F34E 2
2016 4£ 4 F

;%

%

Journal of Arid Meteorology
E R R XER, %, o E P X 25 Y RO A R S ARHE [T ] T5K4,2016,34(2) :243 - 251, [ WANG Biao, ZENG

Vol.34 No.2
Apr,2016

FELT]. 5
Xinmin, LIU Zhengqi, et al. Estimation and Variation Characteristics of the Reference Crop Evapotranspiration in Northwest China During 1956 - 2011
[J]. Journal of Arid Meteorology, 2016, 34(2) ;243 —251], doi;10. 11755/j. issn. 1006 —7639(2016) —02 -0243

PEHIEMX S ZEY

e =
R,
VAR
5 ;1,23
NE ]

HENGEESEHHE
EHRY EH,

T k4 £ 45
Bl E M BTE R
(1. s A R TR A K SO ol
VSRS 20110153 HE R TR KRR R AR B EUCE TR R 210003
4. R ARHCE 61741 FRENT S b0 L3

T 52400152 o A RAICAEHL TR LRIV B,
100081 ;5. W [ A\ R ff A EE 92872 #BA ,IL T ZHh

L P S AR (ET,) AT ALK ET, (R %8 A8 R AE, 3 Mann — Kendall

K N AT R TR 1 50 26 07 3 52 % ET, 3

125200)

i BT EICHIX 42 TGRS 1956 ~2011 4532 H GO GER}, R ] Penman — Monteith 23

A7 R ARG o A A 0 = 2R o [
Pty ARRN1 . (1) PUILHIX BT, FEel] a3 Mz 284E, ET, A X% 5 KEMAFHK

B (2) 300 56 a3, PUALH X 4Ry BT, SEU] R @Y, BAATE— 2 M F k%5 & & B ET,

YR N H I R R, T4 RN SR BN (3) BT, i/ INig B fe K (3 X 37
Fm—HE AR —PaRG ] —71 ; (4) 1956 ~ 2011 45 &/ K &Z R &4 ET, 4y HI7E 1984
1986 .1981 1995 55 1980 4F i J5 A4 T —WRI/NAI A , HAEY ET, /7162 ~3 a B EE G R MMGE 6

HESHES: P426.2

a IG5 (5)ET, 152 m KU | F R ISR S0 28 TE AR SG 1075 A0 X368 B2 0124l 22 A A 5,
K2R : AL ; Penman — Monteith 2330 25 /W) 28 R VUL IX

Hh 5 28 SR A R OGS , AT P2 R A THE 5 H BRI 2 m XU A R R B0

WX ET, (9980, [l 25 18 1 80 P2 IR R AR X BE 4 G 10 2 e R M [m1 ) 5 A

WX AR IR 22 BN, RITPE AL X ET, 78102 ERZ AR Fa e

X EHS 1006 -7639(2016) 02 0243 =09 doi:10. 11755/]. issn. 1006 —7639(2016) —02 - 0243
XHERARIAEG : A

UTAER, T ARG S0, R 4
PRt 2 AR BE B TBOMAR T AR AR A B
ZRIBRAE N A S R GUK MR 5K i EE 224
JRER 7Y, ELHE S R M 3 BE B

WO T R R 2 A i FE R RE T, S P

PR B G

EAE AR ARG 1R 25 A IR HRA R, ool o
IR A A Wi 0S4 i 14 i 25 AR AR A, i i
AR 7 Ok 2 Uk RE 17 AR

MU TR AL DK BT AR FE AR R 7 1

PSS TSR £ SR £ ST RIS R
A e

A EMARL L (FAO: Food and Agriculture Organiza-

B
o

ISIA
,ﬁ\: 57

tion of the United Nations) 7E 1990 4% Penman —
Monteith (P — M) 28 20 i hy 11552 % VR W) 25 il
i XL~ BF 5%, SRR A T fiff

mi > TR AL
AR AL AR TR T AR AL i A L
X XAt 2 N5 B AR A & R B AR .

