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Fig.1 Distribution of meteorological stationsin Pearl River Basin

1.2 MiRAZ*
1.2.1 Mann-Kendall # #4567 %

FIFH Mann-Kendall #3456 757 C LU R #R M-K 75
BT ZE R LZE R M &SR EE R P % . M-K
o PR BT PR EAM AR TR, Tz M TR
1S HRK SO FI T SRR EES LS
B M AEBARRIE . il M H R I A4 5
FACEAA AR R E S, M Oy IERN KR T
BRI, R WA R ES . B B RN
TR T W R, BRI R

1.2.2 RAAMEREK
2 58 B Pt Ik 7% e L 78 K 5 i A7 AR B T D

0 G HER T L B R T, BN R 7 A L
AR AT S A G, SCBEIN TR R A2 T WA Ak,
K S8 AR K R BTV BT 28 ) 28 R 78 Ak (1) - B 58
MR T, SEAA O R E R A K R

R=re-r; &D)
X, RAUTEEHKRE: re HAURER AR K&

IARSCR G r N URE R SN TR AR E. M, H
AT AR UK B A 2 R MR AR PR, LB
I 1) AR BB AR, e 2R L 2R R B 1) 58 A G AR
HOA iR,

2 HR5HH

2.1 IRERAMZR A S TISE
2.1, 1 BRITABRCT ¥ AR AL A K ALK AR

R 1 BRIV ST IS 28 R 28 R AR AL 3
M-K Zeil{E, Ml RIE H, BRI 728 R 75K &
M-K ZEiHE -3.29, it T 99%I1) W3 MG S, FKMiE
42 a SRAEFE R MLZE i 5 30 5 ek e 98 A8 A R BT )
Hp=-279mmla, FH 42 ask FFE T 45 117.2 mm. M-K
SRR LW (B 2), FEFH M-K gt (UP)
HREFEH M-K GiHE (UB) #hZdE 1975 FEAHAZ, H
AL T B MK 2 1), UF 5 UB #1155 4k,
KHEZR R KRBT 1975 (KR4 T HE 354,
I 95%I) 3 PEAS IS . Ytk 1960— 2001 4EF-34 7 & ML
KRR 15333 mm, Hr 1975—2001 4EF31E K
1 507.4 mm, [t 1960—1974 - FH{H 1 579.8mm 1k
72.4mm, JEAEE .

- UB, R[4

3 —e— UF, 54

M-K it

1960 1965 1970 1975 1980

A

1985 1990 1995 2000

B 2 1960 - 2001 4RI AR A A A& Mann-Kendall i
(M-K %) #mg R
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XL 1A 2H 3H 4H 5H 6H 7H 8H 9H 10H 11H 12H # = T A s
1 059 -059 -0.02 -0.61 -1.97% 009 -1.80"° 041 0 028 -048 028 -124 -061 -015 -017 -1.91°
2 0 022 -0.02 0 069 093 -1.00 009 067 113 126 208* -043 030 176 069 -033
3 -2.64* -143 -221* -189° -221* 065 -202* -08 -121 -069 100 085 -3.03 -210* -0.89 -143 -362*
4 -249* -061 -195° -165 -147 -011 -197* -076 -1.08 -0.78 121 102 -2.30* -178" -065 -174° -2.84*
5 2.12* 210 -184* -189 -334* -048 -217* 050 -156 -115 052 039 -358% -1.82° -095 -1.90° -4.18*
6 -3.12%  -191° -258% -2.28* 371* -145 -275% -0.76 -1.84° -111 041 004 -329° -290¢ -145 -241* -4.31*
7 -215* 037 -186" -072 -080 043 -189° -065 -041 004 165 141 -1.08 -121 048 -048 -1.65"
8 232 132 -189° -195° -191° -056 -223* -043 -0.87 -028 100 015 -241* -2.23* -004 -179° -3.06*
9 245* 121 -208* -076 -093 08 -076 -072 -035 104 111 043 -124 -026 087 -154 -121
10 232 -197* 215 275 -139 -007 -1.86" -0.89 002 124 065 -035 -271* -141 093 -1.99* -2.90*
1 2.02* 145 -139 -208* -147 -033 -191° -043 041 147 082 009 -225*% -126 132 -127 -176"
12 271 -182° -208* -178* -210* 024 -223* -.063 -046 -011 134 037 -269* -163 -024 -174° -3.29%
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Fig.3 Spatia distributions of trends of annual pan evaporation identified by Mann-Kendall test
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Table2 Annual complete correlation coefficients between pan evaporation and its climatic factorsin Pearl River Basin

