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Comparison and modification of ET, models based on radiation

and temperature in Turpan region

FAN Liufei'*,PI Yuanyue', YU Yang', YU Ruide"’
(1. State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese
Academy of Sciences, Urumgqi, Xinjiang 830011, China; 2. College of Resources and Environment, University
of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; By using the daily climatic data of three meteorological stations from 2000 to 2015 in Turpan re-
gion, and taking FAO-56 Penman—Monteith ( FAO-56 PM) model as the standard model, six ET, models (M—-A
model, P-T model, M—H model, H-S model, Traj model, and B—H model) were evaluated and modified. The
estimation accuracy were analyzed with root mean square error ( RMSE ), mean absolute error ( MAE), mean
relative error (MRE) , and non-parametric Wilcoxon test at yearly and monthly scales, respectively.The purpose
was to find a simple and accurate ET, model in Turpan region.The results indicated that the main meteorological
factor affecting ET, was R (solar ridiation) in Turpan region, followed by e (saturated water pressure) and R, ( crop
surface net radiation). Before the modification, the M—H model had the highest estimation accuracy on the yearly
scale.On the monthly scale, the errors of all models were large and there were significant differences with the calcu-
lation results of the FAO-56 PM model, and the applicability was poor in Turpan region. After the modification,
the accuracy of each model on the yearly and monthly scales was significantly improved, and there was no signifi-
cant difference with the FAO —56 PM model. The modified P-T, M-H, and B-H models had the highest
estimation accuracy and can be used as simple and accurate ET, models in Turpan region.

Keywords: ET, estimation model; accuracy evaluation; modification; temperature ; radiation; Turpan region
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Table 1 Sensitivity between ET,, and various meteorological factors

R, T Uy Ry Ry Ty T A o e

mean max  * min

0.117 0.066 0.058 —0.092 0.234 0.035 -0.010 0.013 0.188 -0.066

TR, AAED R R IT 5 T, HEB SR U, 0 2 m SN
B RH, 0 YA ; RO R PRARST ; T, 9 I8l T
AR ;A AR TR IR BE MR AR e AR IR e, 5K
FRAKIRIE

Note: R, is net radiation at the crop surface; T, is mean air tem-
perature; U, is wind speed at 2 m; RH

is average relative humidity ;

mean

max
ature; A is slope of saturation vapor pressure curve; e, is saturation vapor

pressure; e, 18 actual vapor pressure.

SEWFHRH,,, T, e, B RHE N, %
WIbRUE ET, 5 RH,,,,, T, 1 e, RHAM KRR, H5H
RRHFRIEMAHCKER (R 1), RRBERK
(0.234), LWk J& e, Ml R,, T,. By 7 8B & /D
(-0.010) , AEFEIEARLR, FLH T REE
HE¥ MR, >e, >R, >RH,,, >e,>T,...>U,>T, >A>
Towo B, ATIAH I 25 b X AR IE ET, 1 32225 0
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Fig.1 Comparison of estimated yearly ET, by different models
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/N, M-A BERIE 3—9 A/, A A k. Frfi
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Table 2 The evaluation of yearly ET,, simulated

effects by different models

s 5 RMSE MAE Wilcoxon
IT/[E:)del /(mm-a™') /(mm-al) MRE/ % P
M-A 197.79 194.60 17.70 0.000
P-T 140.26 134.74 12.26 0.000
M-H 37.92 34.82 3.17 0.148
H-S 212.24 210.43 19.15 0.000

Traj 45.25 39.79 3.62 0.003
B-H 59.16 52.03 4.73 0.000

7 : Wilcoxon J5 ¥ P>0.05, I JC i 3 22 5%, P<0.05, W fF
TR EESR,
Note; If P>0.05, indicates no significant difference; If P<0.05, in-

dicates significant difference.

