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APi = (PAOGCM, futi / PAOGCM,base;) (12 — 3)
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VioAMin(i)=max(1-((A(i))/(Afeli(i)-(Afeli(i)*model.Senario(1)))),0);
VioAMax(i)=max(((A(i))/(Afeli(i)+(Afeli(i)*model.Senario(1))))-1,0);
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VioAMin(i)=max(1-((A(i))/(Afeli(i)-(Afeli(i)*model.Senario(2)))),0);
VioAMax(i)=max(((A(i))/(Afeli(i)+(Afeli(i)*model.Senario(2))))-1,0);
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VioAMin(i)=max(1-((A(®i))/(Afeli(i)-(Afeli(i)*model.Senario(3)))),0);
VioAMax(i)=max(((A(i))/(Afeli(i)+(Afeli(i)*model.Senario(3))))-1,0);
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VioAMin(i)=max(1-((A(®i))/(Afeli(i)-(Afeli(i)*model.Senario(4)))),0);
VioAMax(i)=max(((A(i))/(Afeli(i)+(Afeli(i)*model.Senario(4))))-1,0);
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VioAMin(i)=max(1-((A(i))/(Afeli(i)-(Afeli(i)*model.Senario(5)))),0);
VioAMax(i)=max(((A(i))/(Afeli(i)+(Afeli(i)*model.Senario(5))))-1,0);
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VioAMin(i)=max(1-((A(i))/(Afeli(i)-(Afeli(i)*model.Senario(6)))),0);
VioAMax(i)=max(((A(i))/(Afeli(i)+(Afeli(i)*model.Senario(6))))-1,0);
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VioAMin(i)=max(1-((A(®i))/(Afeli(i)-(Afeli(i)*model.Senario(7)))),0);
VioAMax(i)=max(((A(i))/(Afeli(i)+(Afeli(i)*model.Senario(7))))-1,0);
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VioAMin(i)=max(L-((A(i))/(Afeli(i)-(Afeli(i)*model.Senario(8)))),0):
VioAMax(i)=max(((Ai))/(Afeli(i)+(Afeli(i)*model.Senario(8))))-1,0);
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VioAMin(i)=max(1-((AGi))/(Afeli(i)-(Afeli(i)*model.Senario(9)))),0);
VioAMax(i)=max(((A(i))/(Afeli(i)+(Afeli(iy*model.Senario(9))))-1,0);
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VioAMin(i)=max(1-((A(i))/(realmin)),0)
VioAMax(i)=max(((A(i))/(SumA*0.1))-1,0)
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VioAMin(1)=max(1-((A(1))/(SumA*0.4)),0)
VioAMax(1)=max(((A(1))/(SumA=*0.6))-1,0)
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VioMaxAbMasrafi=max(((sum(E.*A))/(14000000))-1,0)

G b yho oy Jgammo 0 SaiS 5 mhans 10088 505 S mhans o0 Cany (5925l =Y
W‘OMQ)‘sd.AL)J)J)J)Mbbﬂw‘LSGAMMWSJJ)JSCJQ‘JM)Q

