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Abstract: Evapotranspiration is an important component andlikd of river basin
water cycles and plant hydrological processes, iarad core issue in global climate
change research. It is not only an important wayrtderstand the energy and water
consumption of permafrost regions, but also ismportant channel to master the
water cycle and energy balance in cold regions.this paper, multiple linear
regression analysis method and weighted comprehersialysis of major factors
method were used to investigate the variation dbaratics and impact factors of
evapotranspiration in the Genhe River Basin. Tisellte showed the following: (1)
The monthly average evapotranspiration in the GeRlneer Basin during the
freezing-thawing periods in 1980-2017 was 28.29 nf@ompared with the
freezing-thawing periods, the total evapotransmratin the growing seasons was
much higher than that in the freezing-thawing pa#sjowith monthly average
evapotranspiration of 67.71 mm; (2) The main factifecting evapotranspiration in
the Genhe River Basin were precipitation and teatpee. During the
freezing-thawing periods, the variation in evapo$gration in May was mainly
determined by temperature. In the growing seasetjgtation was the main factors
affecting evapotranspiration in June. This will layfoundation for clarifying the
relationship between permafrost—climate change-digdic cycle in the permafrost

active layer during the land surface process, stogwovide some basic data and
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important scientific basis for the comprehensiwedgtof the hydrologic process and
its impact on climate, ecology, water resources andronment in the permafrost

area.

Key word: Evapotranspiration; Genhe River Basin; Permafregion; Freezing and

thawing period

1. Introduction

The evapotranspiration process is a key link imyarological cycle that links the
atmospheric processes and land-surface procesHes dimatic system. In contrast to
precipitation, evapotranspiration is a process lictv water vapor is transported from
the surface to the atmosphere. As a core processhef climatic system,
evapotranspiration closely links the hydrologicgtle, the energy budget and the
carbon cycle. Therefore, evapotranspiration studiesimportant to understand the
changes in and effects of the climate and suri@aenfmalleri et al., 2010; Vinukollu et
al., 2011, Li, 2013). At the same time, the vaaatin and causes of evaporation have
very important application value for the assessménégional basin water resources,
crop water requirements, production managementudral drought monitoring and
ecological environmental problems (such as ecofdgiater demand) (Liu et al.,
2003).

Due to the special climate and environmental caomaktin the cold temperate
zone of high latitude, the region is less affectsd human activities, and the
eco-hydrological environment is relatively fragilevapotranspiration of water, soll
and vegetation can reflect the climate change rnmahe (Li et al., 2019). Calanca et al.
found that the actual evapotranspiration increaséte high altitude and the area south
of the Alps but decreased in the low-altitude anethe northern foreland and the Alps
(Calanca et al., 2006). Chen et al. analysed rfadtor combinations that dominated
the half-hour evapotranspiration of evergreen @niis forests across three different

climate regions in North America and found that penature was the most critical to
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the change in evapotranspiration during the groweagson (Chen et al., 2018). Findell
et al. by developing and applying objective indicatbased on physics, found that high
evaporation increased the possibility of regiorahfall (Findell et al., 2011). The
possibilities of experimentally determining evapospiration in the boreal forests of
the permafrost zone are limited due to their inasit®lity; therefore, the determination
of moisture consumption for evapotranspiration liese regions is performed by
computational methods (Budagovsky, 1989; Bondatrile 1999; Karpechko et al.,
2010). Previous studies on evapotranspiration maintluded studies on the
composition and variation trend of global terredtavapotranspiration, the influence
mechanism of evapotranspiration and its measure@eng et al., 2010; Zhang et al.,
2016). However, the study area mainly focused enbidsins of the warmer regions,
such as the middle temperate zone, temperate nonguatropical zone (Cammalleri et
al., 2010). Little attention has been paid by satsto the variation in and influencing
factors of evapotranspiration in the basins of Hahiude and cold regions. In
permafrost areas, evapotranspiration of soil, m&adee and snow and wetland water
surface, etc., is an important factor involved iatev circulation such as water vapor
transport, precipitation, soil infiltration, surlacunoff and underground runoff (Li et
al., 2019). How meteorological factors affect evagaspiration in permafrost areas,
the variation trend of evapotranspiration in pemostf areas in different periods
(growing season and freezing-thawing period) amdvidriation characteristics are all
scientific questions to be solved. Due to the exis¢ of complex eco-hydrological
processes and fragile ecosystems, alpine regi@nexdremely vulnerable to damage
and are difficult to repair when they are affeddgdegional climate change and human
activities. Therefore, it is of great significante study evapotranspiration in high
latitude and cold regions in order to study th@oese of climate change to water cycle