1 2 3 4 5 6 7 8 9 10 11 12
J1 4/ Month
—#—FAO-56PM —%—M-A  —e—H-S —&—P-T
—A— Traj —+— M-H —— B-H

B2 AEERTEWN ET, AEILE

Fig.2 Comparison of estimated monthly ET, by different models
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TR 25 BT S5 BB SR AR X B, (5 it
LR B = b X REAL B ET,, (B2 5 R4
LA XSl Sy B 7 At i DX o s 75 BB O
I, SR i 5 1S U A 65 7 b DX 1 o, DA
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PM BEFY AL 25 O R AR i, EA T4 [l A 20 AT, 3
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FMBIEINE H &8 RZEWL% 4, M-A H-S . P-T,
Traj M—-H F1 B -H %8 (1) J57 1f 28 56 2 553l hy
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Table 3 The evaluation of monthly E7, simulated effects by different models

Aty HEA RMSE/ MAE/ MRE ~ Wilcoxon || HAfy A8 RMSE/ MAE/ MRE ~ Wilcoxon
Month ~ Model (mm - mon™)(mm - mon™") /% P Month  Model (mm + mon™")(mm + mon™") /% P
M-A 1.44 1.24 12.16 0.000 M-A 42.59 42.29 23.41 0.000
P-T 2.27 2.25 22.01 0.000 P-T 13.87 12.79 7.08 0.000
M-H 7.24 7.16 70.03 0.000 M-H 18.59 17.61 9.75 0.000
! H-S 1.22 1.05 10.24 0.000 ! H-S 39.67 39.28 21.75 0.000
Traj 0.94 0.83 8.10 0.000 Traj 4.60 3.78 2.09 0.028
B-H 0.63 0.54 5.24 0.001 B-H 13.64 12.69 7.03 0.000
M-A 2.14 1.79 7.01 0.733 M-A 33.54 33.06 20.76 0.000
P-T 5.22 4.77 18.70 0.000 P-T 16.01 15.44 9.69 0.000
) M-H 7.87 7.69 30.12 0.000 8 M-H 11.64 10.18 6.40 0.000
H-S 4.00 3.85 15.07 0.000 H-S 34.51 34.08 21.40 0.000
Traj 1.98 1.38 5.39 0.000 Traj 4.54 3.44 2.16 0.001
B-H 1.23 0.99 3.87 0.172 B-H 11.69 10.84 6.81 0.000
M-A 11.46 10.10 14.28 0.000 M-A 15.77 14.52 13.75 0.000
P-T 15.07 14.65 20.72 0.000 P-T 13.64 13.27 12.57 0.000
M-H 5.50 4.65 6.58 0.001 M-H 6.06 5.03 4.76 0.007
3 H-S 8.33 7.05 9.97 0.000 ? H-S 23.74 23.36 22.13 0.000
Traj 7.92 7.34 10.38 0.000 Traj 4.02 3.19 3.02 0.165
B-H 4.09 3.28 4.63 0.002 B-H 8.77 7.91 7.50 0.000
M-A 26.12 25.45 21.48 0.000 M-A 3.94 3.43 6.12 0.433
P-T 20.58 20.13 16.99 0.000 P-T 10.35 10.08 18.01 0.000
4 M-H 9.54 7.92 6.69 0.000 10 M-H 13.42 13.14 23.49 0.000
H-S 15.69 14.02 11.83 0.000 H-S 18.75 18.48 33.02 0.000
Traj 12.03 11.11 9.38 0.000 Traj 5.20 4.68 8.37 0.000
