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Abstract

Aims Xinjiang is located in the hinterland of the Eurasian arid areas, with grasslands widely distributed. Grass-
lands in Xinjiang provide significant economic and ecological benefits. However, research on evapotranspiration
(ET) and water use efficiency (WUE) of the grasslands is still relatively weak. This study aimed to explore the
spatio-temporal characteristics on ET and WUE in the grasslands of Xinjiang in the context of climate change.
Methods The Biome-BGC model was used to determine the spatio-temporal characteristics of ET and WUE of
the grasslands over the period 1979-2012 across different seasons, areas and grassland types in Xinjiang.
Important findings The average annual ET in the grasslands of Xinjiang was estimated at 245.7 mm, with in-
terannual variations generally consistent with that of precipitation. Overall, the value of ET was lower than that of
precipitation. The higher values of ET mainly distributed in the Tianshan Mountains, Altai Mountains, Altun
Mountains and the low mountain areas on the northern slope of Kunlun Mountains. The lower values of ET
mainly distributed in the highland areas of Kunlun Mountains and the desert plains. Over the period 1979-2012,
average annual ET was 183.2 mm in the grasslands of southern Xinjiang, 357.9 mm in the grasslands of the Tian-
shan Mountains, and 221.3 mm in grasslands of northern Xinjiang. In winter, ET in grasslands of northern Xinji-
ang was slightly higher than that of Tianshan Mountains. Average annual ET ranked among grassland types as:
mid-mountain meadow > swamp meadow > typical grassland > desert grassland > alpine meadow > saline
meadow. The highest ET value occurred in summer, and the lowest ET value occurred in winter, with ET in spring
being slightly higher than that in autumn. The higher WUE values mainly distributed in the areas of Tianshan
Mountains and Altai Mountains. The lower WUE values mainly distributed in the highland areas of Kunlun
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Mountains and part of the desert plains. The average annual WUE in the grasslands of Xinjiang was 0.56 g-kg ',

with the seasonal values of 0.43 g~kgf1 in spring, 0.60 g-kgf1 in summer, and 0.48 g-kgf1 in autumn, respectively.
Over the period 1979-2012, the values of WUE displayed significant regional differences: the average values
were 0.73 g~kgf1 in northern Xinjiang, 0.26 g-kgf1 in southern Xinjiang, and 0.69 g~kg71 in Tianshan Mountains.
There were also significant differences in WUE among grassland types. The values of WUE ranked in the order of
mid-mountain meadow > typical grassland > swamp meadow > saline meadow > alpine meadow > desert grass-

land.
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Fig. 4 Spatio-temporal distribution of evapotranspiration (ET) in grasslands of study area during 1979-2012. A, Spatial distribution
of annual average ET. B, Interannual variability of ET across different seasons.
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Fig. 5 Changes in evapotranspiration (ET), precipitation and
air temperature in grasslands of Xinjiang during 1979-2012. A,
Annual. B, Spring. C, Summer. D, Autumn. E, Winter.
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R3  HEEEMAERED S X SR mm)
Table 3 Regional statistics of evapotranspiration (ET) in grasslands of
Xinjiang (unit: mm)

£ Ll K % i
Spring  Summer Autumn Winter  Year
[ 35.7 1075 335 6.5 183.2
South Xinjiang
b 44.9 1212 397 15.5 2213
North Xinjiang
Kili 67.0 213.3 63.0 14.6 357.9

Tianshan Mountains

R4 WA E(ET) 2 K5 (AL mm)
Table 4 The statistics of evapotranspiration (ET) for different grassland
types in Xinjiang (unit: mm)

HA Type H Ll #* % 4

Spring  Summer Autumn Winter Year
e LR A 472 134.8 40.2 7.5 229.7
Alpine meadow
] ) 72.4 231.9 64.8 18.5 387.7
Mid-mountain meadow
P RE 64.7 2023 596 173 3439
Typical grassland
Fre v B i 45.1 136.1 43.0 11.9 236.2
Desert grassland
ThA i) 323 87.0 28.8 6.5 154.7
Saline meadow
VG 63.3 212.3 60.1 17.7 358.3

Swamp meadow
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Fig. 6 Spatio-temporal distribution of water use efficiency (WUE) in grasslands of study area during 1979-2012. A, Spatial distri-
bution of annual average WUE. B, Interannual variability of WUE across different seasons.
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R5  HIEEHUK TR (WUE) 2 X ZE (AL g kg )
Table5 Regional statistics of water use efficiency (WUE) in grasslands of
Xinjiang (unit: g-kg ")

% S [ F
Spring Summer Autumn Year
B 5 0.24 0.29 0.24 0.26
South Xinjiang
B[t} 0.67 0.92 0.66 0.73
North Xinjiang
Kl 0.56 0.82 0.65 0.69

Tianshan Mountains
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Table 6 The statistics of water use efficiency (WUE) for different grass-
land types in Xinjiang (unit: g-kg ")

FA Type 7" 2 K B8

Spring Summer  Autumn Year
Er il A 0.23 0.44 0.38 0.37
Alpine meadow
Hl A 0.62 1.05 0.81 0.86
Mid-mountain meadow
BT F 0.70 1.01 0.76 0.84
Typical grassland
e B 0.36 0.41 0.31 0.34
Desert grassland
ThA B 0.50 0.63 0.47 0.52
Saline meadow
TR 0.56 0.92 0.73 0.77

Swamp meadow
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