
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-202308.00691

Characteristics and Attribution of Actual Evap-
otranspiration in the Arid Region of Central
Asia Based on the Priestley-Taylor Method
(Postprint)
Authors: Zhuoyi Zhao^{1,2,3}„ Hao Xingming1,3

Date: 2023-08-25T00:00:00+00:00

Abstract
Evapotranspiration constitutes the link between water-energy-carbon cycles.
Understanding its dynamic processes and driving factors is of paramount im-
portance for water resource stability, ecological security, and agricultural wa-
ter management in the Central Asian arid region. This study, based on the
Priestley-Taylor method, estimated and analyzed the spatiotemporal variations
of evapotranspiration in the Central Asian arid region from 2000 to 2019. The
Lindeman-Merenda-Gold method was employed to quantitatively evaluate the
absolute contributions of different driving factors to each evapotranspiration
component, and the contributions of each driving factor to evapotranspiration
were assessed by weighting according to the contributions of each component
to evapotranspiration changes. The results indicate that evapotranspiration in
the Central Asian arid region exhibited a fluctuating increase at an overall rate
of 1.45 mm・a−1, with a spatial pattern of “increasing in the east and decreas-
ing in the west”. The trends of vegetation transpiration, evaporation, and
canopy interception evaporation were 2.46 mm・a−1, -1.03 mm・a−1, and 0.02
mm・a−1, respectively, contributing 70.09%, 29.34%, and 0.57% to evapotran-
spiration changes. NDVI was the dominant factor for vegetation transpiration
and canopy interception evaporation, while air temperature was the dominant
factor for evaporation. Overall, NDVI represents the dominant factor driving
evapotranspiration changes in the Central Asian arid region, with an absolute
contribution of 28.16%.
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Abstract: Evapotranspiration serves as the critical link between water, energy,
and carbon cycles. Understanding its dynamic processes and driving factors
is essential for water resource stability, ecological security, and agricultural
water management in arid Central Asia. This study employed the Priestley-
Taylor diurnal land surface temperature range (PT-DTsR) model to estimate
and analyze spatiotemporal variations of evapotranspiration in the region. The
Lindeman-Merenda-Gold method was used to quantitatively evaluate the ab-
solute contributions of different drivers to each evapotranspiration component,
and the contributions of each driver to total evapotranspiration were assessed
by weighting according to each component’s contribution to overall evapotran-
spiration change. Results indicate that evapotranspiration in arid Central Asia
increased at a rate of 1.45 mm・a−1, exhibiting a distinctive spatial pattern of
“increasing in the east, decreasing in the west.”Vegetation transpiration, evapo-
ration, and canopy interception evaporation changed at rates of 2.46 mm・a−1,
-1.03 mm・a−1, and 0.02 mm・a−1, respectively, contributing 70.09%, 29.34%,
and 0.57% to the total evapotranspiration change. The Normalized Difference
Vegetation Index (NDVI) emerged as the dominant factor driving evapotranspi-
ration variability, with an absolute contribution of 28.16%.

Keywords: evapotranspiration; spatiotemporal variation; attribution; contri-
bution; Central Asia; arid region

Introduction
The 2020 United Nations World Water Development Report, “Water and Cli-
mate Change,”highlights that climate change challenges water resource stabil-
ity, with water resources already under severe stress in many regions worldwide.
Rapid socioeconomic development has further intensified global water supply-
demand contradictions. Situated in the hinterland of the Eurasian continent,
Central Asia is characterized by arid climate and scarce precipitation, where
insufficient water resources have become a critical constraint on economic de-
velopment and ecological security. As the primary water consumption term in
the hydrological cycle, evapotranspiration exhibits an increasing trend globally,
posing significant challenges to water resource security. Moreover, evapotran-
spiration functions as the crucial nexus connecting water, energy, and carbon
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cycles, serving as a key variable linking ecosystem functions, carbon-climate
feedbacks, agricultural management, and water resources, and playing a pivotal
role in terrestrial ecosystem carbon cycling and energy balance.