Kk KT HHET HHET

L IR Bek i &z T 14 R e TR AR
1 0.16 -0.04 -0.12 0.20 -0.37* -0.26* -0.13 -0.01
2 -0.05 0.01 -0.15 0.00 -0.31* -0.25* 0.03 0.06
3 -0.07 0.00 -0.01 0.00 -0.64* -0.33* 0.01 -0.03
4 0.10 -0.05 -0.02 0.04 -0.49* -0.55* -0.05 -0.01
5 -0.14 0.02 -0.03 -0.07 -0.65* -0.30* -0.38* -0.23
6 0.07 -0.01 -0.03 -0.05 -0.59* -0.39* -0.41* -0.04
7 0.10 -0.05 -0.05 0.10 -0.46* -0.30* -0.09 -0.01
8 0.00 0.02 -0.04 0.05 -0.48* -0.21* -0.22* -0.01
9 -0.23 -0.11 -0.05 0.03 -0.46* -0.35* 0.03 -0.09
10 0.19 -0.10 -0.05 -0.09 -0.55* -0.50* -0.39* 0.00
11 0.18 -0.12 -0.07 0.04 -0.53* -0.33* -0.20* -0.12
12 0.13 -0.07 -0.10 0.04 -0.67* -0.57* -0.23* -0.02

e DA
s L2—BRITHR. * 4 SE M R R B K T A TR R A fE

1—FEH0T, 22— 3—4Kil; 44—, 5—ATL; 66—Vl I RARIL, 7—30HT; 8—EWaT; 9—Ibir,

10—%RiL; 11—2RIT=



76 b TR

2010 4F

2.2.2 ARAEMAK F TAA KR E IR

DL AT gl RG], BRVL IR Ik 2 A I 2% K 5 (1) ik 2>
T RS A H B R 8 KO R AT 9%
WX 3 MR 1 I AR SR ], By g R
AR MLZE R AT B A

H BN ER) T B RAE T KBRS A N B, Stanhill 1
Cohen WAk 2 e R0 I 1R 18 0 o A0 2k 4 RO B 4 £5F
R B RE Zapr, AR H B 2> B
T BRI B KT B IR IR S 2 0™ . Roderick
AU SR R 20 N - = BRI R, Rk
Pa IR W Y E i R 7/ RN R S R = B A ]
PR AR S e, T) N Eh il b R ) e BB A PR 90 2
LRI W, H I, AR H B ZER TR EEEH TR
RS (R gk > 5 SR, TR SRR S R ek D 2 bl T = B
I I D .

VR 5 PR P U0 ) S 8 S RS S g
A DERE, &5 3 [ SN AR JR) Ik R OR E BE T T
(national aeronautics and space administration goddard
institute for space studies, NASA GISS) (¥ ] -2 P 2
WIROGAE)RE (AOD) j= i, RBETHE TN, B4
¥l 1961—2005 4 0.75 um X{iit)= AOD Hidls (£ 3).
* 3 LUEH, 1961—2005 fF) Ml (FREBRILIRIER F
JiF) AOD 4EAZ{L{E K 0.0057, 45a 4K T 0.2565,
RRFENIES, 2 20 4l 80 fEALLIk, AOD
HnARE e, B BRI L) AOD 5
B, BAR 20 40 90 AEAR LISk, AOD it
NEE, AR T 1961— 1979 WK . BRVTIR
1k AOD AR AL BRI 28 R IR AR A FA B A s, i HL
FARIFIA] (A3t 1979 4F . 1975 45) thAEHR AT
PRI, BRI 28 A N 255 e 1) B S L SR AR S R ] g
A1 AOD [ 5 25 B4 I AH G .

3 1961-2005 M. RPFMESBRAFEE (AOD) F
HE. mEE. FTHE
Table3 Mean value, standard deviation and annual increment of
AOD at Guangzhou and Kunming stations from 19612005

1961—  1980—  1995—  1961— - X
it 3 ;

WR o794 10044 20024 20054 T CIGll MR
I 0258 0468 0499 0376 00057  0.2565
B 0148 0274 0243 0208 00011  0.0495

TE: BRI T 2530k [22] -

BARE TR B SRR IZE R 1 5 A R 5L
BN (R=-0.10), kw5 KA R A7 B E W
AR R (K RE re = -0.37, I 95%IK) 525 A
5, 1 FAG = AR R Ik (R 95%
B RS ), DRI TR 2 PR 488 o 5 2 ) O B 4 5 o 2>
A B ER VL IR Z8 A L7 R St 9 D 1 — A st [T

Wang 2B\ g JRGHE (10 9 /I 2 4 BRAR 1% 155 50 T (10K
SRS, fEERANEPASRE Y = F, 50 a
K, PN A AR SN S R OR ST BT S
[T P A6 28 RN B 28 R S5 , 0T i 1A 34 XU 1) ik
No B, T, A R R T BUK 2 B e I

Ji1 320 4 DX PR 5 3t i BSRS89 the mT S 51 W
BT PR e N S TR A NETR E e VS A NP
IPORE “ - 8 DX S 7 i T 78 Ak K53 M A A 1) A [ X 3
S KBS BT, PR RGN 1 A L
Bk, @At P

