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Abstract

Land evapotranspiration is a critical process in land-atmosphere water and heat
exchange, representing an essential component of global water transport and
energy conversion. Identifying the spatiotemporal dynamic characteristics of
evapotranspiration holds significant importance for investigating regional water
cycles and energy conversion. This study employs observational data from nine
flux stations to comparatively analyze the applicability of three global evapotran-
spiration products (GLEAM, MOD16, and PML-V2) across China. Building
upon this, the land surface evapotranspiration product demonstrating optimal
applicability in China is selected to analyze the spatiotemporal dynamic char-
acteristics of land surface evapotranspiration in China from 2003 to 2020. The
results indicate: (1) The PML-V2 evapotranspiration product exhibits the best
applicability in China. (2) Temporally, evapotranspiration in China displays an
increasing trend during the study period; spatially, it demonstrates a general
increasing gradient from northwest to southeast throughout the study period.
(3) Based on Hurst exponent analysis, future evapotranspiration changes in
China are expected to exhibit a trend opposite to historical patterns; that is,
whereas evapotranspiration showed an overall increasing trend in the past, it is
projected to decline in the future. This study, through analyzing the spatiotem-
poral dynamic characteristics of land surface evapotranspiration in China, aims
to provide valuable references for regional water resource utilization and optimal
allocation.
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Abstract

Terrestrial evapotranspiration is a crucial process in land-atmosphere water and
heat exchange and represents a vital component of global water migration and
energy conversion. Identifying the spatiotemporal dynamic characteristics of
evapotranspiration holds significant importance for studying regional water cy-
cles and energy conversion. This research utilizes observational data to com-
pare and analyze the suitability of three global evapotranspiration products
(GLEAM, MOD16, and PML-V2) across China. Building upon this evalua-
tion, we selected the most suitable terrestrial evapotranspiration product data
for the Chinese region and analyzed its spatiotemporal dynamic characteristics.
The results demonstrate: (1) The PML-V2 evapotranspiration product exhibits
the best suitability for the Chinese region. (2) Temporally, China’ s evapo-
transpiration showed an increasing trend during the study period; spatially,
evapotranspiration generally increased from northwest to southeast during the
study timeframe. (3) According to Hurst index analysis of future evapotran-
spiration changes in China, the expected trend will oppose past performance—
while evapotranspiration previously showed an overall increasing trend, future
evapotranspiration is predicted to decline. This study analyzes the spatiotempo-
ral dynamic characteristics of terrestrial evapotranspiration in China to provide
a reference for regional water resource utilization and optimal allocation.
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1. Introduction

Research on evapotranspiration is of great significance for rational water re-
source allocation, crop yield improvement, and regional climate dynamic analy-
sis. Currently, direct measurement of evapotranspiration is generally limited to
small scales using methods such as lysimeters, Bowen ratio systems, and eddy co-
variance towers, making it impractical to obtain actual measurements for large
regional scales. However, with the development of remote sensing technology
and empirical theoretical models, large-scale actual evapotranspiration estima-
tion has become feasible. Presently, the main global and regional products
with good fitting performance include MOD16 and GLEAM evapotranspiration
products based on the Penman-Monteith equation.
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The physical mechanisms of evapotranspiration are influenced by various sur-
face parameters including climate and environmental factors. Analyzing the
spatiotemporal dynamic characteristics of evapotranspiration across China en-
ables macroscopic understanding of national climate evapotranspiration condi-
tions and future changes, providing data sources and analytical foundations for
drought early warning and water resource scheduling. Most scholars have pri-
marily focused on regional-scale evapotranspiration analysis or potential evap-
otranspiration calculated through improved Penman-Monteith formulas, often
neglecting product suitability when selecting evapotranspiration products for
analysis. This study evaluates the suitability of three evapotranspiration prod-
ucts in China using flux station data from nine Chinese sites published in the
FLUXNET2015 dataset, then analyzes the spatiotemporal dynamic character-
istics of evapotranspiration across China using the most suitable product.

2. Study Area and Data
2.1 Study Area

China is located in southeastern Asia with an overall topography that is high
in the west and low in the east, featuring diverse climate types. According
to climate zoning data from the Resource and Environmental Science Data
Center of the Institute of Geographic Sciences and Natural Resources Research,
Chinese Academy of Sciences, the study area is divided into nine primary climate
zones based on accumulated temperature during periods with daily average
temperature $ $10°C and the multi-year average temperature of the coldest
month or extreme minimum temperature as heat indices, and aridity index as
a moisture indicator. The Nansha Islands are excluded from this study due to
their small and dispersed area. The study area is illustrated in [Figure 1: see
original paper].

