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Evaluation of Reference Evapotranspiration in South Korea
according to CMIP5 GCMs and Estimation Methods
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ABSTRACT : The main objective of this study was to assess reference evapotranspiration based on multiple GCMs (General
Circulation Models) and estimation methods. In this study, 10 GCMs based on the RCP (Representative Concentration Pathway) 4.5

scenario were used to estimate reference evapotranspiration. 54 ASOS (Automated Synoptic Observing System) data were constructed

by statistical downscaling techniques. The meteorological variables of precipitation, maximum temperature and minimum temperature,

relative humidity, wind speed, and solar radiation were produced using GCMs. For the past and future periods, we estimated

reference evapotranspiration by GCMs and analyzed the statistical characteristics and analyzed its uncertainty. Five methods (BC:
Blaney-Criddle, HS: Hargreaves-Samani, MK: Makkink, MS: Matt-Shuttleworth, and PM: Penman-Monteith) were selected to analyze
the uncertainty by reference evapotranspiration estimation methods. We compared the uncertainty of reference evapotranspiration

method by the variable expansion and analyzed which variables greatly influence reference evapotranspiration estimation. The
posterior probabilities of five methods were estimated as BC: 0.1792, HS: 0.1775, MK: 0.2361, MS: 0.2054, and PM: 0.2018. The
posterior probability indicated how well reference evapotranspiration estimated with 10 GCMs for five methods reflected the estimated
reference evapotranspiration using the observed data. Through this study, we analyzed the overall characteristics of reference
evapotranspiration according to GCMs and reference evapotranspiration estimation methods The results of this study might be used as

a basic data for preparing the standard method of reference evapotranspiration to derive the water management method under climate

change.
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13usie] BE wY Fuawe] FHo] e Be
A7 39 vl Atk Bae et al. (2011)2 137 GCM
(General Circulation Model)@} 37 25232 E3AA4S
2 Seldetel A7 REEe wolsus FRuY
A ABIE FUF T WS BT 28] 39
&%to] A7) el

. (2017) APEX-Paddy Ef‘fé% ol-gste] 7] %37}
;_<1 g/\]_ako]] u]x]— ochsko
3} 74ge B39 Yoo et al. (2015) ?J'FJFHOI =
A 715 YF HUFE Slal AlsA ARUS
QB WAL (Coupled Model Intercomparison Project Phase
CMIPS)SIA A B3k 2571 GoMst Z1el A A2
sk 2197132920 HadGEM3-RAS| 41&Eol Wi 74
P B A5 |EARFRNEE A
A3kl GCM3} HadGEM3-RA2] =}o]Z B3kl th. Kim
et al. (2016) 71 NA AFdhe L= =7HEE
71588 AU E ARESte] 4719 A ol e
505071 9% A9  I|EFEAEF (Reference
evapotranspiration, ETo)= 4MPd3lTh AHAAAE do]
Hulo|~2 FEete] A5 &84S ALskith Hong
et al. (2015)2 2= wE 7HE WE-ES 918 713
o4 HadGEM3-RAS ©]-&5te] A8k E3gAl Alut
& ARESHY Z|EAES S A AT

E_l)

\S.h

|

l

>

Zole] ATAE AVEE T} BB JlEoE
GOMSE 57 W mE ZWNFe] WAL HF
shsto] A9 Belol 2gstelt G477 SR glo
o, GOMOIA AT 5 Y= 71 ARE Tefde]l A

154 sZEAE, HI23A M4, 2017

23 4 WS AASa Yoh. Prudhomme and
Williamson (2013)2 HadRM3-Q0 E&olA AlFsl= Ak
S5 o83t 1271 WHog g=o TtEe 4
3o W)kt Mishra et al. (2017)S 570 GCM3} 370
o FEEYHS AMESle] TS BEAAAS WUle)
3L, Kingston et al. (2009)= 570 GCM3} 67 FHAks
RS ARgste] St B S J"‘7]"5}9113]' 7]