(ET,: Reference Crop Evapotranspiration ) [t F5 ¥ J5
W E M £ A TR KA R 4 R
?‘E[

[EIFABETT e T ET, A A2 A e 8 IR 4 7 1T 14
T SRV B
AR SO R M R R KRR — R, %

zEy
WS HEA:2015 -05 -26; 2 [E H#A:2015 - 11 -06

/Hveo

FRE VYL b DX AR A T 5, KR 45 L IX B 7K
HAHEER
EETH 5 HAFIE ST A (41275012) Vel
@ foxmail. com

Wb, HLUD AR B 20 BT, o IX S A% AR Ak

S =N

He B

Wi, ET, i i 5 i X 38 e K 7
PRSI (1988 — ), 58, I A, BB TR, S0 MR e L 0 2 S L AR ST E — mail: wangbiao — climate



244 + B

X % 34 %

5, BRSO SR R R A Gl AE A, F
X T ARASA = A F R . R, A e X P L
HIIX ET, 1AL B LR N ol — 2B 58 73
Bro ASCHA P - M AXIFRAILHIX £T, fYfH5R
FASARRITTE , a8 1 IX 7% i g B HL i s AR A L
i, LR BT, B8 SRR AL , i — AR
WP ALK ET, i) E 2GRN T, 0l R Kk
PR v - Ay s 23 S, TRl A B oK
FEIRARFA 5 BRI o
U R
L1 3

BEHC [ P L HLX 42 T 5e) 1956 ~ 2011 4F
B H P3G g e R B (L L H RIS
XL - 24 R 26 TRk, I 3o Wk A Jo
] AR A3 S e, s R A L 1 R
Bk B P EEZG A 0E NSRS . F1k
e BEFENI~S A EEN6~8 A BKFHN9 ~11
H &FN12 AREH2 Ho

50°N

40°N

ROy

30°N

75°E 85°E 95°E 105°E 115°E
BT v [ PG b X5l 3 () 23
Fig.1 Spatial distribution of meteorological

stations in Northwest China

1.2 BARAE

% Penman — Monteith (P - M) /A . Mann —
Kendall (M - K) #:36 /NgE M 272 F & o0 4 bk Rl
T A X E P L M X 1956 ~ 2011 4E %
ARV ZE R TS, TIESAA P-M AKX
I

P -M A FAO ME—HEF Y ET, A,
LA R RS B TR A i 3 T, Bt SR A ) 2
i, FAO F 1998 4EMEIE T P - M R 44
WA

0.408A (R, - 6) +9 -2 1 (e —c)

T, +273 7
A +vy(1 +0.34 U,)

ET, =

(1)

AP ET) P - M AU 2 5 ) 28 HUiR
(mm - d7") R, ISHAEY) R )2 32 B
PFMT - m™ - d™) 56 R GE R (M) - m
d™N) 5T, KBS (C) 5 U, 2 mos B Ab X
(m/s) 5y HTRRHE(kPa/C) 5 AGHIFIZKIE—
T B2 2R B RER (kPa/C) se, ARFIZK IR (kPa) 5
e, WIPR/KIR M (kPa) o P - M A5 2 WA A —
& AR P 5 | R A Z8 K, IR R SR ; — g s
T EE IR IR 22 5 RS R 28 4, R 3l 30
2 IR
2.1 PEIeHX ET, BB AFIE
2.1.1 HmMmZET Ak

P2 S PG b X P2y ET, B9 H 2846, AT e
F i, vadt i X3 BT, (9 22 6 S 90 ) B g
B H VIR ET, Fp2E34 K, 2 7 KB RORE, N
163. 8 mm, |1jJ5 ZHE/N, 12 A&/, 9 19.0 mm, £
il ET, H EZ2(475.8 mm) . FZ2(331.2 mm) . Fk
Z%(198.8 mm) F14-Z=(72. 3 mm ) fRIKFEAR

