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Abstract 

In order to analyse the climatic differences between an oasis and its peripheral 

area to evaluate the climatic improvement in an oasis, meteorological data recorded at 

two stations in the Turpan Basin, China were compared. One of the stations was an 

automatic meteorological station set up in the peripheral area of an oasis (1 km) and 

the other was the meteorological observatory of Turpan, which was surrounded by the 

oasis. Differences were observed in the data recorded in the two stations. Some 

analyses of the climatic characteristics of the oases were performed in terms of heat 

balance. The results showed that plantation of vegetation and irrigation in oases 

reduced the wind velocity and air and soil temperature variations and increased the 

evapotranspiration and the humidity in oases. Both the air temperature and soil 

temperature increased very rapidly after rainfall in the peripheral area, while inside the 

oasis they increased slowly due to the effects of the oasis and higher water content in 

soil and higher air humidity inside the oasis. 

Additional key words : climate improvement, evaporation, heat balance,windbreak 
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Introduction 

Windbreak forests play an important role in 

the cultivation of crops in oases. It is considered 

that agriculture 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. Although many studies 

have been carried out on the effects of windbreak 
forests or nets
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have dealt with the climatic improvement by oasis, 
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due to the lack of meteorological data. Some 

authors have pointed out that oases lead to the 

increase of humidity and precipitation and 

decrease of temperature, due to the presence of 

water in oases
8
• 14). In order to analyse the climatic 

differences between an oasis and its peripheral 

area to evaluate the climatic improvement in an 

oasis, an automatic meteorological station has 

been set up by TARC CTIRCAS) in the peripheral 

area (42° 51' N, 89° 11' E, - 80 m) of an oasis in 

Turpan, Xinjiang, China since June, 1990. In the 

present paper an analysis of some of the climatic 

characteristics of an oasis and its peripheral area 

was carried out in Turpan, Xinjiang, China by 

comparing the data inside an oasis and in the 

peripheral area of the oasis. 

Data 

The Turpan basin is located in a very dry area 

in Northwestern China. Annual precipitation is 

16.4mm and minimum relative humidity is almost 

0%. The maximum air temperature can be as high 

as 47.9°C and minimum air temperature as low as -

28.0°C. 

Fig. 1 shows a schematic map of the area 

observed. The Turpan basin is located in the 

southeastern part of the Tianshan Mountains. The 

Fig. 1. A schematic map of the observation field. There 
was no vegetation in the gobi area, sandy desert 
and mountains and only a sparse vegetation or 
bare land with salinity in the Yardang area 

lowest elevation in the basin is -154m (Aydin Lake) 

and the elevation of the surrounding mountains 

ranges from 4, 000 - 5,445 m in the north and 600-

1,500 m in the south. In addition, the Flaming 

Mountains are situated in the center of the basin 

with a length of 90 kilometers from west to east 

and a width of 5-6 kilometers from north to south. 

The relative elevation of the mountains is about 

300-400m. 
The Meteorological observatory of Turpan is 

located inside a small town named Turpan (42° 

56'E, 89° 12'N, 34m) and is surrounded by an oasis 

(oTurpan in Fig. 1). Oasis agriculture in Turpan 

has a very long history, due to the abundance of 

the water supply from Tianshan Mountains 

through karez. There are about 1000 karez in the 

Turpan basin. Most of them are still in use 

although a large number have been abandoned. 

The automatic observation station was set up in 

the Yardang area which is characterized by the 

absence of vegetation (desert) and strong wind 

erosion and is located 10 km apart from the 

observatory in the town and 1 km from the oasis (• 

Station in Fig. 1). Due to the absence of water 

supply, the land in the Yardang area is bare with 

salinity or covered with a sparse vegetation 

consisting of Alhagi sparsifolia and Tamarix 

ramosissima. There is no vegetation in the gobi 

area, sandy desert and mountains as shown in 

Fig. 1. 

Air temperature and humidity at two levels, 

wind velocity at five levels and wind direction, 

radiation, soil temperature and heat flow, sunshine 

and precipitation, etc. were measured at the 

automatic station in the peripheral area. Air 

temperature and humidity were measured using 

two sets of wet and dry bulb thermometers at two 

levels, lm and 1.6m, at intervals of 30 minutes. Soil 

temperature at 1cm and 5cm underground and soil 

heat flow at 1cm, 5cm and 10cm were measured at 

intervals of one hour with soil thermometers and 

soil heat flow plates, respectively. Wind velocity at 

5 levels was measured at intervals of 10 minutes. 