VioAMin(i)=max(1-((A(i))/(realmin)),0)
VioAMax(i)=max(((A(1))/(SumA*0.2))-1,0)
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VioAMin(i)=max(1-((A(i))/(realmin)),0)
VioAMax(i)=max(((A(i))/(SumA*0.3))-1,0)
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CMCC-CM  0/99 0/97 1/02 0/93 0/87 0/90 0/45 0/66 0/72 1/80 1/05 1/35
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EC-EARTH  1/09 1/14 1/25 0/89 1/15 2/47 061 131 071 0/92 114 1/20
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FIO-ESM 129 0/93 0/94 0/76 0/81 1/09 0/94 2/17 1/02 1/02 0/92 0/88
GFDL-CM3  0/85 0/89 1/00 0/80 0/98 1/03 0/63 0/70 0/49 1/16 0/88 1/24
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NorESM1-M  0/78 1/17 0/90 1/09 1/14 0/62 0/70 1/19 1/45 0/81 0/96 1/29
BCC 105 1/03 1/21 0/93 0/52 134 1/76 0/76 0/83 0/79 0/62 1/02
cesma 116 1/52 0/96 1/00 1/11 0/98 2/90 1/28 O/77 O/79 0/97  0/98
ipsl-cmSa 1/04  0/83 0/94 0/77 124 127 117 074 0/72 0/80 0/96 1/10
mpi-esm 102 1715 0/94 0/92 0/64 0/61 0/63 O/70 0/96 1/27 0/92 1/05
mricgem3  1/45 1/05 1/22 1/54 1/06 1/12 089 126 081 1/42 1/18 1/20
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ACCESS1-3 1/44  1/25 1/15 1/04 0/97 1/97 1/20 0/88 1/06 0/93 1/05 1/32
BNU-ESM 0/94 0/94 0/89 1/06 0/80 1/32 1/70 2/38 1/44 1/10 1/17 0/87
CanESM?2 1/24  1/08 1/37 0/93 1/27 0/76 2/43 1/12 1/18 1/62 1/54 1/22

CESM1-BGC 1/04  0/98 1/02 0/83 0/61 0/62 1/17 2/30 1/06 0/85 1/26 0/96

CCI:EAS\:\\/I/I; 0/92 1/03 0/96 1/12 1/55 0/98 0/92 0/69 1/04 1/03 1/11 1/19

CMCC-CM 1/13 1/22 0/97 0/81 0/93 0/68 0/22 0/46 0/90 1/65 1/26 1/25
CNRM-CM5 117  1/03 1/09 1/10 0/89 0/51 0/74 1/65 1/55 1/94 1/76 0/94

CS'R&MKB' 126 135 1/09 0/95 0/96 131 0/46 0/45 0/61 0/69 1/34 1/24

EC-EARTH 127 0/93 1/00 0/90 1/04 1/96 1/34 1/48 1/15 1/54 1/41 1/31
FGOALS-g2 0/87 0/62 0/97 0/84 0/74 0/61 1/38 1/86 0/96 0/82 0/97 0/92
FIO-ESM 0/92 0/75 0/91 0/48 0/64 0/96 0/69 0/62 0/47 0/76 0/98 0/98
GFDL-CM3 1/05 1/01 1/00 0/92 0/88 0/63 0/51 0/36 0/29 0/65 0/84 1/26
GISS-E2-R 1/12  1/54 0/90 1/19 0/78 1/09 0/59 0/57 1/23 1/45 1/14 1/32
HadGEM2-ES  1/19 1/45 1/31 1/09 1/28 0/65 0/45 1/55 0/89 0/73 1/11 0/84
inmcm4 0/85 1/01 0/76 0/94 0/98 0/58 1/37 0/98 0/78 0/98 0/84 1/21

'PS'-,;ACF';"SA' 107 0/59 1/06 0/87 0/54 0/64 0/45 O/7L 1/05 0/82 0/99 1/06
'PSLL%M5B' 115 107 124 0/95 1/30 0/76 1/26 0/58 0/51 0/77 O/57 1/16
MIROCS 104 119 101 128 0/97 074 0/64 1/36 115 0/89 1/28 0/93
M'RC%%'\EASM' 0/74 0/64 0/80 0/66 O/56 1/06 0/80 202 1/04 1777 1/33 0/66
NOrESM1-M  0/92 113 0/94 1/10 1/35 0/41 1/05 0/91 0/53 0/59 0/63 0/99
BCC 0/88 1/02 0/98 0/89 0/78 126 142 0/87 0/63 O/70 0/77 0/88
cesmé 115 143 107 0/98 0/91 0/92 2/60 117 0/56 119 0/84 1/12
ipsl-cmsa  0/85  0/94 100 0/78 0/86 0/84 0/69 1/16 0/94 0/76 1/22 0/96
mpi-esm 0/86 1/01 0/95 1/03 117 0/59 0/65 0/90 O/70 115 1/03 0/98

