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Abstract 

Rainfall projection for the Songkhla Lake Basin due to climate change was 

determinied using regional climate model data (CNRM-CM5 / GFDL-CM5 / MIROC5) in the 

period of 2015-2099 under new AR5 greenhouse gas emission scenario, RCP2.6 and 

RCP8.5. Bias correction was conducted on the model data using observed rainfall data 

(1987-2016) from 34 main meteorological stations covering all ar~as of the Songkhla Lake 

Basin. Corrected data were analyzed and compared, to the observed rainfall data. A 

series of projected rainfall maps was constrycted. The results showed that each model 

had different rainfall forecasting results. In summary, the average annua( rainfall is 

expected to increase in the future as observed in MIROC5 and GFDL-CM3 results. It is 

projected that the average annual rainfall in the future for RCP 8.5 is likely to be 

increasing from base year more than that of RCP 2.6. In additions, the average rainfall in 

summer and southwest monsoon season is likely to decrease · about 15-30%. The 

average rainfall in northeast monsoon season, however, is likely to in.crease about 21-

27%. The month of the heaviest rainfall is likely to be shifted from November to 

December. The average rainfall in the area is likely to increase irT the Si Banphot District, 

Pa Phayom District, Bang Kaeo District, Phatthalung Province and Sathing Phra District, 

Songkhla Province. The average rainfall is likely to decrease in tne area of Mueang 

District, Kong Ra District, Tamot District, Phatthalung Province and Ranot District, Krasae 

Sin District, Singhanakhon District and Khlong U-Taphao basin, Songkhla Province. 
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lilncl\11J.:iu '1~L~l.1'1.:J;\.1'11nil'1'1U\.ltJ~~lJ1ru 2-4 cl~f'\1L'lfnL;V'1 hJclci~ 38-40 cl.:if'\1L'lfnL;V'1 LLn~ 

'U V1V'Ucl tJ L 'Ulil clcl~ 1 tJu nAnl.lvf u~u~~ L 'Vlf'l1 'VlmncluJ.:i'Vll.1111 LLn~ m~~u~ vu LL uMu~mC1..J~m1vtJij 
' 

LL\.11LUl.lm ~L~l.l;u1u~1V1nmA'Umu~~L'Vlf'l1'Vlv (f'\!1m :iim~~LruLLn~Aru~. 2552) LL\l1~nn1~Pin~1'Ucl.:i 
' ' 

LL'1.:i~u'Vl{ il.l~~mn LLn~Aru~ (2552) 'fltJ11u~l.l1ru~unl.l~1vi1luu~~L'Vlf'l1'Vlv ijm1l.lLL\iln\l11~nu1u 

LL\l1 n~t u~ 1111 vu~mru~u ~1m1v tJij LL u11 Ul.1'1111'1~ cl ci 1~iJirv~1~ {Y 1111 vm AL 'Viii cl LLn~ fllA 

lil~l\.lclcl mifo~L'Vliicl u~mru~u~1l.l~1vi'.JiJLLm 1 Ul.lL~l.ltuclci1~iJirv~1 ~{Y 1 utu~mAnn1~ LL'1~mr1 

lil~l\.lclcln u~mru~u~1m1 vtliJLL u11 Ul.ln111n.:iclci1.:i iJ-Jv~1~cy LLn~u~mru~u~1l.11 u -tl1~ L~clu 

'fl')f'l~ n1vu-Ll.l~1vuiJLL u11 Ul.lL ~l.l;u L~'1~ 1 u-tl1~L~cl\.l'fl(l~fl1Al.l -11Jn1Al.l iJLL u11 Ul.1'1111'1.:J LL'1~ L~cl 

vi'11~ru1~1vn~ LBVl1l~n~ru~ m~ Lu~ vu LL tln~ 1 u LL\l1n~~~'Vl1111'1~ L ~u 11ii'11 ~.:i'\/11111 L =iiv.:i 1 mJ~uiJLL m 1 Ul.l 

'111ln.:i ~~'Vl1\1lcltJn~1't151{i~uihL u11 Ul.1'1\1ln.:i n~.:iL 'Vl'fll.l'\/11\.lm~u 1n'1LAV.:JR1un~Lrn~iJLLu11 Ul.1'1.:itu 
, , ~ \I 

~.:i'\/11111~\.l'VltJ~~u 1n'1LAV.:JR1un~ ~.:i'Vl1111'tll.l'fl~~uiJlL\.11 LUl.ln111n.:i LL'1~~.:i'Vli'm~ucl.:i~uiJLL m 1 Ul.lnl1ln~ 
' ' 

(m~i ~V15=1i1m'fl, 2550) ;.:i~nn~~'VltJ~Lfi111;u'11nn1~LtJ~vmLu'1.:iM1'flfliJcl1nf'\~~~n1~'Vln1v ,, 
tu~iJcl1mf'\LLu~tJ~1u iJ~uliln'VI-Jn1uu1.:itu~ ijmv~111L-u1\J~~L 'Vlf'\Uclv'i1u ijn111'\/l\.111iu'1.:i (ml.I 