3 @RS

1) 1960— 2001 4FERVLIMIRAE 2R R ML75 K 2 5 B 1
WA, ARAHEFR B N-2.79 mmia, 42 a K FET 4
117.2 mm. M-K BRI GREY, ZRMAEKET
1975 4F R AT H 2 B 58A, dlit 95%f1) B 35 MRS 56

2) WU, H%F (6—8 ) H5#KF (9—11 A) #%
RIAREBEARNEE, 45 (12 H—KFE2 D
MEHZE (3—5 H) HEMWH R FRas, HhEFETR
AEE A AN, B 6. 11, 12 H 3 M HME
ANEFER RSN, A 9 AN AN RARFEREEER R
sk, o1 A RSN B

3) TRVLIRIRAS R LA R AR A A7 AE X sk 22 5
Mo ARV A AT > B0 X I R 7R g e #, 32 8t
SEAEV BRI PG AL &S JBTT bW A BRI = A N P
FLAh R0 53 i X 34 DR 3 0D o 32, b R B K IR X
BAE T AE YT . BT AR R X

4) SEAANIHTRY], BRYLUUAE & AR & 1)k
b T H RN A H 2 AT R R N 6,
o 55 H I B AR DR Bk

H R0, A H A 22 10 Pl BB SR IR 2 it AR
I 55 11 184 00 S5 S50 R B e S5 i (R0 5 R 1) s P340 A
A9/ IN D) = EE O] R A ERARBE T St R W AR KRR
Z MIRTS FBOP P8 TR N g R, HEE Rp it

AL

(& % x #f]

[1] Fu Guobin, Stephen P, Charles, et a. A critical overview of
pan evaporation trends over the last 50 yearq[J]. Climatic
Change, 2009, 97(1/2): 193—214.

[2] Roderick M L, Rotstayn L D, Farquhar G D. On the
attribution of changing pan evaporation[J].Geophysica
Research Letters, 2007, 34, L17403.

[3] Peterson T C, Golubev V S, Groisman P Y. Evaporation
losing its strength[J]. Nature, 1995, 377:687—688.

[4] Roderick M L, Farquhar G D. The cause of decreased pan
evaporation over the past 50 yearqJ]. Science, 2002, 298:
1410—1411.

[5] Brutsaert W, Parlange M B. Hydrologic cycle explains the
evaporation paradox[J]. Nature, 1998, 396: 30.

[6] RamanathanV, Crutsen PJ, Kiehl JT, et al. Aerosols, climate
and the hydrological cycle[J]. Science, 2001, 294: 2119—
2124,

[7] OhmuraA, Wild M. Isthe hydrological cycle accelerating?J].
Science, 2002, 298: 1345—2004.

[8] LiuB, Xu M, Henderson M, et a. A spatial analysis of pan
evaporation trends in China, 1955-2000[J]. J Geophys Res,
2004, 109(2): 2660— 2668.

[91 ARV, i 1H5, MRS 55 “AERFIR” fEh AR
HHIT. AKERFFERE, 2008, 19(2): 147—152.



11 EICALE: BRYT IR R 75 R 1) AR AR AIE S i IR 43 "
Cong Zhengtao, Ni Guangheng, Yang Dawen, et 4. possible climate factors over the Huang-Huai-Hai watershed,

(10]

(11]

(12]

(13]

(14]

(15]

(16]

Evaporation paradox in China[J]. Advances in Water Science,
2008, 19(2): 147—152. (in Chinese with English abstract)
Shen Shuanghe, Sheng Qiong. Characteristics and causes of
changes of pan evaporation in China during 1957-2001[J].
ActaMeteor Sinica, 2009, 23(5): 575—584.

X, PRE, WA, 5. AT 50 AEh EZE RIS R AR
R IJRE. HhER24R, 2009, 64(3): 259—269.
Liu Min, Shen Yan, Zeng Yan, et a. Change trend of pan
evaporation and its cause analysis over the past 50 years in
Ching[J]. Acta Geographia Sinica, 2009, 64(3): 259—2609. (in
Chinese with English abstract)

eV, ARG, WIREHE. JTPY-F AR AR AR
FLIR 78 S UL 1) 725 B AR AR IR R R[] . Rl 4, 2005,
50(11): 1125—1130.

Zuo Hongchao, Li Dongliang, Hu Yinjiao. Change trend of
climate in China over the past 40 years and its relationship
with the change of pan evaporation[J]. Chinese Science
Bulletin, 2005, 50(11): 1125—1130. (in Chinese with English
abstract)

M, DEHrA, XIEW, . 1960-2000 4EH[EZE K L7
K S AEARRELT . KEFEREE, 2007, 18(3):
311—318.

