
i3 LHilg D Ca-HCO, B & E il D Na-SO, BABITY
BLEHIICRABH, MINV=T¥I Y I5LTREEE
BofE#Es L UCABFETHO2EE (931012-1,
931016-4) R LMZERE - KkRIBT2EELI SO
3. AREREREESICE W THED S & h 3 FH
B, RRBEORMKEAHL, TEmBEhoXTH
KD TAHRT A TAGIAT B0, £CRU-1
KHEZRTOTH A5,

WA, EBERLLREEERLIOKRRERES, £
NENTHERE, WADEEE-> TABLORERI~H 3.
WFh b LR T’ Ca-HCO, WA R L, KEcBl
NI VDEIRICA B & Na-SO, BI~NHITE 5. £, B
&t Lot RHIKEE T Ca-HCO, ®IE R 343, ki
W% @89 8 Na-SO BI~NBITT 3. bV Y =75
1% 754 LT}k, VOfARICHEL, kfalnbFoE
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PBRICETNIHRF M) o 2 EHORBERBLT
Vw3,

FIhA, AURBRRILILROME TS 3, BALBEIL
EYUKIBRICROMNITH 2, FIRHITRIEL, £HB
TEHFAE AT 5. RIKIFEREED S THRIICH
THHTIHTKROKFE bIg> TS, {LEBIIR])II
EHBIcR SN 3 CaHCOR), FYY=FT ¥4+ 75
LAtbTRICET 3.

KIGLAKTR « kML AT b5 < < (REHE
851m), WAk B 2# L v, KinbfkicR L~ L
RN BABBEDOERD 515 kLI 3oh b,
KGLALEE S & CILREMT 3 RBICE > 1 BIKkEE -
T, WWROBECELES 5. BOLE, &R AEEE,
HiAH, AR (BREFOR LENEELRAT
5, WHR HILBRIUBHLHIATSS. wTh
b Na-HCO: B &Rd. KMILAIR X AaLFERE D #k
THAY, BEEE-TELOLTIREL, KD
{, EREOE L BBShksBEHTVW3, HR
BicdEkicEsiri LTty 3 (3, 1978). {L¥®
3 Na-ClBE/RL, kfallltholERmEEABL T
KTH55.

HU—-X : HBBAMTRIRBT 2HIBKERES 120,
AL—XEFHINABAPSEMELET 5. T1ibb,
I TFAE I ET 3HF 2D, @AXbOUHPE
DV THEEPHNLLL bDOTH 3. L —-ZXDK
bRILH 3 Wik MEILEROBRBIR RO T A % &
RPAF|WTELLDOTEH Y, SEHREL ~FBEKD
HEHI KGR FRICE TS, PV V=TI YT Sabh
5b, AL —XOKBKKELKFROBERTD 2 HEBA,
BILBR LRI CKFIZE L 1Ca-HCO, & & I Na-HCO,
RoBRERIcd b, ThodgkitomEITKS 3
VWRAEMTARTH B EMREATWS,

K HBFEaMiLfatio: Y, Balso
A hiokidttFicRBL, HITKkELTEHEIOh 3,
i, KLt —# S L UatihRBOERHE» O X
TR H I TI250H 5200mD BRI X 104 520m D
BEMT/KEN=Ficbik - THEEL, aI~0KkDHE
BUHBHREE->TVS (-8, 1978). —4, #F
HFANRITHEALCIR 1 53mEBL, HTkH
FHEIHENHTVWELEZAbH 3. SEOR/ARTH
bhhoRETHIL2kmD & A RBET 3HHH
(tFokbr100m), HBFETHRODZHF (Kk{iL20m)
OFEMT, w'hd Na-SOBERT. XTHHEMOL
HHITFK S Na-SO, HThH 5.
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1) BEAF0EHA

MIEICB VT RBKOBHELFRCE IV TERT
X -8, HEEHERA 2 VEBEOLHIKBHLTV(D
», 414 VFEOHEBE%E L > TR 3.

—fiD4 v Th 3 Na, KEELE ClEKEOHEM,
—Ho4 4 ThHBCa Mg & SO, BLU (Cat+Mg)—
SO, B LU HCO; & DB %, &4 RI3-1~3ic/RT.

(Na+K)—Cl: 3 —=VEE, YavHFr@giion
N, H@Fatom)| LS 5 Vidh L— XDOKE,
HsnmE4 4 v BEOEVWHEIIKDORE, CIRED
Imeq/LUTFELEL B -TWVW3. ThooFNicBWT
3 Cl I (Na+K) BE b€ d, (Na+K) H8
BEHEETS. ThbL, AADONa, K&, &
LOARRBIEFESED > 5> TR, HILEHRIcEE
THRMIENS 5\, rIBRENMLEh o
ATWB I EERLTWS, —#, BERAHILMOR
SIS EEDEVWEZATS (Na+K) 3Clic
HLTENBEBFTREL, LrbkWEEERLT
w3z Ehd, (Na+K) giEhofftisshTvwa
MRS h S, HBFAORS JEREOEVWEII
Lk, Hr—X, BkoFkiz (Na+K)=Cl ofih
SRELANTVWAIERY, HIITHRZRBOLTHL: 14
EOEMIcdH b, Na, K BBRICEET S LER
LTWw3.