' · 1 ,, 

'Vlf'flV1m5~ru, 2550) 

clci1~ 1 ~nlilll.l m~ Pi n~1n1~L u~ vmL U'1 ~Ml'fl fliJcl1 mf'IL :a~tu~~mi'1 'Vl~ Ln'11tJ'1.:J'Un1 Ei'.:iiJhJ ,, ' 
mn,! n ~~Ju 1 u LA~~ n 1~'1~.:i 11ii'Pin~1 m~ Lu~ vu LL u n~M1'fl.niJm n 1f'l1 Ucl\.11Alil'Ucl~~mi'1 'Vl~ L'1'11 u ,, ' 
'1.:J'U'11 '11nLL uu,i1'1cl.:J'1fll'flJ;)iJcl1n1f'\fan '17n Coupled Model Inter-Comparison Phase 5 

(CMIP5) ~'1{1.:Jl,Jn!1\.l'Ucl.:J~1V~1\.ln7~U~~LiJUAf ~~ 5 fifth assessment report (AR5) 'Ucl.:J IPCC 

1111vt'tl Representative Concentration Pathways (RCPs) 2.6 LLn~ 8.5 Ltl\J(l)1LL'Vl\.l 'Ucl.:J'1mum~ru 

'1l.ll.1~1ucl\.11Alil 1111vPin~l'Ucll.l'1 3 -tl1~tl 11ii'LLfl -tl1.:itl A.f'\. 2015-2039 (Near Fut ure ;NF) ,i1.:itl A.f'\ . ' ,, 
2045-2069 (Intermediate Future; IF) LLn~ -tl1~tl A.f'\. 207 5-2099 (Far Future; FF) LLn~ 3 (l~n7'1 

11ii'LLfl (l~{clu (Summer) 'l~~\.1'17nnl.ll.l~~l.llil~1\.llilnLOV.:J1~ (Southwest monsoon Rain; SW Rain) 

LLn~n111~\.1'17nnl.lm'1l.llil~1\.lclclnLOV~L'Vliicl (Northeast monsoon Rain; NE Rain) mvhn1~ 
· 1 ,, ' 

1 LA~l ~~ LLn ~ Al\11 nl~ rum~ LU~ V\.I LL U'1~'Ucl ~ U~l.llru~\.l'Ucl~ ~l.1,1 l'Vl ~ L'1'11tJ'1.:J 'Ut\1 L ~ cl 1 ~c.J tl l\.l LLn ~ ' ,, 
c.J'1\.I 1'1'11lJ1~'1'11'Ucll.lnL :a~tu~mlii'ffi u1 'UU~~ LV'tl\.11 \.ltJ~tJ'Vln'1m~l.l~L~V1'Ucl~\l1cl 1 u ,, ,, 
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1) L ~elvi1 fl1'ifl 1v1 n THWtfan rue-Ju'l.lel~ci :1.nhv1~ Lft'11\.J'1~'1.lm 1 wiu1r1v1 ml.J LL \.J\.J '17ftel.:J'1Il Tvi . . 
nihnrni'l (AR5) 
~ 

1.3 'Uel\.JL'U~f11'iAf1't;1 

~1u1~ EJd1~vi 1 n 1 'iPi n~1 n1'ir11v1 n 1 'iru ,j~l.J1rue-Ju 1 u Bu 1 r1v1'1.1 B .:i zjl.JJ 1V1 ~ Lft '11 u'1.:i '1.1ft 1 

L~el.:J'11f1f11'iL'U~EJULL'Uft~'1Il1'Wiliiel1f11i'l LvlEJ'Uell.Jftm-vtum'iPimfl 'U'i~f1'1JU~'lEJ 2 ~')U Atl 'Utll.Jft 

,J~mrue-Jum1'11v1'11nml.JBv1tiEJ~1VIEJ1 '17mu 3~ '1mi1 fl'iel\.Jflftl.J~u~cil.JJ1V1~Lft'17\.J'1.:J'l.lft7 L;EJ . . . . 
Fl'Sel\.Jflftl.J~U~ 3 ~.:l'\111\il 1~LLri \.J1.:1~1U'l.lel.:l'i:l1Lilel'1l~tl1vl 'i:l1Lil'1li11 Vl'i ~.:l'\111v1Ufl'ii'l~6'i'il.J'S1'1l . 
~.:iV11v1iV1').:i~.:i~.:iV11v1 (11 B1Lilel) LLft~ 12 B1Lilel 'l.lel.:i~.:i'\111v1'1.:i'l.lm Ael rl1Lilel'i~LUv1 B1Lilel'1~.:J'W'i~ 

'i:l1Lilelf1WLL'1~U5 'i:l1Liltl~~'\11Url'S 'i:l1LiltlLlfo ~'1.:l'l.lft1 'i:l1Liltl'\111v11'Vlni 'i:l1Lilelrv1Ilii 'i:l1Liltlrl1ULifo.:i . -~ ~ 

'i:l1Lilel\.J1.:i nJ1 'i:l1LilelU1'\ll:I.I tll.J 'i:l1 Lilel'1~ Lli11 LLft~ 'i:l1Lilelflftel.:1'\lltl EJ L ~.:, LLft~'Uell.Jft'U~l.J1rue-Ju fl11ilf11'i CU 
~ 

'11 f1LL \.J'U'11ftel .:i AR5 fl'i tl\.J flftl.J~U~ cil.JJ1VI~ Lft '11\.J '1.:1'1.lft 1 zj .:i 1~r'U f1'.:l'ielULfl'S 1~\1'11f1'1 '11UU . . . 
'11 'i '1t.l L VI i'lVlr'W EJ 1 mJ1 Uft~ f11'i L f1~\Jl 'i ( '1'1U f1.) Lvl EJ'Uell.Jft'U~l.J1 rue.Ju fl 1 vi f11 'i C\J'11 f1LL \.J\.J'11 ft el.:l '1 ~ 