mri-cgcm3 1/35 1/23 1/18 1/20 0/86 1/16 1/48 1/52 1/04 0/84 1/23 1/52
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ACCESSI-3  1/40 121 1/32 1/04 0/98 1/43 0/85 1/28 1/52 0/92 1/01 1/36
BNU-ESM  0/81 0/82 0/87 1/00 0/76 0/96 1/54 1/20 1/74 1/07 1/25 0/93
CanESM2  1/28 1/07 1/24 1/02 1/67 0/98 2/03 2/08 1/31 1/41 1/53 1/07
CESMI1-BGC  1/37 1/31 1718 1/17 0/75 048 0/85 1/07 1/15 1/15 0/83 1/02
CESMI-CAM5 120 1/03 1/08 1/12 1/56 0/93 1/18 1/13 0/68 1/21 1/38 1/30
CMCC-CM  1/13 O/73 0/98 1/00 1/14 1/16 0/52 0/76 0/77 1/30 1/25 1/24
CNRM-CM5  1/31 0/68 0/98 0/85 0/80 0/66 1/33 1/37 0/88 1/57 1/14 1/01
CSIRO-MK3-6-0 0/92 1/13 0/82 0/94 0/86 0/71 0/60 0/90 0/66 0/92 1/59 1/27
EC-EARTH  1/31 1/24 1/13 1/27 1/38 1/49 0/86 0/82 0/65 0/94 1/24 0/96
FGOALS-g2  1/03 1/07 0/93 0/90 0/95 1/33 1/15 1/46 0/89 1/00 0/86 0/92
FIO-ESM 111 0/82 0/97 0/90 1/09 1/02 0/91 1/07 0/72 0/84 0/91 0/96
GFDL-CM3  0/98 0/91 0/87 0/74 1/06 1/09 0/78 0/53 0/51 0/80 0/89 1/30
GISS-E2-R  1/31 1/19 1/04 1/31 1/24 1/35 0/63 0/81 0/77 1/03 1/25 1/22
HadGEM2-ES  1/12 0/97 1/08 0/87 1/33 1/30 0/28 1/02 0/74 0/57 1/24 0/93
inmcma4 0/90 0/96 0/90 0/98 O/78 1/06 1/10 1/41 O/75 1/20 0/97 1/04
IPSL-CM5A-MR  1/17 0/82 126 0/78 0/87 0/68 0/91 0/96 1/18 O/77 0/69 0/71
IPSL-CM5B-LR  1/00 0/83 0/94 1/04 0/65 O/75 O/70 0/93 0/33 0/63 0/50 0/90
MIROCS 115 1712 0/97 1/74 1/68 0/88 1/16 1/46 177 1/58 124 1/17
M'RC%(EI\EASM' 0/69 0/73 0/75 0/80 049 0/86 1/39 1/96 1/49 1/09 1/32 0/87
NorESM1-M  0/97 1/18 0/88 1/09 0/87 0/64 0/83 1/15 0/86 0/71 117 1/35
BCC 077 0/89 1/00 1/01 0/88 1/34 1/41 0/86 1/24 0/73 0/80 1/27
cosmd 122 111 113 1/15 0/80 0/56 2/39 1/09 1/21 0/99 0/78 1/06
ipsl-cmsa /95 0/96 1/08 0/63 0/76 1/10 0/39 0/77 0/64 1/03 0/90 0/91
mpi-esm 0191 0/92 0/87 0/89 0/96 0/59 0/65 0/92 O/70 1/41 1/11 1/01
mricgem3  1/50 1/26 1/04 1/41 1/14 0/94 0/84 1/54 0/93 1/05 0/98 1/16
il 110 1/00 1/01 1/03 1/02 0/97 1/01 1/14 0/96 1/04 1/07 1/08
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Jan Feb Mar Apr Jun  Jul Aug Sep Oct Nov Dec