(Ca+Mg)—S0,: —#&ic SO, I2EH 3meq/L LT D
F_EFRIE (Ca+Mg) =S80, iR D Effic L,
Ca, Mg SO,k L TREICEHET S, THbb,
Ca, Mg SHERIEN T h ot hd bDTRAWVT
EERLTVWS, ThicHl, SOREOHL K3EE
AR OEEHIISEEH I AH L, HERAMO
THETE SO BBFIcEELTWS, ChidR3-1i
Roht Na oBFEiIcHiEL, HBRAMORNITHIR
KBV TSR L TV 5 Na,SO WisFEI 4 v D
BRABEIE > TWA T EMREEN S,

(Ca+Mg) —HCO,: HEF MO AN Lt L U
TavANEHMO—BTIR, (Cat+Mg) BEY HCO;
LEVHEETRL, ChoD A+ v OPHAEMEICRER
EHETH B EMNHEEEN S,

5) FEINCEITBZBES 4 OREE{LLE8
ANIKBOBEEA 4 v REAOR{LABTHING 55k
DERIDSOBETYICL > THR SN AR MEZL S
h3. Hic, FHIoMDEKIETH 3 EAUR, Kb
R, MEERICERE W EREREE8A TV S
CEBHMIShTEY, ThoiEF, o OEEHRS £
YHOMBEZEETICERTEL W, ER14 %28

1. 100

Na+K (meg/L)

Saviiigis 8 A#F
BRAREHB o A#F
153 —JVERR

HRFAL

@ FR. HU—X - Fk
BB #P

e + OB O X >

OK‘EGA
x *a
" a2
oo,
a

£a
[y
o 42 &/
!u#ng“‘{?m'

ERAALILES - WE o RAHP

o
o@

-]

01

Cl (meq/L)

100

2.100

Ca+Mg (meq/L)

3. 100

Ca+Mg (meq/L)

HCO3 (meg/L)

B 3. IEREA L ORBNSTE

1. (Na+K)-Cl
2. (Ca+Mg) —S0.
3. (Ca+Mg) —HCOs
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% 2. FNIKOEBEA =~ BEEMOHEBIGRE
BEARAMMILE, KEKREKFR HEFRM BB
Na Ca Mg Sr Na Ca Mg Sr
HCO, 0.148 0.172 0.164 0219 HCO:s 0952 0979 0.999 0967
cl 1.000 1.000 1.600 0.998 cl 0.936 0.949 0.982 0981
SO. 1.000 1.000 1.600 0.999 SO. 0921 0.952 0914 0.976
Na 1.000 1.000 1.000 0.997 Na 1.000 0.939 0.946 0.937
Ca 1.000 1.000 0.999 Ca 1.000 0983 0975
Mg 1.000 0.998 Mg 1.000 0973
Sr 1.000 Sr 1.000
AR, FIREFKR HERat B
Na Ca Mg Sr Na Ca Mg Sr
HCO: 0941 0.738 0.893 0526 HCO:» 0.840 0.944 0.965 0.934
cl 0.990 0.877 0979 0.752 cl 0.998 0.898 0.873 0.855
SO, 0.655 0.855 0.762 0.946 SO. 0.960 0982 0.970 0.961
Na 1.000 0.885 0978 0.739 Na 1.000 0.807 0.874 0.853
Ca 1.000 0911 0919 Ca 1.000 0.995 0.995
Mg 1.000 0.835 Mg 1.000 0.993
Sr 1.000 Sr 1.000
ALK, SEEAKE LEMRR oM, R EhicHERd 3 SiHiIc € X E%
Na Ca Mg Sr KkB3b0icE Lk, kL THIBENSZ L IIME
. 0863 0406 0841 0889 WIS, TREREE, REEOMSRMIMTH 5. HH -
al 1.000 0.141 0.997 1.000 &R (1991), FEHEA (1992, 1994 a, b, 1995), Okaba
SO, 0.999 0.162 0.998 0.999 etal (1993) ME Lk kHic, WBREE L TR
Na 1.000 0.123 0.998 0.998 ANVE A, BlEF PO L, BB/ AV 6BLY
- MO0 BB e EOBMINEET 30T, BRMICIASOAE Y Oh
Sr ' 1,000 BEEFRET ORBELVE, SHEIICHY BEEA 4
YOBPBEELEEEERSMNOEZTAH S, BIRFAL
v EoBMFEE I 2 IcRT.
Ya v g, FRFEKR
(1) BEARZHILH
Na Ca Mg Sr et 10 L
pos P o BEAR . BEARORKHIDH, BE, BB 3
HCO: -0 -0, —-0014 -0. . .
o 3 -1/ Y hel p
a 0960 0780 0631 0923 RMTH5H, Ha-1bhobhadkdic, %4:2‘ VIR
SO. 0596 0.847 0.734 0974 THicEbr-TEDLLTVWE, KlibFErottbsh s
Na 1.000 0.882 0.781 0.988 BEBEOMIIKS 3 WidITFKRICk > T, HREEMNK
Ca 1000 0.951 0.337 HLTW EBbh s F4a-1&b, BEAZ O
;"g 1.000 ‘m‘) H & LT NaCl, Na-SO,, Ca-SO., Mg-SO., Ca-HCO; #$
r K
Zzioh3d, RbtoryFoaidEicCa SO EFTH%E
LhitlTVwaEBbha, CaldTHicEM - THM
8- VER, BHRURT A RERDT HHEICH Y, HCO, RBERLEH T DR
Na Ca Mg Sr v, BEARIOREA 4 HEOBMGENREHR?2 I
HCO, 0.931 —0.066 0.965 0.999 RN, HEEA A VUNDOTRTOBEAA YIBELI
cl 0.723 0.777 0.462 0474 T 3
SO, 0.956 0.201 0.987 0933 )
Na 1.000 0301 0945 0940 PSSR : FISEBREIKR 2 LRI LG e n], fEf
Ca 1.000 0.056 —0.043 FREE-omlotn, Ma2icRoh3d kS CEiF4
Mg 1.000 0.973 4 YEOHEMIZEEAR O L 5 ICHBETIRE VLA, Mg
Sr 1.000

HCOs, Ca-SO., Na-Cl DigisR oh 3, HEKEVLDI,
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1. ¥ o W03 20
0 2| e @ st
T B £
a0 o . T e
: ? cses@eer  Ca 3 / \._.' h
pm| O Mo R
g —_— I o4 -
3 s { o - #e &
E * ' .. g 2
S - £
1
10
0 : 0
W 20 3 4 50 6 70 2 E3 4 s 6 7
24 VRE (meg/L) 244VBE (meg/L)
20 100
3. T e e #aA
LR Ll ] ‘
o
10
3 o) xEE T od 3
L H
-------- 1
0 : . : | .
1 12 “ 16 18 2 22 0 v 20 0 40 S0 60
RIF/RE (meg/L) 244 RX (meq/L)
4. BENcBI2BE
L SRR, EEAFKR.
2. BEAZMILER, FIREAKR
3. EEAAMMS, FEHERAR
4. BEABHHER, - o vih KR

