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Abstract: Based on the climatic data of 580 stations in China during 1956 and 2000, potential 
evapotranspiration are calculated using the Penman-Monteith Method recommended by FAO. The spatial 
and temporal distributions of the potential evapotranspiration over China and the temporal trends of the 
regional means for 10 major river basins and whole China are analyzed. Through a partial correlation 
analysis, the major climate factors which affect the temporal change of the potential evapotranspiration 
are analyzed. Major results are drawn as follows: 1) The seasonal and annual potential evapotranspiration 
for China as a whole and for most basins show decline tendencies during the past 45 years; for the 
Songhua River Basin there appears a slightly increasing trend. 2) Consequently, the annual potential 
evapotranspirations averaged over 1980-2000 are lower than those for the first water resources assessment 
(1956-1979) in most parts of China. Exceptions are found in some areas of Shandong Peninsula, western 
and middle basins of the rivers in Southwest China, Ningxia Hui Autonomous Region as well as the 
source regions of the Yangtze and Yellow rivers, which may have brought about disadvantages to the 
exploration and utilization of water resources. 3) Generally, sunshine duration, wind speed and relative 
humidity have greater impact on the potential evapotranspiration than temperature. Decline tendencies of 
sunshine duration and/or wind speed in the same period appear to be the major causes for the negative 
trend of the potential evapotranspiration in most areas. 
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1  Introduction 
 
Evaporation is one of the important components in the water and heat balances. The transpiration of 
vegetation and evaporation from soil are collectively called evapotranspiration. Potential 
evapotranspiration is not only the theoretical limitation of actual evapotranspiration but also the basis to 
evaluate it. Potential evapotranspiration has been widely used in researches related to dry and wet 
condition analysis of climate (Yang et al., 2002; Ma et al., 2003), utilization and assessment of water 
resources (First Assessment on China Water Resources, 1981), crop water requirement and production 
control (Doorenbos and Pruitt, 1977), and eco-environment research such as desertification (Zhou et al, 
2002). Currently, the second comprehensive assessment of water resources in China is being carried out. 
Potential evapotranspiration is one of the most important parts to be considered. It is influenced by a 
number of climate elements. In the past several decades, climate change has obviously occurred in China 
(e.g. Qian et al., 2004), which would have an effect on the potential evapotranspiration and further on the 
assessment of water resources. This study deals with the spatial and temporal patterns of the potential 
evapotranspiration over China in recent 45 years with a focus on the changes between the two water 
assessment periods (1956-1979 and 1980-2000). 

In northern hemisphere, evaporation from the observations of pan evaporation generally decreases 
but the changes are not universal over the past 50 years (e.g. Peterson et al., 1995; Roderick and Farquhar, 
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2002; Linacre, 2004). Yang et al. (2003), Qiu et al. (2003), Liu et al. (2004) and Ren et al. (2006) all 
found that water surface evaporation of pan show a decline tendency in northern China as well as in most 
parts of China. Some of these studies also attempt to explain the reason for the decreasing trend by using 
a number of relevant climate variables. However, few systematic examination has been done to deal with 
all possible controlling factors and their relative contributions to the trends. 

Many methods can be used to estimate the potential evapotranspiration (e.g. Xu and Chen, 2005) and 
comparisons among various methods have been made (Jensen et al., 1990; Li et al., 2002; Liu et al., 
2003). There is a consensus that the Penman-Monteith method based on energy balance and mass transfer 
has a solid and physical basis. The method is thus capable in accurately reproducing the impacts of all 
relevant climatic elements and can be applied to different regions under varying climate conditions. In 
1990, Penman-Monteith method was recommended as a standard to estimate reference crop 
evapotranspiration by FAO Specialist Panel. From then on, the method has been widely applied to many 
researches such as eco-environment, crop water requirement as well as drought monitor and assessment. 
This method has also been applied in China. However, due to the limited access to climate data and/or 
different focuses, the existing works mainly focus on parts of China (e.g. Guo et al., 2001; Feng et al., 
2004; Xu et al., 2006) or using a small number of selected stations over China (e.g. Thomas, 2000). These 
studies do not fully meet the demands of water resources assessment and plan-making for the whole 
country. 