Integrated solar or global short-wavelength 

radiation and short-wavelength reflected radiation 
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were obtained using two solarimeters at intervals 
of one hour. For some short periods (for example 

from August 22 to September 6, 1991), net 

radiation (including both short-wavelength and 
long-wavelength) was obtained using a net 

radiometer. All the data were recorded 

automatically by using a solar cell. In this paper, 

the data obtained from July 1, 1991 to December 

31, 1991 were used because in this period only the 

data from the Meteorological Observatory of 
Turpan were available (from August 18 to 21, 1991. 

the records were not available). 

These data were compared with the data of 

the Meteorological Observatory of Turpan, which 

were recorded at intervals of 6 hours for the soil 

temperature and at intervals of 3 hours for the 

temperature and humidity and at intervals of one 

hour for the wind velocity and wind direction. 

Climatic differences between oasis and its 
peripheral area 

1) Wind 
Due to the presence of windbreaks and 

increase of roughness (vegetation and buildings), 

the reduction of the wind velocity in the oasis was 

very obvious as shown in Fig. 2. Daily mean wind 

velocity and daily maximum wind velocity in the 

oasis (V0., and V0 max) in relation to the peripheral 

area (Vdm and VdmJ were as follows, respectively: 

WIND VELOCITY (mis) 
14-------------------~ 

Vdm Ydmax Von Vomax 

9 10 11 12 

DATE(Jul. I-Dec. 31, 1991) 

Fig. 2. Time series of daily maximum and daily mean 
wind velocity with 5 days running means in an 
oasis (o) and its peripheral area (d) in Turpan, 
Xinjiang, China from July 1 to Dec. 31, 1991 

vom = 0.407 vdm 
V.max = 0.536 ~max 

(1) 

(2) 

Thus, the wind velocity inside the oasis was 

almost half of that in the peripheral area of the 

oasis. Fig. 2 also shows that when the wind 

velocity was high in Turpan such as in July, the 

decrease of the wind velocity inside the oasis was 

more pronounced. 

Wind direction also changed in the oasis. The 

difference in the maximum wind direction between 

the peripheral area and the oasis was not very 

large in July because the wind velocity was high 
while it was conspicuous in January when the wind 

velocity was low. 

2) Temperature 
As shown in Fig. 3, both the diurnal and 

annual variations of the air temperature became 

smaller inside the oasis. In July, daily mean, daily 

maximum and daily minimum air temperatures 

were lower inside the oasis. Monthly mean 

maximum air temperature in July was l.3°C lower 

in the oasis than in the peripheral area, while 

monthly mean minimum air temperature in the 

oasis was only 0.9'C lower than in the peripheral 

area. This decrease in temperature in summer is 

very important for the vegetation since the air 
temperature is too high (near 40.0°C) for 

vegetation growth. In contrast, when it became 

colder from September to October, the daily 

minimum air temperature was higher inside the 

TEMPERATURE (C) 
50 ------------------~ 

·10 

9 10 11 12 

DATE (Jul. l - Dec. 31, 1991) 

Fig. 3. Time series of daily mean, maximum and minimum 
temperatures with 5 days running means in an oasis 
(o) and its peripheral area (d) in Turpan, Xinjiang, 
China from July I to Dec. 31, 1991 
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oasis than in the peripheral area, while daily mean 
and daily maximum air temperatures were still 

lower inside the oasis. From November to 

December, daily mean and daily minimum air 

temperatures were higher inside the oasis than in 

the peripheral area, especially the minimum air 

temperature was much higher inside the oasis 

than in the peripheral area. Monthly mean 

TEMPERATURE ('C) 
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Fig. 4. Comparison of diurnal variations of air temperature 
(Ta) between an oasis (o) and its peripheral area (d) 
in Turpan, Xinjiang, China for July (J) and 
December (D) 

minimum air temperature in December was about 

3. 7°C higher inside the oasis than in the peripheral 

area. This increase in temperature in winter is also 

important since the air temperature is very low 

(below -l0.0°C). These characteristics were 

evident based on the monthly means of diurnal 

variations of air temperature for July and 

December shown in Fig. 4. 

It was obvious, as shown in Fig. 4, that the air 

temperature inside the oasis was lower than in the 

peripheral area from 8 BST in the morning until 

20BST at night in July. However, the air 
temperature was lower inside the oasis than in the 

peripheral area only from 11 BST to 14 BST in 

December. The air temperature at 14 BST in the 

oasis was 2.5°C lower than in the peripheral area in 

July. The air temperature at 8 BST in oasis was 

3.2°C higher than in the peripheral area in 

December. The daily range of the air temperature 

in the oasis was 0.4°C smaller in July and 3.3°C 

smaller in December. The annual range of air 

temperature in the oasis was 3.5°C smaller than in 

the peripheral area. This range of temperature 

variation is very convenient for agricultural and 

human activities in Turpan. 

