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Abstract

This study utilizes meteorological station data from the Bosten Lake Basin span-
ning 1970-2014 and the Penman-Monteith formula to calculate potential evap-
otranspiration (ET0), comparatively analyzing the spatiotemporal variations of
ETO0 and its differential responses to major meteorological factors between the
mountainous and plain regions of the basin. The results reveal that: 1) At
the interannual scale, ET0 in the mountainous region exhibited a fluctuating
declining trend from 1970-2000 (P<0.01), followed by a slight increase since
2000; ETO in the plain region decreased at a rate of -77 mm/10a during 1970-
1993 (P<0.01), then reversed to an increasing trend at 83.8 mm/10a after 1993
(P<0.01), with changes in the plain region being significantly more pronounced
than in the mountainous region. 2) Seasonally, summer exhibits the highest
ETO in the basin and represents the primary contributor to annual variation;
the trend shows that ETO in the plain region exceeds that in the mountainous
region in spring and summer, while being slightly lower in autumn and winter.
3) ETO variation is most sensitive to net radiation and wind speed; concurrently,
net radiation and wind speed contribute most significantly to ET0 variation in
the mountainous region, whereas wind speed is the dominant factor affecting
ETO variation in the plain region, with its contribution rate to ET0 exceeding
50% in all cases.
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Abstract: Based on meteorological data from nine meteorological stations in
the Bosten Lake Basin, Xinjiang, China, from 1970 to 2014, this study calcu-
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lated potential evapotranspiration (ET ) using the improved Penman-Monteith
formula and analyzed its spatiotemporal evolution. The sensitivity of Penman-
Monteith potential evapotranspiration to daily maximum temperature, mini-
mum temperature, wind speed, net radiation, relative humidity, and vapor pres-
sure was analyzed, and the contribution rates of major meteorological factors to
ET changes were calculated. The results showed: (1) At the interannual scale,
ET in the mountainous region showed a significant decreasing trend during
1970-2000 (P < 0.01), but a slight increasing trend after 2000. ET in the plain
region presented a significant decreasing trend (P < 0.01) at a rate of -77 mm -
(10a) ! from 1970 to 1993; however, since 1993, the trend reversed to an upward
tendency at a rate of 83.8 mm - (10a) ! (P < 0.01). The variability of ET in
the plain oasis region was stronger than that in the mountainous area. (2) At
the seasonal scale, ET was highest in summer, followed by spring and autumn,
and lowest in winter. At the monthly scale, ET peaked in June and reached its
minimum in January, with greater dispersion from May to August, indicating
intensive changes during this period. (3) Wind speed and net radiation were the
most sensitive variables to ET in the Bosten Lake Basin, though the relative
change rate of net radiation was small. (4) The contribution of net radiation
and wind speed to ET changes was largest in the mountainous region, while
wind speed was the dominant factor in the plain region, contributing more than
50% to ET . This analysis of meteorological factors’ contributions to potential
evapotranspiration in the Bosten Lake Basin can provide a scientific basis for
water resources allocation and downstream ecological restoration.

Keywords: Bosten Lake Basin; potential evapotranspiration; sensitivity anal-
ysis; contribution rate

1. Study Area
1.1 Overview of the Study Area

The Bosten Lake Basin is located between 41°25 -43°34 N and 82°57 -88°18 E,
in the southern foothills of the Tianshan Mountains. The basin covers an area
of 4.33 x 10 km? (Figure 1). The terrain is characterized by mountains in the
west, north, and east, with plains in the central and southern parts. Elevations
range from 2,400-4,500 m in the mountainous area and 1,000-2,000 m in the
plain area. The basin contains nine meteorological stations with complete data
records.

