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Abstract This study focused on the changes of reference

evapotranspiration (ET0) and pan evaporation (ETpan) to

study the impacts of climate change on the hydrological

cycle in the Jinghe River catchment. Based on the Pen-

man–Monteith equation, the ET0 was calculated. The

temporal trend and spatial distribution of ET0 and Epan

measured with a 20-cm pan were examined at the 14 sta-

tions during 1957–2005. The effects of meteorological

factors on the variation of ET0 were determined by ana-

lyzing the trends in themselves with comparison between

original climate and detrended climate scenarios and then

their sensitivity to ET0. Both the ET0 and Epan showed

remarkable decreasing trends from 1957 to 2005 and their

decreasing rate was 40.9 and 17.7 mm per 10 years,

respectively. Trend analysis of meteorological factors

exhibited that the reduction in ET0 and ETpan was princi-

pally caused by both significant decreases in wind speed

and sunshine hours. Furthermore, the decreasing trend of

ET0 was mainly dominated by the significant decrease in

wind speed with high sensitivity, to a less extent, by the

decrease in net radiation. Although relative humidity is one

of the most sensitive variables, its effect on ET0 was

negligible because of its temporal constancy. The

contribution of wind speed reduction to decreased ET0 has

increased from 50 to 76.1%, but net radiation, by contrast,

decreased from 50 to 23.9%.
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Abbreviations

ET0 Reference evapotranspiration

Epan Pan evaporation

DTR Diurnal temperature range

SA Sensitivity analysis

ea Actual vapor pressure

es Saturated vapor pressure

DFA Detrended fluctuation analysis

VPD Vapor pressure deficit

Tmax Average annual maximum temperature

Rn Net solar radiation

Tmin Average annual minimum temperature

FAO Food and Agricultural Organization

1 Introduction

Climate change results from global warming have had a

great impact on evaporation and hence the hydrology

cycle. Evapotranspiration is an important component of

hydrologic cycle and influence the availability of water,

particularly for agriculture (Burn and Hesch 2007). Ref-

erence evapotranspiration (ET0) serves as a vital parameter

for many aspects, such as water resources planning, irri-

gation management, and hydrological modeling. It is
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critical to understand the responding mechanism of ET0 to

the climate changes for regional hydrological studies and

water resource planning for high water-use efficiency.

Several methods exist to estimate the reference evapo-

transpiration (Sumner and Jacobs 2005; Xu and Singh

2000, 2001). These methods are based on meteorological

factors, such as air temperature (Thornthwaite 1948), solar

radiation (Turc 1961), or other factors, such as mass

transfer (Harbeck 1962) or some measurement related to

these variables, like pan evaporation, and these methods

were developed for specific studies and most of them are

more apt to use in climate-similar areas. The Penman–

Monteith method approach was recommended by FAO

(Allen et al. 1998) as a sole standard method to calculate

reference evapotranspiration wherever the required data

were available. Pan evaporation is also often used to esti-

mate reference evapotranspiration. The evaporation rate

from pans filled with water provides an index of the inte-

grated effect of radiation, air temperature, air humidity, and

wind on evapotranspiration, which is a good proxy for

estimating the ET0. Although the pan responds in a similar

fashion to the same climatic factors affecting crop tran-

spiration, several factors produce significant differences in

loss of water from a water surface and from a cropped

surface. The pan has proven its practical value and has

been used successfully to estimate ET0 by observing the

evaporation loss from a water surface and applying

empirical coefficients to relate pan evaporation to ET0

(Allen et al. 1998).

There are already several reports about the decreasing

trends of reference evapotranspiration in China. The trend

is more likely caused by decreased sunshine duration over

China (Kaiser and Qian 2002) that may be related to

increases in air pollution and atmospheric aerosols (Liepert

et al. 2004) and increases in cloud cover (Dai et al. 1999)

and decreased wind speed (Yin et al. 2009). In ChangJiang

catchment, by the decrease in net radiation and wind speed

(Xu et al. 2006). Over the Tibetan Plateau (Shenbin et al.

2006), wind speed and relative humidity were found to be

the most important meteorological variables affecting ET0

trends. In addition, there are many worldwide reports about

the decreasing trends of pan evaporation over the USA

(Peterson et al. 1995; Golubev et al. 2001; Hobbins et al.