We focus on the spatial and temporal changes of the potential evapotranspiration estimated using 
Penman-Monteith method. The specific objectives of this study are: 1) to estimate monthly potential 
evapotranspiration with the Penman-Monteith method over China for 1956-2000; 2) to analyze the spatial 
and temporal patterns and changes of the potential evapotranspiration over 10 major drainage basins and 
the whole country; and 3) to identify the major climate factors which played a key role for the changes of 
the potential evapotranspiration in China. 
 

 
Figure 1  Distribution of 580 meteorological stations and 10 river basins in China 

(The numbers denote the basins: 1. Songhua River; 2. Liao River; 3. Hai River; 4. Yellow River; 5. Huai River;  
6. Yangtze River; 7. Rivers in Southeast China; 8. Pearl River; 9. Rivers in Southwest China; 10. Rivers in Northwest China) 
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2  Data and methods 
 
2.1  Data 
Monthly mean sunshine duration (Su), mean maximum temperature (Tm), mean minimum temperature 
(Tn), mean relative humidity (Hu) and mean wind speed (Wn) at 580 stations over China are used to 
estimate potential evapotranspiration during 1956 and 2000. The distribution of meteorological stations 
and 10 river basins over China are plotted (Figure 1). Based on the monthly estimates, seasonal (Spring: 
March-May, Summer: June-August, Autumn: September-November, Winter: December-February) and 
annual potential evapotranspiration are further calculated. 
2.2  Penman-Monteith method 
Penman-Monteith formula is used to calculate the potential evapotranspiration of reference vegetation. 
The reference surface is assumed to be a flat surface that is completely covered by a grass with an 
assumed uniform height of 0.12 m and an albedo of 0.23 (Allen et al., 1998). The soil is assumed to be 
well watered. The reference evapotranspiration is taken as the potential evapotranspiration in this study. 
The formula is shown below: 
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where ET0 is potential evapotranspiration (mm•d-1), Rn is net radiation at reference surface (MJ•m-2•d-1), G 
is soil heat flux density (MJ•m-2•d-1), T represents monthly mean temperature (oC), U2 is the wind speed at 
2 m height (m•s-1), es is saturation vapour pressure (kPa), ea is actual vapour pressure (kPa), ∆ denotes the 
slope of vapour pressure curve versus temperature (kPa•℃-1) and γ is psychrometric constant (kPa•oC-1). 
In calculating the radiation budget, solar radiation is usually evaluated by empirical formula: 

Rs = (as + bsS)Ra (2)
where Ra is extraterrestrial radiation (MJ•m-2•d-1), S is percentage of sunshine, as and bs are empirical 
constants. According to Zhu (1982), the empirical constants are determined for four regions in China, i.e. 
northeast region, eastern plain region, northwestern arid region and Tibetan Plateau region. The 
recommended constants s =0.25, sb =0.5 by FAO are not chosen here. Calculation of Ra n and G follows 
that of FAO. Monthly potential evapotranspiration is calculated by multiplying ET0 with the number of 
days in that month. 
2.3  Evaluating seasonal, annual and regional means 
For seasonal and annual calculation over a region, it is assumed that the anomalies vary less than the 
absolute values among all the stations. Thus, if there is a missing value at a station, its anomaly is 
replaced with the mean of anomaly of the region and the regional mean is calculated as follows. 

20001971−+∆= RXiRXiRX      2000,1956=i  (3)

where iRX is the regional mean of each year, i is annual index, iRX∆  is the regional mean anomaly 

with respect to the reference period 1971-2000 which is taken by averaging the anomalies of all the 

available stations in the region, and 20001971−RX  is the regional mean averaged from 1971 to 2000. 

2.4  Partial correlation 
Five climate factors are used to calculate potential evapotranspiration. What are the relative importance of 
these factors in determining the potential evapotranspiration change? The answer to this question may be 
sought by a linear regression analysis as the strength of the correlation can be used to measure the extent 
to which the potential evapotranspiration is determined by a factor. However, a univariate analysis is most 
likely not being appropriate as the five factors may be strongly linked to each other. Partial correlation 
method may be useful in dealing with this problem as it seeks the ‘real’ correlation between potential 
evapotranspiration and a factor by eliminating the influences of all other factors. It is assumed that the 
larger the partial correlation is, the more important the factor is for the changes of potential 
evapotranspiration. 
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3  Results and discussion 
 
