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Abstract
Based on daily surface observation data from 56 meteorological stations in Xin-
jiang during 1961–2019, we analyzed the characteristics and causes of dry-wet
changes in Xinjiang over the past 59 years. The main conclusions are as follows:
(1) Xinjiang is undergoing a significant transition from dry to wet conditions.
During 1961–2019, the regionally averaged Aridity Index (AI) increased at a
rate of 0.01・(10a)-1 (P < 0.01), with an abrupt shift occurring around 1987.
The proportion of stations exhibiting a significant increasing trend was 57.1%.
(2) Annual precipitation in Xinjiang increased significantly at a rate of 8.6 mm・
(10a)-1 during 1961–2019, with the timing of its abrupt change consistent with
that of AI. Annual reference evapotranspiration (ET0) exhibited a significant
decreasing trend during 1961–2019, with a rate of -15.7 mm・(10a)-1. Notably,
annual ET0 underwent a transition around 1990, decreasing continuously be-
fore 1990 and shifting to a fluctuating increase thereafter. (3) Variations in
ET0 were primarily controlled by two climatic factors: wind speed and relative
humidity. During 1961–2019, wind speed across the region generally decreased,
and relative humidity at nearly half of the stations also decreased. The com-
bined effect of these two factors resulted in a significant ET0 decrease at 50% of
stations in Xinjiang. The transition in ET0 around 1990 was likewise induced
by transitions in the trends of relative humidity and wind speed around 1990.
Around 1990, relative humidity shifted from an increasing to a decreasing trend,
while wind speed shifted from a decreasing to an increasing trend, collectively
causing differences in ET0 trends between the two periods. These conclusions
enhance our understanding of dry-wet changes and their underlying causes in
Xinjiang and provide valuable reference for rational development and utilization
of water resources in the region.
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Full Text
Preamble
Based on daily ground observation data from 56 meteorological stations in Xin-
jiang from 1961 to 2019, this study analyzed the characteristics and causes of
dry-wet changes in Xinjiang over the past 59 years. The main conclusions are
as follows: (1) Xinjiang has experienced a significant transition from dry to
wet conditions. During 1961-2019, the regional average aridity index (AI) in-
creased at a rate of 0.01・(10a)^-1 (P < 0.01), with an abrupt change detected
around 1990. Stations showing a significant upward trend accounted for 57.1%
of the total. (2) Annual precipitation in Xinjiang increased significantly at a
rate of 8.6 mm・(10a)^-1, with the mutation time consistent with that of AI.
Annual reference evapotranspiration (ET0) exhibited a significant decreasing
trend at a rate of -15.7 mm・(10a)^-1. Notably, the ET0 trend shifted around
1990, decreasing continuously before 1990 and then transitioning to a fluctu-
ating increase afterward. (3) ET0 variation was primarily controlled by wind
speed and relative humidity. During 1961-2019, wind speed showed a decreasing
trend across the region, while relative humidity decreased at nearly half of the
stations. The combined effect of these two factors led to the significant ET0
decrease observed at approximately 50% of stations in Xinjiang. The shift in
ET0 trends around 1990 was caused by the reversal of relative humidity and
wind speed trends around that time.

Keywords: climate dry-wet changes; aridity index; evapotranspiration; driving
factors; Xinjiang

Global warming has significantly intensified since the 20th century, profoundly
affecting the global water cycle and altering the spatial-temporal distribution of
precipitation and evapotranspiration at regional scales. According to regional
water balance principles, changes in precipitation and evaporation influence re-
gional water budgets and consequently affect water resource allocation patterns.
Xinjiang, located in the interior of the Eurasian continent, is characterized by
high precipitation variability, low total precipitation, large evapotranspiration,
and an arid climate. Water resource scarcity and uneven spatial-temporal dis-
tribution have long constrained economic development in the region. With its
fragile ecological environment, Xinjiang represents one of China’s most sensi-
tive areas to global climate change. Investigating climate dry-wet conditions in
Xinjiang under climate change is crucial for ensuring regional ecological security
and supporting sustainable economic development.

