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Fig. 1

Spatial distribution of altitude and annual mean precipitation amount across the Chinese Tianshan Mountains
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Table 1 Inventory of locations, long-term climatology during 1981~2010 and amount-weighted 8D, 8“0 and deuterium excess(d)
in precipitation during 2012~2013 for each sampling site across the Chinese Tianshan Mountains >’

I3 X R A HRE/ON GEE/CE BH/m UR/C BoKE/mm ERE/mm AAXHREE/% SD/%  §%0/%  d/%e

e 43°57' 81°20’ 662.5 9.5 298.9 1556.8 65 -99.7 -13.6 8.8

T 44°37'  82°54'  320.1 8.2 112.1 1481.5 62 -37.2 -50 32

ZEi 44°24' 84°52’ 562.0 8.5 183.5 1950.2 59 -65.7 -9.6 10.9

Rdes £ 44°19' 86°03’ 442.9 7.8 226.9 1483.8 64 -84.4 -12.1 12.5

BRI 44°12'  87°32'  440.5 6.5 153.8 1964.3 62 -832  -11.8 109

I8k S 43°47'  87°39'  935.0 73 298.6 2015.0 58 921  -13.6 166

A 44°01" 89°34’ 793.5 5.4 200.9 1810.5 61 -73.1 -11.1 16.0

45 39°43’ 75°15' 2175.7 7.7 188.7 2738.6 45 -34.5 -6.1 14.4

& 40°56' 78°27' 1984.9 6.8 237.7 1745.8 52 -39.8 -6.4 11.2

F K B A 43°02' 84°09’ 2458.0 -4.2 280.5 1132.4 70 -52.6 -8.4 14.3

SR 42°44' 86°18’ 1739.0 7.0 220.4 1829.3 42 -52.1 -7.8 10.3

B g 43°36' 93°03’ 1677.2 2.7 230.5 1701.6 55 -88.8 -12.3 9.4

5 43°16' 94°42' 1728.6 4.2 104.4 2100.5 44 -73.5 -10.5 10.7

[e] 78 75 41°10' 80°14’ 1103.8 10.8 80.4 1948.0 57 -28.5 -4.7 9.2

FEW 41°47' 81°54’ 1229.2 8.2 136.6 1335.0 65 -25.2 -3.9 5.9

P4 41°43' 82°58’ 1081.9 11.3 76.7 2176.9 49 -38.6 -5.7 7.2

®E 41°47' 84°15’ 976.1 11.6 78.6 2043.0 48 -63.5 -9.3 10.6

s ERE 41°45'  86°08'  931.5 12.0 59.2 2669.8 46 -33.5 45 26

J5E KA 42°14' 88°13’ 922.4 9.8 59.9 3049.2 42 -63.3 -8.6 5.2

TR 43°21' 88°19’ 1103.5 6.9 76.7 2491.9 51 -52.6 -8.3 13.6

£ 3 42°56' 89°12’ 34.5 15.1 15.4 2533.7 39 -105.3 -12.1 -8.6

+ =18l 55 43°13' 91°44’' 721.4 12.5 22.6 6214.4 32 -33.3 -3.6 -4.9

W % 42°49' 93°31' 737.2 10.3 43.7 2415.3 45 -144.2 -18.6 4.9
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Fig. 2 Spatial distribution of amount-weighted 8D, 80 and deuterium excess (d) in precipitation for each sampling site

across the Chinese Tianshan Mountains during 2012 ~2013( based on the data in reference [ 25])
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Fig. 3 Monthly variation of 8D, 80 and deuterium excess (d) in precipitation across the Chinese Tianshan Mountains

during 2012 ~2013( based on the data in reference [ 25])
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Fig. 4 Local meteoric water line( LMWL) using event-based, monthly and annual data

across the Chinese Tianshan Mountains during 2012 ~2013( based on the data in reference [ 25])
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Fig. 5 Schema chart of moisture transport and recycling over the line of Yining-Shihezi-Caijiahu/Uriimqi based

on a three-component isotopic mixing model, modified from reference [ 26 ]
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Fig. 6 Box plots showing air temperature, relative humidity and drop diameter in rain events and line charts showing regression

and determination coefficients between mass remaining ratio and deuterium excess(d) variation for different conditions across

the Chinese Tianshan Mountains during 2012 ~2013( calculated using the data in reference [ 27])
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Fig. 7 Comparison of arithmetic average and standard deviation of 8D, 8”0 and deuterium excess(d) in typical precipitation

as well as meteorological parameters for each synoptic system across the Chinese Tianshan Mountains in summer

of 2013 ( based on the data in reference [ 28] )
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SPATIO-TEMPORAL CHARACTERISTICS AND INFLUENCING FACTORS
OF STABLE ISOTOPES IN PRECIPITATION ACROSS
THE CHINESE TIANSHAN MOUNTAINS

Wang Shengjie =~ Zhang Mingjun
( College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070)

Abstract

The stable hydrogen and oxygen isotopes in precipitation are useful to understand the hydrological processes
and land-atmosphere interaction. In arid Central Asia with scarce precipitation and high evaporation capacity, the
Tianshan Mountains is usually considered as a typical wet island. The total length of the east-west mountain ranges
is approximately 2500km, and the eastern portion ( ca.1700km ) is located in Northwest China’s Xinjiang. Although
the precipitation isotopes were discontinuously measured at some sites in the Tianshan Mountains, a systemic
measurement of stable isotopes in precipitation was absent for the entire mountains in past decades. To investigate
the spatio-temporal pattern and regime of isotopes in precipitation in this region, an intensive and integrated
network was established across the Chinese Tianshan Mountains. More than 20 stations are selected to collect
event-based precipitation samples, covering typical landscapes including deserts, oases and mountains in arid
Central Asia.

Generally, the values of 8D and "0 in precipitation are higher in south and lower in north, and the heavy
isotopes are enriched in summer months and depleted in winter months. However, the spatial pattern and seasonal
variation for deuterium excess (d) are not coherent as those for hydrogen and oxygen isotopes. The local meteoric
water lines (LMWL) can be derived from event-based and amount-weighted monthly isotopic data, respectively,
and the slope and intercept in both lines are lower than those in global meteoric water line (GMWL). The isotopic
compositions in precipitation significantly correlate with air temperature for each sampling site. The linear gradients
between isotopic composition and air temperature for snow (or rain) samples are not always larger or less than
those for all precipitation samples at different sites. Based on the temperature effect and fine meteorological grid
products ( daily mean air temperature and precipitation amount) , the isoscape can be derived using the in-situ
measurements.

In a three-component isotopic mixing model, the precipitating moisture is considered as a mixture of
advection, transpiration and surface evaporation moistures. The mixing model can be applied to assess the moisture
recycling in the typical oases, and the proportional contribution of transpiration flux to local precipitation is always
larger than that of surface evaporation flux for each oasis. Based on a modified Stewart model, the isotopic variation
in raindrops from cloud base to ground can be calculated for each event. The influence of below-cloud evaporation
on precipitation isotopes on the southern slope is larger than that on the northern slope, and the impact in summer
months is more significant than that in winter months. The spatial coherence of precipitation isotopes is improved if
the isotopic compositions are corrected based on below-cloud evaporation. Compared with other synoptic systems in
the study region, Central Asian vortex usually corresponds to depleted heavy isotopes in precipitation. Using a
Lagrangian model adjusted with specific humidity along the backward trajectory, the difference in stable isotopes on

the northern and southern slopes may be also related to the various moisture paths.

Key words Xinjiang, Tianshan Mountains, precipitation, stable isotopes