LHBIcB VT T Tz Na-Cl OHBEMBRSh B T & T,
Na S8R DRILIc L2 &b bEEIc k> THEShT
WA T EERLTWS., ToEEERRLRbICEES
AEEBICRET2b0TH 50, H5VWIRTHIKOR
PEARICL > THIZR T 2 bDTH 2 H», AXEO
SFETRVREVSDOTH B, T, EHTFHIIBEVWT
{3 Mg, Ca i3 HCO; LEBd%R L, Rk EE
3597244, Foed MELOSORIMRIBEN
5. Mg, CaD—RIITHERIE S LT hB L EL
54, SrizSO, kD LVHEEERTCEMALIHDS
ORI ATh TV bOoXHE)Idicftidsh
kEEZONS, EHTRAMBEEENA &AL THE
BEcis 5 &, HCOy BE R & 3PHmed, Ca, Mg
i3 SO, & DHEBIHAL 11 5.

(2) BRI

RERR: LA S THICED > T Na-Cl #3512 185

LTigml, Mg-SO. 4EBIL THmF 3 48 Mg O
Y SO ITENT/NEL B >TVB T EH S, MgSO,
IC—#8 Na,SO. Mt s hTwa LBbh 3. Caid
HCO, & 18BId 5 43, HCO: MiBE|TH 5. BFED HCO,
¥ Na-HCOs & L THAS h, BETLERSFICTH
A>TV, SridCa-HCO:&4HBYY 2 (I 4-3).
A-—aYAVE a—oshvHOLERO—ZHRTH
AMBEMEHIRICERZED, ChoDlEBEE-TS
ToKBHPHA S N B /2%, Na-ClEIER UIRIEEEE L5\,
Cl & Mg OBdh 5> Mg O—RIZEHEICIDAE T
W3 MgCl & LT##ssha & Bbhs. HCO, icxt
L TERD Ca & Mg BHEIE, SHBEhED0TH S
5. Srid S0, &L bIHVTVWBESTHS. 2—no
YA VERFEDE REA & EOHEBS DD D I { W,
HCOs HEFEA 4+ v %2 5%, HEEOMME L bicT~
TOA4 4 v OEMNAXRESh 3 (F4-4).



(meq/L)

(meq/L)

243 /RE (meg/L)
17 v BT & HE8.

5. /%3 — AR, SEHFRTRIKR.
6. ¥ AR, PREFKE

7. HEEAM EBAKE

8. HEdat, MeMKR

3 NI -AER

FINSAR O & BHICIE VR /Y — VRO
HERTRTH 5. ®mIKpD 1 2 v BERIERIED
M, 3 Tic Mg-SO, Na-SO, DB R S h, SiEHE
fRDSOEERLTVWS (R4-5). =B, #ANIHE
Bic i3t~ 7 % v 4, iR bV v LADKINYIDORETL
MEBOhTWS (FEIiEH, 1995). N LHtigic s
#Y 2 SEMMBOEEY, THZOERITHOENL
PHABIC I > TVWA T ERRL TV S, CIREEIRIER I
{E< Na & RBEFSHBIRRI SV,

4) vaviinih

SR KLk o ILE % Hih 5 SRR & R _EEE
ERETHLDOTH S, BHRLATKT ZHIORE I
Na, SO, M, CaMHCO, &L TVWS (K
4-6), Sr i3 Na, SO icHIBELTEL L -TWVWS, K
ilifRIEBBiciz s 5 €3 4 ¢ (Na.SO, » 10H.0) DiF
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0 10 20 30 40 50
244 RE (meq/L)

BRBHEETH EMMESINTIH D (SHCHERBINA,
1949), REUH]D Na, SO, HT D & 5 IR H» S
A EhTVWEEEZ SN S,

(6) H-HEFHaMH

B BRI HAT ARARNITH 2, A%
Ao LEFRIC BT BIEHEA 4 ROBEBER 4-TiTRT.
aiicsn Ty, FERA 4 TH5 HCO: & Mg,
Ca, Sr, Na OHHBISHE TH 24, ChoofM 4 v
¥ ClL SO, L bHMERTIENS, BEALT Y
AT & L TRIELDICAmT s AV A, F
o4 FEORREOMH, WHEE SESOEEHEY
BHEELTVWBIEERLTVS,

B . kLR O BB EH N 5B & K dalul
Fhic T AHBRS Y U AEOMBESZITT, EN
B4 & v i3 Na-SO, TH 5. BF D SO, & MgSO0, &
LTHAET 2 EEBbh 3, NaCl Oftiic Mg O —&H8
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BT HE L TV 5. R O HRENE Y < OHIRT
{3 HCO, DZAbizHE b 15, Ca L3HEd 5. SridCa-
SO, &XET B85 THD (R4-8).