~ 

vi1n1'l"Pin~1 3 LL\.J\.J'11ftel.:i 1~LLri CNRM-CM5 (Centre National de Researches 

Meteorologiques) 'U'i~LVil'\cJ~.:iLl'l'1, GFDL-CM3 (NOAA Geophysical Fluid Dynamics 

Laboratory) 'U'i~L Vli'l'1'\llr!ml.J~f11 LLft~ MIROC5 (Model for Interdisciplinary Research on 

Climate) 'U'i~ L VI i'l ~~t.l LL ft~ L~ el f1 f11'i'11ftel.:I f11'i L ,J~ EJtJLL 'Uft.:J fl')1l.J L 'Ul.J'Ut.l'l.ltl.:I f11'i'Uci el EJf11'll L~ tl tJ 

m~'1f1 (Representative Concentration Pathways) 2 LL\.J\.J'11ftel.:i AB RCP 2.6 LLft~ RCP 8.5 LvlEJ 

LLu.:idJu 3 '!h.:itl 1~LLri •th.:itl fl.l'I. 2015-2039 (Near Future; NF) •th.:itl fl.i'l. 2045-2069 

(Intermediate Future; IF) LLft~ •th.:iti fl.i'l. 2075-2099 (Far Future; FF) LLft~LL~ft~•tb.:itlLLu.:idJu 3 

nv1mft 1~LLri nvi{tJu (Summer) nvie-JU'11f1ftl.Jl.J'S'1l.J\11~1t.l\Jlf1L5EJ.:i11ll (Southwest monsoon Rain; "'l'U "l'U "l'U • 

SW Rain) LLft~~~cJU'11f1ftl.Jl.J'i~l.Jv1~1t.1elelm5EJ.:iL'\ll'Utl (Northeast monsoon Rain; NE Rain) l.J1 

vi1m'iPim~111ur1f.:id 

3 



d 
'U'Vl'VI 2 

m-sPimn n1-sf'l1~1n1-srutJ~mru~1.J'IJB-l~lJJ1vi:: L"a1rnwu"1 L dB.:i \11 n m-s L tl~f.11.J LL tJ".:i , 

M 1vrn ii B 1 n 1f'I Luu n 1-stJ-s:: Liiu n 1-s L tJ ~ f.11.J LL tlM tJ ~m ru ~u 'ti B-l ~lJ J 1vi:: L"a1,rn .:i 'ti~ 1 LL":: ,, . 
f'l1vl n1-srutJ~mru~1.J'UB-l ~lJJ1vi:: L"'11\J'1-l'!rn11 uB1.J1f'l(ll Lvlf.ll1n 1'S'S1\J'S1lJiJBlJ"~1.J~i11.J'UB-l ~ lJ , " ""' , 
vi:: L" c, 1 ua .:i'U~ 1 a 1 L ,,,11\'V B.:i m1:: t" n f Bu LL":: n 1-s L tJ ~ EJ 1.JLL tJ ".:i Ml l'W ~iiB1 n1 f'I LL u1 t ,rlJ n1-s 

L tl~f.11.JLL tJ~.:i'1f11'WfliiB1n1f'l1 tJB1.J1f'l(ll 'S1 lJii.:i i,rn n-s::viU'tlB.:Jf111:: fanfatJLL"::n7'SL tl~f.11.JLL tJ".:i a f11'W ,, 

., 
2.1 ~lJU1'VIZL~fl1\Jfl.:J'IJ~1 , 

'1f11'Wi1iitJw L vif'I ,, 
~lJJ1vi:: L"a1ua.:i'U"1 ~.:i BVU1.J'!11EJ~.:i (i11tJ(lld'uB B n'IJB.:J mf'l 1\Jlii lli1LL mj.:im.:i niif'l1'1(11{ , ,, ,, 

I Cit, .J """tJ 4 4 Clo .al 4tJ .. 0 ~ 
-s::m1.:i"::(11\Jvlvi 6 B.:Jf'l1 28 " vl1L,,,1.JB m "::(11\Jvlvi 7 B.:Jf'l1 56 " vl1L,,,1.JB LL"::-s::,,,·n.:i"B.:Jn\lvl ,, ,, ,, 

~ 99 B.:if'l1 46 ~tJv11(11::iuBBn ii.:i 100 B.:if'l1 41 ~tJv11(11::1uBBn ii~u~ 8,599.61 (111-s1.:intml.lm 

LLf.lnLU\J~\J~\J 7,559.40 m-s1.:intmlJ?1 'S ~uJ1vi::L"'11\J'1.:J't1"1 1,040:,.21 m-s1.:infaLlJ(ll'S iim1lJ 

n-J1-l\11 n vif'l(ll::1u\)'ln 1 tlvif'l\)'ld'uBBntl-s::mru 6 7 nt"LlJ(ll'S ~1um1lJE.111\11 n vif'IL miB 1 tlvif'l1~ 

tJ-s::mru 163 nLmlJ(ll'S ('1Cl11.J1'1f.1'11'S'11.JLY1f'li1i'.if'l1'1(11{.,, 2553) ~lJJ1vi::L~'11\J'1.:J't1"1f'l'SB\Jf'l~lJ 