ACCESS1-3 1/66 1/88 1/28 1/24 1/23 2/38 1/05 0/95 1/17 1/02 1/02 1/50
BNU-ESM 0/89 0/63 0/78 0/81 0/60 O0/77 2/21 2/61 2/23 1/16 1/36 0/73
CanESM2 1/40 0/84 1/03 1/10 1/71 1/02 1/99 2/19 1/76 2/12 1/86 1/24
CESM1-BGC  1/17 1/02 0/88 0/70 0/68 0/66 0/52 1/58 0/88 1/10 0/91 0/99
CESM1-CAM5 1/08 0/96 1/09 1/12 1/42 0/95 0/70 0/76 0/71 1/08 1/67 1/02
CMCC-CM 1/30 1/01 0/93 0/84 0/97 0/19 0/14 0/21 0/32 1/14 1/26 1/45

CNRM-CM5  1/49 0/92 1/16 1/26 0/87 0/54 1/30 1/72 1/39 1/22 1/77 1/32

CS'R&MKE" 121 119 0/91 0/75 0/42 1/05 0/18 0/24 0/38 0/68 1/25 1/25

EC-EARTH 1/44 0/89 1/00 0/67 0/90 2/22 0/85 0/68 0/85 1/30 1/22 1/20
FGOALS-g2 0/72 0/54 0/93 0/67 0/62 0/73 2/21 2/33 1/38 0/81 1/09 0/65
FIO-ESM 0/81 0/61 0/74 0/66 0/56 0/59 0/90 0/94 0/41 0/94 0/86 0/87
GFDL-CM3 1/02 0/54 0/89 0/77 1/53 0/74 0/24 0/12 0/21 0/78 0/86 1/17
GISS-E2-R 1/28 1/77 1/15 0/97 1/03 1/08 0/73 0/76 0/57 0/93 1/42 1/23
HadGEM2-ES 1/22 1/02 0/96 1/11 0/80 0/78 0/28 1/20 0/75 0/79 1/35 1/19
inmcm4 0/76 0/89 0/82 0/68 0/76 1/02 1/08 1/43 1/27 1/33 0/86 1/24

'PSL,;/ICFL\ASA' 0/93 0/63 0/78 0/84 0/73 0/38 0/70 0/82 0/81 0/47 0/81 0/85
'PSL'LCRME’B' 116 0/67 0/94 0/85 0/97 0/75 0/68 0/36 O/11 0/58 0/49 1/12
MIROC5 113 122 1/14 1/39 1/26 0/42 1/08 1/90 117 2/26 1/25 1/04
M'%%CE'I'\EASM' 0/75 0/83 0/70 0/62 O/75 0/61 1/33 2/98 1/57 1/60 1/24 0/97
NOrESM1-M  0/85 1/25 0/92 0/85 0/92 0/46 1/23 176 0/94 0/60 0/64 0/97

