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Analysis of variation in pan evaporation and its influencing factors in Haihe River basin
XIONG Yulin,ZHAO Na
(School of Hydropower and Digital Engineering , Huazhong University of Science and Technology ,Wuhan 430074 ,China)
Abstract: Based on meteorological data of 17 meteorological stations from 1960 to 2012 in Haihe River basin, the panel data
model was used to analyze the variation trend and regression relationship between pan evaporation and other climate variables
such as relative humidity, wind speed, sunshine hours,average temperature and diurnal temperature range. This paper was fo-
cused on analyzing the influencing factors of the "evaporation paradox" in the Haihe River basin,and exploring the feasibility of
the panel data model for the study of water and heat balance and climate change. The results showed that: during the period
from 1960 to 2012, pan evaporation showed a significant decrease at the rate of 22. 89 mm/(10a) and average temperature in-
creased at a rate of 0. 27 ‘C/(10a),respectively. There was a phenomenon of evaporation paradox exist in the basin; based on
the Unit Root test, Hausman test and F-test, the results showed that the variable coefficient of the fixed effect model was more
suitable for modeling and analysis of pan evaporation and other meteorological factors in the Haihe River basin; from the per-
spective of single factor regression, the contribution of sunshine hours to the pan evaporation was the largest, followed by rela-

tive humidity, diurnal temperature range, wind speed and average temperature. The full factor regression analysis showed that
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the pan evaporation was negatively correlated with relative humidity,and was positively correlated with sunshine hours, average

temperature, diurnal temperature range and wind speed. In terms of fitting effects of the average temperature and diurnal tem-

perature range respectively, the average temperature was more suitable for the model fitting. Comparing the regression results

of average temperature and sunshine hours, the global dimming contributed more to the change in pan evaporation than global

warming.

Key words: Haihe River basin; evaporation paradox; panel data model; pan evaporation; meteorological factor
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Fig. 1 Location map of meteorological sites in the Haihe River basin
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temperature in Haihe River basin during 1960 to 2012
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Tab. 1 Panel data unit root test result

K 7 ik
AR L
SLH
LLC 1PS ADF-Fisher  PP-Fisher
Lg(ETpan) —16.70*** —17.80*** 306. 87 *** = 304.09***
Lg(SH) —15.28*** —15.78***  285.66*** 355.27***
Lg(RH) —17.30** —21.29***  382.20***  393.26***
Lg(TA) —18.90%** —14.62%* 241.89***  235.01***
Lg(TG) —17.61*** —18.41*** 321.68***  325.42***
Lg(WS) —3.72" =4, 79" 82. 56~ 82. 30
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Tab. 2 Variable selection of panel data model

[i® 1 Lg (ETpan) Lg (SH)

BiE 2 Lg (ETpan) Lg (RH)

[i# 3 Lg (ETpan) Lg (TA)

BiE 4 Lg (ETpan) Lg (TG)

[i® 5 Lg (ETpan) Lg (WS)

BiE 6 Lg (ETpan) Lg(SH) . lg(RH),lg(TA) lg(TG) lg(WS)
i 7 Lg (ETpan) Lg(SH) Ig(RH) . 1g(TA) . Ig(WS)
¥l 8 Lg (ETpan) Lg(SH) . Ig(RH) . 1g(TG) ,1g(WS)
[ 9 Lg (ETpan) Lg(TA) . 1g(RH) . Ig(WS)

%1 10 Lg (ETpan) Lg(SH) .Ig(RH) ,\1g(WS)
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Tab. 3 Regression estimation results of panel data model 1 to 5

" B 1 R 2 R 3 Y 4 R 5
i B(SH) « B(RHD a B(TA) a BTG a BWS) a
(%5 0.40* 0.15  —1.23% 1.33 —0.01 0.58 0. 46*** 0. 74 0.22***  —0,08
KAl 0. 05 .02 —1.13* 0.97 0.25* 0. 20 1. 24 % —1.19 0.17 0.17
JL- 0.22* 0.61 —0.75***  —0.60 0.12 0.33  0.54*** 0.52 0.12 0.17

HEE  0.31% 0.23  —0.85"  —0.28 0.75%*  —1,57 0.51 7% 0. 49 0.01 0. 04
KR 0. 70*** —0. 38 —0. 85 % —0.17 0.32* —0. 21 0.44* 0.73 0. 21 7% 0. 04
Ak 0. 25" 0.47  —0.95%* 0.21 0.51*  —0.71 1. 29 —1.47 0.46**  —0.17
22 0. 66+ —0.17  —1.34** 2. 04 0. 54 —0.82 0,65 0.37 0.17** 0.11
EZ 0. 70 —0.64  —0.78***  —0.58 —0.04 0.44%  1.07* —1.07 0.36***  —0.37
NS 0. 02 0.91 —0. 68*** —0. 98 0. 44 *** —0. 34 0. 49" 0. 60 —0.03 0. 22
ke 0. 85" —0.70  —0.76***  —0.53 0. 05 0.54  0.61* 0. 45 0. 14 0.18
gl 0.17 0.44  —0.46* —1.98 0.28 —0.25  0.50%* 0.39  —0.03 0.02
k(37 0. 47 0.05 —0.82***  —0.32 0. 38 x —0.40  0.59*** 0. 45 0.13 0. 09
PR 0. 59+ —0.27  —0.73***  —0.76 0.13 0.10  0.66%** 0.23 0.31**  —0.19
i 0. 42 0.05 —0.87** —0.10  —0.11 0.69  0.59%%* 0.37 0.22%%  —0.14
B 0. 82*** —0.59  —1.43%* 2. 36 0. 30 —0.19 0,83 —0.11 0.30** —0.09
i} 121 —1.13  —1.04** 0.77 0.11 0. 45 1,457 —1.15 0.27 % 0.12
HoM 0. 62 —0.08  —0.49%* —1.53  —0.24 1.23 0,947 —0.31 0.38**  —0.10
R? 0. 65 0. 62 0.53 0. 61 0. 56
sz 6.88 7.58 9.35 7.71 8.59