Soil temperature differences between the 
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Fig. 5. Comparison of diurnal variations of soil (5cm) 
temperature (Ts5) between an oasis (o) and its 
peripheral area (d) in Turpan, Xinjiang, China for 
July (J) and December (D) 

oasis and the peripheral area showed similar 

characteristics to those of air temperature and the 

differences were more significant as shown in Fig. 

5. Soil temperature at 5cm underground at 14 BST 

was 6.S'C lower in July while 2.5°C higher at 8 BST 

in December inside the oasis than in the 

peripheral area. 

3) Humidity 
Unfortunately, the automatic dry and wet bulb 

thermometers used at the station in the peripheral 

area failed to record correct humidity data due to 

the freezing of the gauze of the wet bulb in winter 

and accumulation of sand in the gauze of the wet 

bulb at other times. Relative humidity at the station 

in the peripheral area increased from the end of 

October and was almost equal to 100% at the end 

of November due to the freezing of the gauze. 

Relative humidity recorded in the peripheral area 

was higher and the variations of the relative 

humidity were smaller than those in the oasis due 

to sand accumulation in the gauze. 

However, the relative humidity inside the 
oasis was higher than in the peripheral area. Some 
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8, 14) , 
authors have pomted out that the relative 
humidity was higher and precipitation more 

abundant in oases than in peripheral areas. 

Discussion 

Climate improvement associated with an oasis 

can be explained through the analysis of heat 

balance on the ground. The heat balance on the 
ground within a given time can be represented as 

follows: 
R = LE + P + A (3) 

where R is the net radiation flux of heat; L is the 

latent heat of evaporation; E is the velocity of 
evaporation or of condensation; P is the heat flux 

caused by the turbulence between the surface and 

the atmosphere; A is the heat flux between the 

surface and deeper layers of soil. The net radiation 

flux of heat (R) was obtained by using a net 

radiometer and the heat flux between the surface 
and deeper layers of soil (A) was observed by 

using soil heat plates at the observation station of 

the peripheral area. Evaporation rate (E) and 

turbulence heat flux (P) can be calculated by the 
modified Bowen ratio methoa5J: 

(4) 

where Eb is the evaporation rate obtained by the 

Bowen ratio method, a is an empirical coefficient, 
which is introduced mainly due to the inaccuracy 

of the wet bulb temperature as mentioned above. 
LEb= (R-A)/(1-(3) (5) 

/3 = (Cp/L) ( t:, Tl t:, q) (6) 

P= (JLE (~ 

where (3 is the Bowen ratio; Cp is the specific heat 

at constant pressure of air; L is the latent heat of 
evaporation; 6. T is the air temperature difference 

at two levels; 6. q is the specific humidity 

difference at two levels. 

Fig. 6 shows a time series of diurnal variations 

of all the components of the heat balance with 
incoming integrated solar radiation flux (S) at the 

observation station in the peripheral area before 

and after a rainy day, from Aug. 23 to Aug. 29, 

1991. Fig. 7 shows the time series of temperature 

(both air temperature and soil temperature at the 

HEAR FLUX(W/m') 
1000 r----------------~ s 

800 r r r f r 

LE 

TIME (Aug. 23 - Aug. 29, 1991) 

Fig. 6. Time variation of all the components of heat 
balance before and after rainfall in the peripheral 
area of an oasis in Turpan, Xinjiang, China from 
Aug. 23 to Aug. 29, 1991. 
S : Solar radiation flux; R : net Radiation flux; 
LE : latent heat flux caused by Evaporation or 
Condensation; P : heat flux caused by the 
turbulence between the surface and the 
atmosphere; A : heat flux between the surface 
and deeper layers in soil. 

surface or 1cm level and at 5cm levels) during the 

same period at the two stations, both inside the 

peripheral area (Fig. 7 (A)) and in the oasis (Fig. 7 

(B)). Precipitation on the night of Aug. 24 was 

0.8mm. Variations in the air and soil temperatures 

inside the oasis and in the peripheral area were 

different presumably due to the reduction of the 

wind velocity in the oasis and to the difference in 

the water content in the soil and difference in the 

humidity in the air near the ground between the 

oasis and its peripheral area. 
In the peripheral area, it was obvious that the 

evaporation rate as well as the values of other 

parameters were very low or that there was no 

evaporation before rainfall occurred due to the 

very low water content there. However, the 

evaporation rate increased markedly soon after the 

rain and the daily evaporation amount decreased 

exponentially with time. Due to the increase in the 

water content in the soil soon after rainfall, 

reflected short-wavelength radiation decreased so 

that the net radiation increased and both the air 
and soil temperatures decreased (Aug. 25). 