2004), India (Chattopadhyay and Hulme 1997), Australia

(Roderick and Farquhar 2004), New Zealand (Roderick

and Farquhar 2005), China (Yin et al. 2009), and Thailand

(Tebakari et al. 2005). The trend is more likely caused by

decreasing surface solar radiation over the USA and parts

of Europe and Russia (Abakumova et al. 1996; Liepert

2002) and decreased sunshine duration over China (Kaiser

and Qian 2002) that may be related to increases in air

pollution and atmospheric aerosols (Liepert et al. 2004;

Qian et al. 2006) and increases in cloud cover (Dai et al.

1999) and decreased wind speed (Yin et al. 2009). More-

over, for changes in the observed pan evaporation over the

Yellow River basin, Liu and Zeng (2004) pointed out that

the decrease of pan evaporation is mainly related to

reductions of solar irradiance, owing to more clouds and

aerosols.

The Jinghe River watershed, a tributary of the Yellow

River covering the central region of the Loess Plateau, is

one of the most vulnerable areas of the process of aridifi-

cation in northern China. In the past 50 years, the mean

annual precipitation, actual evapotranspiration, and runoff

have had an obvious reduction (Qiu et al. 2008), which

increased the water stress, combined with increased water

demand. Changes of reference evapotranspiration in this

region could have a substantial economic impact due to the

importance to agriculture activity. The identification and

quantification of evapotranspiration will provide insight

into the future water balance in the Jinghe River watershed

and facilitate improved water resource management for the

region.

However, many previous studies have been carried out

on a larger scale, e.g., a national scale (Kaiser and Qian

2002; Yin et al. 2009) and Yellow River watershed (Liu

and Zeng 2004; Liu et al. 2010), which is too coarse to

apply in Jinghe River watershed. In addition to these

aspects, most of the studies conducted in the Yellow River

watershed only described climate factors have positive or

negative effects on ET0; they had no further quantitative

analyses. Since the processes driving changes on ET0 over

Jinghe River watershed are still unclear, it is necessary to

evaluate and quantify them. Therefore, the objectives of

this study are (1) to investigate the trends of ET0 and ETpan

in Jinghe River watershed, (2) to identify the driving fac-

tors attributed to changes to ET0 and ETpan, and (3) to

quantify the dynamic contributions on changes of ET0.

2 Materials and methods

2.1 Research area and data processing

Jinghe River catchment lies in the middle and upper

reaches of the Yellow River and is characterized by climate

transition zone from the arid region to the humid region,

including 31 counties and cities in northern China and

covers an area of approximately 45,421 km2. Administra-

tive boundaries are within 105�490–108�580E and 34�140–
38�100N, and average about 1,200 m above mean sea level.

The topography of the watershed is high in the northern

part and low in the southern part, with Liupan Mountain on

the west side and Ziwu Mountain on the east side. Jinghe

River and its tributaries all cut deeply into the loess land-

scape (Fig. 1). Temperature in the basin ranges from high
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in the south to low in the north, with annual mean tem-

perature of 8–13�C. Annual frost-free period is about

150–210 days. The annual average precipitation is about

550 mm during past 50 years, and varies from 100 mm in

the north to 700 mm in the south. The annual average pan

evaporation is about 1,656 mm during 1957–2005, and

gradually decreases from north to south, as shown in

Table 1. The whole basin was divided into three sub-

regions from south to north as follows: an arid region,

(precipitation \ 400 mm), a sub-arid and sub-humid

region (precipitation ranges between 400 and 600 mm),

and a humid region (precipitation [ 600 mm).

Data of 14 national meteorological stations with daily

observations of maximum, minimum, and mean (near the

surface) air temperature, wind speed, sunshine hours,

relative humidity, and pan evaporation of 20 cm diameter

pans from 1957 to 2005 were used In this study (Table 1),

provided by the National Climatic Center (NCC) of China

Meteorological Administration (CMA). Before analysis,

we carried out data quality control with the following

procedures: (1) from the entire 1957–2005 period, data

must be available for at least 45 years; (2) missing data

cannot be more than 10%; (3) missing data from each year

cannot exceed 20%.

2.2 Estimation of the reference evapotranspiration

The Penman–Monteith method (P–M method) is recom-

mended as the sole method for determining ET0 by FAO

(Allen et al. 1998), and it is also used in this study (Eq. 1).