Fo AT GoM 4 WPl WE Fwiwrel ¥
F44S BIEA FAY el %rﬂgﬁa 289

o o3 H& asiof Fkar AtskAT
A vt 718Ee AoHE 2008 AR
HadGEM3-RA (125 km, 1 day)AEES 7|H9to g
Penman-Monteith H-S A3t f-Eluel Al S8
4FeFF} Hargreaves 3215 ARgste] S2jver HSE
S AlFSta Atk (Climate information portal,
2017). 71$RStE Qg bl Y] Fa48H APA
TE Bl getdt e 74 7‘%3’4 Zeketa 715
2o YA B4 4 e mE BEgdAE
F7HH o2 nEste SIS l"ﬁ:@'f% a7t Atk
kel ESAA  Hrbke AAT &
(General ~Circulation Model, GCM)Z} A 97|
(Regional Climate Model, RCM)Z-Foll W2 B}
5%*}3 4 e g BgAHoE FEst] 73
T Aok =9 Al BlE) @A EvEE oo
Z CMIP5 GCMs ©=EEd  AE (Multi-Model
Ensemble, MME)< ©]-83F Sbqtked B3HaAd B4 O
g ATe FET AAot =7 Ak AR FYe
g A=A e v S AlFshr] HdAe
el diE o] &3t Z} GCMe| 7HAAL Q= H
9] %Q’“Hiﬂ- GCMHEE A4t & = 714 <

4 el WE FRuel iy

0?4 rl

o 2

B oATel Bae slgwst g4 Adele s
CMIPS GCMs3h ZHHte 54 ol e 7|25
F Wrhske | ek

=1
o

=
HU
X
1§

o e e 1 AL Qe 71 AR &
I 7ESHAE FH0RE FEStY FAsATh 7)1
g TS CMIP5 GCMsS ASOS (Automated Synoptic
Observing System)A| S o2 AFAslel Ho|RAS
Fasle] A 71 ABE AYASIATE T|EFEAE
42 1070 GCMs 5719] Wl thsl 224 7

© %
o



FS FAS B4 107 GCMsoll tis] ASOS

Meks 4% § A Asosel tigk Hi
< ARgste vt wg r|ESEakE 5
Atk )% 107] GCMs H#k< 2
83t s WHEE Bt 7 sEA g2
ZEitEel EA4E BA3KYTE Bayesian  Model
Averaging 7|H-& ©]-83t 579 W] oigk AR &
ES 23l 7RSS mE TSt &
S-S BT HFHoE A &ES 7 WH
8 7R E A8t 107] GCMs Biaks 7He Bt
3 S == Figure 1S 71&5abg 2400 o
g HAAR] =AlE BolFal ok

1y

==
S5

T

—_

. K= F

A

B AFolME 79 TEsEat
a7 f 671 717 AR (A, Aol HAA

71, & AUsE dAEHE BT AlEske F 1070
o] GCMse AAste 7Y ARE FEFSIATE A
GCMs< A712re] 21843 Q= 7173 As7t 75509
v FEuvet 5470 THVVERSA (ASOS)E HGoE
FAststal Wl RS Faste] BT IO A
(PRCP), FHiU]L (TMAX), HA7]& (IMIN), <%
(WSPD), dtl5% (RHUM), ¥AF (RSDS)S AR8-3HY
. B A4 ARESF 107] CMIP5S GCMsS 19761 ~
20993714 GASkE 71 A5E AFgth FAE 4
A|g} WS BCSD (sbias-correction/spatial disaggregation)
W JIEAYEIe W AVIFAE wgs] s
QDM (quantile delta mapping)'3$HS 2%+ SDQDM ¥
Hat 71est Avge A5E AEH EEE o83t
#=d A2 AAFSk= SQM  (Simple  Quantile
Mapping) " H-& ARE-3IH T (Eum and Cannon, 2017; Cho
et al,, 2016). Table 1> & Ago)A ARE3F GCMseoll
3 Adwstar Sl

Climate data construction

10 GCMs climate data
(PRCP, TMAX, TMIN, WSPD,
RHUM, RSDS) W (

Spatial downscale climate data
according to an automated synoptic
observing system

!

Correct bias using y
quantile mapping method

Reference evapotranspiration estimation

Estimate reference evapotranspiration by 10

GCMs and five methods (BC: Blaney-Criddle,

HS: Hargreaves-Samani, MK: Makkink, MS:
Matt-Shuttleworth, PM: Penman-Monteith)

v

Figure 1. Procedure of estimation of reference evapotranspiration

Table 1. Description of CMIP5S GCMs selected in this study

No GCMs Resolution Institution
(degree)
1 BCC-CSM1-1 2.813 x 2.791 Beijing Climate Center, China Meteorological Administration
2 CanESM2 2.813 x 2.791 Canadian Centre for Climate Modelling and Analysis
i ((}}EDDII::]]EESSII\\/I/IZZI\(/}[ 22’.55(1)(1)2 22 ;?;; Geophysical Fluid Dynamics Laboratory
T Titmvpes | Twrsaiow Mot Offie Hadiy i
7 INM-CM4 2.000 x 1.500 Institute for Numerical Mathematics
8 IPSL-CMSA-LR 3.750 x 1.895 Institut Pierre-Simon Laplace
9 MIROC-ESM 2813 x 2.791 Atmosphere and Ocean Research Institute, National Institute for
Environmental Studies, and Japan Agency for Marine-Earth Science and
10 MIROC-ESM-CHEM 2.813x2.791 Technology
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monthly reference evapotranspiration compared by 10 GCMs from 2011-2040 based on the RCP4.5