3.1  Characteristics of spatial distribution 
3.1.1  Distributions of annual and seasonal potential evapotranspiration     The low centers of the 
annual potential evapotranspirations are mainly located in the northern and eastern parts of Northeast 
China (Figure 2), and some parts of the upper reaches of the Yellow and Yangtze rivers because of the low 
air temperature. As a result of poor sunshine condition, humid climate and weak wind speed, another 
sub-low center lies in the middle reaches of the Yangtze River. The high centers of annual 
evapotranspiration are located in most desert areas in the river basins of Northwest China as a result of 
good radiation condition, strong wind and dry climate. The sub-high centers lie in Yunnan province and 
Hainan Island because of high temperature and good sunshine condition. In spring, the pattern is similar 
to that of annual evapotranspiration. In summer, the seasonal values appear increase in most parts of 
China compared to those in spring, except a decrease in some parts of Southwest China with higher 
humidity. Zonal pattern is clear in winter. 

Figure 2  The patterns of seasonal and annual potential evapotranspiration averaged  
from 1956 to 2000 over China estimated by Penman-Monteith method (unit: mm) 

(a. annual; b. spring; c. summer; d. autumn; e. winter) 
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Table 1  The normal seasonal and annual potential evaportranspiration of 10 river basins and China
(based on the average of 1956-2000) (unit: mm) 

Name of basins Annual Spring Summer Autumn Winter 
Songhua River  733.6 227.3 329.7 147.4 29.2 
Liao River  879.4 276.2 346.8 191.2 65.5 
Hai River  964.7 300.0 377.3 201.2 86.3 
Yellow River  929.1 276.4 377.3 188.0 87.3 
Huai River  960.4 265.5 362.2 224.2 108.3 
Yangtze River  881.9 228.8 338.8 202.1 112.2 
Rivers in Southeast China  929.5 200.9 352.4 246.4 129.7 
Pearl River 1020.0 246.3 344.7 266.7 162.5 
Rivers in Southwest China 1059.6 322.5 328.6 239.4 168.7 
Rivers in Northwest China 1069.6 314.0 475.7 215.2 64.6 
China  941.5 263.2 368.7 210.1 99.4  

3.1.2  Regional mean potential evapotranspiration of 10 river basins     Normal annual potential 
evapotranspiration averaged over China is 941.5 mm (averaged period is from 1956 to 2000) with 28% in 
spring, 39% in summer, 22% in autumn and 11% in winter. In the river basins of Northwest China, the 
annual value is the largest as a result of the abundant sunshine and dry climate (Table 1). In the Songhua 
River Basin, the normal annual mean temperature is the lowest of China that produced the lowest annual 
evapotranspiration. For the Yangtze River, the minimum annual sunshine hours, relatively low wind speed 
as well as rather humid climate lead to the minimum annual evapotranspiration in south of China. 

Fig gure 3  The time series of annual potential evapotranspiration of 10 river basins and China durin
1956 to 2000. The thin line represents the normal during this period, the dash line denotes the annual potential 

evapotranspiration, the thick line is the 10 year moving mean, and star (*) denotes the mean of each decade. 
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Because of generally more sunshine hours, drier air and stronger wind speed in spring, the seasonal 
potential evapotranspirations are greater than those in autumn, except for the river basins in Southeast 
China and the Pearl River delta. These basins are located in the south of China and are affected by the 
monsoon rainfall earlier than the other places. In winter, the seasonal potential evapotranspiration 
decreases from south to north gradually. 
3.2  Variation and trends of annual and seasonal potential evapotranspirations 
3.2.1  Decadal variation     The 10-year mean annual potential evapotranspiration of China and most 
basins are more than normal during the 1960s to the 1970s and less than normal since the 1980s (Figure 
3). In basins of the Songhua River, the Yellow River, the Huai River as well as the rivers in Southeast 
China, the 10-year mean annual potential evapotranspirations arrived at the bottom during the 1980s and 
were on the rise though still less than normal (with one exception in the Yellow River Basin) during the 
1990s. 
3.2.2  Trends of annual and seasonal potential evapotranspirations    The annual potential 
evapotranspirations of the country and most basins have decreasing trends except for the Songhua River 
Basin where a slight increasing trend appeared (Table 2). Annual potential evapotranspiration of the 
whole country decreases at a rate of -1.18 mm/yr which is statistically significant at the 0.01 level. The 
relative change to regional mean is about -5.7% during the past 45 years. This agrees with the results of 
Ren and Guo (2006) who study the trend of Pan evaporation in China during the same period of time. In 
addition, the annual trends estimated here are broadly consistent with those given by Chen et al. (2005) 
who estimates only the annual trend with the same method over the period 1951-2000. The significant 
decreasing trends of spring, summer and autumn are responsible for the decreasing annual trends. 
 