Evapotranspiration is a complex hydrological process influenced by numerous
environmental factors. Dalton’s law establishes that evaporation correlates pos-
itively with saturation vapor pressure deficit and wind speed, while the Budyko
framework conceptualizes evapotranspiration as a trade-off between surface wa-
ter and heat conditions, with water and energy availability being the primary
limiting factors. Variations in radiation, precipitation, temperature, specific hu-
midity, and saturation vapor pressure deficit all affect evapotranspiration, with
their relative contributions shifting according to regional water-heat conditions.
Generally, evapotranspiration drivers can be categorized into three types: atmo-
spheric evaporative demand (all meteorological factors except radiation), water
supply (precipitation, etc.), and heat supply (radiation). Atmospheric evapo-
rative demand represents the upper limit of evapotranspiration, water supply
provides the material basis, and heat supply provides the energy driver.

Recent global vegetation greening has drawn considerable academic attention to
vegetation impacts on evapotranspiration, with studies indicating that vegeta-
tion greening contributes up to 17–24% of global terrestrial evapotranspiration
changes. Building upon these three driver categories, this study introduces veg-
etation activity as a fourth category representing surface biophysical processes.

Previous research has considered seasonal and regional differences in driving
factors but overlooked variations among evapotranspiration components. Evap-
otranspiration comprises three distinct components: vegetation transpiration
(ETc, hereafter transpiration), evaporation (ETs, including soil and water body
evaporation), and canopy interception evaporation (ETi, hereafter interception).
These components differ in water sources and underlying mechanisms. Analyz-
ing only their sum obscures individual component characteristics and yields un-
rigorous interpretation of environmental factors’roles in water-heat processes.
This study addresses these limitations by: (1) estimating spatiotemporal evapo-
transpiration patterns in Central Asia using the PT-DTsR model; (2) analyzing
trends in each component and their contributions to total evapotranspiration
change; and (3) quantifying driver contributions to each component and deriv-
ing weighted contributions to total evapotranspiration.

1.1 Study Area Overview
Arid Central Asia is located in the Eurasian continental interior between 34.33°–
55.44°N and 46.50°–106.84°E, encompassing the five Central Asian countries
(Kazakhstan, Tajikistan, Kyrgyzstan, Uzbekistan, Turkmenistan) and China’s
northwestern arid region [Figure 1: see original paper]. The region features
pronounced topographic relief and a mountain-oasis-desert landscape, with the
Tianshan, Kunlun, Altai Mountains, Kazakh Uplands, Taklamakan Desert, Gur-
bantunggut Desert, Karakum Desert, and Turan Plain situated within its bound-
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aries. Influenced by topography and continental location, oceanic moisture can-
not reach the region, resulting in scarce precipitation with large spatial variabil-
ity, making it one of the world’s most arid regions. In Central Asia, potential
and actual evapotranspiration often exhibit opposite trends, approaching a com-
plementary relationship.

1.2 Data Sources and Processing
Evapotranspiration data were estimated using the Priestley-Taylor diur-
nal land surface temperature range (PT-DTsR) model, with validation
performed in our previous research. Meteorological data were obtained
from the Global Land Data Assimilation System (GLDAS) version
(https://disc.gsfc.nasa.gov/datasets?project=GLDAS), including specific
humidity, wind speed, precipitation, air temperature, and radiation. Nor-
malized Difference Vegetation Index (NDVI) data were derived from the
Moderate Resolution Imaging Spectroradiometer (MODIS) MOD13A2 product
(https://appeears.earthdata.nasa.gov/).

1.3 Methods
1.3.1 Evapotranspiration Estimation

The PT-DTsR model, based on the Priestley-Taylor equation, calculates appar-
ent thermal inertia from diurnal land surface temperature variation to replace
relative humidity and vapor pressure deficit in quantifying soil moisture con-
straints. This simplification reduces data requirements and overcomes data
scarcity issues in Central Asia. The model calculates potential values for each
evapotranspiration component using the Priestley-Taylor equation, then applies
environmental stress factors (soil moisture stress, temperature stress, etc.) to
derive actual values. Detailed model description is available in the original
literature.

1.3.2 Contribution Analysis

The Lindeman-Merenda-Gold method decomposes the coefficient of determina-
tion (R2) into non-negative components, quantifying each explanatory variable’
s contribution to the dependent variable. This metric uses the unweighted av-
erage of each variable’s sequential contributions across all available regressor
permutations to avoid order effects. Component contributions to total evap-
otranspiration change were calculated by first determining each component’s
contribution rate to interannual variability, then normalizing by absolute values.