TE: woxx wox | x SRIBEHITE 1%.5% 10X 10 BAS K- T B2,

x4 EREEAER 1 EZEEB S HETER
Tab. 4 Estimation results of traditional regression model 1 to 5

. HER 1 A 2 HR 3 R 4 B 5
i B(SHD a B(RH) ) BCTA) a BTG) a BWS) a
[ 0. 40 6.17 NI 11.95 —0.01 7.02 0. 46 5. 87 0. 22 6.71
yNGil 0. 05 7.04 —1.13 11.58 0.25 6. 65 1.24 3.94 0.17 6. 96
A 0.22 6. 62 =0.75 10.01 0.12 6.77 0. 54 5. 65 0.12 6.95

AR 0.31 6.25 —0.85 10. 34 0.75 1.88 0.51 5. 63 0.01 6. 83
KIE 0. 70 5. 64 —0. 85 10. 45 0. 32 6. 24 0. 44 5. 86 0.21 6. 83
A1k 0.25 6. 49 —0.95 10. 82 0.51 5.73 1.29 3. 66 0. 46 6.61
2 0. 66 5. 85 —1.34 12. 66 0. 54 5. 62 0. 65 5. 50 0.17 6. 89
E2 0 0. 70 5.38 —0.78 10. 04 —0.04 6. 89 1.07 4. 06 0. 36 6. 42
Frig 0. 02 6.93 —0.68 9.63 0. 44 6.10 0. 49 5.73 —0.03 7.01
Wk 0. 85 5.31 —0.76 10. 09 0. 05 6.99 0. 61 5.58 0.14 6. 96
TR 0.17 6. 45 —0. 46 8. 64 0. 28 6.19 0. 50 5.52 —0.03 6. 80
(878 0.47 6. 06 —0.82 10. 30 0.38 6. 04 0.59 5.58 0.13 6. 87
Foi 0. 59 5.75 —0.73 9. 86 0.13 6.55 0. 66 5.37 0.31 6. 59
R 0.42 6. 06 —0. 87 10. 52 —0.11 7.14 0. 59 5. 50 0.22 6. 64
HR 0. 82 5.43 —1.43 12. 98 0. 30 6.25 0. 83 5.02 0. 30 6. 69
] 1.21 4. 89 —1.04 11. 39 0.11 6. 89 1.45 3.99 0.27 6. 91
HIH 0. 62 5. 94 —0. 49 9. 09 —0. 24 7.68 0. 94 4. 82 0. 38 6. 69
R? 0. 23 0. 25 0.0 0.21 0.13
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Tab.5 Regression estimation results of panel data model 6
R 6
a5
B(SH)  A(RH)  ATA)  BTG)  B(WS) a
fRf —0.20  —0.96***  0.06*  0.34***  0.21***  3.00
KF —0.09  —0.76** 0.16 0.57* 0.08 1.35
S 015 —0.78** 0.31*  0.48 0.10 0. 80
AFE 0.367 —0.21 158 0.63** 0.00  —5.72
KIE 0.43  —0.51" 0.36"  0.02 0.17* 0.14
AR 0,347 —0.59* 0.31 0. 02 0.39* 0.54
TR 0.59% —0.50* 0.43 0. 04 0.03  —0.28
£ 011 —0.62* —0.01 0.77**  0.33*** —0.35
g —0.23  —0.55* 0.38 0,45 0,04 0. 54
Mok 0,89 —0, 39" 0.40* —0, 10 0.21% —1.22
FRfE 011 —0.68** —0,08 0.77°% —0.12"* 0,46
JeE —0.70% —1.23**  0.24 L717  0.12 1.46
FEE 0,437 —0.28 0.81%* 0,34 0,28 —2.98
K= —0.31 —L79%* 1.26"* 0.25 0.67**  3.59
HE 001 —LOL** 0.76%* 0.63* 0.33* 0.31
R L2l —0.13 0.73** 0,09 0.21** —4.08
M- 0,647 —0.81* —0.11  —0.05 0.11 2.51
R? 0. 84
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Tab. 6 Regression estimation results of panel data model 7