Table 2  Trends of annual and seasonal potential evapotranspiration of the 10 river basins and  
whole country during 1956 to 2000 

(T denotes the trend (mm/yr), RT is change during the 45 years relative to the regional mean (%)) 
Name of 
basins 

Songhua 
River 

Liao 
River 

Hai 
River 

Yellow 
River 

Huai 
River 

Yangtze 
River 

Rivers in 
Southeast 

China 

Pearl 
River 

Rivers in 
Southwest 

China 

Rivers in 
Northwest 

China 

China

T 0.21 -0.73 -1.2# -0.43 -1.3# -1.73* -2.2* -1.57* -0.28 -1.67* -1.18*Annual 
RT 1.3 -3.7 -5.6 -2.1 -6.1 -8.8 -10.6 -6.9 -1.2 -7.0 -5.7 
T 0.05 -0.43* -0.45 -0.1 -0.01 -0.16 -0.15 -0.6* -0.01 -0.47* -0.25#Spring 
RT 1.0 -7.0 -6.8 -1.6 -0.1 -3.1 -3.4 -10.9 -0.1 -6.7 -4.2 
T 0.04 -0.26 -0.54 -0.34 -1.08* -1.15* -1.31* -0.46# -0.07 -0.77* -0.65*Summer 
RT 0.5 -3.4 -6.4 -4.0 -13.4 -15.3 -16.7 -6.1 -0.9 -7.3 -7.9 
T 0.06 -0.09 -0.14 0.02 -0.15 -0.3* -0.51* -0.3 -0.1 -0.39* -0.21*Autumn 
RT 1.9 -2.1 -3.0 0.5 -2.9 -6.6 -9.3 -5.1 -1.9 -8.1 -4.4 
T 0.06 0.04 -0.07 -0.01 -0.03 -0.12 -0.2 -0.23 -0.06 -0.02 -0.07 Winter 
RT 9.8 2.9 -3.5 -0.6 -1.3 -4.9 -7.1 -6.4 -1.6 -1.0 -3.2 

(Note: * statistically significant at the 0.01 level, # statistically significant at the 0.05 level.) 
 

In southern China, the values of the basins of the Huai River, the Yangtze River, the rivers in 
Southeast China and the Pearl River show significant decreasing trends on annual scale and in summer 
during the past 45 years. But in the basin of the rivers in Southwest China, no clear trends are found for 
the four seasonal and annual values. The changes of the basins in northern China are more complicated. 
In the Songhua River Basin, all seasonal and annual values have slightly increasing trends. In the other 
basins, on the other hand, the annual and seasonal values have slightly decreasing trends. But in the river 
basins of Northwest China, all seasons except winter show a significant decreasing trend. 
3.3  Spatial pattern of the changes in potential evapotranspiration between 1980-2000 and 

1956-1979 
The spatial patterns of annual and seasonal potential evapotranspiration between 1980-2000 and 
1956-1979 are compared. The choice of the year 1980 as a breaking point is due to the facts that the study 
period of the first water resources assessment of China is from 1956 to 1979 and the temperature in China 
has changed significantly since the 1980s with a warming trend (e.g. Wei et al., 2003). How does the 
potential evapotranspiration response to the climate change? 
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In most areas of China, the 
mean annual values of later period 
have showed decreasing trends 
(Figure 4). But in some areas of 
Shandong Peninsula, western and 
middle basins of rivers in 
Southwest China, Ningxia Hui 
Autonomous Region as well as the 
source regions of the Yangtze and 
Yellow rivers, the values have a 
slightly increasing trend during 
recent 20 years. Li et al. (2000) 
also found that the 
evapotranspiration has been 
increased in the upper reaches of 
the Yellow River since the 1980s 
using the Penman formula. 

 National and regional means 
of annual potential 
evapotranspiration of the 10 river 
basins generally decrease during 
1980 and 2000 (Table 3), but the 
differences vary with basin and 
season. 