and the eco-hydrological process in permafrosoregi

The Genhe River Basin is located on the westeqmestd the northern part of the

Greater Xingan Mountains (Fig. 1). It is locatedhe permafrost region. Most of the
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basin is within the temperate, cold and humid fosnatic zone of the Greater
Xingan Mountains. The southwestern part of the @eRiver Basin is a temperate and
semi-humid region with a combination of animal harstiry and agriculture. There are
complex ecological and hydrological processes aagdilé ecosystems in the Genhe
River Basin. In recent years, under the influentelonate warming and human
activities (He et al., 2014), ecological environtanchanges have complicated
evapotranspiration in the basin. From the soutthéonorth, the Genhe River Basin is
gradually transformed from medium-temperature daass to coniferous forest.
Therefore, considering the distribution of natueabsystems and the uniqueness of
geographical location, it is of great significarioestudy the regional water cycle in the
Genhe River Basin in high-latitude and cold regioBy analysing the variation
characteristics of evapotranspiration in the fregzand thawing period and the
growing season from 1980 to 2017 in the Genhe HBasin, this paper aims to explore
the key factors affecting evapotranspiration anvgaéthe variation characteristics and

influence mechanism of evapotranspiration.
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Fig. 1. Location and land use cover of the Genhe RiverrBasi

2. Methodology

2.1 Data
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2.1.1 Data Sources

The time series of meteorological data are from01@82017, and the data are
from the National Meteorological Information CentéCentral Meteorological
Administration, 1979) (http://data.cma.cn/). Theteoeological data set was obtained
from the informatized files of the monthly reposisbmitted by the Inner Mongolia
Autonomous Region, and was compiled based on tlevamt regulations of the
“Specifications for Surface Meteorological Obseiwmas”. For details, please refer to
the relevant contents of "Specifications for Suefddeteorological Observations".
The daily average value was calculated from tha @axtracted four times (02:00,
08:00, 14:00 and 20:00) per day from ground monthéteorological report data or
the real-time database mentioned above. The diudagh include precipitation,
temperature, solar radiation and wind speed. Tligep conducts the necessary
pre-processing on the data for each meteorologita) including data verification
and data interpolation.

In this study, the Soil and Water Assessment TBWVAT) (Neitsch et al., 2004)
was used to simulate actual evapotranspirationsaildnoisture content in the whole
Genhe River Basin. The SWAT model is a semi-disted basin-scale model that has
been used around the world under different conastigGchuol et al., 2008; Faramazi
et al., 2009; Zang et al., 2012). In SWAT, the GeRtiver Basin was divided into 29
sub-basins and 411 hydrological response unitsveylaying elevation, land cover,
soil attributes, management, and slope class. Ie tmodel, potential

evapotranspiration was calculated using PenmanularifLiu et al., 1997). Surface
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runoff was simulated using a modified SCS curve bein{CN) method and snow and
melting water calculated by the energy balance wmuakFirstly, collect digital
elevation map of research area, spatial data df lse types, spatial data of soil types,
attribute data, meteorological generators, etcbudd a SWAT model database.
Various parameters were localized to simulate tbathly runoff from 1980 to 2017,
and output sub-watershed output files (SUB), maanoel output files (RCH), HRU
output files, etc., and then parameter sensitiaitglysis and model calibration were
carried out.