[Figure 1: see original paper] Bosten Lake Basin and the spatial distribution of
meteorological stations

Data of partial meteorological stations on Bosten Lake Basin
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Annual
Annual Annual Annual Average
Precipi-  Average Sunshine Wind
Longitudetitud€levatiomtion Tempera- Hours Speed
StatidfE)  (°N)  (m)  (mm) ture (°C) (h) (m/s)
1 86.37 41.78 932.0 79.8 8.2 3,071.3 1.7
2 86.25 41.42 1,099.0 68.1 8.5 3,071.3 1.8
3 86.37 42.23 1,099.0 68.1 8.5 3,071.3 1.8
4 86.37 42.23 1,099.0 68.1 8.5 3,071.3 1.8
5 86.37 42.23 1,099.0 68.1 8.5 3,071.3 1.8
6 86.37 42.23 1,099.0 68.1 8.5 3,071.3 1.8
7 86.37 42.23 1,099.0 68.1 8.5 3,071.3 1.8
8 86.37 42.23 1,099.0 68.1 8.5 3,071.3 1.8
9 86.37 42.23 1,099.0 68.1 8.5 3,071.3 1.8

1.2 Data and Methods

Meteorological data from nine stations in the Bosten Lake Basin for the period
1970-2014 were used, including daily maximum temperature, minimum temper-
ature, wind speed, sunshine hours, relative humidity, and precipitation. The
Penman-Monteith equation recommended by the Food and Agriculture Organi-
zation (FAO) was employed to calculate ET :

 0.408A(R, — G) + v us (e, — €,)
0= A+ (1 + 0.34u,)

where ET, is potential evapotranspiration (mm - d '), R,, is net radiation (MJ -
m?2-d?'), G is soil heat flux density (MJ-m 2?-d '), T is mean daily air tem-
perature (°C), u, is wind speed at 2 m height (m -s1), e, is saturation vapor
pressure (kPa), e, is actual vapor pressure (kPa), A is the slope of the vapor
pressure curve (kPa-°C '), and v is the psychrometric constant (kPa - °C1).

Sensitivity analysis was performed to quantify the response of ET to changes
in meteorological factors. The contribution rate of each factor to ET variation
was calculated to determine the dominant drivers of ET changes in different
regions of the basin.

References

[1] CONG Zhentao, NI Guangheng, YANG Dawen, et al. Evaporation paradox
in China [J]. Advances in Water Science, 2008, 19(2): 147-152.

[2] QIU X F, LIU C M, ZENG Y. Change of pan evaporation in the recent 40
years over the Yellow River Basin [J]. Journal of Natural Resources, 2003, 18(4):

chinarxiv.org/items/chinaxiv-201901.00087 Machine Translation


https://chinarxiv.org/items/chinaxiv-201901.00087

ChinaRxiv [$X]

437-447.

[3] ZHOU Jinlong, YAO Fei. An experimental study on the water surface evap-
oration in the plain area of the northern slope of Tianshan Mountains [J]. Arid
Zone Research, 1999, 16(1): 40-43.

[4] GAO G, CHEN D L, REN G Y, et al. Trend of potential evapotranspiration
over China during 1956 to 2000 [J]. Geographical Research, 2006, 25(3): 378-
387.

[5] PETERSON T C, GOLUBEV V S, GROISMAN P Y. Evaporation losing
its strength [J]. Nature, 1995, 377(6551): 687-688.

[6] ALLEN R G, PEREIRA L S, DIRK R, et al. Crop evapotranspiration-
guidelines for computing crop water requirements-FAQO irrigation and drainage
paper 56 [R]. FAO, Rome, 1998, 300(9): D10.109.

[7] LIU Yuan, YU Ying. Trends in reference crop evapotranspiration and pos-
sible climatic factors in the North China Plain [J]. Acta Ecologica Sinica, 2010,
30(4): 923-932.

[8] SUN Xiaozhou, FENG Zhiming, YANG Yanzhao. Change tendency of ref-
erence crop evapotranspiration in Xiliaohe Basin [J]. Resources Science, 2009,
31(3): 479-484.

[9) GONG L B, XU C Y, CHEN D L, et al. Sensitivity of the Penman-Monteith
reference evapotranspiration to key climatic variables in the Changjiang
(Yangtze River) Basin [J]. Journal of Hydrology, 2006, 329(3-4): 620-629.