Figure 4 Difference of mean annual potential 
evapotransporation between periods of 1980-2000 and 

1956-1979 (unit: mm) 

In the basins of the Hai River, the Huai River, the Yangtze River, the rivers in Southeast China, the 
Pearl River, the rivers in Northwest China and the whole country, the decreasing trends of annual 
potential evapotranspiration are statistically significant, which means about 31.5 mm to 56.4 mm less than 
those in the previous period. For these basins and the whole country, the large part of decrement in annual 
potential evapotranspiration mainly occurs in summer except the Hai River and Pearl River basins in 
spring. 

In the other basins, the decreasing trends of the annual and seasonal potential evapotranspirations are 
generally not significant except those in the Liao River Basin in spring and Yellow River Basin in summer. 
Small increasing trends are found in the Songhua River Basin in winter and the Yellow River in autumn. 
 

Table 3  The absolute and relative differences of annual and seasonal potential evapotranspirations 
between 1980-2000 and 1956-1979 of the 10 river basins and the whole country 

(D: the absolute difference (mm); RD: the relative difference to mean of the early period (%)) 
Name of basins Songhua 

River 
Liao 
River 

Hai 
River 

Yellow 
River 

Huai 
River 

Yangtze 
River 

Rivers in 
Southeast 

China 

Pearl 
River 

Rivers in 
Southwest 

China 

Rivers in 
Northwest 

China 

China

D -7.4 -17.6 -31.5# -19.9 -36.2# -46.9* -56.4* -34.2* -5.3 -44.2* -32.6*Annual 
RD -1.0 -2.0 -3.2 -2.1 -3.7 -5.2 -5.9 -3.3 -0.5 -4.0 -3.4 
D -1.2 -10.0# -13 -5.5 -0.9 -4.6 -5.9 -15.3* -1.1 -13.5* -7.5* Spring 
RD -0.5 -3.6 -4.2 -2.0 -0.3 -2.0 -2.9 -6.0 -0.4 -4.2 -2.8 
D -6.2 -5.7 -12.3 -13.8# -29.3* -29.1* -28.1* -6.2 -0.3 -19.7* -16.8*Summer 
RD -1.9 -1.6 -3.2 -3.6 -7.8 -8.3 -7.7 -1.8 -0.1 -4.1 -4.5 
D -1.4 -1.7 -3.7 0.2 -4.1 -9.5* -16.7* -7.2 -0.9 -9.7* -6.0* Autumn 
RD -1.0 -0.9 -1.8 0.1 -1.8 -4.6 -6.6 -2.7 -0.4 -4.4 -2.8 
D 1.6 -0.4 -2.9 -0.7 -1.9 -3.6# -5.2 -5.9 -2.4 -0.9 -2.3 Winter 
RD 5.6 -0.6 -3.3  -0.8 -1.7 -3.2 -3.9 -3.6 -1.4 -1.4 -2.3 

(The meaning of symbols are the same as in Table 2, but for t-test) 
 
3.4  Controlling factors for potential evapotranspiration 
Table 4 lists the relationships between climate factors and potential evapotranspirations of the 10 river 
basins and the whole country on annual and seasonal scales. From Table 4, it is seen that sunshine 
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duration, mean wind speed, mean maximum temperature and minimum temperature have positive 
relationship with potential evapotranspiration, while relative humidity is negatively correlated to potential 
evapotranspiration. In most river basins and the whole country, sunshine duration, mean wind speed and 
relative humidity are major controlling factors for most seasonal and annul potential evapotranspirations, 
whereas mean maximum temperature and minimum temperature play a relatively minor role. 

 
Table 4  Relationships between climate factors and annual/seasonal potential evapotranspiration of  

10 river basins and the whole country 
Name of basins Annual Spring Summer Autumn Winter 
Songhua River -Hu, Su, Tm -Hu, Wn, Su, Tm -Hu, Su, Wn, Tm -Hu, Tm, Wn -Hu, Wn, Tm, Tn
Liao River -Hu, Su, Tm, Wn Wn, -Hu, Tm, Su Su, -Hu, Wn, Tm -Hu, Wn, Tm -Hu, Wn, Tm 
Hai River Wn, -Hu, Su, Tm -Hu, Wn, Tm, Su Su, -Hu, Wn, Tm -Hu, Wn -Hu, Wn, Tm  
Yellow River Wn, Su, -Hu -Hu, Wn, Su, Tm, Tn Su, -Hu, Wn, Tn Wn, -Hu, Tm, Su -Hu, Wn, Tm, Su 
Huai River Su, -Hu, Wn -Hu, Su, Wn, Tm Su, -Hu, Wn, Tm -Hu, Wn, Tm -Hu, Wn, Tm, Su 
Yangtze River Su, Tn, -Hu, Wn -Hu, Su, Wn Su, -Hu Wn, -Hu, Su -Hu, Wn 
Rivers in 
Southeast China 

