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Abstract: Evapotranspiration (ET) refers to the total water vapor flux transported by vegetation and
surface soil to the atmosphere. It is an important component of water and heat regulation, and has
impact on plant productivity and water resource management. As a water shortage region,
Mongolian Plateau is characterized by drought and uneven distribution of rainwater resources.
Understanding the spatiotemporal distribution characteristics of ET in the Mongolian Plateau is of
great significance for water resource regulation. This study calculated the spatiotemporal distribution
characteristics of actual ET in the Mongolian Plateau based on the SFE-NP model, and generated a
surface ET dataset with a spatial resolution of 1km and temporal resolution of monthly from 2001 to
2020. The correlation coefficient R, determination coefficient R?, and root mean square error RMSE
between this dataset and the ERA5_Land ET dataset were 0.78, 0.62, and 0.97, respectively, indicating
that this dataset has high accuracy and reliable estimation results. This dataset can provide data
support for research and applications such as surface water resource allocation and livestock
regulation in the Mongolian Plateau.
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1. Introduction

Evapotranspiration (ET) refers to the total water vapor flux transported from surface soil and
vegetation to the atmosphere[l], mainly including the evaporation of soil moisture and the
transpiration of vegetation towards water[2]. ET not only affects the interaction between the
"geosphere biosphere atmosphere" [3], but is also a key element for energy and water vapor
transmission and exchange [12], and is one of the important indicators for evaluating the
hydrothermal regulation function [4]. Surface ET consumes 50% of solar radiation [17], and over 60%
of atmospheric precipitation is returned to the atmosphere through ET [18], making it an important
component of the terrestrial water cycle. Therefore, accurate estimation of ET plays an important role
in climate change simulation and water resource management, and other application areas.

Due to the inability of flux observation points to meet the needs of large-scale observations,
satellite remote sensing data is commonly used to invert surface parameters for ET evaluation. The
commonly used models include Penman Monteith model [13], SEBS model [14], Priestley Taylor
model [15], empirical statistical model [16], etc. The Penman Monteith model is a combination of
reference ET and crop coefficients to estimate actual ET, but impedance parameters are difficult to
obtain or calculate [5]. Although the Priestley Taylor model is widely used in calculating potential
ET, it has more limitations when calculating actual ET and requires certain adjustments to the
coefficients [21]; The SEBS model, including other single source models, is suitable for areas with
simple and single underlying surfaces, but its accuracy is poor in areas with low vegetation coverage
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[20], and the acquisition and processing of surface parameters are complex. Empirical determination
of dry and wet edges varies from person to person [6]. Although non parametric calculation of ET
can avoid the uncertainty caused by changes in impedance parameters on the calculation results,
there are still significant errors in arid areas [7]. The non parametric ET estimation method based on
surface flux balance theory (SFE-NP model) will effectively improve its applicability in arid regions.

The Mongolian Plateau has a temperate continental climate and is located in an arid and semi-
arid region with uneven distribution of water and heat, low rainfall and fragile ecological
environment [8]. It is particularly sensitive to changes in climate and environment [9]. Water
resources also restrict the development of animal husbandry and social economy in arid areas [10].
Therefore, accurate estimation of evapotranspiration over the Mongolian Plateau is of great
significance for rational allocation of regional water resources, drought monitoring and agricultural
precision irrigation [19]. Based on the data of surface temperature, mean relative humidity and net
solar radiation, this study calculated the actual evapotranspiration data set of the Mongolian plateau
from 2001 to 2020 based on the SFE-NP model.

2. Data Description

2.1. Distribution of Data Space and Composition of Results

This dataset includes the Mongolian Plateau surface evapotranspiration dataset with a spatial
resolution of 1km from 2001 to 2020. Including monthly and annual products, there are a total of 272
data files in TIF format. The geographical area is 87 °40'E-122°15"E, 37 °46 'N-53 ° 08 ' N, including
the entire territory of Mongolia and Inner Mongolia Autonomous Region of China.

The naming convention for the surface ET dataset based on the SFE-NP model in the Mongolian
Plateau from 2001 to 2020 is as follows: ETYYYYMM.TIF, ET_sum_YYYY.TIF, Such as ET200101.TTF,
ET_sum_2001.TIF, ETO1.TIF. ET represents the 1km spatial resolution ET data of the Mongolian
Plateau, YYYY represents the year, MM represents the month, sum_YYYY represents the annual ET
data, and TIF represents the data visualization format. The geographic coordinate system of the ET
datasetis WGS_1984, and the projection coordinate system is WGS_1984_UTM_Zone_46N. The spatial
distribution of annual average ET on the Mongolian Plateau from 2001 to 2020, calculated based on
the SFE-NP model, is shown in Figure 1, and the monthly average spatial distribution pattern is
shown in Figure 2.
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Figure 1. Spatial distribution of average annual ET in the Mongolian Plateau from 2001 to 2020.
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Figure 2. Spatial distribution map of monthly average ET in the Mongolian Plateau from 2001 to 2020.

2.2. Data Result Verification

In order to ensure the accuracy of the surface ET dataset, this study selected 8 sites in the
Mongolian Plateau and used the ERA5-Land total evaporation dataset to test the dataset using
correlation coefficient R, determination coefficient R?, and root mean square error RMSE. The test
results are shown in Table 1, which are relatively accurate.