~u~ 3 ~.:i,,,-rvi 1(i]LLn u1.:i~·m'tlB.:JB1LflB'l1::B1v1" ti1L11Bi11vi-s ~.:i,,,1~1.Jf'l'Sf'l~o'S'SlJ'S1'11 ~.:i,,,1v1~Y1~.:i 

J.:i~.:i,,,-rvi (11 ti1L11B) LL~::~.:i,,,-rvia.:i'tl~1 12 ti1L11B AB ti1L11B-s::tuvi B1Li1Bavi.:im:: B1Li1Bn-s::LL'1 

~utl' B1Li1B~.:J,,,1.Jf'l'S B1Li1BLi'lB.:ia.:i•1rn1 ti1L11B,,,1v11,,,ni B1Li1Bf(l1flii B1LflBf'l11.JLUf.1.:J B1LflBU1-l • ·i: ,, 

nJ1 ti1Li1B1.J1,,,2.JBlJ ti1L11Ba:: Lv11LL"::ti1Li1Bf'l"B.:i,,,B EJ t 'li.:i ~lJJ1V1::L"a1uc,.:i'tl"1iiB1ru1L '!J(ll~vi~Bnu , 

~umn49L~f.1.:J (il.:Ji1 

vif'lm;jB ~vi~B ti1L11B'!l::B1v1 ti1L11Bi111 VI'S ~.:i,,,1v11.Jfl'Sf'l~o'S'SlJ'S1'11 

vif'l1~ ~vl~B tJ'S::LVlf'llJ1L~L;f.l 

vif'l(ll::11.JBBn ~vi~B B1LflB\l::u:: ti1L11B1.J1Y1i ~.:i,,,1via.:i 'U"1 LL"::B111 VIE.I 

vif'l(ll::')1.J(lln ~vl~B Ly\BnL'tl1\J'S'Sl1~ ~.:J,,,')vl(llf.:J LL"::~.:i,,,-rvia(ll" ,, 

am'WniitJ-s::L Ylf'l'tlB .:J~lJJ1V1:: L"a1ua.:i'tl"1V11.:i (11 BtJL ,,,,1B'VB.:J'Vl:: L"a1ua.:i'U"1L tlu~ u~'1ilJJ1 ,, , , 

'tl1.J1v11,,,qjL~EJn-i1 "Yi1f'l11.JLf'l1.:i" ii~u~tJ-s::lJ1ru 125 m-s1.:iritmlJm ('S1lJVl::L"'IJBf.l) 1u'W1fl11.J 

Lf'l1.:JiiVl::L~'11\JJ1~vl'U1.J1vlL~nL ~ f.lffJ1 "'VI:: LmJBf.l" 'tl1.J1vlU'S::lJ1ru 27 (111'S1.:J nL"LlJ(ll'S ~11.JV11.:J 

(11::11.J BB m tlu~-s1u'!11 EJ~.:i YI:: L"~ vinuB111vw vif'l(ll ::1u (11 n'UB.:J~lJJ1 vi:: L"a1u'1.:i'tl"1 ii Ly\Bm 'V1 . 
\J'S 'Sl-1vl L uului1uJ1V1 B vi \!11f.11111.J LL 1.J1 L WUB-11>1 fl11lJ'1 H0~

0

f.lU 'S ::lJ1 ru 1,200 LlJ (ll'S \11 n ,, 
W(iluJ1Y1:: L"tl1un"1.:i (Mean sea level) ~vi'S::(ilu~.:i 1 tJvrnvif'l(ll::11.JBBn\11.J\l'SvlV1::L~'11u 

a11.JY11.:J (i111.Jl1f'l1\JlL tlua11.J,,,~.:J't1B.:J LL 1.J1L YlBnL 'IJ1i1.Jn1"1A~ L y\B n L 'U1 J.:ia B.:idtJ nf'l"lJ 1 tJ (il'J ti 

th 1lJLL":: L tlu LL ,,,~.:i~uJ1i101-s'UB.:J~lJJ1d nv1\11mf u~m '!J1".:ilJ1V11.:i (i111.J(ll ::1u BB n L tlu~·-s1ua«u 

L 'U1.JL'!J1L:f.l~ L~lJIIY.:JLL~(l]B\J L ,,,,1B'U1.J~1.Jf1\JLL 1.J1 LViu nL'!J1\J,,'S'Sl1vl 1 U\IUn.:i (l]B\J l\Jl'UB.:J~ u~zjlJJ1nv1~.:i 
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:J1B n'1::: L th..1~'i1'U'!J\J1\;l L 'VlqjKm.J 'i vu1111V1::: L'1~1'U ~ 1...1 ~dLii (;1'11 n n1'ii'Um.J'!lel-l Ill::: n eJ 1...1 ~1J1 ~ fo'11 

,nn~1...1~1JL'!l1LL'111'Vl'1'1,:J~V1:::L'1~1'1J~,:J'!J'11 (~'11U1J~1'i~1JLV11'1Vlf~t11n'i'11LL'1:::n1'iLn"cllll'i, 2555) 

2.2 1111 :::16'n~eJ'lJLL6':::m~LU~fl'lJLLU6'.:ii;ll11W.IJih:nmf'1 (Global warming and Climate 

cnange) 

m'iLtl~t11JLL'lfo.:i~m~z;i:wv1n11'1 (Climate change) 'VllJ1t1fi,:i n7'iLU~t11JLL'l.fo.:i'1n"clru::: 

el1n11'1LO~tl (average weather) 11...1t1...1~V1i1.:i '1m,ru:::el1n71'1LO~tl'VllJ1tlfl11lJ'i1lJfi-l'1ffl,ru~J.:i'VllJ(;l 