B-H 6.22 4.96 4.18 0.090 B-H 9.82 9.49 16.97 0.000
M-A 34.37 34.03 21.06 0.000 M-A 2.98 2.63 12.32 0.000
P-T 16.73 16.16 10.00 0.000 P-T 7.28 7.06 33.02 0.000
5 M-H 12.09 10.94 6.77 0.000 1 M-H 10.49 10.31 48.22 0.000
H-S 27.17 26.12 16.16 0.000 H-S 9.61 9.23 43.18 0.000
Traj 10.63 9.68 5.99 0.000 Traj 4.13 3.89 18.21 0.000
B-H 7.09 5.81 3.60 0.003 B-H 5.73 5.43 25.42 0.000
M-A 41.80 41.48 23.23 0.000 M-A 1.40 1.11 11.35 0.009
pP-T 15.68 14.58 8.17 0.000 P-T 4.09 3.90 39.82 0.000
6 M-H 18.10 17.13 9.59 0.000 1 M-H 6.63 6.46 65.84 0.000
H-S 33.46 32.90 18.43 0.000 H-S 2.88 2.35 23.99 0.000
Traj 8.45 6.88 3.86 0.000 Traj 1.22 1.02 10.44 0.060
B-H 9.22 7.90 4.42 0.000 B-H 1.54 1.21 12.31 0.070
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Table 4  Slope of linear regression equation and monthly empirical coefficient of models after modified
A M-A H-S p-T Traj M-H B-H
Month £} Slope K BhR Slope K BhR Slope K BhR Slope K BhR Slope K BhR Slope K
1 0.89 0.54 0.90 0.0021 1.27 1.60 1.08 0.0025 0.59 0.41 1.03 0.00200
2 1.01 0.62 0.88 0.0020 1.24 1.56 1.06 0.0024 0.78 0.55 1.00 0.00193
3 1.17 0.71 0.91 0.0021 1.26 1.58 1.11 0.0026 0.96 0.67 1.03 0.00199
4 1.27 0.78 0.89 0.0020 1.20 1.51 1.10 0.0025 1.07 0.75 1.01 0.00196
5 1.27 0.77 0.86 0.0020 1.11 1.40 1.06 0.0024 1.07 0.75 0.98 0.00189
6 1.30 0.79 0.84 0.0019 1.09 1.37 1.04 0.0024 1.10 0.77 0.96 0.00185
7 1.30 0.79 0.82 0.0019 1.07 1.35 1.01 0.0023 1.11 0.77 0.93 0.00180
8 1.26 0.77 0.82 0.0019 1.11 1.39 1.02 0.0023 1.07 0.75 0.94 0.00181
9 1.16 0.71 0.82 0.0019 1.14 1.44 1.01 0.0023 0.97 0.68 0.93 0.00180
10 1.00 0.61 0.76 0.0017 1.21 1.53 0.93 0.0021 0.82 0.57 0.86 0.00166
11 0.89 0.54 0.70 0.0016 1.47 1.85 0.85 0.0020 0.68 0.48 0.80 0.00154
12 0.92 0.56 0.79 0.0018 1.67 2.10 0.94 0.0022 0.60 0.42 0.90 0.00174
=] A< 1200
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Fig.3 Comparison of estimated yearly ET,
by different models ( after modified )
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Table 5 The evaluation of yearly ET, simulated effects
by different models ( after modified )