Table 1. Verification of ET Accuracy in the Mongolian Plateau from 2001 to 2020.

Serial Number R R? RMSE
1 0.77 0.60 1.25
2 0.75 0.56 1.21
3 0.79 0.63 0.85
4 0.82 0.67 0.67
5 0.83 0.69 0.70
6 0.81 0.66 0.90
7 0.63 0.40 1.66
8 0.87 0.75 0.56
3. Methods

3.1. Data Sources

The relative humidity and average temperature dataset are sourced from the National Earth
System Science Data Center, the dataset on surface net solar radiation and ET validation dataset are
sourced from ERA5-Land, with a spatial resolution of 1km and a temporal resolution of monthly,
from 2001 to 2020;
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The data on surface temperature and surface emissivity are sourced from LAADS DAAC from
2001 to 2020, using the MOD11A2 dataset with a spatial resolution of 1km and a temporal resolution
of 8 days.

3.2. Data Processing Methods

MOD11A2 band data of surface temperature and surface emissivity, as well as ERA5-Land
surface net radiation and ET verification data, were used to preprocess the above dataset; The raster
data was clipped to the Mongolian Plateau, outliers were removed and empty values were filled, and
the required units were converted by corresponding scaling factors, and the time scale was converted
to the monthly scale.

The specific process mentioned above is shown in Figure 3.
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Figure 3. Data processing flowchart.

3.3. SFE-NP model calculation

This dataset uses data on average temperature, average relative humidity, net solar radiation,
etc. from 2001 to 2022 to calculate the actual ET of the Mongolian Plateau based on the SFE-NP model:

RH-A
ET =
RH-A+y

(R, = G) =& o(T* = T + G- In(xD) 1)

In the formula, ET is the actual ET(mm), RH is the average relative humidity(%), A is the
saturated vapor pressure gradient(kPa - °C™?), y is the dry wet bulb constant(kPa - °C™1), R, is the
net surface radiation(M] - m~2), G is the soil heat flux(M] - m~2), ¢ is the surface emissivity, o is the
Boltzmann constant(4.903 X 107°M] - K™ -m~2), Ts is the surface temperature(°C), and Tis the
average temperature(°C).

The calculation formula for geothermal flux G is:

Gmonth,i = 0-14'(Tmonth,i - tmonth,i—l) (2)

Gmontn,; 1S the average geothermal flux for the current month (MJ - m™2) ; Ty onen; is the average
temperature of the current month, and Ty, -1 is the average temperature of the previous month.
The formula for calculating the slope A of the saturated vapor pressure curve is:
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A 4098 x e 3
~ (T +237.3)2 ®)

T is the average temperature; egis the saturated vapor pressure (kPa) at temperature T.
The calculation formula for saturated vapor pressure e is:

= 0.6108exp |27 (4)
Gs = TOTIOED [T +237.3
The formula for calculating the dry wet bulb constant y is:
cpP P
=—=10.00163— 4
Y= X (4)

cp is the specific heat of moist air (1.013k]-kg™"-°C™") ; P is atmospheric pressure (kPa); € is
a constant with a value of 0.622; A is the latent heat of evaporation, and the calculation formula is:
A =2.50025—0.002365 X T,

The specific calculation process of SFE — NP model and factors in the formula is shown in Figure

Meteorological data of
the Mongolian Plateau

v .
Atmospheric ERA5-Land net solar
pressure, average radiation data were removed Mean temperature
temperature from outliers and resampled |
* : ' l
Wet and dry Geothermal Saturated

bulb constants Net radiation flux vapor pressure

Saturation vapor
pressure curve
slope

Mean relative
humidity

A

A

Actual ET

Figure 4. SFE-NP model calculation flowchart.

4. Discussion

ET is a key variable in the water cycle process, which not only reflects the feedback effect of
ecosystems on the climate system, but also provides important reference value for the utilization of
water resources [11]. This study calculated a 1km resolution ET dataset of the Mongolian Plateau
from 2001 to 2020 based on the SFE-NP model and data such as surface temperature, average relative
humidity, and net solar radiation. The dataset includes monthly and annual products, which can be
used to analyze the spatial pattern and trend of ET in the Mongolian Plateau, as well as to calculate
the sensitivity contribution of meteorological data to ET. This dataset has significant value for water
resource management, livestock development, and grassland resource regulation in the Mongolian
Plateau.

The SFE-NP model not only improves the applicability of traditional energy balance models in
arid areas [7], but also significantly enhances the calculation accuracy in arid areas. It can also meet
the calculation of long-term and large-scale ET, avoiding calculation errors caused by impedance
parameters and other issues. However, the SFE-NP model also has the disadvantage of not being able
to perform more detailed calculations on specific underlying surfaces, such as areas without
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vegetation cover and areas with dense vegetation cover. Small scale evaporation can be calculated
using a targeted model for the underlying surface.

5. Data Usage Methods and Suggestions

The surface ET dataset for the Mongolian Plateau from 2001 to 2020, derived from the SFE-NP
model, has a spatial resolution of 1 km. This dataset includes GeoTiff format raster files generated by

UTM projection, which can be read and used in ArcGIS environment or programming software such
as Matlab.
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