200

7 8 9 10 11 12

1 2 3 4 56
H %

K2 1956 ~2011 4F b [ PG Lt X A -3 ET, 21k
Fig.2  Monthly variation of average ET,

in Northwest China from 1956 to 2011

2.1.2 4FARME

&l 3 2 1956 ~ 2011 4F Py Ik Hb X P 2= il 42 4
B ET, B S a3 (Br4&ZR 1, g A8 b 3
ABiET @ =0.05 (B F KR ) . WNHZ ET, A
AR (K 3a) ,ET, S RAH HILLE 1974 45 (350.
1 mm) , &/ ME HITE 1996 4F (309.7 mm) |, A5 4k I
BE A 40. 4 mm, FH{E A 331. 2 mm, FRiEZE R 10. 8
mm;1956 ~ 2011 4E[a]FZ ET, ALK& 3 4>
BBt , 1980 ARG LATT ET, e 3h 7224k, i 5 PRk s 20
21990 AEAHIRE R B, Bl J5 T U B s hm , {H 4
5 S R -2.6 mm/10 a, B
T ET, WAEARRIE 5B TR, R SE 3
P> | R T B RRE, U 1990 AR AR L



24

E A T E VA X 2R AR A 5 AR E

245

J& ET, WX MiE AR T2/ (B SR 2 B 2 /b i
B, At Ry - 7.2 mm/10 a (& 3b) . FkF
ET, A2 ARE S8 B A A, 22 53 F R
BAAE 1960 AR LR & Wy a3 (ERE AT 1 i
FID @S A A -3, 1 mm/10 a, /i TF
BHEZFZE (E 3c) . Ho, & RH B AE 1956
AE(223.5 mm), H/ME H BLAE 1992 4F (182. 0
mm) , AL IEEE K 41.5 mm, SE{E A 198. 8 mm, fR
W2 7.9 mm, ZF= BT, BAFARACHRIE 5 Ho A 2
T (] 3d) ,1990 4FACLART P sh 281k, Z ) B

R , 2 1990 AEACHH T 4R B Hi g fin, 3 56
a B B B S E R 0.2 mm/10 a,
ORAEHAE 2010 48, 2y 82.5 mm, d5e/ME H BLTE
1964 4F 4 63.9 mm,F{E N 72.3 mm, FRifEZE R
4.3 mm, &% ET, ZBAGIRE /o N44E ET, 224k
R TE (18 3e) , 1T 56 a B&{R 5L W E s s, B
BB CRIE S5 5 B, Horp 45571 ET,
HMEHPLAE 1956 42 (1 146. 1 mm) , H/ME H B
£ 1992 4£(1 005.5 mm) , 284k iF & 3K 89. 6 mm, F
PIE R 1 069 mm , FRufEZEH 32.4 mm,

520

3601 (a) HF —— T, —— g7,
350 w0 w0 - 0a¥zspryy. 0 10 al& 374
5008
£ 3401 £
£ £
5 3307 e 4801
= =
320}
310 y=-0.260 x+338.4 460 y=-0.720 x+496.0
I R2=0.153 R?=0.566
300 ! L L 1 ! L L L ! ! 440 L ! L ! ! L ! 1 L L
1961 1971 1981 1991 2001 2011 1961 1971 1981 1991 2001 2011
2301 (o) Bk 85
2f., 7 80 |
£ 210} £ s5q
= = Ty
=200} R 70t
190 0312542076 65 |
2 2
180l R=0406 A 60 L. R=0,003, e
1961 1971 1981 1991 2001 2011 1961 1971 1981 1991 2001 2011
160 (&) 445 —i7,
1120 |
£
E
== 1080
53]
1040} y=—1277 x+1113.0
R*=0.457
1000 1 1 1 1 1 1 L 1 1
1961 1971 1981 1991 2001 2011