At the beginning of the 21st century, academician Shi Yafeng proposed the sci-
entific hypothesis of “warming and humidification” in Northwest China’s arid
regions, challenging the previous understanding of “warming and drying” in the
region. Subsequent studies using various drought indices have examined the
observed facts, trends, causes, and future projections of this “warming and hu-
midification” phenomenon. Xinjiang is considered the region with the most sig-
nificant “warming and humidification” in Northwest China, though trends differ
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between northern and eastern parts of the arid region. Previous research has pri-
marily focused on temperature and precipitation to explain “dry-wet” changes,
while evapotranspiration, as a critical component of regional water budgets, has
received less attention. Reference crop evapotranspiration (ET0) represents at-
mospheric evaporative capacity at specific locations and times, independent of
crop characteristics and soil factors, serving as an important indicator for evalu-
ating crop water requirements, climate dryness, water resource balance, and agri-
cultural production potential. Since actual evapotranspiration data are difficult
to obtain while ET0 is relatively easy to calculate, many studies have analyzed
regional dry-wet conditions through ET0 changes. However, few studies have in-
vestigated how different climate factors influence ET0 changes in Xinjiang. With
increasingly significant climate change in recent years, extending data sequences
may reveal more pronounced change signals. This study utilizes long-term me-
teorological observations from 56 stations across Xinjiang from 1961-2019, em-
ploys the Food and Agriculture Organization (FAO) Penman-Monteith model
to calculate ET0, uses the aridity index to quantify Xinjiang’s dry-wet charac-
teristics, and applies Mann-Kendall (M-K) test, sensitivity coefficient analysis,
and contribution rate analysis to examine dry-wet change patterns and clarify
how different climate factors contribute to ET0 changes.

1.1 Study Area Overview
Xinjiang is situated in the hinterland of the Eurasian continent. Geographically,
it features the Kunlun Mountains, Tianshan Mountains, and Altai Mountains
from south to north, with the Tarim Basin and Junggar Basin located between
these mountain ranges. Its inland location far from oceans prevents moisture
from penetrating deep into the region, creating an arid geographical environment
dominated by temperate continental arid climate. The region has an average
annual temperature of 7.6°C and average relative humidity of 57%. Total water
resources are scarce at only 141.5 mm, with most stored as glacial ice.

1.2 Data Collection
This study collected daily observations of mean temperature, precipitation, rel-
ative humidity, wind speed, sunshine duration, and atmospheric pressure from
1961-2019 through the China Meteorological Administration’s National Meteoro-
logical Information Center. The dataset underwent preliminary quality control
by the National Meteorological Center. Following the Specifications for Surface
Meteorological Observation, we performed secondary quality control to remove
stations with excessive missing data. We selected stations with continuous ob-
servations of all six meteorological elements, resulting in 56 stations (Figure
1).

[Figure 1: see original paper]
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1.3 Data Analysis
Among existing indices for evaluating regional drought and dry-wet conditions,
the aridity index (AI) characterizes climate dryness by considering temperature
effects on evapotranspiration and is suitable for representing long-term trends in
climate state drought changes. The index is widely applied in dry-wet condition
studies under climate change contexts. AI is calculated as:

𝐴𝐼 = 𝑃
𝐸𝑇0

where ET0 is annual reference crop evapotranspiration calculated using the
Penman-Monteith formula, and P is annual precipitation. AI > 1 indicates that
regional water income exceeds expenditure, with larger values indicating wetter
conditions; AI < 1 indicates water income less than expenditure, with values
closer to 0 indicating drier conditions.