1.3.3 Statistical Analysis

Pearson correlation coefficients combined with t-tests were used for correlation
analysis and significance testing among different variables. The Theil-Sen me-
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dian method combined with Mann-Kendall tests was employed for trend analysis
and significance testing.

2.1 Spatiotemporal Variation Characteristics of Evapotran-
spiration
Mean annual evapotranspiration in arid Central Asia is approximately 149.62
mm, with lakes showing the highest values (>1000 mm) and the Kunlun Moun-
tains the lowest (<50 mm). The annual trend exhibits a unique“west decreasing,
east increasing”pattern, with increasing and decreasing trends covering 50.12%
and 49.88% of the land area, respectively. The most significant increases oc-
cur in the Kazakh Uplands and oasis areas of northwestern China, while the
most pronounced decreases appear in northwestern Kazakhstan [Figure 2: see
original paper].

Seasonal evapotranspiration varies substantially, with summer values highest
(39.34 mm), followed by spring (19.10 mm), autumn, and winter (3.90 mm).
From spring to autumn, high evapotranspiration values primarily occur around
lakes and the Altai and Tianshan Mountains (including northwestern Chinese
oases), while Kunlun Mountains show the lowest values. Winter evapotranspi-
ration decreases from south to north.

In seasonal trend analysis, summer shows the most pronounced changes, highly
consistent with interannual variation. Spring increases concentrate around the
Tianshan and Altai Mountains, while autumn and winter trends are insignifi-
cant.

2.2.1 Interannual and Intra-annual Variation Characteris-
tics of Evapotranspiration Components
The interannual trend of evapotranspiration shifted around 2010, decreasing be-
fore 2010 and increasing thereafter, reaching maximum values in 2016 [Figure
3: see original paper]. Intra-annual variation follows a unimodal pattern, peak-
ing in July. Evapotranspiration is dominated by evaporation and transpiration,
with mean annual contributions of 63.15% and 36.30%, respectively, while in-
terception accounts for only 0.55%. Evaporation is the largest component, with
annual and monthly proportions exceeding 50% in most years. Transpiration
proportion trends closely align with total evapotranspiration trends, rising and
falling synchronously.

2.2.2 Spatial Distribution of Evapotranspiration Compo-
nent Trends
Vegetation transpiration shows the most significant changes, contributing
70.09% to total evapotranspiration change despite comprising only 36.30%
of the total. Transpiration increased at 2.46 mm・a−1, with increasing and
decreasing areas covering 68.14% and 31.86% of the study region, respectively.
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The most significant increases occur in oasis areas of northwestern China, while
decreases are limited to Kazakhstan and northwestern Tianshan.

Evaporation decreased at -1.03 mm・a−1, with negative and positive trends
covering 63.33% and 36.67% of the area, respectively. The most pronounced
decreases occur in water bodies (Balkhash Lake, Aral Sea, Issyk-Kul), exceeding
-5 mm・a−1, while increases appear in non-mountainous areas of northwestern
China and around the Kopet Dag Mountains in the southern study area. In
mountainous regions (Tianshan, Kunlun, Altai, Kazakh Uplands) and the Tu-
ran Plain, transpiration and evaporation show opposite trends, while in oasis
areas they share similar trends but with transpiration changes exceeding soil
evaporation changes.

Canopy interception evaporation trends are negligible and thus not mapped.

2.3.1 Correlation Analysis Between Evapotranspiration
Components and Driving Factors
Vegetation transpiration correlates most strongly with NDVI (r = 0.80, p <
0.001) and significantly with precipitation, specific humidity, and downward
shortwave radiation (r = 0.45, 0.42, 0.41, respectively, p < 0.05). While un-
derlying vegetation conditions are the most direct driver, the other three factor
categories also significantly influence transpiration.

Evaporation (including soil and water evaporation) shows the highest correlation
with temperature (r = -0.41, p < 0.001), with opposite trends before 2010—tem-
perature rising while evaporation decreased, suggesting a potential complemen-
tary relationship between potential and actual evapotranspiration. During this
period, downward shortwave radiation decreased while precipitation continued
declining. Rising temperatures coupled with decreasing precipitation intensi-
fied water supply-demand contradictions, likely causing persistent soil moisture
decline that suppressed evaporation. Reduced latent heat from insufficient soil
moisture may have increased sensible heat, raising temperatures and creating a
positive feedback mechanism. After 2010, temperature and evaporation became
positively correlated, with warming promoting evaporation. Evaporation also
correlates strongly with specific humidity (r = 0.37, p < 0.001), with signifi-
cant differences before and after 2010, indicating that atmospheric evaporative
demand’s ability to drive water flux is constrained by water supply.