6) X bOvFoLRMKERK

KRRV Y Y aDEIALERE LT*Rb (72.15%)
BLURDb (27.85%) MEFELET S M, ZOS5HB"Rb i
EF49X 10 EETBEEL T Sr & 153, &£/, KRR
ICEET 2R o v F 9 aDEREIR*ST (056%), *Sr
(9.86%), "Sr (6.99%), ®Sr (8259%) T& 3. ¥~
T, HHOSr/*Sr iz & 42 OFYOPIEDO N E Y Y A
Sits LT OERERIC L VEBOHER>. ok
¥, BkEEIO"SH/*Sr iz E o DKME->TE LB
BibJagimikEoBMEERERT FL—HY—¢L

THRTH 5. fic, FloERbItics i 2%RE
BIEmEMmE LT, BRIV Y D 4, BBk~ 2y
b, BEIVRhSOBSHENEETSDT, Xbo v
F 9 ADREIGIAH IR E N o OEFOBE & SRR b
V=4—¢ L THWAILHTES (Faurs, 1986; Liv
et al., 1994).
—RicEKDOBEA PO Y FILAROVTHE, ¥4
MG ORLc & D A X 1 2184 EREESE A&
HERL, GHEERBIEGEYS 3 WIERRERIIEEEY
P oSN RS RIBREERMGLERT &0
ShTsy, FAIKPODR o vF v 4DHRELEEL
HHEOEBHIRLIFLIEC NS Z>DEBADOREEF NV
k> THWEENS (FAuRE, 1986). HrifikbEUK DK
HOBHEA PO Y FIARDVTHIDEIBREETF

0.714

1, a 4 WEARMILE - M o FHA
o x Zaviigks 8 @EA#N
a 0 ZEALBME © BHA
, o KI-ABE ¢ B BR
0712 o srEEas
o ‘:E & + BERM. HL-X - Bk
> s é’“ q“m at a o BT, #HT O AEH
w\ L) “ .u“
& 0710F »
@ o A. o
-
(o] o
o o e d,?‘ °
o708} ° o &
’ P 0y © . © +
o ° &1» M
oe [ +
0.706 —— 4 1 " :
.001 .01 1 1 10 100
1/5¢ (ppm)
0.710
2. o
. o AE
s, s REB. —AR
o a " o R
0.709 | s 2 e 0 20
W R w [HiE. 85R
. LY + AU=X - Bk
J ° e + #P
@« s A . B
3 0.708 |- "Q- + & ® -*‘ O 154
3 o 5 .
o &
0.707 | ek ak
0.706 et 1 " .
.001 .01 A 1 10 100
1/5r (ppm)

5. R borFo skl (“Sr/%Sr) D4,
L HllY « 7 VBRKEBKRMO R b o v F o LRGEMER.
2. HEFAMIHB I B3R o v F o LRGKE (9St/%Sr) &R b oy F o AEHE & OB



VAR T %, 2o vFo soRMER (FSr
/8r) Ao vFY LBREOEKTT oy FLIZD
DM S5-1TH 3. CORLVIEREIRIMAL, i
BERMELL VS XS BHSHLRBAEFVIIREN
¥, BLLAZR o vF o ADORAKRIICIZIE S A IR
HUBRONBZ T Ebbhs, +HbL, HBEHIHHE
bEL, Ya v, bbXUHE, mEEEAIH,
pEEARZMOIACE < 72 3 ER%ERT.
HEFZZHCHAT 2A)OKRA I EZHILOHEE
IR IC AR 2D, ¥ 2 v H VMBS IR KL
BRALflic s b, KFRERLUKicERT 5. EEARM
FERBERILAR & BAFIc B F Wi IREER TH 0,
A RILARcHBKIREH S, BERE~KAT 3.
BEREARAMBIMERM L CABIBEEAARR TS 3.
BBEAHMER ORI OHEAB PRSI, B LR,
NI - VBRIRRMNT B EMTES, DL EZ B,
Z b o vFosomMEHEICHEBESR M 30,
WIRD C &1 H s T oMRIcts s h 3 kiciERY 5 <
b s,
—BRTIEFNIKRPDOBEER o v F O Lk 4 BIEH
Y53V IRBIESEMORLIC L ~ TS h 2 LB X
o3, BHEMIKTHIHTOEE, HEKRTHsH
#Lfk, Rk a®Ee, S=Kows, 8 AKX
Eh O AHRESIL AL, ChooHERIFIINI
BERBPOHBAERET B EBHohTVS (X,
1965; R, 1989 ; FMIZ4, 1994a,b). R bo v F
vAREADRILc LB X0 b, Th o OEEHERIE
SHBENBZEHBBVWEEZ 5B, ThoDOBEMHRE
hD R+ ovFyLORGMEEREBZOETHGHEHK
BV, rABEDRDR F o YTy ARRELOEE,
HERRERICE > TRELEDT 3,
BEAZMPEMORALIRK, F/RSLR I —1&
RAEAIR IR D, BEARDMRGS, B B -
VEROZ + o v afkfFlgicoWTRA S, &
SEVENELERT 2 — 0 v h AR & REAEE
Bk i3 I —T, 0.7108h 50.7115DHBHIC 7T 5.
2—-ovAa v, SREERES—-MIlIc>WTRS &,
(BB, SR SEE, ERMELOEEARS
n3, RICBRIBHEA 4 VEORBE TR, SRERAO
BA, WBRic A% & LD S TR AR T Ca-HCO;
DOFPHEE LN, Sri3EPHicinL SO.& LWl
MERT. RiEtEbO 2 o v F o ARRHERGA]]
HhoERLDEWVMEERRT LMD, BEEAIDR Lo
¥ F 9 LR T HABG TRDT 301, Bl
+EhoRAlEZ to v F Y AOBEIREBLDERD
N3 (Yasukiet al, 1993). FHOHFKDEIRL A
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bAJllKkDENL DEVEERLTWS.

2—p i YFAOEE, ERoMRCERER >N
MBIV EMEERERS TV END, 2—-D Y
# AR OBEMAMEIE, RERIROMBELRE:%
RBLTVWEHDTHAS, @ilLHEETIR, "o
F v L ORNEHERIZEAORLIcL - THA SN
D&, HREDPCET 3 EFEMh B Ehi 60D
DEESOEE, BAOHBICK > TET 24, RO
BULIC L 2FEHREVE, EWHHKRE L3, FH-
MABo/NN oMoz —a vy vAERILES I
SOELEHEERERT S DOMH D (ZHANG et al, 1995),
BE#LRE L OTERE, RS, oEEA &% R
DAL YFULMHRINhTVWE LD LEDN S,

CDESKERDE, MAIFFRTHZ/°3 —VER
bERINGEHKERT PicBbh 545, EEBICRTHRS
i (931023-3) DO.71220IA GHRER FMOEER T
B85 h{#0.7107& (YaBUKI ef al., 1993) 1FiX[E U@
THot. KBk, - AEROR]KD
DA F v EERIERIEVD, T Mg-SO., Na-SO,
OISR S h, SEHRIED S OERERL TV S,
FNEFBR AT 2 REHREOFEDY, THiRoE
MiTHOE BT ~TVWAZ EERLTVA.