In this study, the measured runoff data of the @eRiver Basin from 1995 to
1999 were used for model parameter calibration,thadneasured data from 2000 to
2009 were used for model parameter verification ABMYUP program was used for
parameter sensitivity analysis and parameter didr of runoff in Genhe River
Basin (Abbaspour, 2007). The Nash-Sutcliffe coedfit (Ens) and the coefficient of
determination (B were selected to evaluate the goodness of thibratbn and
validation (Nash et al.,, 1970). The SUFI-2 methodthe SWAT-CUP interface
(Abbaspour, 2007) was chosen for parameter optiorzaThe results of the model
simulation verification period (2000—2009) were whdn Fig. 2. B was 0.82 and &
was 0.79. Therefore, the SWAT model was suitable thee simulation of the

hydrological response in the Genhe River Basin.
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Fig. 2. The SWAT model validation between the observed amdulated

discharge in Genhe river basin from 2000-2009

2.1.2 Data Quality Status

The quality control codes of the diurnal extreméadand accumulation data of
all elements in the data set were provincial guatibntrol codes in the ground
monthly meteorological report data files of the sgmeriod. Provincial quality control
codes were given by the provincial quality consetvice in the three-level quality
control service system of the ground monthly metlegical report data files. The
quality control code of the daily average data wek®n from the maximum quality
control code of the corresponding timing data & monthly file. The quality control
codes of the extreme data and accumulation data ther quality control results of
the hourly data files and daily data files of theoanatic stations uploaded in real time,

which were automatically marked by the quality cohsoftware of the stations. The
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quality control code of the daily average data wek®n from the maximum quality
control code of the corresponding timing data ie tkal-time database. Atrtificial
verification was generally carried out on the detdcsuspected incorrect data, and

corrections were carried out on the data that wiraly wrong after verification.

2.2 Method

2.2.1 Data Processing

We used the tessellation polygon method (Burn €t2402) to calculate the
meteorological data distributions throughout theribasin. We generated tessellation
polygons based on the locations of the three weattaéions and the boundaries of
the Genhe River basin (Fig. 1). We then used tea af each polygon as a weight and

calculated the weighted average precipitation thinout the basin.

2.2.2 Multiple Linear Regression Analysis

The basic task of the multiple regression equaioto calculate the regression
coefficient through a series of dependent varialaled independent variables and
establish a relational model between the dependanable and the independent
variable. According to a large number of studigsa@et al., 2008; Dang et al., 2016;
Li et al., 2014), meteorological factors such darsadiation and rainfall have a great
impact on evapotranspiration. The relationship leetw evapotranspiration and
meteorological factors can be expressed by linegression, and the regression

coefficient can directly represent the degree dfuamce of climatic factors on
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177  evapotranspiration (Fan et al., 2019). Thereforeltiple linear regression equations

178  were adopted in this paper to describe the depeedeelationship between the

179  dependent variable and multiple independent vag@ablhe model was established as
180  follows:

181 Yi=Bot+PB1X1i+P2X2i+PaXsi+PaXai +PsXs;

182 where Y is the evapotranspiratiorfiy is the random error term (constant term),
183 including the influence of other variables not ud®d in the model and random error,
184  B1-Ps is the independent variable regression coeffici¥mtis the precipitation, Xis

185  the solar radiatiorXs; is the temperature, Xis the wind speed, andsXs variation in

186  soil moisture content.

187  2.2.3 Weighted Comprehensive Analysis of Major &ect

188 This paper intends to explore the comprehensivkiante degree of major
189  factors on evapotranspiration through the weighteanprehensive analysis of
190 meteorological factor3 he calculation steps of this method were as falfwu et al.,

191  2020).

192  (DCalculate the correlation between evapotranspitatod key factors such as

193  temperature, solar radiation, wind speed and rkiaf@ their proportions;

194  @Carry on the normalized processing to each elerang;

195  (@Calculate the comprehensive weighted values ofntlhé influencing factors in

196  each period;
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@ Calculate the comprehensive influence degree ofluénte factors on
evapotranspiration in each period.
The correlation between evapotranspiration andrar factors is expressed by

the correlation coefficient:

R.. = Y[ =) (yi-)]
xy—
(G [T, 052

where R,, is the coefficient of correlation between x and X; is the
evapotranspiration in year i, mm; ¥ the main factor data of the corresponding year;
X andY are the mean of evapotranspiration and the meametdorological data of

the corresponding year, respectively; and i isyther variable.