We employed the Mann-Kendall test to assess temporal trend significance in
data sequences, using P = 0.05 as the significance level. The Theil-Sen method
quantified meteorological data trends, defining the slope as the climate tendency
rate. To analyze how climate factor changes contributed to ET0 variation, we
calculated contribution rates as the product of a climate factor’s multi-year
relative change rate and its sensitivity coefficient. The sensitivity coefficient
indicator, originally proposed by McCuen and widely applied in evapotranspi-
ration research, indicates how ET0 changes with a given climate factor. A pos-
itive contribution rate means the climate factor change leads to ET0 increase
(positive contribution), while a negative rate indicates ET0 decrease (negative
contribution).

2.1 Dry-Wet Characteristic Changes and Their Causes
Based on 1961-2019 observations from Xinjiang’s 56 meteorological stations, the
regional average aridity index ranged from 0.01 to 0.91. Among these stations,
6 could be classified as extreme arid zones (AI < 0.03), 42 as arid zones (0.03 ≤
AI < 0.2), 7 as semi-arid zones (0.2 ≤ AI < 0.5), and 1 as semi-humid zone (0.5
≤ AI < 1). Statistical analysis revealed that extreme arid, arid, semi-arid, and
semi-humid zones accounted for 1.84%, 75.4%, 20.5%, and 1.84% of Xinjiang’s
area, respectively.

During 1961-2019, Xinjiang showed a significant wetting trend, with 57.1% of
stations exhibiting significant AI increases, primarily distributed in northwest-
ern Xinjiang (Figure 2). The regional average AI displayed a fluctuating upward
trend with a climate tendency rate of 0.01・(10a)^-1 (P < 0.01), consistent with
Shi Yafeng’s conclusion that Xinjiang’s climate began shifting around 1990.

[Figure 2: see original paper]
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Since AI reflects regional water budget status, AI changes signify shifts in re-
gional dry-wet types. Comparing the earliest (1961-1970) and latest (2010-2019)
decades, the number of stations classified as extreme arid zones decreased by
4, arid zones decreased by 5, while semi-arid zones increased by 8 and semi-
humid zones increased by 1, indicating that 14 stations experienced dry-wet
zone transitions.

During 1961-2019, Xinjiang’s annual precipitation increased significantly at 8.6
mm・(10a)^-1 (P < 0.01), with the mutation time consistent with AI. Sta-
tions showing significant precipitation increases accounted for 98.2%, mainly
distributed on both sides of the Tianshan Mountains and the southern Altai
Mountains. The regional mean annual precipitation tendency rate was 8.6・
(10a)^-1 (P < 0.01), aligning with Pu Zongchao’s findings.

Conversely, annual ET0 showed a decreasing trend, with 50% of stations ex-
hibiting significant declines. The regional average ET0 tendency rate was -15.7
mm・(10a)^-1 (P < 0.01). ET0 changes result from combined effects of water
income (precipitation) and expenditure (evapotranspiration), though precipi-
tation likely exerts greater influence than evapotranspiration. Chen Yaning’s
research indicates that precipitation changes dominate dry-wet variations in
Northwest China, contributing over 60% of the total effect.

Notably, ET0 trends shifted around 1990. While annual precipitation continued
rising after the 1990s, ET0 transitioned from decreasing to increasing. Based
on these contrasting trends, we divided the study period into two phases: a
wetter phase (1961-1990) and a drier phase (1991-2019), to explore differences
in climate factor contributions to ET0 changes between periods.

2.2 Climate Change Causes of Reference Evapotranspira-
tion Variation
The contribution rate represents how a climate factor’s change affects ET0 vari-
ation. During 1961-2019, most Xinjiang stations showed decreasing ET0 trends.
Figure 4 compares contribution rates and sensitivity coefficients of four climate
factors based on 1961-2019 data. Different climate factors show substantial
differences in magnitude. Temperature and sunshine duration have relatively
small contribution rates, indicating minimal impact on ET0 trends. Relative
humidity and wind speed exhibit larger contributions, suggesting more critical
roles.