BCC 113 1/03 0/94 0/84 0/5 0/91 1/71 0/85 0/83 051 0/83 0/97

cesmé 114 117 0/87 O/79 0/68 0/96 2/14 1/58 1/02 0/92 0/72 0/87

ipsl-cmba 0/89 1/04 0/93 0/64 0/44 0/46 0/48 0/55 O0/77 0/66 0/62 1/04
mpi-esm 1/03 0/96 0/68 0/93 0/59 0/43 0/37 0/12 0/48 0/97 1/06 0/98
mri-cgcm3 1/90 1/41 0/85 1/15 1/08 0/98 1/09 1/67 0/50 1/02 1/54 1/63
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ACCESS1-3 1/96 0/55 0/64 1/54 2/43 1/80 2/25 2/25 1/50 2/45 0/62 1/54
BNU-ESM 1/12 1/26 1/53 1/50 2/41 2/49 2/32 1/28 2/38 1/42 0/17 0/89
CanESM2 1/94 1/19 1/68 1/57 2/23 2/21 2/70 3/23 3/19 2/57 1/94 1/23
CESM1-BGC 0/95 0/80 0/40 0/98 1/54 1/31 1/79 1/16 1/50 1/64 1/38 0/70
CESM1-CAM5 1/04 1/27 1/68 1/24 1/09 2/20 1/70 2/00 1/66 1/71 1/07 1/79
CMCC-CM 1/52 2/98 1/59 1/60 1/96 1/51 2/37 2/86 1/94 1/84 0/91 2/23
CNRM-CM5  1/60 2/33 1/59 1/63 1/79 2/07 1/27 1/54 2/03 1/38 1/13 1/75
CSIRgE)MKg’_ 0/66 1/03 0/80 1/49 1/57 1/75 2/12 2/23 1/59 1/31 0/99 1/23
EC-EARTH 1/63 2/06 0/46 0/97 1/56 0/71 0/76 0/81 0/97 0/93 1/87 0/78
FGOALS-g2 1/65 0/71 0/40 1/72 1/60 1/71 1/63 2/05 1/75 1/20 0/93 1/03
FIO-ESM -0/07 0/22 0/05 1/01 1/11 0/95 1/31 0/64 0/52 1/18 0/18 0/04
GFDL-CM3 177 143 1/36 2/62 2/29 2/54 3/40 3/83 3/44 2/15 2/26 2/43
GISS-E2-R 2/03 1/34 1/47 1/12 1/10 1/09 0/90 1/45 1/70 1/89 0/56 1/91
HadGEM2-ES 2/30 2/28 1/86 1/39 1/89 2/22 2/78 2/22 2/45 2/10 1/92 1/92
inmcm4 -0/19 -0/43 0/20 0/39 0/71 0/95 0/62 0/73 0/37 0/07 1/08 1/21
IPSLADASA wgs 227 w1 w12 w78 179 180 237 235 245 LS5 2/39
IPSL_LCI;MSB_ 1/54 1/69 0/97 0/73 0/86 1/67 1/82 2/08 2/04 2/41 2/12 1/91
MIROC5 1/37 1/34 1/56 1/63 1/46 1/57 1/75 2/36 1/99 1/93 1/17 1/35
MI %%CI:E'I\EASM 0/39 0/60 1/84 1/47 172 1/76 2/88 2/25 2/33 2/32 1/72 0/96
NorESM1-M 1/13 0/37 1/41 1/36 1/58 2/10 2/36 2/00 1/80 1/81 2/11 1/18
BCC 1/03 1/26 0/32 1/03 2/40 1/50 1/81 1/25 1/82 1/22 1/28 1/28
ccsm4 1/29 1/13 1/28 1/12 1/42 2/17 1/74 1/83 1/94 2/22 0/96 1/23
ipsl-cmba 0/57 1/16  1/33 1/99 1/34 1/70 1/54 2/41 1/91 2/90 2/44 0/92
mpi-esm /72 1/22 1/54 1/48 1/85 2/04 2/21 2/26 2/01 1/92 1/50 1/66
mri-cgcm3 1/19 1/14 1/50 0/73 0/04 1/00 1/43 0/92 1/67 0/96 0/94 1/12
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
ACCESS1-3  0/99 1/01 2/09 1/37 2/30 2/42 2/52 2/57 1/89 2/37 1/49 0/76
BNU-ESM 1/61 1/42 2/16 2/22 2/59 2/67 2/89 2/28 3/05 2/11 0/73 1/38
CanESM2 1/56 2/06 2/34 2/13 1/97 2/31 3/14 3/73 3/79 3/25 1/91 1/31
CESM1-BGC  0/97 0/71L -0/06 0/94 1/52 1/49 1/74 1/84 1/71 1/83 1/87 1/87
CESM1-CAM5 1/32 1/20 1/25 0/80 1/01 2/40 1/46 1/79 1/51 2/00 1/60 1/29
CMCC-CM 1/44  3/01 2/01 2/10 2/21 1/80 2/52 3/20 2/05 2/18 1/91  1/99
CNRM-CM5  0/99 1/51 1/08 1/64 2/02 2/08 1/25 1/49 2/23 1/27 1/23 175
CS'R&MK& 0/55 111 1/39 1/85 1/59 2/07 2/16 2/69 1/63 215 0/92 0/77
EC-EARTH 1/99 1/60 1/61 0/83 1/23 0/57 1/23 1/49 1/79 1/65 1/83 1/39
FGOALS-g2  1/22 1/32 2/33 2/26 2/09 2/04 2/05 2/05 2/18 1/82 1/59 1/72
FIO-ESM 0/88 1/25 -0/07 0/88 0/84 0/91 1/61 1/25 0/72 1/03 0/92 0/43
GFDL-CM3  2/01 2/59 2/71 3/32 2/35 3/14 4/06 4/01 3/88 2/05 1/97 2/62
GISS-E2-R 1/87 1/58 1/54 0/63 1/28 1/14 1/52 1/41 1/69 2/42 1/32 1/64
HadGEM2-ES 2/09 2/41 1/31 1/84 1/67 2/75 3/64 3/16 2/83 2/56 2/42 2/11
inmcm4 0/09 -0/32 1/07 1/04 1/05 1/42 1/17 1/51 1/09 1/02 0/67 1/21
'PSLI;/ICIQ"E’A' /73  2/07 1/39 1/82 1/90 1/89 1/95 2/63 2/99 2/10 1/76 3/10
'PSL'L%MSB' 1/14 1/85  1/94 1/29 1/59 2/17 2/28 2/13 2/26 2/72 2/47 1/89
MIROC5 1/98  1/44  1/33 1/22 1/43 1/98 2/20 2/79 2/02 1/49 1/44 1/74