However, due to the loss of the surface water 
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Fig. 7. Air temperature (Ta) and soil temperature (Ts) 
variations before and after rainfall in Turpan, 
Xinjiang, China from Aug. 23 to Aug. 29, 1991. 
(A): in the peripheral area of an oasis; (B) inside 
the oasis 

content by evaporation, both the air temperature 

and soil temperature increased and reflected short

wave length radiation increased so that the 

emission of long-wavelength radiation from the 

ground increased and the net radiation decreased 

with time. Although the net radiation decreased 

with time, there was a positive feedback in that the 

lower the water content in soil, the more the heat 

transfer to the earth and the air, and the higher the 

temperature in soil and in the air. Thus, both air 
temperature and soil temperature increased very 

rapidly with time (Fig. 7 (A)). In another example 

of time series of diurnal variations of all the 

components of the heat balance and temperature 
in the peripheral area before and after 5.5mm 

rainfall, from Mar. 18 to Mar. 27, 1992, it took more 

than one week for the 5.5mm of rainfall to 

evaporate water and the increase of the 

temperature was comparatively moderate. 

In contrast, inside the oasis, both the air and 

soil temperature did not increase as rapidly as in 

the peripheral area as shown in Fig. 7 (B). The 

increase of the soil temperature at 5cm level was 

much lower than that in the peripheral area, 

presumably due to the effects of low wind velocity, 

higher water content and higher air humidity 
inside the oasis. 

It is generally recognized that the climate 
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Fig. 8. A schematic representation of climate improvement 
approach by oases 

improvement in an oasis is mainly caused by two 

kinds of input to the natural conditions in an arid 

area. Fig. 8 shows a schematic representation of 

the climatic improvement approach. One of the 

inputs is the plantation of vegetation, especially 

erection of windbreaks, which mainly increases 

the roughness and contributes to additional 

evapotranspiration. This input can decrease the 

heat exchange and evaporation due to the 
reduction of the wind speea2· 

4
· sJ and can increase 

the air and soil temperature, especially when the 
ground surface is humia3J. Another input is 

irrigation, which can increase the 

evapotranspiration and heat storage in soil, 

resulting in the increase of humidity or even of 

precipitation
8

J and can reduce temperature 

variations as mentioned in this paper. As a result of 

the effect of the two inputs and exchanges in solar 

and heat energy, the climate in an oasis is 

characterized by a comparatively lower wind 

velocity; smaller temperature variations and higher 

air humidity and evapotranspiration than in the 

peripheral area. 

Conclusion 

Based on automatic meteorological 

observations in the peripheral area of an oasis in 
Turpan, Xinjiang, China and comparison with the 

data obtained at the Meteorology observatory of 
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Turpan inside the oasis, the climatic differences 

between the oasis and its peripheral area were as 

follows: 

(1) Wind velocity inside the oasis was about 50% of 

Research, Chinese Academy of Sciences for 

collecting the data of the Meteorological 

Observatory ofTurpan. 

that in the peripheral area due to the increase in References 
roughness and erection of windbreaks. Wind 

direction also changed when the wind velocity 

was low. 

(2) Both the annual and diurnal variations of the 

air temperature and soil temperature became 

attenuated inside the oasis compared with the 

peripheral area. Both the air temperature and 

soil temperature were lower in summer and 

higher in winter inside the oasis than in the 

peripheral area. Both the air temperature and 

soil temperature were lower in the day time and 

higher at night inside the oasis than in the 

peripheral area. The daily range of the air 

temperature in the oasis was 0.4 "C smaller in 

July and 3.3°C smaller in December than in the 

peripheral area. The annual range of air 

temperature in the oasis was 3.5 °C smaller than 

in the peripheral area. 

(3) Both the air temperature and soil temperature 

in the peripheral area increased very rapidly 

after rainfall due to the rapid loss of rain water 

by evaporation, while those inside the oasis 

increased more slowly due to the effects of the 

oasis and higher water content in soil and higher 

air humidity inside the oasis. 

Irrigation and plantation of vegetation in oases 

results in the increase of the soil water content and 

roughness so that the climate in oases is 

characterized by a comparatively lower wind 

velocity; smaller temperature variations and higher 

air humidity and evapotranspiration than in the 

peripheral area. However, detailed mechanisms 

and the interaction between oases and desert for 

climate improvement require further studies. 
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