scenario
GCM (a) Blaney-Criddle (b) Hargreaves-Samani
s 1123|456 |7 (8|9 1011|121 |2 |3 |4]|5|6 |78 |9 |1011]12
BCC-CSM1-1 57.9| 64.2| 94.9|122.4|157.6|176.9]197.8(189.5]152.8(120.3| 84.7| 65.3| 29.9| 41.0| 74.4|115.0|144.7(148.9]|155.6|143.5|109.0| 82.1| 48.4] 32.1
CanESM2 583 62.1| 91.7|121.1|157.5]|177.6]199.8[190.5[153.4(120.3 | 83.9( 65.0( 29.3| 39.9( 70.4|115.6|145.4|147.5|156.8|146.5|108.1| 82.1| 47.7| 32.4
GFDL-ESM2G 57.5] 63.1| 94.8|121.7|157.1|175.9]198.0(187.8(152.9(117.7( 83.0| 63.3| 27.8| 37.9( 70.4|107.9|145.7|146.5|156.6|141.41106.9| 77.9| 45.5] 30.7
GFDL-ESM2M 60.1| 65.2| 94.6|122.9]157.5]|176.21196.5(187.5]152.7(118.6| 84.5| 66.0( 28.8| 38.9( 68.1|112.2|147.6(146.3|155.3]|141.8|106.6| 80.3| 47.6] 31.3
HadGEM2-CC 61.5] 68.2] 99.4|125.8]161.1]178.9]200.5(192.5]155.0{121.1| 85.5| 65.7| 29.8| 42.9( 75.9|136.9|155.0(151.5]|156.7|144.6|111.1| 86.0| 50.1] 31.7
HadGEM2-ES 63.7| 79.8|115.6|143.7]175.91193.91205.4(177.9]134.0| 98.6( 66.5| 54.3| 28.5| 39.3| 74.3|126.5|154.2|149.6|158.3|144.4]110.2| 82.4| 47.9] 31.9
INM-CM4 58.1] 63.5| 91.2|118.8]153.4|173.4]195.1(185.5{148.9(115.7( 81.3| 61.3| 28.7| 37.9( 69.2|114.6|142.0(149.5]|155.8|141.5|105.7| 81.9| 46.8] 29.8
IPSL-CM5A-LR 59.1| 64.4| 93.1|115.9]153.7|170.4]189.3(185.6{149.1|116.5( 80.9| 61.8| 30.4| 38.1| 70.9|111.8|145.7|145.91155.9]145.21105.7| 79.1| 46.4] 30.2
MIROC-ESM 58.9| 67.1] 96.0123.8]160.3]|178.7]200.2(190.0{152.5(120.3 | 85.9| 66.5| 29.5| 40.9( 71.9|113.2|147.2|145.1]|156.8|144.5|105.4| 79.7| 48.5]| 32.7
MIROC-ESM-CHEM| 60.8| 66.3| 98.3|122.0{159.4|177.1(198.8|188.0(153.5{120.9| 85.6| 67.5| 30.3| 41.2| 77.4(112.1|143.7(142.4|155.0(141.2]106.8| 78.9| 47.8] 33.2
Average 59.6( 66.4| 97.0]123.8]159.4(177.9(198.1(187.5]150.5|117.0| 82.2( 63.7( 29.3( 39.8| 72.3|116.6|147.1(147.3(156.3(143.5|107.6| 81.0| 47.7| 31.6
Standard deviation 19| 5.1 7.0 7.5| 63| 62| 42| 40| 6.1 6.7 58| 39| 0.8 1.7 3.0 8.6 42| 26| 1.0 1.9 2.0 24 1.2] 1.1
GCM. (c) Makkink (d) Matt-Shuttleworth
s 1123|456 |7 (8|9 1011|121 |2 |3 |4]|5|6 |7 |89 |1011]12
BCC-CSM1-1 31.6( 42.1| 71.0( 91.7|128.1{120.8|115.6]|115.0|103.5| 82.3| 45.1| 31.7| 14.4| 25.5| 51.7| 76.1{113.5(118.3(120.8|118.7[ 93.3| 59.5| 25.0| 13.2
CanESM2 30.6| 38.4| 66.7| 92.8]132.3|122.1]122.9(124.8| 97.0| 84.8| 46.4| 32.2| 13.8| 23.2| 47.5| 75.9|116.6|119.2127.3]129.0| 89.8| 61.2| 24.3] 12.6
GFDL-ESM2G 31.6( 40.1| 68.6] 89.9]133.0(119.5(130.1{107.7| 97.9| 75.1| 44.6( 29.9( 13.6( 23.5| 48.9| 73.4|116.7(115.7(133.3(110.3| 88.5| 54.0| 23.5| 12.0
