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Abstract; Based on the meteorological data from 1951 to 2013 corresponding to 50 sites throughout the Inner
Mongolia Autonomous Region, this study made a detailed statistical analysis of the 33 ET, models available in the
literature. Ten statistical indicators were used to assess the performance of the models. And a global performance in-
dicator ( GPI) was introduced to rank the models. The results showed that in hyper-arid and arid areas, the GPI
was shown in mass transfer-based (MTB) , temperature-based (TB) , and simplified FAO-56 PM (SPM) models
being close to 1, which reflects the good simulation effect, while radiation-based (RB) model were amongst the
worst performers. In the dry sub-humid and moist sub-humid areas, a better GPI was shown in SPM and RB models
were higher and the simulation effect were better. For example, the GPI of M1 (RB) being 1.0 in the moist sub-hu-
mid area. Considering the convenience of models, Temperature-based (TB) models are the most suitable models in
the relatively arid areas, while RB models are more accurate in relatively humid areas.
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Fig.1  Location of weather stations in the study area
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Table 1 Regions of weather stations in the study area
X 3% Area Hi A Site X3 Area Hi 5 Site
M E W /K2 Bayannuoergong (1) M#EHL/R Hailaer(26)
BBF Ejina(2) WEFIE 4 Huhehaote (27)
%q:?:.lﬂﬂz T Guaizihu(3) AL4% Huade(28)
Hyper-arid area
HHfE Jikede(4) £ET Jining(29)
T2 F Jilantai(5) F# Kailu(30)
BT 43 £ Alashanzuoqi(6) HPY Linxi(31)
frr 4345 1 Alashanyouqi(7) I L Manzhouli(32)
WSS Erlianhaote(8) AR1= 5 F1#% Narenbaolige(33)
¥ 71 2% Hailisu(9) 2 B X Py - F i Siziwangqi(34)

LR JE i Hangjinhouqi( 10)
I3 Linhe(11)
%83 Mandula(12)
IHJEFEZHHE Sunitezuoqi(13)
Ly 22 KEr e Wulatezhongqi(14)
2k HF Zhurihe(15)

TR X

Arid area

FiT B4 I Abagaqi(16)
ELARZE i Balinzuoqi(17)
£13k Baotou(18)

F [H &l Baoguotu(19)

MR Chifeng(20)

B Damaogi(21)

ZRME Dongsheng(22)

R SEREIL Dongwuzhumugin(23)
242 Duolun(24)

TRFE T Ertuokeqi(25)

R

Semi-arid area

Semi-arid area i@ 1L Tongliao(35)
4 Wengniuteqi(36)
15,22 3 Wulanhaote (37)
PE S ERBR I Xiwuzhumugin(38)
BIMIESF Xilinhaote (39)

Hr LR AT Xinbaerhuyouqi(40)
H LR R AT Xinbaerhuzuoqgi(41)
P4 EIBHE Yijinhuoluogi(42)

H AR Zhalute (43)

BTN Ejiguna(44)
AL Suolun(45)
FL 2% 15 Zhalantun (46)

R K
Dry sub-humid area

B[R 1L Aershan(47)
[ 72 K] Boketu(48)
& BL{] Tulihe (49)

/N"3H Xiaoergou(50)

T — 2 i X

Moist sub-humid area
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FEH u RGE . 7E Rohwer Fll Penman F U e
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R e Fll e, WERALN hPa, BRIZERAIHN Frf
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Fig.2  Annual precipitation, daily temperature and daily relative