i) RMSE MAE 3 Wilcoxon
Model /(mm+a™') /(mm-a™') MRE/ % P
M-A 34.63 29.94 2.72 0.756
P-T 38.81 34.97 3.18 0.836
M-H 33.90 29.75 2.71 0.959
H-S 31.33 28.58 2.60 0.569
Traj 31.86 30.15 2.74 0.148
B-H 27.38 23.65 2.15 0.959
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Fig.4 Comparison of estimated monthly ET,
by different models ( after modified)
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Table 6 The evaluation of monthly ET, simulated effects by different models ( after modified )

Aty K RMSE/ MAE/ MRE  Wilcoxon | Afy 8 RMSE/ MAE/ MRE ~ Wilcoxon
Month ~ Model (mm + mon™)(mm + mon™") /% P Month  Model (mm + mon™')(mm + mon™") /% P
M-A 0.84 0.68 6.50 0.000 M-A 7.05 5.57 3.09 0.468
P-T 0.61 0.51 4.70 0.378 P-T 6.13 5.04 2.79 0.456
M-H 0.67 0.56 5.51 0.875 M-H 6.93 5.66 3.13 0.189
! H-S 0.53 0.42 3.84 0.769 ! H-S 5.06 4.20 2.33 0.232
Traj 0.50 0.41 3.76 0.860 Traj 5.08 3.87 2.14 0.046
B-H 0.53 0.43 3.96 0.583 B-H 5.14 4.28 2.37 0.695
M-A 2.14 1.85 6.56 0.187 M-A 6.53 5.15 5.56 0.299
pP-T 0.96 0.80 2.83 0.246 P-T 5.41 4.60 4.92 0.531
) M-H 2.65 2.40 8.49 0.387 g M-H 6.34 4.97 5.10 0.481
H-S 1.24 0.96 3.40 0.439 H-S 4.23 3.28 2.72 0.710
Traj 1.31 0.94 3.31 0.964 Traj 4.93 3.90 2.90 0.001
B-H 1.23 0.99 3.49 0.172 B-H 4.13 3.20 2.79 0.456
M-A 4.18 3.54 5.02 0.481 M-A 4.92 4.29 3.92 0.221
P-T 2.92 2.48 3.52 0.531 P-T 3.27 2.59 2.37 0.943
M-H 4.44 3.68 5.23 1.000 M-H 4.99 4.26 3.89 0.910
3 H-S 3.50 2.85 4.04 0.922 ? H-S 3.56 3.15 2.87 0.206
Traj 3.33 2.67 3.79 0.389 Traj 3.74 3.17 2.89 0.057
B-H 3.51 2.79 3.97 0.493 B-H 3.60 3.21 2.93 0.393
M-A 6.12 5.26 4.31 0.165 M-A 3.90 3.36 5.97 0.505
P-T 5.73 4.46 3.65 0.453 P-T 2.22 1.77 3.14 0.557
4 M-H 5.85 4.82 3.95 0.441 10 M-H 4.44 3.84 6.83 0.845
H-S 6.74 5.40 4.42 0.004 H-S 3.41 2.70 4.79 0.224
Traj 5.77 4.66 3.81 0.009 Traj 3.41 2.80 4.97 0.318
B-H 6.00 4.86 3.98 0.813 B-H 3.22 2.71 4.81 0.164
M-A 5.69 4.29 2.66 0.224 M-A 1.49 1.21 5.46 0.206
P-T 5.23 4.33 2.68 0.544 P-T 1.59 1.25 5.64 0.572
M-H 5.47 4.06 2.52 0.652 M-H 1.70 1.44 6.48 0.079
> H-S 5.92 4.79 2.97 0.147 1 H-S 1.25 0.96 4.31 0.877
Traj 5.97 4.46 2.76 0.009 Traj 1.37 1.16 5.23 0.005
B-H 5.82 4.62 2.86 0.638 B-H 1.27 1.05 4.71 0.159
M-A 5.93 4.59 2.49 0.877 M-A 1.11 0.90 9.07 0.014
P-T 5.83 4.62 2.50 0.943 P-T 1.00 0.80 8.10 0.666
6 M-H 5.86 4.43 2.40 0.465 12 M-H 0.79 0.65 6.62 0.984
H-S 6.49 4.96 2.69 0.000 H-S 0.99 0.82 8.32 0.068
Traj 4.99 3.95 2.14 0.36 Traj 0.99 0.85 8.63 0.518
B-H 5.30 4.05 2.19 0.719 B-H 1.04 0.88 8.91 0.281

A BRI 7 H ) RMSE F1 MAE #5 K (7.05 mm + mon™
H15.57 mm - mon™") ,12 A Y MRE 5K (9.07%) ,1
HI2 AFEREEZR;BIEG Tra) A5 1Y
RMSE #5% K (5.97 mm - mon™') ,4 H ) MAE &% K
(4.66 mm - mon'), 12 A ) MRE % K (8.63% ),
4—5 H 7—8 A 11 AfFfEREER EIFE P-
T .M-H fl B-H 8 A AFER E2E R, &L
frd B IEJG RS P-T M—-H F1 B—H F A7 £ 7
X A

4 F w

A5 RS A R B R T AN
HAGANS B AFAE 225 . P-T BB J& T K BH 48
S BIRE IR, R 7 AR T R 3 XU A R e, A
SN 7 A 2 R 1A A 1 M- A BRERLR

JE SR AR MK PO 22 v A I A BRI
ARSI 3 H— S 5 70 2% 18 ) i S 30 R U THUZ A 38
BEA 5 B8R A BH i S W SR, 2808 T BT
Hh s A Bl g A TR 7 AR 1R 25 1 R R
DRI 07 R A e 68 2 il DX S B AR T 0 45 A5 A 1)
JEAR 2 B R BGATT B IR, DUI/INER 22 $d v 0l
Atk

ETSRIMEIE T IR AR ZF0, Al T B IE % |
B e R W MR A 8 #E A B (SCE -
UA) 20 IR g S Bk A 73 e >l
T R L BB IE R RS SR R Y
RGP S T IE T % 45 A5 A
LU RBATBIE, LR A NS, R IE
2 PRI IE A LB, £ 2k — 25 B BIF 5 rp 25 1