-vhnt11-uv,:inuv1n11'1 L'li1...1 ~ru'Vlz;i:w e-J1...1 '1lJ Lt11...1vi'1...111...1m1lJV1~1t1mlJn'itl'U'!Jt1.:iv"4«qiqi111vi'1t1n1'i 

Ltl~t11JLL'U'1-lfl:Wtl1n71'1 FCCC (Framework Convention on Climate Change) LL'1:::11...1 
~ < 

fl ru:::n'i'ilJn7'i'i:::V111,:if ,2'U1'111v11tln7'iL tl~t11JLL tl'1.:iz;i:w tl1n71'1 IPCC (The Intergovernmental 

Panel on Climate Change) n7'iLU~tl1JLLtl'1.:i1J:Wel1n71'1 ~tl fl11lJLL'U'i'U'i"l1J'!lel-leJ7n71'1tlV1-l 

111 m ~tl.:)L 'U1J'i:::t1:::nmt1111...111...1 '11...IL 'UWrnV11-llll'i-l 'Vl~tlV11,:JeltJlJ'11n fl11lJ~1JLL U'il111lJfi'i'ilJ'U1~ 'Vl~el 

n'1 n'i 'ilJ'!Je) ,:JlJ'4"cl!l ~yi, L "1el-l fl'U'i::: neJ'IJ'!Je),:J'IJ'i'itl 1 n11'1 L tl~ tl\..lLL tl'1.:i 1 tl Lfl tl"n7'i Pi n"c/11')1J~'U11 

fl:Wel1n71'1 fan Lfltlcl'IJ-fi1JLL'1::: L~\..1'1-l L~ el 'VI" 1 ti '111...IU~ ~11...llJ 1 fl tl1J~lJ1J"clfJJ.:i 'VI" 1tl '1 ~ Ln (;IL~ tlB n hhJ 1 

;,:i«m'1 t111'\J'1'1'\J~fl:wt11 n, l'1 fa n'1~ ri1...1;11...1B nri ,:i fi,:i LLlJ11 n7'i L tl~ ~\..ILL tl '1-l fl:W v 1 n, 1'11lJ 1 '1i L tlm~v.:i 
, 'U , '\I 

1 'Vll.iLL'1::: 1vi'ij m'iPi mn LL'1111n'1 m'il.l'!lt1-llJ1J"clfJ~.:ie.rnfi.:i fl:Wv 1 ml'l 1"n n 1'i L tl ~ t11...1 LL tl" .:i fl:Wt11 n 11'1 '1::: ' ~ ~ 

'i1lJVlnmfl~11...1'17n'UvlJ'1eJCU'Vlfl:wLO~tl'!JeJ.:i fan'11n~Lflt1ijn1'iu1...1vin 1 i'i~ LL\Jl fl.I'!. 1860-2007 ('itl~ 
• 'U , 'U 'U 

2 .1) ~'U'J1 i.:iLLIJl fl .I'!. 1979 L 'U1Jvl1JlJ1 tlCU'VlflULO~tl'!Jel-l fan~.:i n11ri1tl n~vci1.:i \JltlL ~ e).:j LL":::'11n ' ~ ~ 

n7'i Pi n"c/1L~1~ (;1(111lJfl11lJ ~\..ILL 'U'i'!Jtl.:) ~CU'VIZJ:wL"n'Vlm ti 1 ~mu1...1 ~'U'J 1 L 1...l'i :::'Vl'J 1 .:it! ~ .1'1.2539-254 9 

L 'U1J'll1.:l~tl (U'Vlfl:wLO~ tl'!Je).:j fan fa1...1~~(;1V11n 1l.iijmmn1'i L(;l '1 ~'1 ~ Ef u~.:i n7'i'U~el title) nn1'll L~tl1J 
• " • I 

m:::'1nLL'11 fl1(;117eJCU'Vlfl:WLO~tl'!lv.:i 1"n'1::: L ~:1..1~.:i:ff 1...1filntl'i~lJ1 ru 1.5-4.5 v.:il'l1 L'llm;t1~ mt111...1tl ' ~ ~ 

fl.I'!. 2100 

0.4 

0.2 

0 

G 
- 0.2 

~ - 0.4 

~ -0.6 

- 0.8 

- ll-1..-.,___.___,__.,___.___.,_,L____.___,, _ _.____.___._ .....____.__---''---...L-J 
2000 1850 1900 

Year 
1950 

~,J~ 2.1 m1yjLL~(;l.:je)(U'Vlfl:wLO~tl'!Jel-l fani.:iLL\Jl fl.I'!. 1986-2005 
" ' ~ 

~lJ1 : IPCC (2014) 

n'ilJVl f ~ t11 n'ifi'i ru n'i ~Vl 'i1 .:iVlf ~ t11 n'ifi'i'ilJ'U1~ LL"::: ~,:i LL 1 (;1'1 ellJ 1vi'~~tJcrn n7'i Pin"cl1.n11 ~ 
fan'Sel1JLL":::m'iL'U~tl1JLL'U".:i~fl1~1J:Wel1n71'11111 fl11::: fan-Stl1JL 'U1J'U'i1n!Jn7'i{lJ~~CU'VIZJ:W'!lel-l fan 