GFDL-ESM2M 31.3( 41.6] 67.3]| 94.5|129.1(119.5(123.7(126.0| 95.1| 79.5| 43.4| 30.6( 13.8( 23.8| 48.1| 76.9|114.2(116.6(127.4(125.6| 85.8| 56.3| 23.6| 12.6
HadGEM2-CC 30.5( 42.3( 67.1(110.3135.2131.5]|127.2]129.4|103.4| 80.9| 45.0| 31.4| 14.6| 25.6| 49.3| 87.6(119.7(126.4(131.6|131.2( 93.3| 57.6| 23.8| 12.5
HadGEM2-ES 30.7( 40.6[ 66.6(102.9(131.6(128.1|131.7]|126.5|104.3| 75.6| 43.7| 30.6] 14.1| 23.8| 49.0| 82.0({117.2{122.5(135.2|128.0( 94.6| 55.7| 23.4| 12.5
INM-CM4 26.7| 37.4| 64.9( 92.0(122.7|117.8|125.7|114.3| 96.4| 80.0| 40.8| 28.8| 13.4| 22.8| 46.2| 74.0({108.0(114.4(128.9|116.4| 85.3| 55.4| 22.0| 11.7
IPSL-CM5A-LR 31.6( 41.8( 69.7 87.5(129.6(130.4|139.6|132.2|102.0| 82.9| 44.8| 32.3| 14.2| 23.7| 49.4| 72.4(116.6(126.2(142.1|135.5| 93.7| 58.6| 23.3| 12.0
MIROC-ESM 32.1 45.3[ 71.9( 99.0(135.9(124.6|135.2|117.3|100.0| 78.7| 46.9| 32.8| 14.0( 25.7| 49.7| 80.1(121.0{121.5(139.1|121.5( 90.8| 57.5| 25.0| 12.8
MIROC-ESM-CHEM| 32.8| 42.2| 72.2| 96.3|134.4(112.3]119.5]109.2| 99.1| 77.8| 44.9| 34.0| 14.7| 25.4| 52.4| 78.4(119.8]111.0124.8|113.2| 91.9| 57.9| 24.2] 13.3
Average 31.0( 41.2 68.6( 95.7|131.2(122.7]127.1]120.2| 99.9| 79.7| 44.5| 31.4| 14.1| 24.3| 49.2| 77.7(116.3(119.2(131.1|122.9( 90.7| 57.4| 23.8] 12.5
Standard deviation 1.6 22| 25| 68| 40| 60| 73| 86| 33| 3.1| L7, 15| 04 1.1| 1.8 4.6 3.8 50 6.6/ 83| 33| 2.1| 09| 05
GCMs (e) Penman-Monteith
1|12 (3|4 (|56 |7(8]9 (10|11 |12
BCC-CSM1-1 30.7( 41.4| 71.8(100.1|138.3|135.7|135.1|132.5|108.9| 77.5| 42.7| 28.9
CanESM2 28.9( 37.9( 66.9(101.6|142.9(138.8|144.0|144.4|104.8| 78.5| 40.8| 28.5
GFDL-ESM2G 28.3| 38.1| 68.7| 96.2|141.7|133.7|148.3]|123.81102.5| 70.4| 39.6| 26.8
GFDL-ESM2M 29.2( 40.2| 67.3(101.7|137.8132.7|140.9|141.1|100.5| 74.1| 38.0| 26.8
HadGEM2-CC 29.7| 41.5( 69.3(117.7]|146.3|146.9|147.5|147.51109.3| 77.3| 41.8| 28.6
HadGEM2-ES 29.2( 40.1| 68.4(111.8(142.7(144.2|152.4|145.8|109.9| 73.7| 40.7| 28.1
INM-CM4 28.1] 37.1| 66.4| 99.4|130.7(130.0{142.5{129.6/100.8| 73.5| 38.3| 27.0
IPSL-CM5A-LR 31.9( 41.3] 70.4| 97.1]139.5|144.9(158.8(150.9{107.4| 75.6| 40.4| 27.7
MIROC-ESM 31.2( 44.0( 74.6(106.7|144.7139.6|155.3|137.21106.0| 74.5| 41.4| 28.9
MIROC-ESM-CHEM | 28.8| 40.6| 74.0|103.0{142.7|127.4{139.2]127.1{105.4| 73.5| 41.1| 28.1
Average 29.6( 40.2| 69.8(103.5|140.7137.4|146.4|138.0|105.5| 74.9| 40.5| 28.0
Standard deviation 13| 2.1 29| 68| 44| 66| 75| 94| 34| 24| 15| 08
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Table 3. Future mean monthly reference evapotranspiration compared by five estimation methods and
BMA approach from 2011-2040 based on the RCP4.5 scenario