KLk 2Rk RS BARR L OAIING, &
TFRIZK D5 O EINARARR % /R d fi i3 LB — 18 B fr
2R (0.7102-0.7106). KiluLfkoh &l & &
Wit B L ORI RSB L UFEROHERIE» S
BREhTHY, FieXkEgoE LFoAEe,
LUBILOHFIC 3B DEEPRFMNELET S (X
1965). BHEAF, MEBRIESICR b o vy F U L6
BA 4y EHBENIWEBZRT O EMS, RAbo VT
Y ADERPRFECHSOAHEBTH D, HRERHN
—ELTWaHE—LREMEALERT bOLEERS A
3,

BFAKESEVEEZRTOWE, OKREHRILWLIR
TZHBIEVWILTH TR ER (6995m) DKE
Mg kIS, BUEEERT 2EF0OKEE X
DELAFFTWRLDHERDR S,

RilLRiEfio & 2 » 7 vz, HEHaHIcRV
TEVR b o v F v AlifEkERT (0.7083-0.7103).
ZbBYFY LYy HAEHMOFNKDOES, Na-
SO, & LVIHBERT S EM D, RS b Y v A0HER]
FEhoaEn 3 EMHEESN S, RIBRL LS,
RiluLBRIEREIci3 5 €5 4 b OEHEFHRAAH LTV
B EMNMONATED, ThoOEBEIEKNKERF Y
GABIUR PO Y F Y LAOERBERTEL>TVEO
ThHA3.
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HE&RAMDO 2 b o v F v ARIEEMRZ ) IFHE
IR LAobRS-2TH 5. #JI| EHRKD SRR
F0 i dH 2R LBEEEOEVITEI~NE I TRGEE
MY 2 HEEERT. GHRFELEN, RER CERE
ORISR, HL—X, WHER HILBSOFHK
12 pig— 1 ERMARKZRD, HRRMSE-—TH
BT ELERLTVAS. —F, AL SOR)IITEH 3MHL
BRHESFAMO L »TRIBVREMELERT. BLLE
HoOZEHIIEREOMME & bicEMy 2 RE, AR
EHAOXTHS 5 VR THENTHOEERT. L
Db, RborvFys0oREOKMICEY, FE&EES
MmdsEmHEER NS,

HHFRMCHA T ZRAFIN TS 5 QR OEEA
Z ¥ OB, CaDAHIE 54 Mg &—ED Na b IRER
BWELTHBRENTWVWAIEERL, RbavFyLad
REME & 4EBET 5. A4 A4, Food b REORE
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The Behavior of Ions from Soluble Salts in Inland Waters around the Desert
Area, Xinjiang, China, from the Viewpoint of Isotope Geochemisry

Sadayo YaBUK1®, Akihiko OKADA*, Akira UEpA**, Zi-Li FAN''* and Qing CHANG**"*

For finding the possible origin of salts around the desert area, we investigated the distribution of different
ions in inland waters from the desert area, Xinjiang, China. Strontium isotopes are useful geochemical tracers
for understanding the process of salt accumulation.

1. Chemical types of river water

River waters in Xinjiang show Ca-HCO; type at upper reaches and change into Na-SO, and Na-Cl types
with increasing salt concentration. Only waters of a few rivers belong to Na-HCO. type, e. g, Cherchen, Andier,
Yuronkashi River in South Tarim Basin. Karez waters in Turpan Basin belong to Na-HCO, type, while well wa-
ters to Na-SO. type. Well waters or shallow groundwaters, as well as lake waters show various chemical types
which reflect the soil
salt characteristics of the respective areas.

2. Correlation between different ions

Most of river waters in Xinjiang, concentration ratios of (Na+K)/Cl and (Ca+Mg)/SO, are more than
unity. This trend is conspicuous for the waters from the upper reaches of rivers. This means that sodium, po-
tassium, calcium and magnesium are derived not only from evaporites but also from carbonate or silicate rocks.

At the upper reaches in Turpan Basin, (Ca+Mg)/HCO; ratio is nearly equal to unity, which suggests main
sources of these ions are carbonate rocks. In Turpan Basin, some waters from the lower reaches contain less
(Ca+Mg) than SO, because the main sulfate accumulating in this drainage is Na.SO..

3. Correlation between strontium and other ions

At the lower reaches of rivers, usually strontium concentrations increase with the increase of total ion con-
centrations and shows good correlation with SO, ions. This fact suggests that strontium mainly came from salt
minerals accumulated in the surrounding area. While the correlation between strontium and SO, ions at the
upper reaches is diverse.

In Pamir Plateau, Sr shows weak correlation with Mg, Na and SO.. The occurrence of magnesium sulfate
and sodium sulfate deposits along the river drainage corresponds to this trend. In the case of Akusu-River,
northern part of Tarim Basin and Iri-River, Zhungger Basin, strontium varies with SO,, suggesting that stron-
tium is of evaporite origin.

In Turpan Basin, strontium at the upper reaches correlates with HCO; as well as Ca, Mg and Na. Carbonate
rocks in Bogda Mountain area are the main source of these ions.

4, Variation of strontium isotopic composition

Strontium isotopic compositions have conspicuous regional variation. ®Sr/®Sr ratios of waters from
Turpan Basin have the lowest value (0.7069-0.7097), while increasingly higher values are found in the
Zhungger Basin (0.7083-0.7104), northern and eastern parts of the Tarim Basin (0.7102-0.7113) and western and
southern part of Tarim Basin (0.7104-0.7137). Each region has relatively constant strontium isotopic composi-
tion. Such regional uniformity suggests that strontium is derived from evaporite minerals in sedimentary rocks
in the mountain area and from salt deposits in the lower drainage.