humidity of meteorological stations in five climatic regions
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Table 2 Commen ET|, estimation models
AP Jrik Wi FeAl
Model number Methods Equation Type
1 [25] ET, R,
PT 0 =egT ( G)
2 Mak 26! ET, —061( ) [ ]R -0.12
. ( -T.) xR,
3 JH'Z ET, =
) R, -
4 MBL28] ET, = {(0.0082 T, - 0.19) x — } x 2.54 TR
1500 Radiation-based ( RB)
5 JR(2) ET, =B % [3.87 x 10 R (0.6 T,, + 04T, +29)]
6 TA[30] 0T, = 0.489 + 0.289 R, + 0.023 T,
7 Irm!?] ET, =-0.611 + 0.149 R_ + 0.079 T,
8 T—1[20] ET, = - 0.642 + 0.174 R_ + 0.0353 T,
9 T—p[20] ET, = - 0.478 + 0.156 R, - 0.0112 7, + 0.0733 T,
10 HS3 ET, = 0.0023 R, (T, + 17.8) (T, = Toin)*’
11 Sch!2!
RH
12 DA-1032] ET, = 0.0013 x 0.408 R, (T, + 17) [ (T, — Toin) — 0.00123P107
_9l32] = - 0.4 y
13 DA-2 ET, = 0.0030 x 0.408 R, (T, +20) (T, — T\i) TR
14 DA=3[32] ET, = 0.0025 x 0.408 R, (T, + 16.8) (T, - T, )" Temperature-based ( TB)
15 Tral!! ETy = 0.0023 x 0.408 R, (T, + 17.8) (T,,, = T,;,) ***
6 _ - 500 7,/(100 = A) + 15(T, - T,)
Linacre = 80 - T,
17 Rom!3 ET = 0.0018 (25 + T,) ? x (100 — RH)
R 2
18 Val-1[%] ET, = 0.0393R, (|T, +9.5]) *° - 2.4 (R“) +C,(T, +20)(1 _ﬁ)
19 Val-2[13] ETy = 0.0393R, ([T, +9.5]) *5 = 0.19 R.*¢ ¢*5 + 0.0061(T, +20>(1——) fil {2 &
a 0 100 Simiplified FAO-56
. e o PM (SPM)
20 Val-3[14] 0 = 0.0393R ([T, +9.5)) % - 0.19R " +
0.0061(T, +20) (|1.127, = T,;, -2 %7
21 Dall20) ET, = (0.3648 + 0.07223u) (e, —e,)
22 Trah! 2 ET, = 0.3075Vu (e, —¢,)
23 Mey[ 2] b = (0.375 + 0.05026u) (e, —e,)
24 Roh[20] ETy = 0.44(1 + 0.27u) (e, —¢,)
25 Pen!20) ETy = 0.35(1 + 9.8 x 107%u) (e, —¢,)
26 ALt = (0.1005 + 0.297u) (e, —¢,)
Jo e 4
27 Bw!20] ET, = 0.543 u***(e, —¢, ) Mass transfer-based
MTB
28 WMO[ 2] ET, = (0.1298 + 0.0934u) (e, — ¢, ) ( )
29 Mah! 2! ET, = 0.15072 x v/3.6u(e, —¢,)
30 W3] ET, = 0.515 + 3.005(e, —¢,)
31 w236 b = 0.799 + 1.942(e, —¢,) + 0.064T
32 Ww—3[36] ET, =-0.066 + 2.907(e, —e,) + 0.37%u
33 W—4036] ET, = 0.004 + 1.867(e, —¢,) + 0.063T + 0.371u
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Table 3 Ten statistical indicators for evaluating the ET,

Sitdehn &5 JiRE JrREA
Statistical indicator ~ Abbreviation Equation Description of equation
- FHF A B SEIE YRR
-y X R 9% 13 ) =
MAE MAE = — 2 |ETy, .. —ET,, . | It was used for measuring how close estimated values are
Mean absolute error noiz ’ '
to measured values.
i RMSE B , 570 (4 T 00 68 Bt
¥y IR % 2 A . N
RMSE RMSE = — z (ETy; ., — ETy, )2 The lower the RMSE, the better the predictive capability
Root mean squared error n = Hm e .
of a model is.
FEAG A 00 St 22 180 FH X 25 119 - 35 48 %HE R 0R
. MARE /N R
SR X AT 1% 22 1 ¢ | ETyi = ETy; .
. MARE MARE = — _— It was expressed as average absolute value of relative
Mean absolute relative error =1 ETy; . . .
’ differences between estimated and measure values. The
smaller the MARE, the better the models are.
FORBIMZE I 2 {7 B, Hoh 1.96 2 95% H A7k
X A i 2R R T, SD Al T 5 SEE 2 25 1Y
P2
95% B {5 K - HO Ao o Uss Uss = 196 x (SDZ N RMSE2)0'5 It was used in order to show more information about the
Uncertainty at 95% ’ model deviation. Where 1.96 was the coverage factor cor-
responding 95% confidence level, and SD was the stand-
ard deviation of the difference hetween the estimated and
measured values.
B 75 B R 2
“ (ET,. -ET,,.\?> RMSRE 8i7) A5 R HORS 1
Root mean squared RMSRE RMSRE = JL Z (M) i

relative error

n ETy; w

i=1

The smaller the RMSRE , the accurate the models are.