3. Reaults

3.1 Characteristics of Evapotranspiration duringethreezing-thawing Period in the

Genhe River Basin

The monthly average evapotranspiration in the fregthawing period in the
Genhe River Basin presented a "low-high-low" pattes a whole, and the variation
range was larger than that of the growing seasaomFApril to September,
evapotranspiration continued to grow and peake8aptember. From September to
October, the evapotranspiration decreased contsiy@nd reached a lower value in
October.

The monthly average evapotranspiration during thezing and thawing period

was 28.29 mm, and the total evapotranspiration 148s14 mm, of which 45.84 mm
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occurred in September, accounting for approximalelly of the evapotranspiration
during the freezing-thawing periods. Second, thetimy average evapotranspiration
in May was 37.48 mm, respectively, accounted fopreximately 33% of the
freezing-thawing periods. In April and October, thenonthly average
evapotranspiration, which was 13.91 mm and 15.91 was less (Fig. 3).

The monthly evapotranspiration in the Genhe RivasiB fluctuated within the
range of 5.08-23.76 mm in April, showing an overdluctuation. The
evapotranspiration in the Genhe River Basin in Mag distributed in the range of
19.84-49.06 mm with high evapotranspiration. Thapetranspiration in the Genhe
River Basin in September ranged from 29.93 to 5&4 and exhibited fluctuations.
The evapotranspiration in the Genhe River Basinmedsed significantly in October,

fluctuating within the range of 6.5 to 31.8 mm (lEaB).

Table 3. Monthly Average Evapotranspiration in the Freezingwing

Periods in the Genhe River Basin in 1980-2017

Month The minimum value The maximum value  The average value
(mm) (mm) (mm)
April 5.08 23.76 13.91
May 19.84 49.06 37.48
September 29.93 53.74 45.84

October 6.50 31.80 15.91
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3.2 Characteristics of Evapotranspiration duringetrowing Season in the Genhe

River Basin

Compared with the freezing-thawing periods, the thign average
evapotranspiration in the growing season in theh@edRiver Basin showed a small
change. From June to August, the evapotranspiratmeased and reached its peak in
August.

The monthly average evapotranspiration in the gngwseason in the Genhe
River Basin was 67.71 mm, and the total evapotigatspn was 203.13 mm. The
monthly average evapotranspiration in July and Atugwas 71.59 mm and 77.12 mm,
respectively, accounting for more than one-thirdtlod evapotranspiration in the
growing season. The monthly average evapotrangpirat June was the least (54.42
mm) (Fig. 4).

The monthly evapotranspiration in the Genhe RivasiB fluctuated within the
range of 27.7-72.13 mm in June. The monthly aveeggpotranspiration in the
Genhe River Basin increased significantly in Juligh a range of 53.62 mm to 81.83
mm. The monthly average evapotranspiration in teah® River Basin was within
the range of 61.03-95.51 mm in August, with an ease in evapotranspiration

compared with June and July (Table 4).

Table 4. Monthly Average Evapotranspiration in the

Growing Season in the Genhe River Basin in 19804201
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Month The minimum value The maximum value  The average value
(mm) (mm) (mm)
June 27.70 72.13 54.42
July 53.62 81.83 71.59
August 61.03 95.51 77.12
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Fig. 4. Changes in evapotranspiration and meteorologacbfs in the growing season
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Note: The results in Fig. 3 and Fig. 4 were obtainedgigihe monthly average of 1980 to 2017.