2.2 Data Sources

2.2.1 Flux Station Data Due to the completeness of the FLUXNET2015
dataset (https://fluxnet.org) and its advanced methods for handling missing or
anomalous values, this study selected nine flux stations from the dataset located
in China (excluding one site with large errors) to evaluate the suitability of
global evapotranspiration products in the region. The stations are DK-Sor, HK-
WS1, CN-Qia, CN-HaM, CN-Dan, CN-Din, CN-Ha2, and CN-Du2. Station
distribution is shown in [Figure 1: see original paper] and detailed information
is provided in .

2.2.2 GLEAM Evapotranspiration Product The GLEAM (Global Land
Evaporation Amsterdam Model) evapotranspiration product estimates actual
terrestrial evapotranspiration and plant root zone soil water content from satel-
lite remote sensing data. First released in 2011, the dataset has been revised
and developed into the latest GLEAM v3 series. GLEAM v3 maintains roughly
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consistent water fluxes with previous versions while improving correlation coef-
ficients with soil moisture content from 28 soil moisture sensors across various
layers. Data were downloaded from www.GLEAM.eu at 0.25° resolution and
daily temporal scale for the period matching flux station data, then aggregated
to monthly means for suitability analysis.

2.2.3 MOD16 Data The MOD16 dataset is a global terrestrial evapotranspi-
ration product produced by NASA using Terra satellite platform data through
the Penman-Monteith algorithm. The dataset includes monthly evapotranspira-
tion data at 500 m spatial resolution covering global land area (1.09$x107{8}$
km?). MOD16 comprises three components: soil evaporation, wet canopy evap-
oration, and plant transpiration from dry canopy surfaces, calculating daytime
and nighttime evapotranspiration separately before integrating to daily scale.
Validation using AmeriFlux site data showed the improved algorithm effectively
reduced mean absolute error from 0.39 mm-d~' to 0.33 mm-d~'. For this
study, monthly data were downloaded from Google Earth Engine for the period
matching flux station data.

2.2.4 PML-V2 Data The PML-V2 dataset, developed by the Institute of
Geographic Sciences and Natural Resources Research, Chinese Academy of Sci-
ences, uses Google Earth Engine platform with remote sensing data as drivers to
calculate global terrestrial evapotranspiration based on the Penman-Monteith-
Leuning model at 500 m spatial resolution and 8-day temporal scale. Validated
using data from 95 globally distributed flux sites covering 11 vegetation types,
the product effectively reduced root mean square error to 0.69 mm -d~! and
bias to -1.8%. The dataset covers 2002-2017; this study selected all data for
this period and aggregated to monthly means for analysis.

2.2.5 Other Reference Data SRTM v3 elevation data for China were ob-
tained from NASA’ s Jet Propulsion Laboratory at 90 m resolution.

3. Methods
3.1 Suitability Evaluation Method

To evaluate the suitability of evapotranspiration products in China, this study
compared FLUXNET2015 flux station data with product data using Pearson
correlation coefficient and root mean square error (RMSE) as primary metrics.

Pearson Correlation Coefficient. The Pearson correlation coefficient (r)
widely measures correlation strength between two variables. This study used
correlation strength between observed and product data as an evaluation index,
calculated as:
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where x; and y, are sample values, z and y are means, and n is sample size.

Root Mean Square Error. RMSE measures differences between observed
and simulated values, calculated as:
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n

RMSE =

where z; is observed data and y; is simulated data.

Taylor Diagram. Taylor diagrams comprehensively visualize correlation coef-
ficient, standard deviation, and RMSE, with observation points marked as black
dots; closer proximity indicates better product performance.

3.2 Spatiotemporal Dynamic Characteristics Analysis

Spatiotemporal dynamic analysis employs various methods to examine temporal
and spatial patterns and predict trends, providing references for water resource
planning. Methods include:

o Coefficient of Variation (CV): Measures temporal stability, with larger
CV indicating greater interannual dispersion.

e Theil-Sen Median: Robust non-parametric trend calculation; positive
B indicates increasing trends, negative § indicates decreasing trends.

o Mann-Kendall Test: Non-parametric trend significance test; when |Z|
exceeds critical values, trends are significant.

e Hurst Index: Measures long-term memory; H = 0.5 indicates random
series, H > 0.5 indicates strong positive autocorrelation (future consis-
tent with past), H < 0.5 indicates strong negative autocorrelation (future
opposite to past).