AHXT BT AR iR 2%
Relative root mean

squared error

RRMSE ~ RRMSE =

1 &
\/72 (ETOi,m _ETOi,e)Z

n ;-

n

L3k,

nog=

x 100

2 RRMSE < 10% 6§ , B0 SRS B2 400N D S AR 3 15 19 5
>4 10% <RRMSE <20% I, A5 5 1) K5 J35 288 5 119 5 20% <
RRMSE < 30% I, 45 R fo R B 2 40 22 19, 4 30% <
RRMSE of BEAURREAR 2% .

Model accuracy was considered excellent when RRMSE <
10%, good if 10% <RRMSE<20%, fair if 20% <RRMSE
<30% and poor if RRMSE>30%.

R BERMEAG (T B Al (TEAE) BT, A9, 1M
MBE {H T A2 T I

B A% iR 2 R
. MBE MBE = — Z (ETy; . —ETy: ) It expresses a tendency of model to underestimate ( nega-
Mean bias error n 3 ’ ’ ) i
tive values) or overestimate ( positive values) ET,, while
the MBE values closest to zero are desirable.
. WE TR AR, R MEBSGET | R
YeE R A 2 (ETy, . —ETy)° AR
Coefficient of R? R*=1- l": It was often used for estimating the performance of
determination (ETg;m = ETg )’ models. Values of R? close to 1 indicate more efficient
= models.
AR 15 2 1) foe KA X {E
ETy;w = ETy; . erMAX {HBR/IN BT B A
Maximum absolute erMAX erMAX = max( ‘¥ ) o f Fiss
) ETy; . The smaller the erMAX, the accurate the models are.
relative error '
W) 1 STONE #2111, 5 MBE #1 RMSE —i# il , 1 T
- 2 ST BT,
tgulT e —
- o t—stat 1 - stal = M It was first proposed by STONE to be used in conjunction
t—Statistic RMSE? - MBE*