[ 3

1956 ~2011 4EPYJEHLIX PUZE (a b () FI4E (o) 145 ET, F4FEAE L

Fig.3 The annual variations of seasonal (a, b, ¢, d) and annual (e)

average ET, in Northwest China from 1956 to 2011

G LR T 56 o KPGILHLIK ET, 0] 5%
DR MR — 05 W1 5, JL o A L
B3 BT, 50 W A, B T kI
U RIS ST I BT, AL Ak
AWM S e —F . A2 ET, 5B
I
213 HERBRAEL

21211 1956 ~ 2000 4 P L < DU 5 A

¥ ET, WA L. Al & B KZE ET, HY4F
AP E S 5O — 2, 1990 AR LIRT &2 T
R, 1990 ARARLLE S W BT EH A BT,
AP AL HA Z W] AN R], RUAE 1990 4RATHTT
AN RN T S 2 C RN R LY AR R E
EIHE U . BRI, T 56 a PUALHLX ET, /Y
ARARPR AR A 12 ST 3 O RFAE , 47 AR B % 45 i [R] 72
1990 A



246 + 2

TR

34 %

&1 1956 ~2009 FAILBR ZFEFEFEY LT, HERREL (BAL:mm)

Tab.1 Decadal variations of seasonal and annual average ET, in Northwest China from 1959 to 2009 ( Unit:mm)
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1990 4EA%: 318.5 9.9 457.1 145  192.8 7.1 70.8 3.3 1039.2  27.1
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Tab.3 The RMSE of multi - regression analysis between the combinational climatic factors and ET, ( Unit: mm)

A B C D E
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Estimation and Variation Characteristics of the Reference Crop
Evapotranspiration in Northwest China During 1956 -2011

WANG Biao"**, ZENG Xinmin®", LIU Zhengqi',

ZHOU Xiaolin*, SUO Jingdong’
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Abstract ; Based on the daily meteorological data at 42 weather stations in Northwest China from 1956 to 2011, the reference crop evap-
otranspiration ( ET,) was estimated by using Penman — Monteith (P — M) equation, and the temporal and spatial distributions of ET} in
Northwest China were analyzed. The mutation and period of ET, during 1956 —2011 were studied by using Mann — Kendall (M - K)
test and Morlet wavelet analysis methods, and the correlation between ET,, and main meteorological factors was done by using the multi-
variable linear regression method. The results are as follows: (1) The monthly and seasonal changes of ET,, in Northwest China were
obvious, the value of ET, in July was the maximum, while that in December was the minimum, and that in summer, spring, autumn
and winter decreased in turn. (2) In the past 56 years, the annual average ET, in Northwest China reduced significantly, and the sea-
sonal difference was significant, the trends of average ET| in spring, summer and autumn decreased, and the decreasing rate in summer
was the biggest, while the average ET| in winter increased slowly. (3) The maximum ET, was located in Kumul to Hotan area. (4)
The decreasing mutation of ET| in spring, summer, autumn and the whole year appeared in the early of the 1980s, and that occurred
respectively in 1984, 1986, 1981, 1980, while that in winter mutated in 1995. The annual average ET, in Northwest China during
1956 - 2011 had 2 — 3 years obvious periods and 6 years quasi — periods. (5) The ET, were positive correlated with wind speed at 2 m
and sunshine duration, while that was negative correlated with relative humidity and mean surface air temperature, and the correlation
between the ET, and air temperature was weak. Therefore, the rising of air temperature and relative humidity, and the decreasing of
sunshine duration and wind speed caused the ET| reducing in Northwest China during 1956 —2011. The root mean square error consid-
ering the above four climatic factors was the minimum in all multitiple linear regression models. In general, the decreasing of ET, was
caused by the variation of four meteorological factors.

Key words: climate change; Penman — Monteith model; reference crop evapotranspiration; Northwest China



