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Temporal-spatial variations of potential evapotranspiration and quantification of

the causes in Northwest China
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Abstract: Potential evapotranspiration represents the maximum possible evaporation and is the rate that would occur under
given meteorological conditions from a continuously saturated surface. As a main component of the hydrological cycle,
potential evapotranspiration ( ET,) is essential for understanding regional moisture conditions, estimating crop water
requirements and managing water resources. In recent years, change trends in ET, and its dominant factors across the
different regions of the world have been studied by many researchers. Despite global warming, decreasing trends in ET,
have been detected in several countries including United States, Russia, India, China, Australia and New Zealand.
Decreasing sunshine duration, declining wind speed and increasing relative humidity have been considered to be the main
causes for the decreasing ET,.

Northwest China in the hinterland of Eurasia and far away from oceans is one of the driest areas in the world. Water
shortage is a serious problem for agriculture in this area. So far, detailed investigation on the change trend in ET| over

Northwest China has been lacking.
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In this paper, daily ET, was computed with the recommended FAO- 56 Penman-Monteith equation for the arid
Northwest China using data collected 126 weather stations during 1961 to 2009 and its spatial variations were characterized.
Temporal variations in ET, were also investigated using the nonparametric Sen’s method and the Mann-Kendall test, and
determining factors in ET, trends were inquired into through partial derivative quantification analysis for the study region.
Results showed that the mean annual ET, was 981mm over the whole region during the study period. ET, peaked in summer
and decreased to a minimum in winter. Higher ET, was found over areas with high solar radiation, while lower values
occurred over mountain areas with low air temperatures. The spatial distribution of spring, summer and autumn ET, had
roughly similar patterns compared to that of the annual ET,. Great differences either in the mean annual ET, or in its
determining factors existed from area to area due to the diverse topographies and climates in the Northwest China. Both wind
speed and air temperature were the dominant factors contributing to its interannual change, with less contribution from
relative humidity or sunshine duration. The annual E7 showed a general decline at a rate of —4. 6mm/decade owing to a
more negative contribution of falling wind speed than a positive contribution of rising air temperature. The decrease occurred
mainly from 1974 to 1993. After reaching the lowest value in 1993, ET, began to increase slowly. ET, increased slightly in
both spring and winter and decreased in both summer and autumn. The rate of the increase in the winter was twice that in
the spring, and ET, decreased more significantly in the summer than in the autumn. The main impacting factor was wind
speed in the spring, summer and autumn, and but it was air temperature in the winter. Decreases in ET, in the western part
of the region and the southern part of Shannxi Province arose from both declining wind speed and falling sunshine duration.

Rising air temperature was the determining factor in ET| increase over other areas of the region.

Key Words: potential evapotranspiration; determining factor; quantification; Northwest China
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Fig.1 Meteorological stations in Northwest China

ARSCHEFETEAL 6 & X FORHESERE Y 126 D uli s AE AW (& 1) T Wi o i H SR80k B F R
AEPOAETRE B PR (C) e R (C) R (C) 10 m @& AL KGE (m/s) , H IR
B (h) T EARHREE (% ), BFFEI BN 1961—2009 45
2 MRFE
2.1 Penman-Monteith A=

I T IS TEZE T2 B 22 K3 B SR X6 T 2R AR R DX 16 P A 7 S0 A 7 — o PRI, R Ot o #0 Re FAE
RUSfAG B P FAO 7 1998 4EHfEF7 ) Penman-Monteith 233 LA 2 65 FUK PP BROBEE o L0, 8 42 T
o2 BT SV AEZE B A AR R ARz 08 . O ELIZSE RS AE R T TR A A RS A
IZH#,%‘BER?%T%M%E‘J?&%“““ TS T H AL, A SC%E$E Penman-Monteith NEIT B 2R
i, #ik LT

900
0.408A(R, - G) + Y 273u2(eS -e,)

ET, = 1
0 A+ y(1 +0.34u,) (D

X)L ET, FEEAEZEL (RN S HARY 2500 (mm/d) 5 A SR BRI UK IURZE LA RER (kPa/C ) 5 R, S
R (M) om ™ d ™)  ARSCR A S R V4R PG X ABE )y ok 58 6 2 H I HGE B (M) -m - d )
v & TIBREE(kPa/C) 5t & HFE W (C) 5u, J2& 2m SR (m/s) s, BMFIKITE (kPa) e, 2 5LBR
IKIUE (kPa)

http ; //www. ecologica. cn



11 4] W A P E PR TR 2 A s U R Al R O A A 3397

2.2 Sen BFSIHTEFN M-K G450 7 1k

AT R FHAES L Sen ik P ORI A EZE BN S R L B RN IL#E#, I8 i3 Mann-Kendall 4831
I8 5 1 P AR B B S KA TR, S AE Sen J5 1 Sen 7E 1968 AR Y, B A
HRMBANRRE, MK SRR ke —MAES G ik 1007 HA S R AT ZEAEA G — 2 A,
AR SZ B F AT, T T2 AR BRI AR &, T s
2.3 REHFRTTHR

FAO #EZERT Penman-Monteith A TAEY 28 VEY A R ARBUAN K 43 ARBE AR5 T A 2%
BB ARG BRSNS [ Penman-Monteith 23T AT DL HY W78 26 BRI XU FE G
FEFNH M EGX 4 DR F Ry ek, B ET, = f(TA,WD,RH,SD) , KKt ET, BEIHE] ¢ (a) B2 AT 53R -

dET, _OET, dTA N IET, dWD N IET, dRS N IET, dSD (2)
ds oTA dr owD de oRS dt oSD de