[10] LI Zhi, CHEN Yaning, YANG Jing, et al. Potential evapotranspiration and
its attribution over the past 50 years in the arid region of northwest China [J].
Hydrological Processes, 2014, 28(3): 1025-1031.

[11] CHEN Yaning, LI Zhi, FAN Yuting, et al. Research progress on the impact
of climate change on water resources in the arid region of Northwest China [J].
Acta Geographica Sinica, 2014, 69(9): 1295-1304.

[12] LIU Changming, ZHANG Dan. Temporal and spatial change analysis of the
sensitivity of potential evapotranspiration to meteorological influencing factors
in China [J]. Acta Geographica Sinica, 2011, 66(5): 579-588.

[13] YANG Qing, LEI Jiagiang, WEI Wenshou, et al. Effects of artificial oases
on climate change trend [J]. Acta Ecologica Sinica, 2004, 24(12): 2728-2734.

[14] XU Yongming, ZHAO Qiaohua, BA Yeer, et al. Spatio-temporal variations
of land surface evapotranspiration of Bosten Lake basin based on MODIS data
[J]. Scientia Geographica Sinica, 2012, 32(11): 1353-1357.

[15] GUO Muping, WANG Zhiwei, QIN Aimin, et al. Changes in precipitation
in Northwest China over the last 54 Years [J]. Arid Zone Research, 2009, 26(1):
120-125.

chinarxiv.org/items/chinaxiv-201901.00087 Machine Translation


https://chinarxiv.org/items/chinaxiv-201901.00087

ChinaRxiv [$X]

[16] Investigation Group of Desert in Xinjiang. The reasons of salinization and
its control treatment [J]. Acta Geographica Sinica, 1982, 37(2): 144-153.

[17] ZHAO Jingfeng. Estimation of the water-salt budgets and simulation of
the wind-induced water-currents in Lake-Bosten [D]. Tokyo: Tokyo University
of Marine Science and Technology, 2002.

[18] LI Hongjun, JIANG Zhihong, YANG Qing. Association of north Atlantic
oscillations with Aksu River runoff in China [J]. Journal of Geographical Science,
2009, 19(1): 12-24.

[19] XU CY, SINGH V P. Evaluation and generalization of temperature-based
methods for calculating evaporation [J]. Hydrological Processes, 2001, 15(2):
305-319.

[20] MCCUEN R H. A sensitivity and error analysis of procedures used for
estimating evaporation [J]. Water Resource Bulletin, 1974, 10(3): 486-498.

[21] ZHENG H, ZHANG L, ZHU R, et al. Responses of streamflow to climate
and land surface change in the headwater of the Yellow River [J]. Journal of
Hydrology, 2009, 379(3-4): 462-475.

[22] HU Heping, TANG Qiuhong, LEI Zhidong, et al. Runoff evaporation hydro-
logical model for arid plain oasis: I The model structure [J]. Advances in Water
Science, 2004, 15(2): 140-145.

[23] YANG Qing, LEI Jiagiang, WEI Wenshou, et al. Effects of artificial oases
on climate change trend [J]. Acta Ecologica Sinica, 2004, 24(12): 2728-2734.

[24] LIU Changming, ZHANG Dan. Temporal and spatial change analysis of the
sensitivity of potential evapotranspiration to meteorological influencing factors
in China [J]. Acta Geographica Sinica, 2011, 66(5): 579-588.

[25] YANG Qing, LEI Jiagiang, WEI Wenshou, et al. Effects of artificial oases
on climate change trend [J]. Acta Ecologica Sinica, 2004, 24(12): 2728-2734.

[26] YANG Qing, LEI Jiagiang, WEI Wenshou, et al. Effects of artificial oases
on climate change trend [J]. Acta Ecologica Sinica, 2004, 24(12): 2728-2734.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201901.00087 Machine Translation


https://chinarxiv.org/items/chinaxiv-201901.00087

	Spatiotemporal Variation and Attribution Analysis of Potential Evapotranspiration in the Bosten Lake Basin (Postprint)
	Abstract
	Full Text
	Preamble
	1. Study Area
	1.1 Overview of the Study Area
	1.2 Data and Methods

	References