274 TR A X AR

o538 %

ZE GG T IR TR G AR ET MR IS
G THATEIE , AN A A58 B A SR

FeE P+ 5 X8| TR B, 2 R,
BEAHE D, 28 K K, BAT AR SR AR L Rt
TENE & T X HEAT ET TS8R g AR L X T 52
VERSEbRz& WO A B K i, T AR AR
PR BRTVE o U R R R 5 PR K
IR, RO AR BE—E S

5 45 8

ASCLL FAO-56 PM HEHY b5 i, 3 T3 5 AR
WRZE YN HR 22 O A X 1R 25 Fl Wilcoxon JE
SRR, X 6 i S vk R A A 7
WX s FEPEES T T IR AE IE  BUS T LR 458

(1) REGPET R i EFHIX ET, 1 FE
Ml PR 2 R, Hek 2 e MR,

() EAAE AR b ET, P45 58 & 1F 1T,
5 FAO-56 PM A5 BRI 3348 S Lo 43¢, 45 A5 B A7 7 3%
KARZEFN 22 5 36 AT 22 B 1E T, #5 B
22 0A 5 8/ HL O TG i 25 25 S BB B P-T M-
H Fl B—H RS My, ol & 3 i X KT,
T PG S A | T 48 5 0% i XK 9% R A0 A B
B KA A SRR R R

HHTE PN ET A8 0015 R RV IEME Y &
FEPIEERE R Z B H RE FRENES,
ARSCFIFH 6 i S i R0 B AR AR 3 i 5 2 b [X
ET B}, 275 % iz b X 5 ET, 1) £ B L W+,
HEEEB R B AR a5 ARl e Tl A& 1E 1
G IE AR 1 28 50 R 8K, $2 i A5 B L & IE 8K
S T AT B B T L X Y BT, Al 57k

8 % 3 k.

[1] Sentelhas P C, Gillespie T J, Santos E A. Evaluation of FAO Penman
—Monteith and alternative methods for estimating reference evapotrans-
piration with missing data in Southern Ontario, Canada [ J ].
Agricultural WaterManagement ,2010,97(5) :635-644.

(2] IR0, S op s B X AR ORI ST [ M) AL 5T R R, 2012,
14-36.

[3] Allen R G, Pereira L. S, Raes D, et al. Crop Evapotranspiration guide-
lines for computing water requirements[ R]. Rome: Food and Agricul-
ture Organization of United Nation,1998.

(4] EAYy, BRI, 4 g, 55 B L XRE i 2RO te A B IR ST
[J].7K)11%R+,2003,25(5) :558-565.

[5] Kyotaek H, Minha C. Seasonal trends of satellite-based evapotranspira-
tion algorithms over a complex ecosystem in East Asia [ J ]. Remote
Sensing of Environment,2013,137,244-263.

[6] THe,sisete #h R 5F Hargreaves il PM AN Y e Niiiel
TFRIX ET, 04 7] 40k TAR2#R ,2006,22(10) :21-25.

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

FIAR, BIGERE 152, S MR IR S VR 28 8 AL RHIE S
BGIATRITTRGT[) ] A EAO TG, 2013,34(6) :661-667.
Grismer M E, Orang M, Snyder R. Pan evaporation to reference evap-
otranspiration conversion methods [ J ]. Journal of Irigation and
Drainage Engineering,2002,128(3) :180-184.
W, AR, XD S RN S Y 2R
(1] 5:,2015,36(4) :428-436.

RO L, TN, 55 L T2 TR 1 B 2% e 2

KA 1] K R4 ,2010,41(12) :1497-1505.

Douglas E M. A comparison of models for estimating potential evapo-

WA R

transpiration for Florida land covertypes [ J ]. Journal of Hydrology,
2009,373(4) :366-376.

Xu C'Y, Singh V P. Cross comparison of empirical equations for cal-
culating potential evapotranspiration with data from Switzerland[ ] ].
Water Resources Management,2002,16(3) :197-219.

TR BEENE SR 3P 2 T R HU X AN[A] 7K SCAF: Hargreaves 1 P-
M 2R LA T ] A0l TRE4% 2008 ,24(7) :29-33.

ARHE R AR T, S AR ETo M A AR P e i X i E
et )] AR TR, 2012,28(24) :92-98,

Searlés KL Kk E B, 2. FAO Penman-Monteith & &4k 5 B 7 P4
JGEHHERTTE T ] AW, 2016,47(12) :139-151.