[Figure 4: see original paper]

Wind speed contributions ranged from -51.0% to 28.1%, with 94.6% of stations
showing negative contributions. All stations had positive sensitivity coefficients
for wind speed (Figure 4b), indicating ET0 changes correlate positively with
wind speed—ET0 increases as wind speed increases. During 1961-2019, Xin-
jiang wind speed predominantly decreased, with significantly decreasing stations
accounting for 73.2% and a regional tendency rate of -0.1 m・s-1・(10a)-1 (P <

chinarxiv.org/items/chinaxiv-202403.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00016


0.01). Therefore, decreasing wind speed contributed negatively to ET0 changes
across most of Xinjiang.

Relative humidity contributions ranged from -25.1% to 20.5%, with a mean ab-
solute value of 3.9%. Stations with positive and negative contributions were
nearly equal, showing no clear spatial pattern. Relative humidity sensitivity
coefficients ranged from -2.5 to -0.5, with all stations negative—ET0 increases
correlate negatively with relative humidity increases. However, relative humid-
ity contributions to ET0 change varied between positive and negative because
contributions depend on both sensitivity coefficients and the factor’s own trend.
During 1961-2019, Xinjiang relative humidity trends were mixed (Figure 5),
with increasing and decreasing stations each accounting for about 50% (Table
1). The regional average relative humidity tendency rate was 0.02%・(10a)^-1.

[Figure 5: see original paper]

When both relative humidity and wind speed contributed negatively, ET0
showed significant decreasing trends. When wind speed contributed negatively
while relative humidity contributed positively with similar magnitude, ET0
trends were non-significant. When wind speed contributed negatively but with
small magnitude or positively, while relative humidity contributed substantially
positively, ET0 showed significant increasing trends. The combined effect of
these two factors caused significant ET0 decreases at nearly half of Xinjiang’s
stations during 1961-2019.

2.3 Comparison Between Wetter and Drier Phases
Overall, the 1990 transition in ET0 trends resulted from shifts in relative humid-
ity and wind speed trends (Figure 6). We further examined differences between
the wetter (1961-1990) and drier (1991-2019) phases. During the wetter phase,
both relative humidity and wind speed contributed negatively to ET0, with
71.4% and 94.6% of stations showing negative contributions, respectively. Dur-
ing the drier phase, contributions became predominantly positive, with positive
contribution stations increasing to 57.1% and 55.4%, respectively.

[Figure 6: see original paper]

Relative humidity and wind speed sensitivity coefficients remained stable be-
tween phases, with similar median values and ranges. The difference lay in
the climate factors’ trend directions. Relative humidity increased during the
wetter phase but shifted to a clear decreasing trend during the drier phase.
Similarly, wind speed decreased during the wetter phase but increased during
the drier phase. The high sensitivity coefficients of relative humidity and wind
speed meant ET0 responded strongly to these factors, and their directional shifts
caused the difference in ET0 trends between periods.
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3 Conclusions
Based on daily observations from 56 meteorological stations during 1961-2019,
this study analyzed Xinjiang’s dry-wet characteristics, changes, and causes un-
der climate change. The main conclusions are:

(1) Xinjiang experienced a significant transition from dry to wet conditions
during 1961-2019. The aridity index (AI) increased at a rate of 0.01・
(10a)^-1 (P < 0.01), with 57.1% of stations showing significant upward
trends. The number of stations classified as extreme arid and arid zones
decreased by 4 and 5, respectively, while semi-arid and semi-humid zones
increased by 8 and 1, respectively, indicating dry-wet zone transitions at
14 stations.

(2) AI changes resulted from combined variations in both water income (pre-
cipitation) and expenditure (evapotranspiration). During 1961-2019, Xin-
jiang’s annual precipitation increased significantly at 8.6 mm・(10a)^-1,
while annual ET0 decreased significantly at -15.7 mm・(10a)^-1. Nearly
all stations (98.2%) showed significant precipitation increases, while 50%
showed significant ET0 decreases. Although ET0 decreased overall during
1961-2019, the time series reveals a transition from decreasing to increas-
ing around 1990.