Strontium from the northern part of Tarim Basin has nearly constant isotopic composition (0.7102-0.7107)
except waters from Weigan River, which show relatively high ¥Sr/®Sr ratios (0.7112-0.7120). In this region,
strontium varies with Ca-SO,, so it came probably from the sedimentary gypsum deposits in Tianshan Moun-
tains.

In southern Tarim Basin, the variation of strontium isotopic composition is rather higher than that of other
region (0.7104-0.7126). Especially, "Sr/®Sr ratios of Yuronkashi River are high, 0.7130-0.7137. Strontium shows
good correlation with SO,, so that sulfate evaporites are its dominant source of it. The high "Sr/*Sr ratios
could be due to the local sources, some igneous or metamorphic rocks in high mountain ranges of Kunlun

* The Institute of Physical and Chemical Research (RIKEN). 2-1 Hirosawa, Wako, Saitama, 351-01 Japan.
** Mitsubishi Materials Corp. 1-297 Kitabukuro, Ohmiya, Saitama, 330 Japan.
*** Xinjiang Institute of Biology, Pedology and Desert Research, Chinese Academy of Sciences. 40 South Beijing Road,
Urumgqi, Xinjiang, 830011 P. R. China.
(Received September 13, 1995; Accepted November 10, 1995)
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Mountains.

In Turpan Basin, "Sr/”Sr ratios become higher from mountain ranges toward Aiding Lake, located in the
region of the lowest altitude. The isotopic composition of strontium of the samples from mountain area are
strongly affected by the chemical and mineralogical compositions of the rocks forming the Bogda Mountain,
which include some carbonate minerals with low "Sr/*Sr ratios, while at the low altitude area, strontium is de-
rived from gypsum which is commonly distributed in Huoenshan Mountains and desert area.

Key Words : Water geochemistry, Dissolved solids, Strontium isotopes, Arid land
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7Y =h vHEOIu—5BRABTHS. BEET
IKHohizShTOL AT, 258, 80/, 1218
(1) T EHEFHEcHE T 283364 O
{#h 36 BITB/ER. THLRF2)=h ot
£5-T, 70-5HHEMEIELECARDECRE
#8TH 3. Tamariz taklamakanensis D & 5ic, BE
THIDRICEETEAHEMORE SN 3,

2V h v HDBROERELET 3L, KXEMHtL
EMNEZTh AR CHEOSRENTY., A,
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Capparis spinosa, Hippophae rhamnoides, Myricaria
pulcherrima 73 L BRI DAAHL, HETIRRSH
W,

Haloxylon ammodendron (R12) &, ®WEOIKIC
BoTNEBEERELBLTHNL, 7Fav/OLEOWE
WTbRSN 3B, Capparis spinosa i, =3V
MoWEMMMMTRONZDHTH S, WROERIE T
TRONhZHWHM X, Aristide grandiglumis,
Erianthus ravennae, Bassia hyssopifolia 13 &M% 5.

70— 5 BAFHEHICE, wthoZRicHE L i)
DEFELIZHRT, 10ABERL 3. £0hTH, RO
HEEMER LTV 3,

(1) hBAESFELTE

(2) thit: ~EGaE T KR AR BRTEHEY)
3) hBYESELEREE

(4) EAHY

Ay hEESELRE, BFEYRDLV,
T EE~KEHMTREGERHORRMLIAREXTEE,
Populus euphratica (=P, deversifolia RIS 1)
& P pruinosa (k¥y) L TChbv, 22 9<hvydhiic
BWATAIMNNCH > TR ML TV B, KKRDLTE
L BMIIWFH D, &7 Y =h v OB ICES -
RV ESATWA.
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1) FIBEHiAL

Populus euphratica & P. pruinosa BNERL KBTS
5. FEHE 10~15m (BA20m ), #i# 100~300
FEOBRKM»SILBZHD, Yy ML, s—5 VI, F+
WF 22, 7YF4zMI, =PINEETHKR->THE
T3, FBHkE L THEOPIC AR T 3 HAELE R,
Mok, KaBLUCESSAEROFE,S 2504 S
s4 7RI oh3,

(1) Populus euphratica BB L+ 8% (K1)
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Fc k25211 2 I0ERODE L OHR Ic $h4 o8tk
22 >THHLTW3,

2 ) a)llo E~chjigic 3, HEMYO TEL 2/KS
Populus euphratica — Glycyrrhiza inflata — Apocynum
venetum OHMBE SN 3. Populus euphratica DHE i3,
B, BiBOHFHENCH 3.

gV a)l, w=s 2, YYXNOBIBEDS b,
HWTAMDSHSm OB &ITH D, MK ICEEH MR
LTWwaEZAIiTid, Populus euphratica — Tamariz
spp. DMMETLTWS., T4, ) slllodhifpe
w=5 V), &) Y)IOFHETE, BTKE3~4m,
EeNEKR T 2R IS L 2L, Populus
euphratica — Phragmites communis OEEMR LN 3.

) LARHOBADLILERD S b, HAKEEOMT
7kErh 3 m BEDOERWE 2 AicH 3 LM, Populus
euphratica — Halostachys caspica D#EHMLEF L TV
3., CITRAKRLZGTEL, BRI TOHMHEL-D
b5,

YAF v MNES ) L)ITHOIBERD S b, HEM
#B L3, Populus euphratica — Apocynum
venetum — Halimdendron halodendron DM H»B44H L T
W3, T ITb Populus euphratica DHEFEH T3 &,
Z 0o b » TEMEO I HIEF U AP ERIEBA
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# 1

Y2 Y=h v BBEDTO-3.

GYMNOSPERMAE (#-FHi¥IP)
1. Ephedraceae (= z v£})
1. Ephedra przewalskii Stapf.

