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Abstract: Potential evapotranspiration (ET,), as an estimate of the evaporative demand of the atmosphere, it has been
widely applied in irrigation management and predictions in ungauged basins. Analysis of ET, spatial and temporal variation
is the basic research on the impact of climate change on water resources, and is also important to the optimal allocation of
agricultural 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,.
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Northern and southern regions of the Qinling Mountains is far away from oceans, water shortage is a serious problem for
agriculture in this area. So far, detailed investigation on the change trend in ET, over this area has been lacking. In this
study, based on the daily data from 47 meteorological stations in northern and southern regions of the Qinling Mountains
between 1960 and 2011, ET, was calculated by using FAO Penman-Monteith formula. We analyzed the change trend of ET,
and air temperature as well as the main factors affecting the decrease of ET,. It also discussed the existence of the
“evaporation paradox” , the results are as following. (1) Air temperature of the whole region experienced two periods which
increased initially and then decreased, 1993 was abrupt change point. The decreasing rate between 1960 and 1993 as well
as increasing rate between 1994 and 2011 both presented an pattern that declined from south to north, while increasing rate
between 1960 and 2011 decreased from north to south. (2)1979 and 1993 were the change point of ET,, which divided
ET, into two periods, ET, increased from 1960 to 1979 and then decreased from 1993 to 2011. Between 1960 and 1979,
“Evaporation paradox” only existed in Han River Basin( HRB) and Bawu Valley (BWV ), the periods of 1980—1993,
1994—2011 and 1960—2011 all had “Evaporation paradox” phenomenon. Both the last 18 years and the whole 52 years in
autumn as well as the initial 34 years and the whole 52 years in winter had “Evaporation paradox” phenomenon, which was
more obvious in winter. (3) Precipitation decreased insignificantly in the past 52 years, and the precipitation and ET,
exhibited a contrary trend, which accounted 53% in the whole year and 79% in summer, respectively. The contrary trend
between precipitation and ET, was more obvious in summer than year scale. (4) According to the effect of meteorological
elements change on ET, change, the order was sunshine hours, wind speed, maximum temperature, relative humidity,
mean temperature, mean air pressure and minimum temperature. On the year scale, the significant decrease of solar
radiation (sunshine hours) was the dominating factor leading to the decrease of ET,. While on the seasonal scale, the

dominating factor of spring’s ET, was wind speed, the other three seasons were all solar radiation ( sunshine hours).

Key Words: the northern and southern regions of the Qinling Mountains; potential evapotranspiration; evaporation

paradox ; air temperature ; precipitation
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Fig.2 Curves of accumulative anomalies of annual average temperature and ET,
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Table 1 Change trend of ET,, and temperature in different periods

F8F5 Factors

B} BZ Periods ETy/(mm/10a) S Temperature/ ( °C/10a)

NRQ SSQ HRB BWV SNQ NRQ SSQ HRB BWV SNQ
1960—1979 5.21 -7.11 -3.71 7.01 0.41 0.11 -0.01) 0.017 -0.05! 0.01 1
1980—1993 -33.0) -14.2! -20.20! -6.8] -18.6} 0.21 0.017T 0.17 0.21 0.11
1994—2011 -16.8) -63.11 -23.61 -2.4] -26.5] 0.11 0.027 0.17 0.11 0.11
1980—2011 16.41 4.61 19.07  10.41 12.6 1 0.51 0.41 0.41 0.41 0.41
1960—2011 -6.6 -16.7 -9.61 -9.9] -10.7] 0.31 0.21 0.21 0.11 0.21

NRQ: ZU4LIJE northern region of Qinling Mountains; SSQ: ZE U4 3% southern slope of Qinling Mountains; HRB: X /K ifi 3 Han River Basin;
BWV. (A4 Bawu Valley ; SNQ: ZEUARIIL northern and southern regions of Qinling Mountains
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Fig.3 Spatial distribution of annual average temperature(a) and ET,(b) change trend
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x2 ARMEFTEHREM ET, THER

Table 2 Change trend of seasonal average temperature and ET in different periods

ESST) i 711 B b5 A Temperature/C ETy/mm

Season Periods Factors NRQ SsQ HRB BWV SNQ NRQ SSQ HRB BWV SNQ
£= 1960—1979 ¥ 12.7 13.4 15.1 16.6 14.5 308.6  292.2  278.3 260.5 284.9
Spring IDES 0.1 0.03 0.1 0.1 0.03 2.0 1.1 0.9 0.1 1.0
1980—1993 ¥ 12.6 13.2 15.0 16.4 14.3 294.4  274.3 268.8 256.3 273.5