The method is selected because it is physically based and

explicitly incorporates both the physiological and aerody-

namic parameter.

ET0 ¼
0:408 D Rn � Gð Þ þ c 900

Tþ273
U2 ea � esð Þ

Dþ c ð1þ 0:34 U2Þ
; ð1Þ

where ET0 is the reference evapotranspiration (mm day-1),

Rn the net radiation at the crop surface (MJ m-2 day-1), G

the soil heat flux density (MJ m-2day-1), T the mean daily

air temperature at 2 m height (�C), u2 the wind speed at

2 m height (m s-1), es the saturation vapor pressure (kPa),

ea the actual vapor pressure (kPa), es-ea the saturation

vapor pressure deficit (kPa), 4 the slope vapor pressure

curve (kPa �C-1), c is psychometric constant (kPa �C-1).

According to Allen et al.’s (1998) produce to estimate

ET0, the global solar radiation can be estimate by the Ang-

trom-Prescott (Prescott 1940), which can be expressed as:

Fig. 1 Geographical locations of the Jinghe River watershed and

national meteorological stations in northern China

Table 1 Information of meteorological stations used in the Jinghe River watershed

Subregion Mean annual precipitation

(1957–2005)

ID Station Belongs to N. Lat E. Long m

Arid region P � 400 mm 53,810 Tong Xin Ning Xia 36�5800 105�5400 1,339.3

53,723 Yan Chi Ning Xia 37�48 107�2300 1,349.3

53,740 Zhong Ning Ning Xia 37�2900 105�400 1,185.0

Sub-arid and

sub-humid region

400 mm \ p \ 600 mm 53,817 Gu Yuan Ning Xia 36�0000 106�1600 1,753.0

53,821 Huan Xian Gan Su 36�3500 107�1800 1,255.6

53,903 Xi Ji Ning Xia 35�5800 105�4300 1,916.5

53,915 Ping Liang Gan Su 35�3300 106�4000 1,346.6

53,923 Xi Fenzhen Gan Su 35�4400 107�3800 1,421.0

53,929 Chuan Wu Shang Xi 35�1200 107�4800 1,206.5

53,738 Wu Qi Shan Xi 36�5500 108�1000 1,331.4

Humid region P � 600 mm 53,942 Luo Chuan Shang Xi 35�4900 109�3000 1,159.8

57,034 Wu Gong Shang Xi 34�1500 108�1300 449.1

57,036 Xi An Shang Xi 34�1800 108�5600 398.6

57,016 Bao Ji Shang Xi 34�2100 107�0800 613.6
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Rs ¼ aþ b
n

N

� �
Ra; ð2Þ

where Ra is extra-terrestrial solar radiation (MJ m2 d-1), n

is actual sunshine hour and N is potential sunshine hours,

a and b are regression constants. According to Chen et al.

(2004), a and b were set to 0.19 and 0.53, respectively, in

this study.

2.3 Temporal analysis

The conventional least-squares fitting method is used to

estimate the magnitude of climate changes in terms of

linear trend. Significance of the trend was tested both by

parameter T test and non-parameter Mann–Kendall sta-

tistical test (Kendall 1975; Mann 1945). Parameter T test

comprises two steps, fitting a liner simple regression

equation with time t as an independent parameter and

meteorological variables, Y as dependent variables, (in

this case ET0 or ETpan), then testing the equation, statis-

tical significance of the slope of the regression equation.

The Mann–Kendall test is a non-parametric test for

identified trends in time series data, a test to compare the

relative magnitudes of data rather than the data values

themselves. The principle is testing the significance of the

Mann–Kendall statistic (Kendall’tau) and the procedure is

present in many standard statistics books (Helsel and

Hirsch 1993).

2.4 Detrended method

The detrended fluctuation analysis method (DFA) (Bunde

et al. 2000; Kantelhardt et al. 2001; Koscielny-Bunde et al.

2006) was wildly used to eliminate the influence of pos-

sible trends existing in the variables (Koscielny-Bunde

et al. 2006). There are different orders of DFA that are

distinguished by removed trends in the data. In the lowest

order, we determine the best linear fit (DFA1) of the time

series. DFA1 computes the least-squares fit of a straight

line to the data and subtracts the resulting function from the

data. For example, Y = DFA1(x) removes the straight-line

fit from time series x and returns it in time series Y.