3.3 Interannual Variation in Evapotranspiration the Genhe River Basin in 1980—

2017

From Fig. 5 and Table Al, the following conclusiaen be drawn: from
1980 to 2017, the monthly average evapotranspiraimwed periodic changes
and the average of total evapotranspiration was831imm. Among them, the
highest value of total evapotranspiration appear&f14, which was 366.97 mm,
and the lowest value appeared in 1987, which w&225mm. At the same time,

the five major meteorological factors also showbkdiaus periodic changes.
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to 2017

3.4 Mechanism Analysis of Evapotranspiration Chainge Genhe River Basin

3.4.1 Mechanism Analysis of Evapotranspiration migifrreezing-thawing periods in

the Genhe River Basin

The changes in evapotranspiration during the frepand thawing periods and
the growing seasons were mainly affected by eneogyglitions (such as temperature,
solar radiation, water vapor pressure and winddpaed the water supply conditions
of the underlying surface. A large number of stadiave shown that the dominant
factors for evapotranspiration are different infafiént regions and seasons. To
determine the relationship between the evapotreatspi and meteorological factors
in the Genhe River Basin, multiple regression doiefits of temperature,
precipitation, wind speed, variation in soil morsticontent and other related factors
and evapotranspiration were calculated during thezing and thawing periods and
the growing seasons (Fig. 3 and Fig. 4).

Combining the results of Table 6 and Table 7, weldofind that the
evapotranspiration changes in the Genhe River Bdsimg the freezing-thawing
periods were mainly affected by three meteoroldgie&tors: variation in soil
moisture content was negatively correlated withpewanspiration, and rainfall and
temperature were positively correlated with evagpmpiration. The variation in
evapotranspiration in April in the Genhe River Bagias mainly caused by solar

radiation, which was negatively correlated with gsaanspiration, and temperature,
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which was positively correlated with evapotrandgpwra The variation in
evapotranspiration in May in the Genhe River Basias mainly caused by
temperature, which was positively correlated witlagotranspiration. The change in
evapotranspiration in September in the Genhe RBasin was mainly caused by
rainfall, which was positively correlated with ew@nspiration. The
evapotranspiration changes in the Genhe River Bdgimg October were mainly
affected by two meteorological factors: variatiom $oil moisture content was
negatively correlated with evapotranspiration, arinperature was positively
correlated with evapotranspiration.

The change in evapotranspiration in the Genhe Rasin was the result of the
joint influence of various meteorological elementsnd the effects of the
meteorological elements on evapotranspiration widferent at different scales and
periods. Fig. 6 and Fig. 7 show the relationshiwben evapotranspiration and the
weighted values of major factors. As can be seemfiFig. 6, the correlation
coefficient of the two was 0.728 in the freezingsling period, with a high degree of
correlation and good coincidence, indicating thae tweighted value of the five
influencing factors can well explain the variation evapotranspiration during the
freezing-thawing period. As shown in Fig. 7, in tp@wing season, the correlation
coefficient of the two was 0.352, the correlatioasdow, and the degree of agreement
was general, indicating that the weighted valuetheffive influencing factors have a

weaker interpretation of the changes in evapotieaitsgn during the growing season.
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308 Table 6. Multiple regression equations of major elements @rapotranspiration
309 in the freezing-thawing period in the Genhe Rivasid
The The The The The

significa significa significa significa significa
Time Multiple regression equation
nce of nce of nce of nce of nce of R

X1 X5 X3 Xa Xs

Freezing-thawing Y=6.326X%+22.992%+1.910
0.000° 0.00f° 0.0000 0.008 0.0000 0.910
period X3+2.818X%,-0.553%-6.167

Y=-0.139%-32.57%+1.304
April 0915 0000 0.000  0.000 0.442  0.900
X 3+5.227%-0.059%+17.323

Y=14.622%-35.751%+1.971
May 0.000" 0.069 0.002 0431 0000 0.721
X3+1.716%-0.897%+14.797

Y=4.62X+22.02%-0.145%
September 0.013 0.292 0.807 0.156 0.041 0.464
+4.001X%,-0.281%+15.83

Y=8.468X%+1.643%+1.096%
October 0.007" 0.937 0.002 0.435 0.000  0.650
+1.861X%,-1.405%+4.236

310 Note: * indicates significance at the 5% level, and fitlicates significance at the 1% level. Parametés the
311 evapotranspiration; the constant term is the randomr term (constant term), including the influeraf other
312 variables not included in the model and randomreigis rainfall; X; is the solar radiation; {s the temperature;