. Hargreaves- . Matt- Penman- Average
Month | Blaney-Criddle Sammant Makkink Shuttleworth Monteith (BMAg)
1 59.6 29.3 31.0 14.1 29.6 32.0
2 66.4 39.8 41.2 24.3 40.2 41.8
3 97.0 72.3 68.6 49.2 69.8 70.6
4 123.8 116.6 95.7 77.7 103.5 102.3
5 159.4 147.1 131.2 116.3 140.7 137.9
6 177.9 147.3 122.7 119.2 137.4 139.2
7 198.1 156.3 127.1 131.1 146.4 149.7
8 187.5 143.5 120.2 122.9 138.0 140.5
9 150.5 107.6 99.9 90.7 105.5 109.6
10 117.0 81.0 79.7 57.4 74.9 81.1
11 82.2 47.7 44.5 23.8 40.5 46.8
12 63.7 31.6 314 12.5 28.0 32.6
Sum 1483.0 1120.0 993.2 839.2 1054.5 1084.2
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Table 4. Future mean monthly reference evapotranspiration for 54 ASOS using 10 GCMs and BMA approach from

2011-2040 based on the RCP4.5 scenario

ASOS (Automated Synoptic Observing System) 1D

Month
100

101

105

108

112

114

119

127

129

130

131

133

135

138

143

146

156

159

21.1

22.0

332

25.7

26.5

244

24.7

28.5

26.8

355

25.6

27.2

29.4

36.5

334

28.6

31.8

40.7

27.5

314

389

34.2

34.0

34.6

32.8

37.9

34.6

37.5

34.1

36.6

37.5

43.5

42.0

36.7

40.2

474

47.2

57.6

60.1

58.8

56.5

63.7

56.5

70.7

583

544

58.9

62.3

62.1

66.0

67.5

61.1

64.8

68.9

77.0

89.5

87.6

85.9

80.6

98.1

83.4

111.9

85.4

75.3

88.7

92.8

90.8

92.1

96.7

90.0

92.3

89.6

101.6

116.1

113.2

112.6

106.0

129.4

109.9

152.0

113.9

96.1

116.6

117.7

113.3

117.1

123.6

115.2

119.1

112.6

102.8

122.2

113.0

117.6

114.2

136.4

115.3

161.1

120.3

94.7

1194

120.5

115.6

119.2

125.2

119.4

121.0

113.6

107.0

122.7

120.6

115.6

1173

141.5

117.9

174.2

122.4

107.7

122.9

126.3

118.0

128.5

131.1

125.9

128.1

125.2

96.3

115.9

110.3

111.8

115.0

130.7

113.6

158.1

120.4

99.4

115.6

119.7

111.1

119.3

122.0

119.0

122.9

123.6

72.5

88.9

854

89.3

91.2

101.7

89.9

117.2

94.1

78.0

89.6

923

87.0

91.1

94.1

93.2

96.6

96.3

55.9

62.4

67.4

66.1

67.2

71.3

66.0

80.1

69.3

62.8

66.9

69.1

68.4

72.7

72.6

70.1

74.0

78.4

Z|S|o|e|N|a|u|s|w =

34.1

34.6

44.8

38.5

40.1

38.2

37.9

442

39.6

42.2

38.6

40.3

41.9

484

45.8

41.7

453

533

—_
[\

23.1

22.7

34.7

26.4

27.9

24.9

25.7

28.0

27.5

34.3

26.3

28.0

30.2

37.1

33.8

29.5

32.5

41.7

ASOS (Automated

Synoptic Observing

System)