~.:i:ff1...1L~elt11 L~v.:i'11nn1'iL~lJ;'1J'!lv.:in1'llL~t11...1m~'1n (Green house gas) vh1i1M1~el1n7i'l'!lel-l 
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fom 'U~ E.ML 'U'1~ 1 'Ucl ci1~lJ1n Lrn::~~ tl'1n'S::'V1U~cl~~iiii1\JlU\J font1ci1~'S\JLL 'S ~ am1::~~ mi11 L ~ EJffl 1 . 
n1'SL'U~EJ\JLL'U'1~'1fl1'Yicl1n11'1 (climate change) 

am1.Jm-sru1'1n!t11.J1 \JUvv'\J\J ?1t1 tl1LLil~~,Y1 fon'1:rn1u LL\J11 til.Jt1ru\.1nfr1m.:i fonv::f cJ\J;\J 

L~cJEJ1 ~ru\.11Jl1'Ut1~fon11.JBn 1~0 u 'U1~\.1'41cJ1vv::L~l.J;\JBn\J-s::l.J~ru ;_5 t1~1'11L'll'1Liua 

Li'.icl~v1nn1'S'U~cJEJn1'llF11fot11.J1\Jlt1cln 1'll~ii~fclEJ'1:: 63 LL'1::n1'lliiL 'Vl\Jf mm:: 27 LL'1::'U'S:: L 'V11'11 'VlEJi'.i 

t1ru\.1niia~t1.J 1 t1.:ii'11L'll'1L;ua11.J-st1u 40 ,j ti'1m::V1u~Li1lil;'1.J?1t1 ii~1.J\Jlnmrn11.Ju1~:1.J~ ihnu , " ,, , 

~\JlL-U1\J-s::L'Vll'l\.icJEJ;'\J i1~~\.11.J11i1.J'1~ LL'1::ilv~u1.J11.Ji1.Jm-su1ml'liiFnfot1n 11ilt1t1n 1'll~ ~~;\J LlilEJ 

LO~EJclV~ 414 ~11.J11.J'11\J~1\J LL'1::\.1'11EJ:\J~cl1n11'1LL'U'S'U'S1\J i1'Yi1EJLmlil\Jt1EJt\J 

" Lnt1t1ru\.1I1ii'llt1~ L'1flL ~l.J;1.Jv::i'.it1'1n'S::V1uvh 1 '1-151-Stl'l LL iJ~ 1 \J,r; fom \.1,j cJ~n~\J LL'1\J ~; ~ ~ lil11 

L tlmL \.1~~J1~L iJ~~1 \.1q/~~\Jl 1 \J L'1 n'1::'11EJ tl1LLiJ~~'1:: '11EJ~v:: 1 \J L ~l.J'U~lJ1rutl1 t 1.Jl.lmm,im vh t '1-1 

-s::~utl1'V1:: L'1'1~t\JLL'1::i1m-s fl(il L '!11::'!11 EJ~ ~ L ~l.Jl.J1 n;'\J ~~ ti'1vi11 'l-1L ~l.J f111l.J'S\JLL 'S ~·1m~ n 1') fl(il L'll1:: 

'll1EJ~~ am1::J1vi1l.J~'S\JLL'S~(1.J11.J'li1~n(ilJ1\.1'11n tl1L~l.J'V1::~f\L'IJ1~LL\.1~~J1i\Jl ~1\.11'Ucl1f11'S {1\J\J , ·1 ,, ,, 
Lf1-s~a! 1~~1.J!11.J~ rit1a ! 1.:i 1 i'ml.l LL \J1'!11EJ~~ LL'1:: 11.J'Vl:: L'1'1l1v hh \.1lJ1 ::al.J ~ n ~ cJ 1 \J LL'1 ::ii ti'1't'i11 'l-1 m-s 

L 'U~ EJ\JLL 'U'1~~1'1'V11~ LL'1::f111l.J L ~1'1)'1)~ m:: LLatl1 t \JLL~'1::~\J~ n1'SL 'U~ EJ\JLL 'U'1~'U'1l~WUUii L 11'1tl'!l1 EJ~~ 

L'li\J tl1'!l1EJL'1\J m\JlLf1'1\J 

fl11:: fo nf '1J1.J°t'i11 'l-1U1.:JU~ L 1ru1 \J fa n\J-s:: '1\Jtl\JM11:: '1l1 n11'1 LL 'U'S'U'S1\J Ln\Jll'l1 EJ\.1l.J\J~ij . . 
f111l.JtlJ1n(\J LL'1::iif111l.J'S\JLL 'S~lJ1n(\Jlil1EJ Ln\Jlif \Jl.J1nn11L~l.J°t'i11 '1-1~\J\Jln\.1,Tn LL'1:: Ln\Jl\17 'V11l.J 1 \J 

\.1'11El~\J~ L'li\J ~\J '1\.11'!'1l:l.J~n1 B\JL~EJ LU\J!Jl\J am1::fonf'1l1.JEJ~~~i:i''11'1-1U1~\J~L1ru11.Jfomnlilh~ 