Su, -Hu, Wn, Tn Su, -Hu, Tn Su, -Hu, Wn, Tm -Hu, Wn, Su -Hu, Wn, Su, Tn 

Pearl River Su, -Hu, Wn, Tn Su, Wn, -Hu, Tn Su, -Hu, Wn, Tn Su, -Hu, Wn, Tn -Hu, Wn, Su 
Rivers in 
Southwest China 

Su, Wn, -Hu, Tm Su, Wn, -Hu, Tm, Tn Su, -Hu, Wn, Tn Su, Wn Wn, Su, Tm, -Hu 

Rivers in 
Northwest China 

Wn, -Hu, Tm, Su Wn, Tm, -Hu, Su Wn, -Hu, Tm, Su Wn, -Hu, Tm Wn, -Hu, Tn, Tm

Whole country Su, Wn, -Hu, Tm -Hu, Wn, Su, Tm Su, Wn, -Hu, Tm Su, -Hu, Wn -Hu, Wn, Su, Tn 
The table lists the factors with significant (≤0.05 level) partial correlation coefficients in descending order. The 

minus (-) denotes that negative partial correlation lies between potential evapotranspiration and climate factors. Italic 
type character represents the climate factor decline during the past 45 years. Thick type character represents the trend 
with statistical significant at ≤ 0.05 level. 

 
For annual potential evapotranspiration, the major controlling factors change with latitude from 

relative humidity in the Songhua and the Liao river basins to wind speed in the basins of the Hai River, 
the Yellow River and the rivers in Northwest China and further to sunshine duration in the other basins of 
southern China. For the whole country, sunshine duration is the most important controlling factor. Similar 
latitudinal changes of major controlling factors for potential evapotranspiration are also found in spring. 
In most basins of northern China, relative humidity or mean wind speed have close relationship with 
potential evapotranspiration. In southern basins of China, the situation change and the sunshine duration 
are more important. In summer, sunshine duration and humidity are major controlling factors affected by 
summer monsoon except for the basin of the rivers in Northwest China. In autumn and winter, relative 
humidity or wind take the control position in most basins. Only in some southern basins, such as the Pearl 
River and the rivers in Southwest China, the sunshine duration still plays a dominant role. 

In order to identify the relative contributions of all the factors to the change of potential 
evapotranspiration, we further analyze the change of each factor during the past 45 years. From Table 4, it 
is seen that seasonal and annul sunshine duration and mean wind speed of most basins and the whole 
country show significant declining trends during 1956 and 2000. The declining trends of annual sunshine 
duration and wind speed are consistent with previous studies by Li et al. (1998) and Wang et al. (2004) 
respectively. Li et al. (1998) found that the global radiation and direct radiation in most parts of China 
had significant decreasing trends during 1960 and 1990 as a result of the increased atmospheric turbidity 
and aerosol. Wang et al. (2004) attributed the significant decline of wind speed in China during the past 
50 years to the weakening winter and summer monsoon. Besides the change of atmospheric circulation, 
change of land surface such as urbanization may also have an impact on the decrease of wind. Significant 
decreasing trends in sunshine duration (or solar irradiation) and wind speed may have resulted in the 
declining tendencies of the potential evapotranspiration in most basins and the whole country. Relative 
humidity of different basins and seasons do not show a consistent and significant trend. These lead to the 
conclusion that the change of relative humidity is probably not the dominating factor for the trend of 
potential evapotranspiration during the past 45 years. But in the Songhua River Basin, the relative 
humidity is the principal controlling factor for all seasons. As a result of the decreasing relative humidity 
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and increasing maximum/minimum temperature, the potential evapotranspiration there shows a slightly 
increasing trend. These results are similar to the studies by Ren et al. (2006) and Guo et al. (2005). They 
try to use the method of correlation analysis between pan observation and climate factors to explain the 
change of water evaporation. 