(3) Relative humidity and wind speed contributed most to ET0 decreases.
Wind speed showed a consistent decreasing trend across the region, con-
tributing negatively at nearly all stations. Relative humidity decreased at
about half of the stations. The combined effect of these two factors caused
significant ET0 decreases at nearly 50% of stations. The ET0 trend shift
from decreasing to increasing around 1990 resulted from trend reversals
in relative humidity (from increasing to decreasing) and wind speed (from
decreasing to increasing) around that time. These findings enhance under-
standing of Xinjiang’s dry-wet changes and provide valuable insights for
rational water resource development and utilization in the region.

References
[1] Qin Dahe. Introduction to Climate Change Science[M]. Beijing: Science
Press, 2018.

[2] IPCC. Climate Change 2021: The Physical Science Basis[M]. Cambridge:
Cambridge University Press, 2021.

[3] Wentz F J, Ricciardulli L, Hilburn K, et al. How much more rain will global
warming bring?[J]. Science, 2007, 317(5835): 233-235.

[4] Wang Jing’ai, Zhang Xianzhou. Changes of humid index and borderline of
wet and dry climate zone in northern China over the past 40 years[J]. Geograph-
ical Research, 2004, 23(1): 45-54.

chinarxiv.org/items/chinaxiv-202403.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00016


[5] Jiang Dabang, Su Mingfeng, Wei Rongqing, et al. Variation and projection
of drought and wet conditions in Xinjiang[J]. Chinese Journal of Atmospheric
Sciences, 2009, 33(1): 90-98.

[6] Ding Yihui, Liu Yanju, Xu Ying, et al. Regional responses to global cli-
mate change: Progress and prospect for trend, causes and projection of climatic
warming wetting in Northwest China[J]. Advances in Earth Science, 2023, 38(6):
551-562.

[7] Pu Zongchao, Zhang Shanqing, Wang Shenglan, et al. The spatial tempo-
ral variation characteristic of dry wet climate in recent 48 years in Xinjiang
Province, China[J]. Journal of Desert Research, 2011, 31(6): 1563-1572.

[8] Li Hongjun. The Analysis of Variation Characteristics and Cause of Drought
Wetness over Tarim River Basin in Recent 50 a[D]. Nanjing: Nanjing University
of Information Science & Technology, 2012.

[9] Zhang Hongli, Fan Mengtian, Xu Jianhua, et al. Analysis of spatial and sea-
sonal variations in climate warming and humidification in Northwest China[J].
Arid Zone Research, 2023, 40(4): 517-531.

[10] Zhang Qiang, Zhu Biao, Yang Jinhu, et al. New characteristics about the
climate humidification trend in Northwest China[J]. Chinese Science Bulletin,
2021, 66(28-29): 3757-3771.

[11] Yao Junqiang, Mao Weiyi, Chen Jing, et al. Signal and impact of wet dry
shift over Xinjiang, China[J]. Acta Geographica Sinca, 2021, 76(1): 57-72.

[12] Chen Yaning, Li Yupeng, Li Zhi, et al. Analysis of the impact of global
climate change on dryland areas[J]. Advances in Earth Science, 2022, 37(2):
111-119.

[13] Gao Ge, Chen Deliang, Ren Guoyu, et al. Trend of potential evapotranspi-
ration over China during 1956 to 2000[J]. Geographical Research, 2006, 25(3):
378-387.

[14] Shi Yafeng, Shen Yongping, Li Dongliang, et al. Discussion on the present
climate change from warm dry to warm wet in Northwest China[J]. Quaternary
Sciences, 2003, 23(2): 152-164.

[15] Chen Fahu, Xie Tingting, Yang Yujie, et al. Discussion of warming and
wetting trend and its future variation in the dry lands of Northwest China
under global warming[J]. Science China Earth Sciences, 2023, 53(6): 1246-1262.