1 \.12Jtl1 LL'1::\Jwaunum1::LL '\.1~LL'1~'1JV1~ hiLf1 uii1J1f1'1l\J L ~'1J.:iv1n\Jl\J 1m \Jth~Lf1EJ°t'i1\.1'41~\Jl\Jln~\J 

n1'lJF11{ut11.J 11ilt1t1 n 1'll~ 11ii''1l.l\Jl1l.J'1~L ~'1l~v1n'U1\Jltl1 
" 

m1:: fonfa1.J°t'i11 '1-1-s::uufa 11'1L \J~EJ\JLL 'U'1~ 1\J't'i11'1-1L;'1l L 'Sf1Lv~tyL~u L\Jl'1lV1~'S1\JlL ~1 L ~'1l~v1n 

iiamvrn 1\Jl'1'1ll.J~ L \.1lJ1::amLrim-s~ n~1'U'1l~L ('1l L 'Sf1Lrn::f'lmvi'!f v::ffi 'Sf1~Lf1EJf11Uf1l.l 111vi'LL'11 v:: " . 
n~UlJ1'S::U11il1mrnnf1f.:i L'li\J L'Sf1lJ1'11L~EJ 1'1J~1 '1l~11\JlnL'Sf1 LL'1::'1l1\.11'SLU\J~~ 

LLUU,h'1'1l~JJii'1l1n71'1L'1n (General Circulation Models \.1~'1l Global Climate Models) 

L U\JLL uu,i1'1'1l~f1tu\Jll'11'1\Jlfa1l.lii~,i'1l~'S::uuniiB1ml'lfon ~-sa-sruLrn:: L~EJl.l h ( 2554) 1vi'n~1111 
" 

LLuu,i1 '1'1l~JJfiB1n11'1fan\J-s:rn'1luvi'1u~1'u~1flty 5 ~11.J11ilLLri ~'Vlnfl1f1 (hydrosphere) 5'HUfl1f1 

(geosphere) U'S'SEJ1n71'1J"l1f1 (atmosphere) ii1mf1 (biosphere) Lrn::tl1LL'tl~fl1f1 (cryosphere) 

ri1 EJL 'Vl'Yi~~~1\J'S::\.111~ f1\J ~~ LL'1\Jl~ 11.J~'U~ 2.2 ;~ tlt\J'1~ E.J \jt\J'U'S::n '1JU (2548) 11ii'tl1L'1\J '1l 1 \Jn7'S 

'U'S::'l!l.J L =6~\Jlj~ n7'Sf111l.J\.1'11n\.1'11EJ'V11~ii1fl1l'llil1\Jtl11lJ LL'1 ::~IJl1tl1tJ 2548 
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_, ... ' 
!10 J -ntHllllA'H O rn~o 

.. .. ~ •,. l'tl.lli'.IOI 

• 

' . 
'itlvi 2.2 LL~'W.fl1WLL~~-rn1'ici1EJLV1'1'1~<1<11'WW'l-n1<1i'l'Wv11~11t.l GCMs 
" 

~m : nru,i;v 'L!~,J'i::;ffc)l) (2548) 

rl1'W7'1 ;~ 1,rn-:i (2553) LL uu~1mi-rnfonrnf'!L U'WLL uu~1'1B-:ivi 1-:ir1ru1J1 f'l1~1J1{~H'-um.1m ; -:i 
" " 

,J~mru1 'Wn7'i'1BflL~EJ'W (Simulate) i.JB«1.1i'W5'1JB~'i'l~-:i~1'W1 'WtJ'iW1f11f'l 1J'Vl7~~Vl'i t'W&i'W LL'1::: 

J1LL ~<ILL lJlJ~1'1B-:iiitJ11 i.J1 m'W1\Jl()i.J'i::;~-:if1vJ1<11 L ~'W f11'i;n'1~1'1'1'11m'1JB~1Ji1B1f11f'l ( Weather)LL'1::; 

'i:::UU1Ji1B1 f11f'l ( Cl imate system) ;-:i,l;i~,r'W~ntl11.111 it 'Wf11'i~f 1-:i~mm Vll>)f11'it"U1Ji1B7f11f'l1 'W 

B'W 1rl\Jl~ Lf1~'11n n 1'i L ,J~ El 'W LL i.J'1-:ii.J~1.11 run7'1f L;B'W m::;;J n 1 'WtJ 'i'i El 1 n 11'1 LL l)l)~1'1B<I niJ cl 1 f11f'!Vl n'IJii ~ " . 
1-u'Vl~nf11'i'1JB<l~1J\i)'1'1JB-:i'i'l~-:i-:i1'W L'1n fiB 'i'l~<l<l1'W~L'1n 1~fu1 'W~ml~rl~'WLLl-JL'Vl~ n 1 vlvh1 'W~'l<lrl~'W 

i'W mJ \il'1 nun 1'ii-:i ci1EJY1~-:i-:i1'WBB n 1 i.l'WB nu'i 'iEJ7 f11f'l L'1 n 1 u~n 1Y11'-:i~m1l.lf B'W1 'W~1-:ir1~uv11 

(Far-infrared) m1l.l 1i.i~lJ ~'1'1JB-:iY1~-:i-:i1'Wtl1L 'U7LL'1::;Y1'1<1<11'Wi-:i BB nvh 1 ~~1 LO~ EJ'lJB-:iBru'VlniJfo n . . " 
L ,J~ EJ'WLL i.J'1-:i L ~'W f11'i L ~1Jt'W'1JB-:i f11'1f L~B'Wn'i::; ;Jn;-:i ~~n~'W'i'l~-:i-:i 1'W m 11.1f B'Wvi11 ~lJ'iW1 f11f'l fan~~ 