2.5 Sensitivity analysis

Sensitivity analysis of ET0 to the meteorological variables

is performed by calculating the input variables (relative

changes of each variables) against the resultant change

(relative changes of ET0) as a crave (i.e., sensitivity crave).

Compared to other methods (Gong et al. 2006; Qiu et al.

1998), this method is simple and practical and used by

many authors (Paturel et al. 1995; Xu and Vandewiele

1994).

3 Results

3.1 Long-term variation trends of reference

evapotranspiration and pan evaporation and their

spatial distribution

Figure 3 shows that a decreasing trend is clearly detected

for ET0 and ETpan. In order to test the significance of the

trend in ET0 and ETpan time series, both parametric t test

and non-parametric Mann–Kendall test are conducted.

Results of trend analysis of the ET0 and ETpan are shown in

Table 3 (row 1 and row 2). It is seen that the hypothesis of

no trend is rejected in both the T test and Mann–Kendall

test. In other words, the decreasing trend is significant at

the 5% significance level. The spatial distribution of annual

reference evapotranspiration and pan evaporation’s trend

coefficients are plotted in Fig. 2. Circles and squares

indicate the decreasing and increasing tendencies, respec-

tively, while the circles and squares size to indicate the

intensity of those positive or negative trends. As it can be

seen, among 14 stations, that 12 stations show decreasing

trend in ET0 except Xi’An and Bao’Ji stations (Humid

region). Detailed tendency analysis of trend coefficients of

pan evaporation is presented in Fig. 2; pan evaporation had

almost similar trends to ET0. The decreased tendency of

pan evaporation is detected in the last 49 years.

For the whole watershed, the ET0 has decreased sig-

nificantly (at the 95% level of confidence), averaged

change ratios of -17.7 mm per 10 years; the pan evapo-

ration had larger trends than the reference evapotranspira-

tion. The change ratios reached -40.6 mm per 10 years

(Fig. 3; Table 3). The changes of pan evaporation were

higher than the national average rate of -34 mm per

10 years reported by the Compilation Commission of

China’s National Assessment for Climate Change (2007).

3.2 Trend analysis of meteorological factors

The temporal trend detected in Epan and ET0 reveals a

combined effect of all meteorological variables. In order to

detect the cause of decreased ET0 and Epan, the same trend

analysis procedure for the main meteorological variables

that determined the magnitude of ET0 are preformed, the

meteorological variables that are examined including

maximum temperature (Tmax) and minimum temperature

(Tmin), relative humid (RH), wind speed, and sunshine

hours. In addition, the combined variables such as vapor

pressure deficit (VPD) and diurnal temperature range

(DTR) are also tested.

As shown in Table 2, the ET0 was negatively closed to

the relative humidity and positive to others. That is, all

variables, except relative humidity, have a positive effect
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on ET0. Moreover, the Epan and ET0 almost have the same

correlation of meteorological variables.

The results of trend analysis of the meteorological

variables are shown in Table 3 and Fig 4. It is of note that

both tests show that two out of seven variables, i.e., wind

speed and sunshine hours have a significantly declined

trend over the past 49 years, which causes negative effects

of the changes of ET0 and Epan. As for decreased sunshine

hours, previous results have shown that the globe radiation

(sunshine hours) is the most likely cause. In the Yellow

River basin, there has been many reports about the

decreased trend of sunshine hours, and they speculate that

aerosols may play a critical role in the decrease of solar

radiation in Yellow River basin (Xu and Zhao 2005). The

decreased wind speed in the Jinghe River watershed has

not been discussed in the literature before. The results also

show that both the maximum temperature (Tmax) and

minimum temperature (Tmin) increased; however, relative

humidity (RH) and diurnal temperature range (DTR)

almost stayed stable. When the air temperature increased,

the actual vapor pressure increased significantly (not shown

in Table 3), but the slope was far less than the saturation

vapor pressure (not shown in Table 3), which resulted in a

significant increase of saturation vapor deficit. Finally,

those variables produced a positive effect on the changes of

ET0 and Epan. The trend analysis shows that the reduction

Fig. 2 Linear trends (�C/decade-1) in pan evaporation and reference evapotranspiration from 1957 to 2005 over the Jinghe River watershed

based on 14 stations (dots)
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Fig. 3 Linear trend (�C/decade-1) in reference evapotranspiration