2. Ephedra przewalskii var. kaschgarica C. Y. Cheng.

ANGIOSPERMAE (i-F#i4P9)
Dicotyledoneae (W FHHIMIA)
1. Salicaceae (¥ F ¥§})

1. Populus euphratica Oliv.

2. Populus pruinosa Sehrenk.

3. Salix wilhelmsiana M. Bieb.
. Polygonaceae (¥ 7§)

1. Atraphazis compacta ledeb.
2. Atraphazis frutescens (L.) Ewersm.
3. Calligonum chinense A. Los.
4, Calligonum junceum (F. et M.) Litw
5. Calligonum mongolicum Tuez
6. Calligonum roborowskii A. Los.
7. Calligonum ruogiangense Liou.
8. Polygonum aviculare L.
Chenopodiaceae (7 % ¥#)

1. Atriplex micrantha C. A. M.
2. Atriplex sibirica L.
3. Bassia hyssopifolia (Pall.) O. Kuntze
4. Bassia sedoides (Pall.) Aschers.
5. Ceratoides latens (]. F. Gmel.) Reveal.
6. Chenopodium foetidum Schrad.
7. Chomphorosma monspeliaca L.
8. Corispermum heptapotamicum Bge.
9. Halocnemum strobilaceum (Pall.) Bieb.
10. Halogeton glomeratus C. A. M.

11. Halostachys caspica (M. B.) C. A. Mey.

N

[

12. Halozylon ammodendron (C. A. Mey.) Bge.

13. Illjinia regelii (Bge.) korov.

14. Kalidium cuspidatum (Ung.-Sternb.) Grub.

15. Kalidium foliatum (Pall.) Moq.
16. Kirilowia eriantha Bge.

17. Kochia odontoptera sehrenk.
18. Salicornia europaea L.

19. Salsola aperta Pauls.

20. Salsola arbuscula Pall.

21. Salsola micranthera Botseh.
22. Suaeda arcuata Bge.

23. Suaeda linifolia Pall.

24. Suaeda stellatiflora G. L. Chu
Ranunculaceae (¥ » 4% #K)

1. Clematis orientalis L.
Capparidaceae (79 Fa vV 9§&)
1. Capparis spinosa L.

Rosaceae (/¥5#)

1. Potentilla bifurca L.
Leguminosae (= # §})

N o

1. Alhagi sparsifolia (B. Keller. et shap) Shap.

2. Astragalus contortuplicatus L.
3. Astragalus filicaulis Fisch et Mey.
4. Glycyrrhiza inflata Bat.
5. Glycyrrhiza uralensis Fisch.
6. Gueldenstaedtia stenophylla Bge.
7. Halimodendron halodendron (Pall.) Voss.
8. Oxytropis glabra (Lam.) DC.
9. Oxytropis puberula Boriss.
10. Sophora alopecuroides L.
1. Sphaerophysa salsula (Pall.) DC.
12. Vicia cracca L.
Zygophyllaceae (/»= & v#})
1. Nitraria roborowskii Kom.
2. Nitraria sibirica L.
3. Nitraria sphaerocarpa Maxim.
4. Peganum harmala L.
5. Tribulus terrestris L.
6. Zygophyllum fabago L.
1. Zygophyllum kaschgaricum Boriss.
9. Euphorbiaceae (+ 7 ¥4 7 4§)

1. Euphorbia humifusa Willd.

2. Euphorbia indorionsis Loss.
10. Tamaricaeae (¥ a Y a2 9f})

g

1. Myricaria alopecuroides Schrenk.
2. Myricaria pulcherrima Batalin
3. Myricaria squamata Desv.
4, Reaumuria kaschgarica Rupr.
5. Tamariz androssovit Litv.
6. Tamariz elongata Ldb.
7. Tamariz gracilis Willd.
8. Tamariz hispida Willd.
9. Tamarixz hohenackeri Bge.
10. Tamarix korolkovii Rgl.
11. Tamariz laza Willd.
12. Tamariz leptostachys Bge.
13. Tamariz ramosissima Ldb.
14. Tamariz sachuensis P. Y. Chang et M. T. Liu.
15. Tamarix taklamakanensis M. T. Liu.
16. Tamariz taremensis P. Y. Chang et M. T. Liu.
11. Elaeagnaceae (" 3 ¥
1. Elaeagnus oxycarpa Schieht.
2. Hippophae rhamnoides L.
12. Lythraceae (3 v /~¥%)
1. Lythrum intermedium Ledeb.
2. Lythrum virgatum L.
13. Cynomoriaceae (¥ 7 € 7§})
1. Cynomorium songaricum Rupr.
14. Apocynaceae (¥ s 9 F7 b UFD)
1. Apocynum venetum L.
2. Poacynum hendersonii (Hook. f.) Woodson.
15. Asclepiadaceae (4 #/ 1 £§})
1. Cynanchum sibiricum Willd.
16. Convolvulaceae (& v+ #})
1. Convolvulus arvensis L.
2. Convolvulus fruticosus Pall.
3. Cuscuta europaea Lam.
17. Solanaceae (+ Z§)
1. Lycium ruthenicum Murr.
18. Orobanchaceae (/> v #§})
1. Cistanche salsa (C. A. Mey) G. Beck.
2. Orobanche aegyptiaca Pers.
19. Plantaginaceae (#* & /¥2§})
1. Plantago depressa Willd.
20. Compositae (+ 7§
1. Acroption repens (L.) DC.
2. Artemisia arenaria DC.
3. Cirsium setosum (Willd.) M. B.
4, Inula salsoloides (Turcz.) ostenf.
5. Karelinia caspica (Pall.) Less.
6. Scorzonera divaricata Turez.
7. Taraxacum mongolicum Hand-Mazz.
Monocotyedoneae (Hi-FIEHIYIEE)
21. Gramineae (1 2§}
1. Achnatherum splendens (Trin.) Nevski.
2. Aeluropus pungens (Bieb.) C. koch.
3. Arstida grandiglumis Roshev.
4. Arstida heymannii Rgl.
5. Arstida pennata Rgl.
6. Calamagrostis epigeios (L.) Roth
7. Calamagrostis macrolepis Litv.
8. Crypsis aculeata (L.) Aie.
9. Digitaria sanguinalis (L.) Scop.
10. Elytrigia repens (L.) Desv. et Nevskii
11. Eragrostis collina Trin.
12. Erianthus ravennae (L.) Beauv.
13. Leymus multicaulis (Kar. et Kir.) Tzvel.
14. Leymus secalinus (Georgi) Tzvel.
15. Pennisetum flaccidum Girseb.
16. Phragmites communis (Cav) Trin.
17. Poa annua L.
18. Polypogon monspeliensis (L.) Desf.
19. Setaria viridis (L.) Beauv.
22. Cyperaceae (A ¥ ) 74+
1. Carez orbicularis Boote.
23. Liliaceae (2 Y} #)
1. Asparagus angulofractus lljin.
24. Iridaceae (7 v * §)
1. Iris loczyi Konitz
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L 2 2Y=h N0 HREICET