ID

Month
165

170

184

188

192

201

202

203

211

212

221

226

232

235

236

238

243

244

353

39.6

38.0

44.5

332

27.9

26.4

28.6

22.9

27.7

25.7

27.8

29.8

30.1

31.2

29.3

31.0

304

42.0

473

43.9

56.7

42.2

40.5

383

43.5

322

41.0

35.6

382

41.9

38.6

42.1

38.8

41.1

41.6

65.2

74.0

65.4

88.0

67.2

754

69.9

83.0

58.7

78.6

69.2

69.4

76.9

66.0

74.5

66.8

70.0

73.0

89.3

94.8

88.3

115.3

92.8

112.2

108.7

129.2

92.6

116.9

104.2

106.0

117.4

96.0

111.5

100.2

100.5

109.2

115.4

130.4

112.7

150.0

118.8

161.5

150.8

185.0

123.2

169.5

142.3

149.3

168.6

137.0

154.2

136.1

138.6

1494

119.0

122.9

118.8

145.4

118.2

177.7

162.5

178.5

131.6

180.6

152.2

148.3

172.4

141.5

159.3

135.5

140.6

1394

129.1

148.0

137.3

189.2

127.9

180.0

169.2

180.6

132.6

172.2

151.9

1534

182.5

154.0

173.1

145.5

159.7

149.4

129.1

142.9

128.1

177.0

1214

168.4

156.9

170.8

121.6

170.1

140.8

139.0

169.2

150.5

165.1

131.6

1573

148.6

101.6

111.5

98.9

138.5

94.7

132.8

1173

132.5

94.6

1339

110.1

115.7

132.2

117.2

1254

104.3

116.8

117.6

79.8

86.4

78.1

106.7

74.1

90.5

80.4

89.2

64.9

92.7

79.8

84.3

90.7

81.9

89.6

78.5

85.4

88.6

S| le(x|an|un|s|w|o|—

50.1

51.7

51.7

63.5

46.1

44.8

42.3

46.4

36.3

45.7

40.0

44.1

464

45.8

47.0

46.3

47.2

46.6

—
\S]

36.4

38.8

39.7

47.1

33.7

27.3

26.5

28.7

24.3

27.4

25.8

28.2

30.1

30.8

31.3

30.7

31.7

30.9

ASOS (Automated

Synoptic Observing

System)

ID

Month
245

247

256

260

261

262

272

273

277

278

279

281

284

285

288

289

294

295

32.2

33.6

354

37.6

39.2

41.7

30.8

32.2

37.9

30.7

35.2

33.9

32.3

34.4

35.1

36.5

35.8

41.8

42.6

46.0

50.0

49.3

50.0

54.5

42.3

42.6

48.5

43.2

48.7

44 4

43.6

46.8

46.7

46.1

45.2

49.7

71.1

80.8

84.7

84.2

784

86.2

74.7

74.9

753

76.7

86.5

733

75.7

78.9

76.5

82.6

71.9

89.8

103.0

1193

130.4

1193

111.6

119.2

112.5

109.8

106.8

120.0

128.5

107.8

113.8

113.0

106.7

115.2

95.5

109.5

135.4

155.6

187.0

166.2

155.8

164.9

153.0

151.2

145.6

161.1

176.0

149.3

151.9

148.2

147.0

156.6

128.9

148.2

139.7

151.8

168.6

158.4

147.4

156.4

155.7

152.6

147.9

159.5

174.7

143.6

145.9

148.5

147.4

149.7

128.6

151.2

152.6

170.0

190.4

184.5

174.0

181.5

159.9

155.1

165.5

168.5

182.2

158.3

154.9

156.7

167.2

169.6

141.6

164.8

141.8

156.3

175.9

175.3

164.9

170.1

141.6

138.5

146.2

148.7

164.9

147.5

143.5

142.6

154.5

1634

137.2

160.1

116.7

125.0

127.1

136.2

127.9

133.7

111.3

107.1

115.9

113.5

129.2

114.0

112.9

114.8

121.7

120.4

106.8

132.7

86.8

913

933

101.7

96.9

104.0

81.9

793

87.0

86.7

93.1

83.7

82.6

871.3

90.1

90.1

78.1

95.9

S |elexfa|un|s|w|o|—

48.8

49.8

52.9

57.1

56.5

60.2

45.1

46.3

54.2

46.6

50.4

48.9

47.1

49.8

52.4

51.9

48.3

57.5

—
[\

32.7

33.9

37.1

40.0

39.8

41.9

30.2

32.2

39.9

30.7

34.6

35.0

33.0

35.0

36.9

36.8

36.0

41.3
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Table 5. Future mean monthly reference evapotranspiration for 54 ASOS using 10 GCMs and Penman-Monteith method
from 2011-2040 based on the RCP4.5 scenario