IBES -0.5 -0.6*  -0.5*  -0.3*  -0.5% 335" -29.2*% -27.7*" -19.1**  -27.4**
1994—2011 ¥ 14.0 14.4 16.1 17.3 15.4 3242 297.0  293.0 2645 294.7
IBES 0.4 0.4 0.4 0.4 0.4 18.3 0.5 11.2 8.6 9.4
1980—2011 ¥4 13.4 13.9 15.6 16.9 14.9 3.2 2871 2824 260.9 285.4

IBES 0.7** 0.5* 06" 05" 0.6 142" 8.0" 10.9* 3.7" 9.2*
1960—2011 ¥ 13.1 13.7 15.4 16.8 14.8 310.2 289.0  280.9 260. 8 285.2

IBES 0.3**1 0.2t 03t 02"t o03*t 411t o051t 371 101 2.3 1
2% 1960—1979 ¥y 24.2 24.3 26.1 26.8 25.3 437.6 411.8 422.6 407.4 419.9
Summer IEES -0.2 -0.3 -0.2 -0.1 -0.2 -0.8 -9.0 -6.8 -3.1 -3.0
1980—1993 ¥ 23.5 23.5 25.2 26.1 24.6 391.7 362. 1 368.6  367.3 372.4
ARES 0.3 0.1 0.1 0.2 0.2 7.9 11.3 4.3 3.8 6.8
1994—2011 ¥ 24.4 24.3 26.0 26.8 25.4 402.8 373.1 384.5 373.0 383.4

ARES -0.2 -0.3 -0.2 0.0 -0.2 -26.8** -35.5** -22.2* -10.9" -23.8**
1980—2011 ¥ 24.0 24.0 25.6 26.5 25.0 397.9 368.3 377.6  370.5 378.6
[IBES 0.4**  0.3" 0.3" 0.3 0.3** 1.0 0.3 3.7 1.1 1.4
1960—2011 ¥ 24.0 24.1 25.8 26.6 25.1 413.2 385.0  394.9 384.7 394.5

{1y 2= -0.03) -0.04] -0.06/ -0.01, -0.02) -10.6**|-12.5**]-11.8**] -9.7** | -11.1""|

Bk 1960—1979 ¥ 12.1 13.2 15.5 17.2 14.5 191.0 187.1 194.6 191.9 191.1
Autumn IDES 0.1 0.1 0.1 0.0 0.1 10.4 6.6 6.3 6.0 7.3
1980—1993 ¥ 12.4 13.3 15.6 17.3 14.6 190.6 180.5 185.1 182.4 184.7

i 2% 0.2 0.0 0.1 0.2 0.1 5.3 3.2 1.7° 1107 10.3*
1994—2011 ¥ 13.0 13.9 16.2 17.9 15.2 191.9 180.3 192.7 189.9 188.7

RS 0.11 0.21 0.11 0.31 0.27 9.6, -19.1*| -12.3*| -2.7] -10.9" |

1980—2011 ¥ 12.7 13.7 15.9 17.6 15.0 191.3 180. 4 189.4 186.6 186.9

[GIEES 0.31 0.31 0.31 0.4*1 03*1 071 -2.41 2.31 3.91 0.81
1960—2011 ¥ 12.5 13.5 15.8 17.5 14.8 191.2 183.0 191.4 188.6 188.6

] % 0.2t 02*t 02"t 02"t 02t -05) -20l -0.5/ -0.2] -0.6 |
4% 1960—1979 ¥ -0.7 1.6 3.9 6.2 2.7 109.6 113.6 107.7 98.2 107.3

Winter B 0.31 0.21 0.11 0.11 0.21 =500  -31) =30 -09/ -3.00
1980—1993 ¥ -0.1 1.8 4.0 6.3 3.0 103.7 106.1 101.0 93.6 101.1

i) 5 0.8*1 071 06"t o061t 07°1 9.7/ -5l -62! -25] -5.91
1994—2011 ¥ 0.7 2.5 4.8 6.9 3.7 107.0 108.9 107.4 96.3 104.9
i) 5 -0.3 -0.2 -0.2 -0.1 -0.2 -1.9 -7.1 -0.5 -0.5 -2.2
1980—2011 ¥ 0.3 2.2 4.4 6.6 3.4 105.5 107.6 104.5 95.1 103.2
RS 0.4 0.4" 0.4* 0.3" 0.4 0.4 0.3 2.4 1.2 0.9
1960—2011 ¥ -0.1 2.0 4.2 6.5 3.1 107.1 109.9 105.8 9.3 104.8