with MBE and RMSE for more complete evaluation of ET|

estimation methods.
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Table 4  Applicability evaluation of different ET,; models in five climatic regions
Hx BORSS up RMSE  MARE Us  RMSRE RRMSE  MBE R erMAX — =stat
Area Model code
33 0.587 0.772 0.286 2.086 0.725 18.895 0.223 0.956 0.402 29.055
32 0.709 0.978 0.312 2.570 0.495 23.904 -0.433 0.929 0.940 49.713
18 0.821 1.068 0.387 2.898 0.618 26.049 0.191 0.917 1.003 20.318
31 0.803 1.099 0.283 2.936 0.503 26.728 0.368 0.913 0.369 32.299
T B4 X 30 0.822 1.156 0.317 3.184 0.574 28.280 -0.070 0.901 0.242 15.098
Hyper-arid area 16 0.979 1.316 0.401 3.573 0.704 32.186  -0.143 0.873 0.510 31.535
13 0.959 1.350 0.272 3.433 0.362 32.437 0.736 0.869 0.526 60.968
14 1.007 1.380 0.318 3.493 0.436 33.211 0.772 0.863 0.649 64.235
12 1.004 1.390 0.317 3.662 0.440 33.634 0.558 0.861 0.660 41.537
20 1.019 1.402 0.349 3.585 0.486 33.734 0.737 0.859 0.890 57.824
18 0.656 0.845 0.463 2.277 3.999 25.976 0.094 0.921 1.126 33.837
31 0.720 0.942 0.445 2.410 1.193 28.730 0.446 0.904 0.872 69.988
30 0.718 0.961 0.484 2.575 6.766 29.596 0.249 0.899 0.940 38.425
13 0.730 1.024 0.325 2.657 2.141 31.044 0.396 0.886 0.503 59.620
TRHbIX 20 0.764 1.027 0.406 2.668 2.458 31.238 0.403 0.886 0.626 57.922
Arid area 14 0.790 1.069 0.387 2.736 1.313 32.410 0.496 0.876 0.714 66.348
12 0.810 1.110 0.390 2.877 1.429 33.812 0.434 0.866 0.721 61.124
16 0.860 1.117 0.552 2.978 1.695 34.875 -0.298 0.854 0.845 40.050
10 0.825 1.127 0.374 2.830 1.523 33.978 0.626 0.862 0.657 78.941
6 0.873 1.246 0.421 3.311 1.856 37.528 0.427 0.831 0.551 41.345
18 0.524 0.683 0.562 1.877 4.910 25.764 0.042 0.926 1.365 19.093
33 0.582 0.727 1.190 1.872  20.023 27.715 0.376 0.916 2.651 80.659
20 0.597 0.782 0.505 2.155 4.818 29.537 0.072 0.903 1.204 16.882
13 0.573 0.784 0.427 2.158 2.890 29.634  -0.007 0.902 1.045 17.906
AP K 10 0582 0792 048  2.141 2564 29.877 0213 0901  1.235  40.092
Semi-arid area 31 0.626 0.805 0.887 2.068 9.139 30.599 0.400 0.898 2.503 80.033
14 0.616 0.813 0.539 2.228 2.994 30.714 0.099 0.895 1.352 23.766
32 0.658 0.831 0.749 2.297 2.915 31.662 0.060 0.889 2.330 12.227
6 0.633 0.860 0.554 2.365 2.949 32.599 -0.062 0.884 1.056 17.610
25 0.572 0.861 0.268 2.324 2.032 32.656 0.252 0.883 0.129 41.196
18 0.433 0.560 2.290 1.541 35.589 26.497 0.029 0.932 3.168 17.333
1 0.475 0.667 0.473 1.790 2.183 31.115 0.211 0.903 0.616 39.425
15 0.506 0.696 3.177 1.813  101.863 32.617 0.331 0.895 4.971 66.067
31 0.565 0.696 12.776 1.805  458.001 33.249 0.345 0.894 21.137 67.880
- 5L — 20 i 1 [ X 20 0.535 0.701 2.109 1.918 44.829 33.276  -0.112 0.894 3.032 19.793
Dry sub-humid area 8 0.514 0.701 10.765 1.851  388.113 33.356 0.296 0.893 18.704 58.005
6 0.562 0.716 3.336 1.911 96.998 34.230 -0.247 0.888 5.526 45.153
2 0.480 0.726 0.992 1.808 28.151 34.006 0.447 0.886 1.841 95.409
10 0.555 0.739 3.747 2.039  121.726 35.185 -0.062 0.881 5.688 11.184
33 0.631 0.779 21.418 1.931  755.059 37.879 0.488 0.858 28.307 94.187
18 0.359 0.466 2.455 1.287 44.016  26.478 0.000 0.938 8.641 11.359
2 0.292 0.475 0.878 1.230 18.770  26.947 0.238 0.936 2.405 63.071
1 0.352 0.505 0.439 1.393 2.143 28.710  -0.041 0.927 1.080 15.096
15 0.409 0.556 3.823 1.513  122.798 31.706 0.121 0.911 12.250 24.065
TV — 2 785 17 b X 8 0.456 0.587 10.996 1.611  397.891 33.574 0.110 0.901 27.342 20.634
Moist sub-humid area 20 0.517 0.691 1.880 1.838 38.985 39.426  -0.260 0.863 3.318 44.222
31 0.585 0.707 13.164 1.764  462.767 40.516 0.427 0.854 40.086 83.583
19 0.564 0.709 4.864 1.770  152.559 40.391 0.432 0.856 14.014 83.945
17 0.493 0.717 0.968 1.934 18.269 40.862 0.196 0.853 4.046 33.153
23 0.509 0.770 1.642 2.063 41.401 43.953 0.265 0.830 1.317 40.939
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