Zeng Yan, Qiu Xinfa, Liu Changming, et al. Changes of pan
evaporation in China in 1960-2000[J]. Advances in Water
Science, 2007, 18(3): 311—318. (in Chinese with English
abstract)

THOFE, Y, FEE. KITHE 20 om 28K LZE K & 1)
AR [ KRk RE, 2006, 17(6): 830—833.
Wang Yanjun, Jiang Tong, Xu Chongyu. Spatia-temporal
change of 20 cm pan evaporation over the Yangtze River
Basin[J]. Advances in Water Science, 2006, 17(6): 830—833.
(in Chinese with English abstract)

Liu Changming, Zeng Yan. Changes of pan evaporation in
the recent 40 years in the Yellow River Basin[J. Water
International, 2004, 29(4): 510—516.

A, AEEE. PR IREZE R RN B R R 7y A
[J. /KE2ERERE, 2005, 16(5): 666—672.

Guo Jun, Ren Guoyu. Recent change of pan evaporation and

(17

(18]

(19]

[20]

(21]

(22]

(23]

Ching[J]. Advances in Water Science, 2005, 16(5):666—672.
(in Chinese with English abstract)

%, Bz, W, & pubm AR AR &
M EA 22 A AVREEL ). ZKRF# g, 2008, 19(6): 786—791.
Du Jun, Bian Duo, Bao Jianhua, et a. Changes of pan
evaporations and its impact factors over northern Tibet in
1971-2006[J]. Advances in Water Science, 2008, 19(6): 786
—791. (in Chinese with English abstract)

TIRAL, BRBRZ:, BEEQ. 1T 40 FRERVLAIECTEY AR
I ARRRE [ . B EE, 2007, 27(3): 289—293.
Wang Zheoli, Chen Xiaohong, Huang Guoru. Spatio-
temporal change characteristics of mean temperature in the
Pearl River Basin during 1961-2000[J]. Tropical Geography,
2007, 27(3): 289—293. (in Chinese with English abstract)
MR, ARG T2 B S ISR [M]. dEnt: %
Hihkk, 2007.

WP, BRBRZE, TIRAL, 2. RIMEEprE LR SR
FE R BRI EE A HT[T). PR, 2009, 64(3): 270—
277.

Xie Ping, Chen Xiaohong, Wang Zhaoli, et al. Comparison of
actual evapotranspiration and pan evaporation[J]. Acta
Geographia Sinica, 2009, 64(3): 270—277. (in Chinese with
English abstract)

Stanhill G, Cohen S. Global dimming: A review of the
evidence for a widespread and significant reduction in global
radiation with discussion of its probable causes and possible
agricultural  consequence[J]. Agricultural  and  Forest
Meteorology, 2001, 107(4): 255—278.

VOB, B, ARAEA, AF. T 45 AR E 12 A2k
KA E ALY . IR 274k, 2000,
29(3): 488—495.

Xu Xiaofeng, Qiu Jinhuan, Niu Shengjie, et a. Optical depth
of the atmospheric aerosol at 12 stations in China over the
past 45 yearg[J]. Acta Scientiae Circumstantiae, 2009, 29(3):
488—495. (in Chinese with English abstract)

Wang Huijun. The weakening of the Asian monsoon
circulation after the end of 1970'9J]. Adv Atmos Sci, 2001,
18(3): 376—386.

Variation characteristics and impact factors of pan evaporation in
Pear| River Basin, China

Wang Zhaoli!, Qin Jiexiang®, Chen Xiaohong®*
(1. School of Civil and Transportation Engineering, South China University of Technology, Guangzhou 510641, China;
2. Center for Water Resources and Environment Research, SUN Yat-sen University, Guangzhou 510275, China)

Abstract: With the data of monthly 20 cm pan evaporation and its impact climatic factors at 65 meteorological stations in Pearl
River Basin from 1960 to 2001, spatia-temporal change characteristics of pan evaporation are analyzed by using Mann-Kendall
test method, complete correlation methods and geographic information systems. The results showed that there was a significant
decreasing trend in the observations on pan evaporation in Pearl River Basin, with an average rate of 2.79 mm/a in the whole
basin. In autumn and summer, pan evaporation had no apparent decline trend; but in spring and winter, there existed a significant
decreasing trend. The spatia distribution of the change rate showed that the maximum decrease of annual pan evaporation mainly
occurs in the south and middle of Pearl River Basin. On the attribution, the paper calculated the complete correlation coefficients
of eight climate factors with pan evaporation. And decreases in the sunshine duration, diurnal temperature range and the average
wind speed were found to be the main influencing factors leading to the decrease of pan evaporation. These can provide
references for study of climate change and hydrologic cyclein Pearl River Basin.

Key words: evaporation, geographic information systems, correlation methods, characteristics, Pearl River Basin