As a whole, the variations of annual and seasonal potential evapotranspirations of each basin reflect 
the comprehensive function of each climate factor. Among these factors, the changes of principal factors 
play a key role in the change of potential evapotranspiration. The other factors would enhance or offset 
the impact of the major factors according to their change and relation with potential evapotranspiration. 
 
4  Conclusions 
 
From the above analysis, some conclusions are drawn as follows: 

(1) At a basin scale, annual potential evapotranspiration is the highest in the river basins of 
Northwest China and the smallest in the Songhua River Basin. 

(2) For China as a whole and most basins the 10-year means of potential evapotranspiration are more 
than normal during the 1960s and 1970s and less than normal since the 1980s. For the basins of the 
Yellow River, the Huai River, the Songhua River and the rivers in Southeast China, the potential 
evapotranspirations are on the rise during the 1990s but the values are still less than the normal except for 
the Yellow River Basin. 

(3) For China as a whole and the river basins in Northwest China, both the annual and seasonal 
potential evapotranspirations have a significant decreasing trend except in winter during the past 45 years. 
The seasonal and annual potential evapotranspirations for most of the other basins show the declining 
trends except for the Songhua River Basin with a slightly increasing trend. Particularly in the basins of 
southern China (except for the river basins in Southwest China) the declining trends are significant on 
annual scale and in summer. 

(4) Compared with averages of 1956-1979, not only annual but also seasonal potential 
evapotranspirations averaged over 1980-2000 show a decreasing trend in most parts of China. But in 
some places of Shandong Peninsula, western and middle basins of rivers in Southwest China, Ningxia 
Hui Autonomous Region as well as the source regions of the Yangtze and Yellow rivers there is an 
increasing trend. 

(5) Sunshine duration or solar radiation and wind speed are the major climate factors which affect 
the change of potential evapotranspiration in China during the past 45 years. 

(6) Since the 1980s, the annual mean temperature has been increasing, particularly during the end of 
the 1990s. However, the potential evapotranspiration calculated by Penman-Monteith method during the 
same period does not show an increasing trend. This demonstrates that potential evapotranspiration does 
not only depend on air temperature. The factors such as solar radiation, wind speed and relative humidity 
seem to be more important in determining the changes in potential evapotranspiration than the air 
temperature for China. 
 
References 
Allen R G, Pereira L S, Raes D et al., 1998. Crop evapotranspiration: guidelines for computing crop water 

requirements. In: FAO Irrigation & Drainage Paper 56. FAO, ISBN 92-5-104219-5. 
Chen D, G Gao, C Y Xu et al., 2005. Comparison of Thornthwaite method and pan data with the standard 

Penman-Monteith estimates of potential evapotranspiration for China. Climate Research, 28: 123-132. 
Doorenbos J, Pruitt W O, 1977. Guidelines for predicting crop water requirements. Food and Organization United 

Nations, FAO Irrigation and Drainage Paper 24, 2nd edn. Rome. 
Feng Zhiming, Yang Yanzhao, Ding Xiaoqiang et al., 2004. Temporal-spatial changing characteristics of reference 

crop evapotranspiration in Gansu Province. Transactions of the Chinese Society of Agricultural Engineering, 
20(1): 99-103. (in Chinese) 

Guo Jianping, Gao Suhua, Mao Fei, 2001. Study on drought tendency and defending countermeasures in north part of 
China. Journal of Natural Disasters, 10(3): 32-36. (in Chinese) 

Guo Jun, Ren Guoyu, 2005. Recent change of pan evaporation and the possible climate factors over the 
Huang-Huai-Hai Watersheds. Advances in Water Science, 16(5): 46-52. (in Chinese) 

Jensen M E, Burman R D, Allen R G, 1990. Evapotranspiration and irrigation water requirements. In: ASCE Manuals 
and Reports on Engineering Practice, No.70, 332. 



 Gao Ge, Chen Deliang, Ren Guoyu et al. 
 