[16] Yao Junqiang, Zhao Yong, Chen Yaning, et al. Multi scale assessments of
droughts: A case study in Xinjiang, China[J]. Science of the Total Environment,
2018, 630(1): 444-452.

[17] Ni Guangheng, Li Xinhong, Cong Zhentao, et al. Temporal and spatial
characteristics of reference evapotranspiration in China[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2006, 22(5): 1-4.

chinarxiv.org/items/chinaxiv-202403.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00016


[18] Sun Qiaohong, Zhang Xuebin, Zwiers F, et al. A global, continental, and
regional analysis of changes in extreme precipitation[J]. Journal of Climate,
2021, 34(1): 243-258.

[19] Zuo Qiting, Li Jiawei, Ma Junxia, et al. Study on spatio temporal varia-
tion characteristics and adaptive utilization strategy of water resources in Xin-
jiang[J]. Water Resources Protection, 2021, 37(2): 21-27.

[20] Kendall M G. Rank correlation methods[J]. Journal of the Institute of
Actuaries, 1949, 75(1): 140-141.

[21] Mann H B. Nonparametric tests against trend[J]. Econometrica, 1945,
13(3): 245-259.

[22] Sen P K. Estimates of the regression coefficient based on Kendall’s tau[J].
Journal of the American Statistical Association, 1968, 63(324): 1379-1389.

[23] Theil H. A Rank Invariant Method of Linear and Polynomial Regression
Analysis[M]. Henri Theil’s Contributions to Economics and Econometrics.
Springer, Dordrecht, 1992: 345-381.

[24] China Meteorological Administration. Specifications for Surface Meteoro-
logical Observation[M]. Beijing: China Meteorological Press, 2013.

[25] McCuen R H. A sensitivity and error analysis of procedures used for esti-
mating evaporation[J]. Journal of the American Water Resources Association,
1974, 10(3): 486-497.

[26] Gong Lebing, Xu Chongyu, Chen Deliang, 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.

[27] Ma Zhuguo, Fu Congbin. The trend analysis of land surface humidity in arid
areas of northern China[J]. Acta Meteorologica Sinica, 2001, 59(6): 741-746.

[28] Ma Zhuguo, Fu Congbin, Yang Qing, et al. Drying trend in northern China
and its shift during 1951-2016[J]. Chinese Journal of Atmospheric Sciences, 2018,
42(4): 951-961.

[29] Paredes P, Fontes J C, Azevedo E B, et al. Daily reference crop evapo-
transpiration in the humid environments of Azores islands using reduced data
sets: Accuracy of FAO PM temperature and Hargreaves Samani methods[J].
Theoretical and Applied Climatology, 2018, 134: 595-611.

[30] Dong Qing, Wang Weiguang, Shao Quanxi, et al. Historical changes, driving
forces, and future projections of the response of reference evapotranspiration
to climate change in Xinjiang, China[J]. International Journal of Climatology,
2020, 40(1): 235-254.

[31] Liu Xiaomang, Zhang Dan. Trend analysis of reference evapotranspiration

chinarxiv.org/items/chinaxiv-202403.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00016


in Northwest China: The roles of changing wind speed and surface air temper-
ature[J]. Hydrological Processes, 2013, 27(26): 3795-3803.

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

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202403.00016 Machine Translation

https://chinarxiv.org/items/chinaxiv-202403.00016

	Characteristics of Dry-Wet Climate Variation in Xinjiang and Its Influencing Factors: Postprint
	Abstract
	Full Text
	Preamble
	1.1 Study Area Overview
	1.2 Data Collection
	1.3 Data Analysis
	2.1 Dry-Wet Characteristic Changes and Their Causes
	2.2 Climate Change Causes of Reference Evapotranspiration Variation
	2.3 Comparison Between Wetter and Drier Phases
	3 Conclusions
	References