Li M, Chu R H, Md. Towfiqul Islam A R, et al. Reference Evapo-
transpiration variation analysis and its approaches evaluation of 13
empirical models in sub-humid and humid regions; acase study of the

Huai River Basin, eastern China [ J]. Water,2018,10(4) :493-515.

2L ] BT AERS 41,2013 ,24(9) :2564-2570.

RN o] R RAS S5 G R X R S AR AT
L] P ERAGR,2009,30(4) :532-537.

Zit s BB | A5 AT A A S S (AR O i B
LAY B O[T ] AR5, 2016,37(4) :390-399.

BIARER MO - BAG 3450, L4« SESR4R, B AR Vb 35K -

SR, S B 2 A B B PR A ARSI & [T .80
HEAOVRIE 2007 ,44(5) :667-671.

FIRMGL « A A TN AR S A 7 R TR BT R
HAFIF D] Brse B, 2015.

WA KR - SLE MARSSR - B TR - BT 53
BT TG ATTE T[T ] 4R BT~ B~ 40, 201,30
(8) :109-113.

HEAET R AR XA T B AR M S B AT B R
TR, 1993 116-376.

EE N, T e A NI IX S e 2R i i 2 LA
FELI] Al TRE,2004,20( 1) :99-103.

XUZRRE PN 22/, S A8 e DN 2 5 A 530 77 1k B % LIS
[J]. ASRBEIR 42,2003, 18(2) : 161-167.

Priestley C H B, Taylor R J. On the assessment of surface heat flux
and evaporation using large-scale parameters [ J ]. Monthly Weather
Review,1972,100.81-92.

Hargreaves G H, Samani Z A. Reference crop evapotranspiration from
temperature[ J | . Agriculture,1985,1(2) :96-99.

Willmott C J, Matsuura K. Advantages of the Mean Absolute Error
(MAE) over the Root Mean Square Error (RMSE) in assessing aver-
age model performance[J]. Climate Research,2005,30( 1) ;79-82.



5 2 3

VI B RAR BT A R BE (Y ET R A 8 2 i X Y H AR S 1B 1E 275

[29] WP BREEZ:  XIPSZE BT X T8 B S 5 A EIZE R M L i S
RAGPAT[ T ] Al TRE #2008, 24(5) :6-9.

[30] Tabari H.Evaluation of reference crop evapotranspiration equations in
various climates[ J ]. Water Resources Management , 2010,24 (10) :
2311-2337.

[31] BB LT AR T AU e A VA SR e 3 53
HELT] P RIX R 53R ,2013,27(10) : 107-114,

[32] Fontenot R L. An evaluation of reference crop evapotranspiration mod-
els in Louisiana[ D ].BatonRouge ; Louisiana State University ,2004.

[33] ﬁﬁﬁg%,ﬁ!jﬁi, {%&i,%.HaIgrcavcs a4 JaAs 1F Bead
TP LI KRR 2011,22(2) :160-167.

[34] XIZR SR IR TR ET R I M ABIE[ T4y
TKHEBE, 2014, (4) :1-6.

[35] BIbL, AT BHF, 45 AT ONE Hargreaves RERUEEE)I

[36]

[37]

[38]

[39]

[40]

[41]

B S ezERR [ 1] A0l THREHR ,2016,32(21) : 152-160.
A AR T BT, % oI Hargreaves ARG R Hh T BE IX S
HARYIFERUR ] Ak TR, 2015,31(11) : 19-24.

TUSCIE , S WAk A, S DN BT, B A -4 Mokt
Hargreaves YEHMEIE[ T 4l TH22%47 ,2012,28(8) :129-135.
PERTIR, bt IRas B TR ZE UL A2 2 FIMEIE Jr i S HLAE ) VT
TR B FE [ ] A B U5 5 PR 45 2 41, 2014, 9 (3) 1 12-
19,34.

[ J] KB ,2009,20(5) :614-618.

T  RWEFE, BRAF R I X S VR 36 R 7 At 7 ik
W[ T ). TR R AFFT ,2014,32(3) :95-101.

ZE ). [ PR AR DA (1) o v [ P R SR i B LAy
[M] At Rl hitkt, 2002 83-85.