(a) and pan evaporation (b) from 1957 to 2005 over Jinghe River

watershed based on 14 stations (dots), northern China. Dot size is

related to linear trend

Table 2 Correlation between long-term mean reference evapotrans-

piration, pan evaporation, and related meteorological factors

Variables Reference

evapotranspiration

Pan

evaporation

Relative humidity -0.31 -0.56

Maximum temperature 0.35 0.322

Minimum temperature 0.07 0.001

Actual hours of sunshine 0.43 0.476

Wind speed 0.63 0.308

Vapor pressure deficit 0.32 0.449

Pan evaporation 0.71 1.00

Underlined data have passed the statistics test with 0.05 significant

levels
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of wind speeds and sunshine hours were responsible factors

for the reduction of ET0 and ETpan.

3.3 Analysis of the causes of the decrease in reference

evapotranspiration

In order to quantify the contributions of net radiation and

wind speed to the decreasing trend of reference evapo-

transpiration, three scenarios were set: scenario 1: Wind

speed did not decrease while other variables remained in

the original trend. Scenario 2: Net solar radiation did not

decrease while the other variables stayed in the same trend.

Scenario 3: Both wind speed and net radiation did not

decrease while other parameters stayed in the same trend.

Under these scenarios, we recalculated the ET0 and com-

pared it to the original ET0 in order to detect the effects

caused by the trend of variables. The following steps are

performed: 1. Using the DFA method to get rid of the

decreasing trend existing in wind speed and net radiation

(Rn) to make them as a trendless time series named DFA-

wind and DFA-Rn, respectively; 2. The ET0 were recal-

culated in scenario 1 and scenario 2 by using, in each time,

DFA-wind or DFA-Rn and original data for other variables;

3. Recalculating the ET0 in scenario 3 by using DFA-wind

and DFA-Rn in the same time and original data for others;

4. Finally, comparing the result with the original ET0 and

Table 3 Trends test of main meteorological factors in Jinghe River watershed (1957–2005)

No. Variables Unit Parametric T test Non-parameter. Mann–Kendall

Slope p value (two-tailed) a H0 Kendall’s tau Statistics p value (two-tailed) a H0

1 ET0 mm -1.71 0.043 0.05 R -0.138 -154.0 0.035 0.05 R

2 ETpan mm -4.39 0.003 0.05 R -0.304 -341.0 0.002 0.05 R

3 Tmax �C 0.03 \0.0001 0.05 R 0.312 351.0 0.002 0.05 R

4 Tmin �C 0.03 \0.0001 0.05 R 0.474 533.0 \0.0001 0.05 R

5 DTR �C 2.2E-4 0.567 0.05 N.R -0.108 -122.0 0.282 0.05 N.R

6 Wind speed m.s-1 -0.01 \0.0001 0.05 R -0.449 -503.0 \0.0001 0.05 R

7 RH % -0.031 0.108 0.05 N.R -0.114 -129.0 0.255 0.05 N.R

8 Sun hours h -0.04 \0.0001 0.05 R -0.495 -557.0 \0.0001 0.05 R

9 VPD KPa 1.1E-3 0.001 0.05 R 0.312 343.0 0.002 0.05 R

H0 there is no trend in the series, R refuse H0, N.R accept H0, a = 5% significance
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Fig. 4 Time series

(1957–2006) of meteorological

variables over Jinghe River

watershed. a Maximum air
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the difference is considered as the influence of the trend

caused by that variable. As shown in Fig. 5, the difference

is remarkable between original ET0 and recalculated ET0

with DFA-wind (scenario 1) and smaller but remarkable

difference is obtained between original ET0 and recalcu-

lated ET0 with DFA-Rn (scenario 2). In addition, the largest

difference is obtained under scenario 3. The results indicate

that the solar radiation and wind speed have the decisive

and dominant role in ET0 reduction.

The contribution from the wind speed and net radiation

were calculated by using the difference of ET0 under sce-

nario 1 and scenario 2 divided by the difference under

scenario 3, respectively. As shown in Fig. 6, the decreased

ET0 caused by reduction of wind speed and net solar

radiation mainly occurred after 1985, and the maximum

amount reached 168 mm in 2004. The contribution from

wind speed is increased from 50 to 76.21%. In contrast, the

contribution of net radiation decreased from 50 to 23.89%,

and those trends were more obvious after 1985.