MIROC-ESM-
CHEM 1/00 1/05 1/83 2/20 2/68 2/43 2/69 2/41 2/71 2/61 2/41 1/58
NorESM1-M  0/76 0/80 1/84 0/86 1/68 1/58 2/48 2/24 1/97 1/92 1/82 1/31
BCC 1/26  1/21  1/44 0/84 1/96 1/71 2/42 144 2/21 1/23 1/32 1/19
ccsmé 0/73 1/43 1/60 1/54 1/60 2/50 1/81 1/87 2/09 2/17 1/94 0/71
ipsl-cmba 1/34  1/17 1/40 2/34 2/51 2/31 2/23 3/14 2/61 2/58 2/61 1/58
mpi-esm 1/56  1/19  1/98 2/03 2/27 2/22 2/76 2/66 2/17 1/59 179 1/57
mri-cgcm3 1/15 1/93 2/21 0/86 0/46 0/87 1/31 1/42 1/59 1/46 1/47 0/99
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ACCESS1-3 4/61 3/94 4/31 4/80 4/66 5/07 6/34 5/90 5/84 5/51 5/21 3/59
BNU-ESM  3/68 4/06 4/45 4/62 6/51 6/81 7/38 6/77 6/94 5/35 4/05 3/67
CanESM2 5/41 4/52 5/46 5/33 5/34 6/32 7/66 8/44 8/45 6/21 5/67 5/13

Clég\él- 3/38 3/16 3/01 3/95 4/80 4/95 5/46 4/92 5/02 4/55 4/48 4/21
CESM1-
CAMS 2/23 2/71 2/39 1/40 2/68 3/19 3/01 2/70 2/49 3/06 2/05 2/55

CMCC-CM 4/52 5/70 4/68 4/56 5/59 5/88 7/27 7/47 6/38 5/38 4/98 5/70

Cg','\:;';/" 345 4/56 4/62 3/63 4/84 508 4/07 4/89 574 546 414 4IT5
,asK'?'i?_b 2191 3/42 3/94 4/21 5/59 6/28 6/21 6/44 5/65 574 4/05 3/81
EC-EARTH 4/55 4/64 4/84 4/65 4/54 3/67 4/72 5/07 4/56 4/29 4/55 4/28
FG%’;LS' 2174 443 4/54 5/09 5/35 5/55 5/81 5/68 5/48 4/69 4/14 3/97