i) 0.4*1 03*1 03"1 02"t 03*t -1.4] -1.9l -0.5! -0.7] -1

% 0,01 BEKF0.01 significant level; * 0.05 BEKF0.05 significant level

B TR, F1E] 14a(1980—1993 ) i & FEIR , 11 5 17a(1994—2011 ) 34 hi i J& B & K T 11 20a, W4~ Af
BOFEAZ2 0.4°C, ET, W& T “A—R—F" B2 72, J5 17a(1994—2011 ) 33 Jin i B BH 52 K F /iy
20a, WA BOE AR ZE 9. 8mm, HIIE 4 (a,b) AT, 1960—2011 4EBFFTIX 47 3l i B 32% (15 4N 1y
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Fig.4 Spatial distribution of seasonal average temperature and ET, change trend
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Fig.5 Spatial distribution of precipitation and ET,, change trend in summer and autumn
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A L3RBT el 0 AR RN ZET ET, 02225200 PR 2R S H BB EIOR XL, PRI Gk — 5 43 ik P AN R A T
TR, TR, T 52 AEZIE R IL 89% Al A H IERTECE T RE& S, HERsrul fiak 5 0. 05 & DLy e 3
IR, R RS T FBHE Y M AR 1 (100% ) >TUKFLIB(93% ) >Z I LIAL (84% ) >ZR IG5 (78% ) , %
WA LARE ) K M DXAE G 2 08 LLAG T & R R I, ZR T RBE, He R R s BT 7 B HE AR O B 2
(98% ) >%&Z=(94% ) >FKZ (T7% ) >FH 2 (53% ) . H M, WFFE K AR R4 F X H BREHECAY 28 AR 4Ry ¥ 47 T
1979 4FHi)E , 5 3.1 FR4 i 0 ET, A58 28 i [R] S AR — 25, T ENSIE T H BEHECh ET, ERHEEM
g5, KPAARSHE A HUBR T A4 fr i B I R ok IR TR ZIFE i KR KRR DL MBS R 58, A 20 it
70 50 AEAR LA, TH I 43 Hi X R BHAR 59 HH B T Rt 3, B sk AR A e i 2 — 1 < 2 ERARE " 4, 315k
b 110 R B4 S 08 D 2 W% e P 5 AV A o, D% M KGR R, B R — SOt )Y TR i R T
“RPRARNET T R NI ZE R AR R A ET, W9 T REfa S WG 7 1, 25 XX 8N 2 HE 7 S 2205
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4 i

(1) ZE WA R AL Hb X AR 3 R 52 P Be AR AL o5, 1993 4F 2878 5 AT 28 18 F [, 1994 4F e ek THE
1960—1993 4 A P2 28 1994—2011 45 A4 L A8 25 230 4 F R (] Jbash Jak 9 AL, 1960—2011 4R 3% (A F
T R b 1) A A,

(2)1979 4FF1 1993 AFRZR IS R AL ET, AR 54T 45, LA 1979 1 1993 43 a5 ET, 22005 1 “ F—F—
K AR AR B, 1960—1979 A AT 7K It 38k A B AR 73 s A7 75 “ 78 K AF 187 PRGE, 1980—1993 ,1994—2011 Al
1960—2011 4 3 AN Bt X AL R 45T X8 2 B0 T “ 28 R0 7 B4, i H A s BE WA AFTE

(3) HZEME RIS FAL A T XIERAEA R I B AR BRI 78 RAF IR AR FKEEAE )T 18a 1 52a 1A
HRAETE“ ZERAFIE” | A ZEAE R 34a F 52a BEARWAETE , TR F L NS e I 6.

(4)1993 4 SRR AR LAY 2878 55, SR /D B3 22 0GR 3T 52a BEURFEK RIS B 35 10 T R
EREE L BEK S ET, 2R AL S AH S5 5 7 53% , B ZEFRKZE 55118 79% T 45% |

(5)SERN ET, B2 R/ NHEY S H RIS 357 XU > B e AR S A > 35 SR > - Y S > B
AR, AFRUEE b, RBHER S ( H BREE) T 5 R A 7 HAGE /D2 1 0 ET, T RERD 28 RAFI0 " R &
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