3.4 Sensitivity analysis of reference evapotranspiration

to meteorological factors

In order to make the mechanism of changes of ET0 more

clear, sensitivity analysis (SA) was conducted. SA is the

study of how the variation (uncertainty) in the output of a

mathematical model can be apportioned, qualitatively or

quantitatively, to different sources of variation in the input

of a model (Saltelli and Ratto 2008). In this study, nine

scenarios are generated for each meteorological factor

using the following equations: X(t) = x(t) ? 4x 4x = 0,

±5%, ±10%, ±15%, ±20% of x(t), where x is meteoro-

logical variable, t is time in months. 4x, scenario step.

Figure 7 shows the results of the sensitivity study. It is seen
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Fig. 5 The plot of the original

annual values and the recovered

stationary series for a net

radiation (DFA-Rn) and b wind

speed (DFA-wind), c the

comparison of the original mean

annual reference

evapotranspiration with the

reference evapotranspiration

under three climate scenarios.

Scenario 1: The dashed line
with triangles is the reference

evapotranspiration calculated by

using DFA-wind data and

original data for other variables;

scenario 2: The dashed line with

triangles is the reference

evapotranspiration calculated by

using the DFA-Rn and original

data for other variables.

Scenario 3: Dashed line with

diamonds is the reference

evapotranspiration calculated by

using DFA-wind and the DFA-

Rn and original data for other

variables. The solid line with

squares at the bottom is the

reference evapotranspiration

calculated by using original data

for all meteorological variables
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that the sensitivity of meteorological variables to ET0 is

decreased in turn from relative humidity, maximum tem-

perature, wind speed, and net solar radiation and minimum

temperature. The combination of Fig. 7 and Table 3

explain the results in Fig. 5. On one hand, the decreasing

trend in wind speed is strongest among those five variables

(Table 3), and it is also the high sensitive variables. Thus,

its contribution to the decreasing trend of ET0 is much

larger than that from the net total radiation (Fig. 5). Rel-

ative humidity is the most sensitive variable; it has no

contribution to the decreasing trend in ET0 because of its

temporal constancy (Table 3). The maximum temperature

is highly sensitive to changes of ET0 and increasing sig-

nificantly, which produced negative contribution to the

decreasing trend in ET0, which implies that negative con-

tribution to the decreasing trend in ET0 has been offset by

the positive effect from the decreasing of wind speed and

solar radiation. Therefore, the decreasing trend in wind

speed is the main cause of the decreasing trend in ET0

because it is not only one of the highly sensitive variables

but also a variable with significant decreasing trend (Fig. 4;

Table 3).

4 Discussion and conclusions

Our study shows that ET0 and ETpan decreased signifi-

cantly during 1957–2005 in Jinghe River watershed. The

change speed is -40.9 mm/10 years and -17.7 mm/

10 years, respectively. Our analysis shows that the reduc-

tions of wind speed and sunshine hours were responsible

for the reduction of ET0 and ETpan. The decrease of ET0 is

mainly caused by wind speed reduction because of its high

sensitivity and significant decreasing trend, to a less extent

by decreasing in the net solar radiation over the catchment.

The contribution from wind speed to decreased ET0

increased from 50 to 76.1% during the past 49 years.

Relative humidity is the most sensitive variable responding

to the change of ET0. However, its effects to ET0 change

were neglected because of its insignificant changes. The

positive contribution of water vapor pressure deficit to ET0,

which mainly resulted from the maximum temperature

increasing, is offset by the negative effect of wind speed

and net radiation reduction.

The primary reason for changes of ET0 in 14 stations

varied with wind speed and sunshine hours. It is interesting

to note that the contribution from wind speed to decreased

ET0 in the arid area (three stations) is larger than humid

area (two stations) and that result from larger decreased

trend of net radiation in humid area. For the Xi’an and

Bao’Ji stations, the wind speed did not have an obvious

downtrend, but an uptrend. Although there was a larger

reduction in net solar radiation (compare to arid and semi-
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arid region), it is not strong enough to compensate the

positive contribution to ET0 caused by increasing in wind

speed and temperature. Therefore, it is reasonable that both

the ET0 and ETpan in Xi’an and Bao’Ji stations had a slight

increase trend.
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