ANR(2) R ET, AR LIE 4 NG N T ILEME R OSSR 25000 4 000 QAR AE AR X i
H BRSO P LEZE 8L (mmy/a) 2846 B9 5Tk, I ML E 51 ET, BT RIESTER, 518 ET, T8 fstlk, @it i
A HFXT ET, 2R TRk A A6 XHE , AT A5 H 2 P b X AR 28 AR L i S IR 1, AR SO e MR A5l
SR TTRRE, PEIL A X TTRRE 126 b 25 STk B A (SRS
3 GERAW
3.1 PHbH DXV A ZE A ) 25 AR
3.1.1 AR ZEHU A Ao A

49 a ¢, VLB X VAR ZE L ET, BIAEFH(EZ 0 980. 63 mm, & T4 [E A K> Hih E % (6—8
) BB, R 435. 50 mm, 25 24ER) 44%  HROEH 2= (3—5 H) FIRkZ=(9—11 H) , 435k 301. 63 mm
F1178.78 mm, 29 5 44EH 31% F118% ;475 (12—2 7)) BB /N, AU K 66.51 mm, 2 5 24E 0 7%

TETEZE RN I/ IN S ARG SR 5 5 B R B AA AR KOG &R, DI 9 28 [R] 3 A1 25 52 B SEZE R 3 A
FHEAIEIR (P 2) o AETRTEZE B A RAE XAV T8 8 A B8 LR 43 | PN S8 oty A VD B i [X 75 7 () S iR AR 4
H LK H R AL, B T 1000 mm,, 386 X R PG H BB (o0 CRER IR &, I AR B 45
N PRI EVE AR 2RI T T T 2 L X 7 08 o DR AT e S R P A T A 2R R e/ Y DX, A A

45°N

.~ ' E

E2 P XEAER SR Z E 5 %/ mm

Fig.2 Spatial distribution of potential evapotranspiration in Northwest China
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Fig.5 Spatial distribution of the attribution for four climate variables to potential evapotranspiration in Northwest China
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TAAE I RGN (LE B8 U R | TV R A /N A3 i XA T BT

25 L RTiR v X R L 5 FE AR ] VDU S LA A R R MY S B R B A AR AN I 5T
R, [/ —ZE X} ET, 224 B DTk AE 2Ry B Az o] B 25 57
3.3 b OISR ZE B A

Wi R R R EEXT ET, AL Tk g XA N, ol LUAIKT BN S22 BT, B E W7 X
CHLIXAF-28) BT, SR AR 5 R E BT, 578k 2091028 0. 993 mm/a F10. 064 mm/a, KU FI H BRI 25|
EE TR, TRk 5 N —1.299 mm/a f1-0. 198 mm/a, KL AT LUKEIKT , KGsE 24P 2 ET, 2240 2 3 A
F,iX 5 Thomas'®,Gao' " FIFH =™ 45 N ARFFE AR —3L, Thomas'® , Gao'” AT+ ™) 45 W] A A A £ [
Fi—RW ET, 2240 35 F 0% H BRI, B i A SCHBESE X 3s——Pa b X 9 B IR 400 4 [ Aok
SEAH G, AR A 825 T2 XS THEAR I S, Br AN ET, A8 Ak e A P AR T XU il 2 =R Al B R
B, BT RGO 0 DTRRE A5 A B, AR FAT — 380 A BRI , T APS AL IX. ET, B4R T I AR R ALtk
B EH THELL-0.46 mm/a EUR S TR, F 2 B =2 ET, AL B 2 3 5 o2 XU, <R
PITERIRZ . A ZR 02 VG b X AR AR R B FH S 0 2807, PR B SR 25 BT, B BB = W, (B
THE 3 MNERYGEA S ET, B TR TR IRMIE ST, 342 ET, B3R5,

Vb b X TR RS A (0 2 R BOB T 28 R AL i) = F I A e I B 25 () 2253 (1 6) B A Tl v
ARV B | PN S P RN T VG B S 43 bl DX A7 - P WU A X, LA 34 BT, ARk 32 5 R 2 XU, B
ET, 27 T REka®h M PUE B AR Be i i e i 77 2 B AL RS4R3 BT, BT X ) 32 S R -2 Ul 7R
B i DX Bl H s S AR A b X H RRESBUS AR ET, Wb E SR, HE ET, B EFHFH
A AR R AR 2 HE =2 5 AR X R BA7AE TREVEHLIX . F = FIRKZEE R VG A A 5 i
ST AR, &P i 32 57 WG R H ARS8,

4 Zr5itie

ASCHET FAO HEFE 1Y Penman-Monteith 2330 H1 126 4~ 6 3 1961—2009 4F3% H A4 000 % RS & T p5 4t
TP T R IX W EZR B ET, , ZEXT ET, 1973 [8] 53 A7 FEAE R[] 8 28 KA 2E AT 40 A 9 5l b, e e T
VEdL b IX S ET, 2L S W R, FELSHBIF .

(1)49 a &, PUdbuX ET, BY4EFH{HZ M 980. 63 mm, HApE FAE R K, L FME RN, 25E F 4
Y ET, BRAE X AL TP H BB A B oG ARE X 20 TR &, SRR L X

(2)49 a &, PidbH X ET, A28 4k 35 22053 PR KUGHE AR, 1 AR S B A B BB R /R /N, TR
T G DT Rk AR IE DTk, B BT, R R R R, T R B B B B 1974—1993 4R,
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