FIO-ESM  2/15 2/66 2/32 3/05 3/03 3/74 3/89 3/91 4/00 3/84 2/85 1/51
GFDL-CM3 4/70 4/91 4/96 6/45 5/60 7/46 8/50 9/54 8/71 6/83 5/99 5/28
GISS-E2-R 3/64 3/08 2/86 2/71 3/45 3/53 3/43 3/21 3/92 4/19 2/79 3/45

HedSEM2 606 612 504 4/54 555 679 777 6197 6/83 6149 5/91 509

inmcm4 224 2/16 3/63 2/81 3/12 3/92 4/24 4/95 4/60 3/85 3/61 4/00

IPSL-
CMEoLT 419 551 594 521 6/21 6/55 6/62 7/51 7/92 7006 5/74 6129
IPSL-
Cveas o 380 4/16 4/50 4/01 387 502 5/64 6/16 5/68 6/43 5/93 4/34
MIROC5  4/30 3/38 4/39 4/34 4/64 5/73 5190 5/90 5/57 4/31 3/49 4/08
MIROC-
ESM- 373 3/19 4/22 5/35 6/46 6/66 7/33 6/85 7/17 6/79 5/89 4/16
CHEM
NorEN?'V'l' 3/93 3/39 4/04 3/92 4779 5/12 6/21 6/13 5/55 4/41 4/83 3/92

BCC 3/30 3/14 4/12 4/28 5/26  4/76 5/51 5/70 5/43 4/79 4/37 3/60
ccsmé 3/97 4/01 4/39 4/37 4/61 5/10 4/99 5/55 5/19 5/07 4/95 3/82
ipsl-cmba  4/41 4/40 4/89 5/74 6/09 6/64 6/72 7/55 7/61 6/95 6/62 4/63
mpi-esm 4/09 3/44 4/35 4/63  4/94  5/46 6/46 6/50 5/90 5/32 4/62 4/87
mri-cgcm3  4/33 5/36 6/09 4/26  4/02  3/95 4/82 4/71 4/90 4/66 4/48 3/97
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Abstract

Water management has become a management crisis for countries in the recent century, in
particular for the poor countries, due to increasing population, food supply and climate change.
One way to reduce water consumption is to employ the optimal cultivation pattern. For this
purpose, this study aimed to determine the optimal cultivation pattern under climate change
scenarios in Shahroud region using genetic algorithm. To determine the optimal cultivation
pattern, MATLAB program was used. In this study, the area under cultivation of each crop was
considered as a variable of decision and minimizing water consumption and maximizing farmer's
profit were considered as the objective function. Then,13 scenarios were defined in the Genetic
Algorithm program. The area under cultivation of each crop changes in each scenario so that in
the first scenario from zero to one hundred percent of the area under cultivation in the region, in
scenarios 2 to 10, from 10 to 90% of the current area under cultivation of each crop and in
scenarios 11 to 13 from 10, 20 and 30% of the total area under cultivation are subject to change.
Regarding climate change, temperature and precipitation of 25 AOGCM models were
determined under two scenarios of RCP4.5 and RCP8.5 in the next two periods of 2010 to 2039
and 2040 to 2069. Then, evaporation and transpiration of the two scenarios under 25%, 50% and
75% risk were calculated and the optimal cropping pattern program was implemented again in

these 12 cases.

The results reveals that in determining the optimal cultivation pattern in the current situation,
scenario number 12 is the best scenario. This scenario shows a 7% reduction in water
consumption and a 122% increase in profit. This scenario allocates the highest area under
cultivation to wheat and barley and the lowest area under cultivation to alfalfa and melon. The
results of combining climate change conditions with genetic algorithm for Scenario 12 indicate
that under climate change conditions, the area under cultivation should be reduced by 20%. The
results show that in the scenarios of RCP4.5 and RCP8.5 in both periods, after wheat, the trend
of changes in the area under cultivation is almost the same in all scenarios. In all climate change

scenarios, onion has the highest area under cultivation and beetroot has the lowest one.

Keywords: genetic algorithm, water need, optimal cultivation pattern, climate change,
Shahroud plain
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