12

Li Xiaowen, Li Weiliang, Zhou Xiuji, 1998. Analysis of the solar radiation variation of China in recent 30 years. 
Quarterly Journal of Applied Meteorology, 9(1): 24-31. ( in Chinese) 

Li Yulin, Cui Jianyuan, Zhang Tonghui, 2002. Comparative study on calculation methods of potential 
evapotranspiration. Journal of Desert Research, 22(4): 372-376. (in Chinese) 

Li Lin, Zhang Guosheng, Wang Qingchun et al., 2000. Study on evapotranspiration and its impact factors over 
Yellow River upper stream area. Advance in Earth Sciences, 15(3): 256-259. (in Chinese) 

Linacre E T, 2004. Evaporation trends. Theoretical and Applied Climatology, 79: 11-21. 
Liu Binhui, Xu Ming, Mark Henderson et al., 2004. A spatial analysis of pan evaporation trends in China, 1955-2000. 

Journal of Geophysical Research, 109, D15102. doi:10.1029 /2004JD004511:1-9. 
Liu Shaomin, Sun Zhongping, Li Xiaowen et al., 2003. A comparative study on models for estimating 

evapotranspiration. Journal of Natural Resources, 18(2): 161-167. (in Chinese) 
Ma Zhuguo, Hua Lijuan, Ren Xiaobo, 2003. The extreme dry/wet events in northern China during recent 100 years. 

Acta Geographica Sinica, 58(suppl.): 69-74. (in Chinese) 
Peterson T C, Golubev V S, Groisman P Y, 1995. Evaporation losing its strength. Nature, 377: 687-688. 
Preliminarily Assessment to China Water Resources, 1981. The technique group to ensemble the preliminary 

achievements of China first water resources assessment. The Water Resources Study Office of Ministry of Water 
Resources of the People's Republic of China, 48-51. (in Chinese) 

Qian W H, D Chen, Q Lin et al., 2004. Regional temperature and precipitation trend under global change. Newsletter 
for Climate Change, 3(3): 8-9. (in Chinese) 

Qiu Xinfa, Liu Changming, Zeng Yan, 2003. Changes of pan evaporation in recent 40 years over the Yellow River 
Basin. Journal of Natural Resources, 18(4): 437-442. (in Chinese) 

Ren Guoyu, Guo Jun, 2006. Change in pan evaporation and the influential factors over China: 1956-2000. Journal of 
Natural Resources, 21(1): 31-44. (in Chinese) 

Roderick M L, Farquhar G D, 2002. The cause of decreased pan evaporation over the past 50 years. Science, 298(15): 
1410-1411. 

Thomas A, 2000. Spatial and temporal characteristics of potential evapotranspiration trends over China. International 
Journal of Climatology, 20: 381-396. 

Wang Zunya, Ding Yihui, He Jinhai et al., 2004. An updating analysis of the climate change in China in recent 50 
years. Acta Meteorologica Sinica, 62(2): 228-236. (in Chinese) 

Wei Fengying, Cao Hongxing, Wang Liping, 2003. Climatic warming process during 1980s-1990s in China. Journal 
of Applied Meteorological Science, 14(1): 79-86. (in Chinese) 

Xu C Y, D Chen, 2005. Comparison of seven models for estimation of evapotranspiration and groundwater recharge 
using lysimeter measurement data in Germany. Hydrological Processes, 19: 3717-3734. 

Xu C Y, L Gong, T Jiang et al., 2006. Analysis of spatial distribution and temporal trend of reference 
evapotranspiration in Changjiang catchment. J. Hydrology. (in press) 

Yang Jianping, Ding Yongjian, Chen Rensheng et al., 2002. The interdecadal fluctuation of dry and wet climate 
boundaries in China in recent 50 years. Acta Geographica Sinica, 57(6): 655-661. (in Chinese) 

Yang Jianping, Ding Yongjian, Chen Rensheng et al., 2003. Variations of precipitation and evaporation in North 
China in recent 40 years. Journal of Arid Land Resources and Environment, 17(2): 6-11. (in Chinese) 

Zhou Xiaodong, Zhu Qijiang, Sun Zhongping et al., 2002. Preliminary study on regionalization desertification 
climate in China. Journal of Natural Disasters, 11(2): 125-131. (in Chinese) 

Zhu Changhan, 1982. A further discussion on the climatological calculating method of total radiation (II). Journal of 
Nanjing Institute of Meteorology, (2): 196-206. (in Chinese) 


	Su, -Hu, Tn
	Su, Wn, -Hu, Tm

	References
	Guo Jun, Ren Guoyu, 2005. Recent change of pan evaporation a



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