313 X, is the wind speed; andsXs variation in soil moisture content.

314 Table 7. Correlation among evapotranspiration and majoofact
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315 in the freezing-thawing periods in the Genhe RBasin
Time X1 X5 X3 X4 Xs
Freezing-thawing period 0.555 0.237" 0.887" -0.090 -0.545
April -0.547" -0.736° 0.754" 0.317 -0.550
May 0.243 0.089 0.567 -0.133 -0.228
September 0.570 0.528" -0.144 0.274 0.215
October -0.183 -0.212 0.382 0.314 -0.582

316 Note: * indicates significance at the 5% level, and fdicates significance at the 1% level. ParametgisX

317 rainfall; X, is the solar radiation; s the temperature; /s the wind speed; andsXs variation in soil moisture

318 content.
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320 Fig. 6. Relationship between evapotranspiration and theghted values of

321 factors in the freezing-thawing period in the GeRtiner Basin
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180

I Evapotranspiration

160 1 Weighted values of factors

Evapotranspiration(mm)
Weighted values of factors

June July August
Month

Fig. 7. Relationship between evapotranspiration and tleéghted values of

factors in the growing season in the Genhe RiveirBa

3.4.2 Analysis of the Mechanism of Evapotranspratiuring the Growing season in

the Genhe River Basin

From the scale of the growing season, the ovaratease in evapotranspiration
was mainly caused by two meteorological factorsarscadiation and rainfall were
positively correlated with evapotranspiration. Inund, the changes in
evapotranspiration in the Genhe River Basin wereima&aused by rainfall, which
was positively correlated with evapotranspiratidbhe change in evapotranspiration in
July in the Genhe River Basin was mainly causedsdiar radiation, which was
positively correlated with evapotranspiration. Inuglst, the changes in
evapotranspiration in the Genhe River Basin wereima&aused by rainfall, which
was positively correlated with evapotranspiratibig(4).

According to the above analysis, the meteorologiedément positively
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337 correlated with evapotranspiration was mainly terapge. The meteorological
338 elements negatively correlated with evapotrandpmaincluded wind speed and
339  variation in soil moisture content (Table 8 andI&&d).
340 Table 8. Multiple regression equations for major elements in
341 the evapotranspiration growing season in the G&mnner Basin
The The The
The The
significa significa significa
Time Multiple regression equation  significa significan R?
nce of nce of nce of
nce of X ce of X5
X2 X3 X4
Growing Y=1.733%+101.823%+1.553%
0.009° 0.000 0.0000  0.068 0.000  0.737
season -4.789X%-0.32X%5-29.397
Y=6.8X;+52.709%+2.122X%
June 0.001" 0139  0.013  0.425 0.000  0.713
-2.923X%,-0.496X%-22.235
Y=0.874%+65.51%+2.933%
July 0.284 0.015  0.004 0.387 0.016  0.479
-3.312X%,-0.25%-28.908
Y=3.63X;+31.564X+1.751%
August 0.000" 0.181 0.048  0.060 0.000  0.706
+8.694X%,-0.371%-3.919
342 Note: * indicates significance at the 5% level, and fitlicates significance at the 1% level. Parametés the
343 evapotranspiration; the constant term is the randamr term (constant term), including the influeraf other
344 variables not included in the model and randomreigis rainfall; X; is the solar radiation; {s the temperature;
345 X, is the wind speed; andsXs variation in soil moisture content.
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Table 9. Correlation among evapotranspiration and majoiofact

in the growing season in the Genhe River Basin

Time Xy Xz X3 X4 Xs
Growing season 0.501 0.748 0.333 -0.420° -0.327
June 0.506 0.517 0.110 -0.300 -0.163
July 0.356 0.365 0.315 -0.273 -0.250
August 0.576 0.568 0.029 0.167 -0.293

Note: * indicates significance at the 5% level, and fdicates significance at the 1% level. ParametgisX
rainfall; X, is the solar radiation; s the temperature; /s the wind speed; andsXs variation in soil moisture

content.