ASOS (Automated Synoptic Observing System) ID
100 | 101 | 105 | 108 | 112 | 114 | 119 | 127 | 129 | 130 | 131 | 133 | 135 | 138 | 143 | 146 | 156 | 159
262 | 17.8 [ 459 | 273 | 30.8 | 189 | 21.6 | 20.3 | 233 | 52.8 | 22.3 | 23.1 | 359 | 474 | 40.0 | 23.0 | 29.6 | 57.3
312 | 275 [ 473 | 362 | 374 | 29.8 | 29.7 | 32.2 | 31.6 | 49.9 | 31.7 | 33.7 | 43.8 | 52.6 | 49.1 | 31.8 | 38.8 | 62.4
494 | 52.7 | 66.0 | 62.3 | 60.1 | 59.2 | 53.1 | 65.6 | 55.5 | 62.4 | 56.8 | 60.6 | 68.6 | 73.8 | 76.2 | 56.1 | 64.7 | 82.5
85.1 | 83.1 [ 96.8 | 92.9 | 853 | 93.6 | 80.0 |109.1 | 84.3 | 83.5 | 87.7 | 93.3 | 97.8 |101.1 | 108.5 | 86.2 | 93.7 |100.4
106.1 | 106.6 [117.4 [ 116.2 | 106.7 | 124.3 [104.0 [ 154.5 | 111.9 | 98.1 |[114.8 | 115.8 [113.6 [123.0 [133.3 |108.7 | 1184 [117.7
943 (110.1 |103.0 | 112.8 [107.0 [ 129.7 | 104.4 | 166.0 | 113.0 | 80.8 [111.8 [112.3 |106.4 | 114.4|128.9 [108.3 | 113.8 | 106.2
91.9 [104.3 [106.5 |100.2 [103.2 | 130.9 | 100.0 | 179.8 | 107.6 | 91.8 |109.2 [113.1 | 100.6 [121.5 |128.3 |110.5 | 116.7 | 113.6
79.4 [100.2 | 95.1 |100.8 [105.4 |120.5 | 99.1 |161.3 |109.2 | 83.5 |103.6 [108.3 | 95.7 [112.7 |120.3 |105.6 | 114.1 | 119.8
604 | 755 [ 77.0 | 84.0 | 86.2 | 914 | 79.2 |[112.8 | 852 | 70.7 | 79.5 | 82.1 | 76.8 | 87.2 | 91.9 | 82.2 | 90.0 | 98.1
53.6 | 49.5 | 719 | 645 | 67.0 | 58.6 | 56.3 | 684 | 61.1 | 69.1 | 57.7 | 59.6 | 643 | 76.7 | 73.6 | 60.2 | 69.7 | 88.7
37.7 | 258 | 55.8 | 384 | 43.8 | 27.7 | 30.7 | 31.8 | 33.4 | 57.3 | 31.7 [ 32.1 | 429 | 554 | 482 | 33.4 | 40.6 | 66.1
28.9 | 16.7 | 49.8 | 27.3 | 323 | 17.0 | 20.7 | 17.5 | 22.6 [ 55.0 | 21.0 | 21.5 | 349 | 46.9 | 37.9 | 22.7 | 28.6 | 57.8
ASOS (Automated Synoptic Observing System) 1D
165 | 170 | 184 | 188 | 192 | 201 | 202 | 203 | 211 | 212 | 221 | 226 | 232 | 235 | 236 | 238 | 243 | 244
40.6 | 41.2 | 47.0 | 452 | 309 | 21.1 | 194 | 20.1 | 21.0 | 18.0 | 20.5 | 223 | 21.6 | 24.6 | 21.9 | 22.2 | 23.6 | 22.6
46.3 | 49.7 | 49.8 | 58.3 | 40.8 | 36.3 | 32.8 | 37.2 | 30.7 | 33.7 | 31.9 | 33.7 | 36.2 | 340 | 354 | 333 | 35.1 | 355
70.8 | 769 | 69.1 | 91.8 | 654 | 745 | 653 | 79.9 | 58.1 | 724 | 65.7 | 64.8 | 73.5 | 62.4 | 68.7 | 60.5 | 65.2 | 67.2
95.5 1 97.1 | 90.7 |120.3 | 89.6 |117.3 |104.6 [131.2 | 93.2 [109.5 | 101.5 [101.6 [118.5 | 95.4 |108.2 | 93.1 | 98.0 | 104.1
119.2 1133.2 [112.0 [ 157.9 | 112.2 | 173.6 [149.9 [199.3 | 120.2 | 171.0 [ 142.8 | 150.1 |179.5 [ 140.4 [ 157.6 | 131.8 | 139.9 [149.9
1142 |114.5 [112.1 [ 143.4 | 106.6 | 191.8 [ 165.2 [ 189.7 | 126.6 | 189.0 | 154.3 | 147.5 | 182.5 [ 140.9 | 162.3 | 128.4 | 137.7 [ 134.9