4. Results
4.1 Evapotranspiration Product Suitability Evaluation

Comparison of nine flux stations shows that except for the DK-Sor site, all
products correlate well with observations, with generally consistent temporal
trends. [Figure 2: see original paper| presents site fitting results, while [Figure
3: see original paper| shows Taylor diagrams. PML-V2 demonstrates superior
performance across all metrics, with correlation coefficients, standard deviations,
and RMSE values closest to observations. GLEAM and MOD16 perform less
favorably. Overall, PML-V2 exhibits clear advantages in both temporal and
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spatial fitting with station data, showing good suitability for China. Therefore,
PML-V2 was selected for spatiotemporal dynamic analysis.

4.2 Spatial Distribution Characteristics (2003-2020)

National multi-year average evapotranspiration was calculated from PML-V2
data. Evapotranspiration zones were classified as low (<200 mm -a~!), medium
(200-400 mm+a~1t), and high (>400 mm-a~1). Spatial distribution shows a clear
increasing trend from northwest to southeast, with maximum values typically
near water bodies. The coefficient of variation indicates low spatial variability
in the north temperate zone, mid temperate zone, mid subtropical zone, south
subtropical zone, and north tropical zone, while the mid temperate zone, south
temperate zone, north subtropical zone, and plateau climate zone show high
variability. Barren areas (sand, rock, soil) in northwest China exhibit low evap-
otranspiration due to climate and cover type. At the same latitude, different
land cover types and climate zones produce varying evapotranspiration rates.
Climate zoning shows good consistency with multi-year average evapotranspi-
ration patterns, with maximum values increasing from northwest to southeast
across zones [Figure 4: see original paper|, [Figure 5: see original paper].

4.3 Temporal Variation Characteristics (2003-2020)

Temporal variation coefficient spatial distribution [Figure 6: see original paper]
and statistics reveal that the north temperate zone, mid temperate zone, south
temperate zone, and plateau climate zone show relatively high temporal varia-
tion, with CV values of 0.18, 0.16, 0.15, and 0.15 respectively. Similar to spatial
analysis, high temporal variability concentrates near basin-edge mountains and
coastal cities.

National evapotranspiration shows slight fluctuations with an overall increasing
trend at 0.89 mm -a~! [Figure 7: see original paper]. Linear regression for
each zone follows the form Y = B, + B;x, where X is year, B, is constant,
and Bj is coefficient . Theil-Sen median and Mann-Kendall analyses [Figure
8: see original paper], [Figure 9: see original paper| show that except for the
north temperate zone, most regions exhibit low confidence levels, indicating
non-significant trends. However, local areas show clear increasing or decreasing
trends. Overall, both methods consistently indicate a growth trend across China

4.4 Future Prediction

Hurst index analysis [Figure 10: see original paper| reveals that north temper-
ate, mid tropical, and plateau climate zones have H < 0.5, indicating future
trends opposite to past trends (predicted decrease). Mid temperate and mid
subtropical zones show inconsistent trends with low confidence, suggesting sta-
ble fluctuations. South temperate, north subtropical, south subtropical, and
north tropical zones also have H < 0.5, indicating opposite future trends (slight
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increase becoming slight decrease). China’ s overall Hurst index is <0.5, sug-
gesting future evapotranspiration will oppose past growth trends and gradually
decrease.

5. Discussion

Geoclimatic factors appear to be the primary drivers of large-scale regional
evapotranspiration. The choice of research scale is critical for investigating
heterogeneity and influencing factors, requiring deeper analysis across different
scales and datasets. In water-scarce northern regions, temporal variation coeffi-
cients are generally larger, while southern humid regions show lower coefficients.
Coastal cities and basin-edge mountains exhibit high temporal variability due
to irregular local climate conditions. Maximum and minimum annual evapo-
transpiration timing varies across zones but correlates within adjacent regions.

6. Conclusion

This study evaluated three evapotranspiration products using Chinese flux sta-
tion data, identifying PML-V2 as most suitable for China. Analysis of 2003-
2020 data reveals: (1) Evapotranspiration increases from northwest to southeast,
primarily influenced by geographic and meteorological factors. The mid temper-
ate, south temperate, north subtropical, and plateau climate zones show high
spatial variability due to heterogeneity, while other zones exhibit stable spatial
patterns. (2) Temporal analysis shows small fluctuations across zones, with
northern arid regions generally showing higher temporal variation coefficients
than southern humid regions. Variation coeflicients correlate with land cover
type and geographic environment. (3) Trend analysis indicates overall growth,
though mostly non-significant at the national scale, with significant local trends.
(4) Hurst index prediction suggests future evapotranspiration will oppose past
trends, likely decreasing overall. These findings provide valuable references for
regional water resource management and ecological hydrology research in China.
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