4. Discussion and Conclusions

In different climatic zones, the factors affectifigest evapotranspiration vary
widely. For example, in the tropical, subtropicalanost temperate regions, the main
factors affecting forest evapotranspiration arecipitation, temperature and solar
radiation (Smith et al., 2013; Cristiano et al.12D In cold and temperate regions, in
addition to precipitation, temperature and soladiaton, the freezing and thawing of
permafrost is also an important factor affectinge$b evapotranspiration (Park et al.,
2008; Tchebakova et al., 2016). The Genhe RivemBags a temperate continental
climate. Every year in early November, the tempeeabegins to fall below zero, and

the soil begins to freeze. The soil moisture isatrstopped by the supply of rainfall.
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The phreatic aquifer in the soil preserved durimg growing season moves towards
the soil layer, and the soil moisture graduallychess saturation or supersaturation and
freezes to form tundra. From the beginning of Juhe,permafrost begins to melt.
The soil moisture content begins to increase giaduaaching a maximum in July
and early August, and permafrost melts to 80% t% 9 the maximum thawing
depth. In August, the permafrost continues to ndeep, and plants continue to
consume water. Therefore, the soil moisture conbegfins to decline because the
deeper the solil is, the larger the gravel size. [Ahge pores make it difficult for the
meltwater to rise to supply the upper layer andhat same time, the precipitation
easily infiltrates, so the soil water content begin decline; the main influencing
factors of the change in soil moisture contentm@emafrost and precipitation (You,
2006). From November to March, precipitation (maishowfall) is increasing, and
the permafrost is thicker. The following spring April, the temperature during the
melt period is high, which is conducive to the dapielting of the permafrost, and the
groundwater level will rise rapidly, which will qekly replenish the water needed for
plant germination. The plants turn green, and thaspiration is strengthened. The
soil evaporation increases and the evapotrangmiraticreases. On the other hand, if
there is less precipitation in the non-growing seagvapotranspiration is naturally
reduced (Wang, 2015).

Since the average temperature during the freezmdgtlaawing period is lower
than that during the growing season, the lower satpre has a significant inhibitory

effect on evapotranspiration, resulting in a loweal evapotranspiration during the
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freezing and thawing period; the temperature inreenrises and gradually promotes
evapotranspiration (Han et al., 2018; Alexander akt 2018) so that the
evapotranspiration is increasing. During the gr@néeason, temperature and rainfall
begin to increase from mid-May, the plants begigrmw green, and the transpiration
activity strengthens. The soil moisture is also pdeimented by rainfall while
supplying plant growth and consumption. The inceeas the surface temperature
causes the increase in soil evapotranspiratiorhiat ttme and evapotranspiration
increases due to the increase in temperature ami@lkaThe Genhe River Basin is
controlled by cold high pressure in winter, whosmperature is low, and seasonal
freezing-thawing occurs in the soil. The soil freeZrom the beginning of November
every year until the spring in April and May, ariek tpermafrost gradually melts to
form the seasonal frozen layer of water, which bee® an important factor for
replenishing soil moisture (Wang, 2015). Therefodering the freezing-thawing
periods, evapotranspiration is highly correlatedhwsoil moisture. Because the
process of soil freezing is also the process ofeaing soil water content in the
surface layer (Guo et al., 2002), the soil moistaoréne freezing and thawing period is
higher than that in the growing season as a wiileng the freezing period, the soil
is in a frozen state, the ground temperature is &w soil evapotranspiration is also
rare (Lei et al., 1999). When the permafrost meits,soil thaws and water infiltrates
into the soil, increasing soil moisture. At the sarmime, evapotranspiration is
enhanced under the influence of temperature aret otleteorological factors. At this

time, due to the correlation between the land seriand atmospheric feedback, the
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increase in soil moisture will lead to more evaaospiration (Heerwaarden et al.,
2010). However, the correlation between evapotriaaspn and soil moisture in the

growing season is not as high as that in the fngethawing period. The situation in

August is particularly prominent. The soil moistudiel not change much with the

fluctuation in the evapotranspiration. At this tine¢her meteorological factors have a
greater impact on evapotranspiration, such asathefid temperature.