Canopy interception evaporation correlates most strongly with NDVI (r = 0.83,
p < 0.001), with highly overlapping time series, and also correlates significantly
with precipitation and specific humidity (r = 0.45, 0.42, p < 0.01). Interception
water originates from discontinuous canopy-precipitation events, requiring less
energy due to lower evaporation rates, and thus shows no significant correlation
with energy supply or atmospheric demand factors.

chinarxiv.org/items/chinaxiv-202308.00691 Machine Translation

https://chinarxiv.org/items/chinaxiv-202308.00691


2.3.2 Attribution Analysis of Evapotranspiration
Attribution analysis results align with correlation analysis. Transpiration is
dominated by NDVI, with an absolute contribution of 28.16%, nearly equal to
the other three factors combined (30.93%). Radiation and precipitation also con-
tribute substantially to transpiration (10.25% and 9.31%, respectively). Tem-
perature and wind speed contribute minimally (4.68% and 7.19%) due to vegeta-
tion’s biophysical responses that reduce atmospheric demand impacts through
stomatal regulation. Evaporation is dominated by temperature (12.01% abso-
lute contribution), with specific humidity and precipitation contributing 9.31%
and 4.68%, respectively.

Weighted by each component’s contribution to total evapotranspiration change,
the contributions of different factors to overall evapotranspiration were assessed
[Figure 6: see original paper]. The results show that known factors explain
71.60% of evapotranspiration variation, with NDVI having the highest explana-
tory power (28.16% absolute contribution). Vegetation activity not only domi-
nates transpiration (70.09% of total evapotranspiration change) but also domi-
nates canopy interception evaporation (0.57% of total change) through precipi-
tation interception. Additionally, vegetation cover changes affect surface albedo
and roughness, influencing evaporation processes.

Temperature ranks second; despite dominating evaporation, its low contribution
to total evapotranspiration change (29.34%) limits its absolute contribution to
12.01%. Specific humidity, precipitation, and wind speed contribute 10.25%,
9.31%, and 4.68%, respectively, primarily by altering atmospheric evaporative
demand to drive water flux from surface to atmosphere. However, vegetation
can mitigate these effects through stomatal control, resulting in lower contri-
butions to transpiration. Due to complementary feedback mechanisms between
atmospheric and unsurface water fluxes, the dominant factor in the relation-
ship between atmospheric demand and actual evapotranspiration can shift with
changing conditions.

According to Budyko theory, water supply should be the primary limiting factor
for evapotranspiration in arid Central Asia. However, precipitation’s absolute
contribution is only 4.75%, likely because precipitation is not the sole water
source. The region has complex water sourcing mechanisms, with glacier and
snowmelt feeding most rivers and representing important freshwater sources.
Billions of people depend on meltwater from thousands of Asian high-mountain
glaciers. Transpiration, the component contributing most to evapotranspiration
change, is a continuous process directly sourced from root-zone soil moisture,
which is recharged by discontinuous precipitation. Studies show global evapo-
transpiration changes are driven by soil moisture variation. Incorporating glacier
melt and soil moisture as water sources could further improve explanatory power
for evapotranspiration changes in arid Central Asia.
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3 Conclusions
This study simulated actual evapotranspiration in arid Central Asia from 2000
to 2020 using the PT-DTsR model and analyzed its spatiotemporal variation
and driving factors. The main conclusions are:

1) Evapotranspiration in arid Central Asia increased at 1.45 mm・a−1, show-
ing an east-west spatial pattern. Both evapotranspiration magnitude and
trend exhibit summer > spring > autumn > winter characteristics. Evap-
otranspiration originates from transpiration and evaporation, with mean
annual contributions of 36.30% and 63.15%, respectively. Transpiration
increased at 2.46 mm・a−1 (68.14% of area), while evaporation decreased
at -1.03 mm・a−1 (63.33% of area). Their contributions to total evapo-
transpiration change were 70.09% and 29.34%, respectively.

2) NDVI is the dominant factor driving evapotranspiration change, with an
absolute contribution of 28.16%. Temperature dominates evaporation,
while vegetation activity dominates both transpiration and canopy inter-
ception evaporation.
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