PR 7

iR
B(SH) B(RH) B(TA) BWS) a

ik —o.21 —1.08* 0. 03 0.19%% 3,42
KA 0.01 —1.00%** 0.14 0.12 2. 62
R 0.38%%  —0, 847 0,37 0.17 0.63
AKIE 0.65%% —0.17 158  0.08 —5.96
NG 0.447%  —0,51** 0. 36 0.17*  —0.81
Ak 0.34%%  —0, 60" 0.31 0,40 —0.35
| 0.60"**  —0.53"* 0. 40 0.04 —0.97
EZ i 0.27 —0.95%  —0.03 0.28%*  1.78
g —0.09 —0. 657 0.36***  —0,03 0. 94
Mok 0.83  —0,38 0. 40> 0.19%%  —2.32
KfE S —0.18 —0. 66** 0.10 —0.05 1.52
Jeae 0.59%%  —0, 92 0. 20 0. 23* 0.77
K 0.46*%  —0,33" 0,94 0,29 —3.39
RE —0.17 —1.88 L2257 0,72 3,34
R 0.26 —1.27% 0. 47 0.41 2,12
e 123 —0.16 0. 74 0,23 —4.80
FRIN 0.61% —0.81**  —0,11 0.11 1.45
R? 0. 81
sz 3.71
Heoxwew oxox | x SPAUEHATE 126,526 10 0 M E 5KV T B3,
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Tab. 7 Regression estimation results of panel data model 8

A 8
gy
B(SHD B(RID BTG BWS) a
kg —o.21 —1.08%* 0,27 0. 157 1. 80
KFE —0.09 —0.91**  0.51 0.01 0.47
R 0. 06 —0.90**  0.61*  —0.01 —0.16
AFKIE 0. 02 —0.92%  0.63** —0.06 —0. 04
N 0. 34 —0.76**  —0.01 0. 14+ 0. 20
FIX I 0.27*% —0.68**  0.11 0.40%%  —0.47
A 0,58  —0,72"*  —0,05 0. 05 —0.02
g2 0. 14 —0.57*% 0,797 0,337 —2.67
MRE —0.40%  —0.79*  0.42**  —0.08 0.73
Tk 0.65**  —0.59*** —0.08 0.11 —1.00
AR 0.10 —0. 65 0.75°%  —0, 11"  —1.82
Jbst —0.74% —1.35%  L70%  0.08 0. 67
Kt 0.39**  —0,43* 0.48*% 0,17  —2.46
RS —0.24 —1.97* 0,12 0. 38 5. 80
B 0.08 —1.29% 0,35 0. 25" 2.03
e 11555 —0, 33~ 0.11 0.18* —3.21
FH 0. 64 —0,77***  —0,05 0.11 0.01
R? 0. 81
Sz 3.75
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Tab. 8 Regression estimation results of panel data model 9

iy e
BWS) B(RH) BCTA) a
s 0.17* —1.06% 0.03 0.83
K] 0.12 —1.00% 0. 14 0.53
JESF 0. 33 —0, 79 0.25 —0.77
AKIE 0.15" —0, 75" 0.42 —1.45
NG 0. 24+ —0.70% 0. 24 —1.09
NN 0. 427 —0, 75" —0.11 —0.22
I 0. 22 —1.50%* —0.15 3.36
EA 0. 34 %% —1.09" —0.05 0.75
Frig —0.03 —0, 62+ 0.38**  —1.54
K 0.21* —0, 76 0.16 —0.67
JRpE —0. 04 —0.48* 0.07 —1.61
deae 0. 29** —1. 047 —0.11 1.02
T 0. 39+ —0.35 0.85*%  —4.39
IR 0. 70" —1.81" 1. 227" 0.63
HR 0. 46 —1.43% 0. 45" 1.19
] 0.22* —1.08** —0.30 1.95
EBIH 0. 36*** —0. 84+ —0.53 1.43
R? 0.71
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Tab.9 Regression estimation results of panel data model 10

Fi#L 10
i 2
BWS) BRI B(SH) a
U 0. 17+ —1.12% —0.21 1.76
yN | 0.05 —1. 117 0. 00 1. 50
JEF 0.05 —1.00%* 0, 34 %% 0.37
AR 0.01 —0. 88%** 0.3 —0.14
KIE 0. 14 —0. 76 0. 33" —0. 65
FIXIN 0. 427 —0. 747%*% 0.29°%  —0.83
G 0. 04 —0. 71> 0.57**  —1.04
EZ(M 0. 29 %+ —0, 82+ 0.38"*  —0.92
g —0.15" —0. 88 —0.26 1. 09
Mok 0.10 —0.58%* 0.60%*  —1.96
AL —0.06 —0. 69 —0.17 —0.03
et 0.197 —1.03** 0.55***  —0,08
Kt 0.16* —0. 5477 0.43**  —1.86
R 0. 40"+ —2.01%% —0.17 5. 24
HR 0. 327 —1.39% 0.22 2,09
e 0. 20" —0.36" L16* —3.75
FBI 0.11 —0. 77 0.62*  —0.93
R? 0.78
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