Research has shown that evaporation depends ngt aml soil and on
meteorological characteristics but also on the amsitipn and age of forest stands
(Fedorov, 1981; Fedorov et al., 1990). Therefdres, mecessary to increase studies on
the corresponding mechanism of vegetation growdnplogy and evapotranspiration
and comprehensively consider the meteorological racheristics and forest
characteristics to explore the influencing mechanaf forest evapotranspiration in
future research.

The selection in this paper of the data from ohhgé meteorological stations to
study the variation in evapotranspiration in thenkBe River Basin had a certain
impact on the results. Therefore, more data frortearelogical stations can be added
in future research, which is helpful for undersiagd hydrological cycle
characteristics in high-latitude and cold regidnsthis paper, factors such as rainfall,
variation in soil moisture content, solar radiatievind speed and temperature were
selected to study the mechanism of evapotransmiraBy analysing the relationship
between evapotranspiration and water vapor cinculah cold and temperate regions

and the influence of evapotranspiration on freeth@ying permafrost and the
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growth of vegetation, this paper can provide thergdic basis and guidance for the

continuous dynamic monitoring and estimation ofpeteanspiration in high-latitude

and cold regionsAt the same time, this paper provided referenceshi® evaluation
of water resources in the alpine region and thdysti the impact of climate change

(Moses et al., 2018), so as to improve the undmistg of the characteristics of

evapotranspiration in different periods under theatic types in this regiorit filled

in the shortage of research data in high latitute@ld regions’ basin.

In this paper, the multiple linear regression asialymethod and weighted
comprehensive analysis of major factors method weeel to explore the variation in
evapotranspiration in the freezing-thawing peri@&l the growing season in the
Genhe River Basin and to reveal the change mechaaml influencing factors of
evapotranspiration in the Genhe River Basin. Theksions are as follows:

1. Compared with the freezing-thawing periotis, tbtal evapotranspiration in the
growing season was higher. During the freezing-thgweriods, the value of
evapotranspiration showed irregular fluctuationsiclv was mainly caused by
changes in temperature. Compared with the freethaging periods, the
evapotranspiration trend in the growing season etbdown, and the range of
fluctuation decreased, which was related to thelsti@vel of the temperature
and solar radiation in the Genhe River Basin ingimaving season.

2. The major elements positively correlated vatlapotranspiration was mainly
temperature; the major factors negatively correlatith evapotranspiration

included wind speed and variation in soil moistwentent. During the
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freezing-thawing periods, the variation in evapo$gration in May was
mainly determined by temperature. In the growingssa, precipitation was

the main factors affecting evapotranspiration inelu
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Table Al. Monthly evapotranspiration in the Genhe River Basin from 1980 to

2017

Year The minimum value (mm) The maximum value (mm) The total amount (mm)
1980 0.00 74.30 259.48
1981 0.00 72.25 304.06
1982 0.00 92.06 337.11
1983 0.00 79.05 311.34
1984 0.00 86.01 339.13
1985 0.00 82.24 327.36
1986 0.00 74.535 301.65
1987 0.00 67.23 258.22
1988 0.01 95.51 357.52
1989 0.00 79.75 328.69
1990 0.00 87.56 358.67
1991 0.00 86.47 337.12
1992 0.00 76.79 310.77
1993 0.00 77.38 331.46
1994 0.00 73.76 320.58
1995 0.00 68.03 311.87
1996 0.00 90.94 335.58
1997 0.00 82.18 320.53
1998 0.00 82.64 331.00
1999 0.00 82.64 335.26
2000 0.00 75.07 308.08
2001 0.00 72.51 270.60
2002 0.00 72.40 295.08
2003 0.00 74.57 295.02
2004 0.00 69.04 280.71

2005 0.00 79.992 330.94




2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

75.22

66.78

80.16

76.91

72.81

82.50

79.08

87.74

84.58

83.37

79.06

74.82

310.85

280.27

306.72

334.70

311.34

325.84

332.97

362.70

366.97

330.58

313.31

305.85




Highlights

1. The evapotranspiration variability in permafrost region have been analyzed in
growing season and freezing and thawing period.
2. Theinfluencing factors of evapotranspiration in along term have been explored.

3. Thisstudy enriches the data of eco-hydrology research in data-deficient areas.
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