120.2 | 142.4 [ 131.9 {200.9 | 113.4 | 189.7 [171.6 [ 189.0 | 123.1 | 175.4 | 148.8 | 150.1 [192.9 [152.6 [ 177.9 | 138.4 | 159.4 [ 144.6
126.8 | 141.5 | 124.8 [ 189.8 | 108.9 | 178.1 | 158.7 [179.7 [111.9 | 177.7 [138.2 | 134.1 | 178.5 | 152.5 [171.4 | 122.9 | 161.0 | 148.1
103.7 [111.4 | 97.6 [147.0 | 83.7 |[136.7 [111.4 |133.2 | 86.1 |133.6 [105.2 |110.5 |133.9 | 116.0 [123.8 | 95.3 |113.6 [113.8
88.8 | 89.7 | 834 |1114 | 63.9 | 834 | 67.7 | 782 | 553 | 80.2 | 68.9 | 72.6 | 82.0 | 75.3 | 78.7 | 66.2 | 77.3 | 78.0
58.1 | 522 | 589 | 61.8 | 37.3 [ 342 | 30.1 | 32.3 | 30.7 | 30.6 | 30.5 | 33.1 | 34.6 | 38.3 | 342 | 343 | 374 | 34.6
41.6 | 394 | 484 | 443 | 275 | 186 | 169 | 164 | 20.2 | 145 | 18.1 [ 20.1 | 193 | 24.0 | 193 | 204 | 22.4 | 20.5
ASOS (Automated Synoptic Observing System) 1D
245 | 247 | 256 | 260 | 261 | 262 | 272 | 273 | 277 | 278 | 279 | 281 | 284 | 285 | 288 | 289 | 294 | 295
23.0 | 24.7 | 28.0 | 32.6 | 33.5 | 33.5 | 31.5 | 30.3 | 404 | 23.3 | 31.7 | 33.1 | 259 | 26.2 | 289 | 32.8 | 35.1 | 37.1
35.5 [ 39.7 | 44.6 | 46.1 | 46.5 | 49.5 | 443 | 423 | 50.5 | 37.3 | 47.1 | 43.9 | 38.6 | 40.8 | 42.7 | 433 | 44.2 | 483
64.5 | 75.1 | 81.6 | 833 | 773 | 84.6 | 772 | 76.3 | 77.5 | 704 | 872 | 72.6 | 71.1 | 74.8 | 73.2 | 80.7 | 71.3 | 91.5
98.1 |115.1 [132.0|122.3 [114.5]121.6 |118.6 |113.7 |112.5 [114.1 | 134.6 [108.0 | 110.9 [111.8 | 104.7 |115.7 | 97.0 |113.3
131.7 | 156.3 | 200.6 [ 176.8 | 165.2 | 174.7 [ 160.6 | 155.6 | 154.6 | 158.1 [188.9 | 150.7 | 150.7 | 148.1 [ 148.1 [159.8 | 131.4 [155.8
134.4 1150.9 | 175.6 [ 163.4 | 149.3 | 160.0 [ 159.6 | 154.1 [151.3 | 159.5 [186.3 | 143.3 | 143.1 | 148.2 [ 148.2 [ 149.0 | 123.9 [ 154.6
147.8 1173.4 |204.0 [ 196.1 | 181.6 | 191.6 [160.0 [ 151.4 | 171.0 | 170.6 [192.3 | 159.1 |151.6 [155.2 | 171.5|173.3 | 134.9 [167.6
136.8 | 158.1 [187.2 [ 187.6 | 173.3 | 180.3 [ 138.4 [ 132.6 | 147.3 | 146.5 | 171.7 | 148.0 | 140.0 [ 138.6 | 157.5 | 168.9 | 133.1 [ 166.4
112.31123.3 [125.7 [ 139.8 |129.7 | 136.8 [ 107.2 [ 100.5 | 115.7 | 106.9 [ 130.3 | 111.0 [106.9 [110.0 | 120.7 | 116.9 | 100.8 | 137.6
774 | 802 | 84.0 | 96.1 | 93.5 | 989 | 754 | 71.5 | 852 | 73.2 | 86.1 | 75.7 | 70.5 | 76.9 | 81.1 | 80.5 | 71.0 | 94.1
36.6 | 36.7 | 40.6 | 47.1 | 48.5 | 483 | 40.1 | 39.0 | 51.4 [ 332 | 414 [ 41.2 | 35.6 | 373 | 404 | 41.5 | 41.9 | 49.8
21.2 | 21.7 | 25.6 | 304 | 31.1 | 29.9 | 285 | 27.3 | 384 | 20.1 | 27.5 | 29.4 | 234 | 23.6 | 258 | 29.1 | 32.1 | 33.5

Month
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