(L5 266 W)

2) MRt 5k AR 2SR, 1971 AR LR, B oK
AR T ER A RS 6] b 5L P 1) Lz 73
()3 A RAE (L 6 3 A7 B R (i X ) F2 225 A A T4 A
BaHIX 6 A9 H w5k A A o HL I
w7 ARS8 A,H 6.7 A9 A& AEEKE S HAE
2010s S FL[ITFHEH,

3) R T R AR AR S B B
Kkt (BTG R A IEGA SRR B 4 LA 2010s 352
PRI TR T H 6.7 AFI9 A &4 TSR E 7
FUATISR 458 5, X BE AR W 12 5 | /e 6 K A 7= - ) S 7
Gig /e

S & 3 k.

(1] B/INHE, 2 A ) A5 v FE G b b DX AR K o B oty <
AFARAFIE ] ] A 25244 ,2015,35(5) 11359-1370.

(2] EHEE MR , AN o AL b st 0 = g i A8 R A
[J]. 3244 2003(S1) :69-74.

(3] R, Wt 3 DA o b s T 5 S A AR AR A BRI [ .
Yy 2008, (6) :3932-3940.

(4] RISGHT, SKRAIZE A, 4530 50 AFSRAEAU P b T S 5 4Ry i
A ARCRHIEL ] ] K ARz, 2013,33(4) :90-95.

(5] #0%Z,REAZE, EM8, 45 50T 50 478 R X Ao T 5 A58 A 41T
[ 7] HFBA47,2011,66(9) :1179-1190.

[6] IPCC. Climate Change 2001: The Scientific Basis[ R]. New York:
Cambridge University Press, 2001.

(7] oM, R4, XA A5 AR R KRR S T S R B A S R
SERsa [ )] A AR, 2014,38(9) 1 1008-1018.

(8] ZMb. 7R 40 ZAFRM LR AR AR (LR 347 [ D ). /e
AR LU B T AR, 2006.

[9] 2 3CflE AR, #25.1962—2012 4F 75 R L X ARk S (a2
AAVRFIE T ] Rl ,2014,36(4) . 766-772.

[10] ], 2200, Hh [ 5 2R A& el ity T AR AR R AR fb S B 43 A

[J]. KSR ,2014,38(2) 1309-321.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

SIS, B L S R A R R s AR S 2R
GBI ST T 0 R 5 T AR R 22440, 2012,20(S1)
15-29.

DL, BT  BRICHK, 55 B TAREAL K ZE R B e m T2
HEFRTTLT]. HARICEA4,2012,21(4) :84-90.

BASTE, B MRENE AR S 5 T R IE A7 Mo IX T 5 4 2E
A 1] T RIXHIIE,2015,38(2) :239-248.

Hulme M, Marsh R, Jones P D. Global changes in a humidity index
between 1931-60 and 1961-90[ J]. Climate Research. 1992, 2. 1-22.
AR, F A, AR LT SPT A1 HI AYHE_ [ i S 1
EUEAET T ] NRERIT,2017,38( 10) :33-38.

T B, 3L, % 0 I T R A 23 AR AR
[J] PR, 2011,30(3) :299-305.

2T R B KA K K o T i 2 2R AR [ 1) T 5K
% 2013,31(4) :796-802.

H 24T, 20 TR B oK T RLE A KB AL X I [ 1] T2
F4,2016,34(5) :852-859.

XN [RGB KT R R BT S B s [ D] R
FALE R LA, 2014,

SR W, D A A, S, 1951—2016 4F B B SR A Aok 5
PEAEACFRAEL T ] BORE K22 e ( AR FLA ) , 2019, 41 (1)
91-104.

TR FEH]. P EARG R F I R 4 [ M ] JERT . R4 ik, 2008
65-81.

PR, Chab et BT LT 40a B M X BT 5 KA K F T A
ZRFESIBTL) ). AR K E 4R, 2016,25(2) :1-14.

B AR, TR, S LT SPEL B TR X T L 25
WRAEM A ] T54,2018,36(4) :544-553.

FUTE AR, DA & LT SPEI AL TR E KR KT
P ARRRE ] ). T RS4,2018,36(4) :554-560,577.

Jitigik et AR, 55 SRR 5T P E R BRI
G ERZS AR () ARl b X BRI ] R ER A
4 2018,39(4) :209-219.