9% Populus euphratica ®EiHk.,

2. ¥ o0 =h rpbEdbiEgic B 5 Halorylon ammodendron.

& 3. 7Y ¥ )IHBED Poacynum hendersonii OFE, Fiild Phragmites communis O REE.
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L2253,

(2) Populus pruinosa WE&d 28

=& v, varvill, ¥ L0 EHEORER
OWHBED P Pt LB OHIKICE, Populus
pruinosa — Phragmites communis — Tamariz spp. ® %
s, BLOTEZEHE->TEHFLTWVS,

5y L) EFHBOIBERIC IS, Populus pruinosa &
Tamariz BOHESMMECRS NS, &Y 2D
o B &, Populus pruinosa — Tamariz spp. —
Populus euphratica DEETCHDON, RNTHBORE
D 5 LHITFKEIA 1~2 m OEFTITSH 5 LHllid, Populus
pruinosa — Hippophae rhamnoides DEHETED N T
W3,

2) BEHETEAREH

gt o#t ~chidd ORI T kiKEROEYP o1 b,
BERPY o v F v 7 HEEDEORIBIIES AL,
RDY 794 THb5,

(1) Tamariz ramosissima DEEHK

DEEPERN, D BORLPEFEKS & OT
HKALHS 2~4m DM %E & ¥, Tamariz elongata,
Tamariz leptostachys % 1 U H% { DREIK « EREH -
Tw3, Tamariz HBIREEYTEHEL, REDE
“Tamariz cone” 22K 5%, -

(2) Halimodendron halodendron DMk

) aJEF— NIBOOR TR 2~dm DL C
2iclisiyic B >h 3. Halimodendron halodendron
DIFEME 3 Tamariz B 0 13H 3.

(3) Lycium ruthenicum DM

77 2)|O=MEBERM, ) aNEAY2HVIO
Mot 0 BEF ST AKE 3~4m D iz,
Tamariz elongata % Phragmites communis 75 & % -
THEBELTWS.

(4) Tamariz hispida DI

Tamariz hispida (3¥FH 1 m O/MEKT, 7V ¥
k-9 NOTFTHE, 2 Y 2)IOEROBTKE 3m
Rtk DI HE Ew, BHEEHHEVOT, FLEELL
e IAIBEFLTWS,

3) EEP LR

chifith ~ 4 O MEHEED/MER P 575 b, HITFKEL
‘I~4 m OEFHBHNHT HAERCHE, BRHKE
DM Ee BB LTV S,

(1) Halostachys caspica DB

AEOEE LD 2 5, Tamariz hispida, T.
ramosissima, Phragmites communis 73 & %28 5.

Halostachys caspica D& 1 38 HEE2< Bl L
DH DY, MTARMMET TS EPHERWOICL S,

(2) Halocnemum strobilaceum DB

5 ) MTFTHBE v v 77 — VEDOWEY T B DM
BicB S h, Tamarizx ramosissima % Halostachys
caspia, Phragmites communis 18 & %> TV 3.

4) BERR

Gt ohBESEERYIS oD, ZAMNPHE
i EE DS, RO2DYT 54 THH 5.

(1) Phragmites communis OFEF (13)

HITF7KEL 1~4 m =AM PG, IBFER, #RE%ES
%, Halimodendron halodendron 1 & D{EXK &,
Poacynum hendersonii 13 & OEALP S, BHERPH
BRICRHBELERI NS 5.

(2) Poacynum hendersonii DEF (K 3)

sy all, vasy il Y riloRom Tk
2~3m D% &L, Glycyrrhzia inflata 16 & OEA
&, Halimodendron halodendron, Tamariz leptostachys
1B EDERERS.

(8) Glycyrrhiza inflata DEFR

Y ajll, &Yv)iREsiCEROMTAKE 1~3m
DI % & B, Phragmites communis, Sophora
alopecuroides, Poacynum hendersonii 15 EfbD % < @
HYIMNE L 3.
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The Flora and Vegetation of the Taklimakan Desert: A summary
Mijit HUDABERDI®

This paper summarizes the flora and vegetation of the Taklimakan Desert, based on published materials.
There are 25 families, 80 genera and 121 species, which mainly occur in the marginal parts of and along the riv-
ers protruding into the desert. Among varied life-forms, groundwater dependent mesic plants are dominant
and include such trees as Populus euphratica and P. pruinosa. Salt-tolerant mesic to xeric plants occur on the
salty soils in the lower parts of piedmont alluvial fans, floodplains, particularly over abandoned river channels,
and around lakes. Tamariz spp., Halimodendron halodendron, Lycium ruthencium, Halostachys caspia, and
Halocnenum strobilaceum are the main woody species composing shrubland and/or woodland. Among Tamarix
spp., which stabilize sand dunes to form “Tamariz-cones”, T. taklamakanensis grows over shifting sands. Salt
meadows are dominated by Phragmites communis and other salt-resistant mesic perennial grass species.

Key Words: Teklimakan Desert, China, Flora, Type of vegetation

* Department of Geography, Xinjiang University, China. (Received November 10, 1995; Accepted February 2, 1996)
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