" " 
iur111lJiB'W111.11nt'W 

Mm ;m'i'iLru LL'1:::riru::; (2552) n~11111'WLLtJtJ~7'1B<1ijrn 'ici1mviY1'1<1-:i1'Wm1l.lfB'W . 
m11.1tu LL'1::;LlJLlJ'Wim::;V111-:in'W ;-:i IPCC (2007) 1~'11L~'WB1'Wf11'ii.J'i::;'IJ1J~<ILL~~-:i1'W'ii.J~ 2.3 . " 

Chlngtt lltrht 
Hydrolo9d Cydt 

l c-

Chrl~• 1t1 tM Ciy~1• 
5-»W FrCD'I Gro.md. So kt le.a Si.ts Cibdtn 

C ...... ~ffltl.WS.-1.aca 
0n,p¥11y land UM \ltlffllHI" Et osyllt'N 

~ti~ 2.3 LL~'W.fl1'i'ILL~~<lf11'ici1EJLV1'1'1'1<1<11'W'i::;V111-:ii1'WvJ1-:i11'W GCMs 

~tl1L~'WBL~EJ IPCC (IPCC 2007) 
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l'1vll\J1 fl 1'i'U EJ-:J LL tJtJ'il1n EJ-:im'.hJ1 fl 1f'1 hrn ti1 u1 '1 -uvi lcrff-:i (2553) fl ~·1n'1u uu-iwD -,1 
V 

fliiEJ1n11'1fa flVl~EJGeneral Circulation Models (GCMs) L th.JLL tJtJ~1nEJ.:!V11.:!Aru\J\i'11'1(1l{~LiJ'LJ 
V 

LA~ EJ.:iifo~~\J"1ll EJ~Ml 1 tJ U'1'1U'LJ 1 tJ n 1'i~1n EJ.:i fl'i ~ \J1\J fl 1 'iV11-1fl 1v m"W'll EJ.:!\J'i 'iv 1n 1 i'1 l.JVl1"1l.JV1 'i 
' ' ' 

J1 LL~-:, ( Cryosphere) LLn db th.J{ll El fl 1 'iL ~l.Ji1'LJ'll El.:! f71'1f L ~El'LJ fl'i~'1 fl zj-:, Hlu fl 1'i"1'S1-:J L Vl\1) fl1'it\J 

~1n El .:i'U El-:J .niiEJ 1 fl 1 i'lL 'LJ El'LJ1 A\;\ LL \J\J ~1 n El.:! ,nij El1 fl 1 l'lfa flLLM\ .:!fl ii El1 fl11'11 'U 3 ij~'U v.:itu~VI~ El 
V V V 

m'i1-:Jfl~~ (Grid) Ufl~ri'llu1~i.J'i~mru 250 x 600fll.J. riiu1mLu1~.:i 20-30 iu LLn~.ffu1u 

l.JVl1'1l.JV1'itl1'1"1-:Jti-:i 30 iu 'U'LJ1~'UEJ.:! LL \J\J~1ntl.:!fliiv1fl11'1 fa fl~-:J ~El'U'!J1-:J fl11.:! LL \J\J~ 1 n El.:! .niiEJ 1 fl 11'1 

fa fl ,J 'i·~ '11'U'U ~l.Jn~iii.J~l.J 1(\Jl.J 1 fl L 'U '11 l.Jii~1 ~'11vl.J1'i fl L 'U 1 L '1 L\il\il 1 lJ~i'lJ ~ fl 1'W'll El-:Jl.J'U ~!J : ~l.Ji'.i fl1 'i 
V ' 

"Wvll u 1 i.:i LL{Jl nEJu A. 1'1.19 s s 1~ v L~l.J '11 mL uu ~1 n EJ.:i ~Hvi1u 1 v flij B 1 fl11'1"1B-:J ~u {11EJl.J11 mh-:i 
V 

Vli'11'i'i~ 1960s L~EJLA~El.:!U'i~l.J1ni;JnVl~EJAEll.J~1L\J\EJ{iiiJ'i~~V15mm ~l.Ji1'U vi11 ~"11l.J1'ifl'Wvll'U1 

LL \J\J ~1n El -:i 1 ~A'i El \J A'\l.J ti-:i fl1 'iVl~ 'UL i lJ 'U 'lJ El-:J 'W ~.:i-:i 1'U LLn~ '1'11 'i 1 u tl 1 fl1 i'1 ~ 1 Ln fl 'i 'll.J ,x .:i '11 l.J 1 'i fl 

~1n EJ-rniiEJ1fl11'1Lo~v hi1 u'i~ v~ v11L 'UtJV11'11'i'i~Vl~EJl'1m'i'i~ 1~ v 1 'UV11'11'i'i~ 1970 s LL \J\J~1nEJ.:i 
V 

fl ii El 1 fl1 i'lLfl m U'U~UlJl.JEJ ~ 1.:i fl11 .:!'l/11.:! 1 'U fl 1'i Hvi1u 1 lJ LLn~ A1~ fl 1'i ru.nii El1 fl 11'11 'LJ ~El-:J ~'U LLn ~ 
V V 

.niifl1A 1 'U'i~lJ~ L 1n1L~EJ1 nu'1'un1YI lJ11'11'1(1lfoijEJ1fl11'1 ( Climate scientist) L~l.Ji'.JA11l.Jf1.:!1nti.:i 
V V 

i;Jftfl'i~Vl\J L 'U'i~ lJ ~lJ11'UEJ.:!U~l.J1(\Jf71'1f L~El'Ufl'i~ '1 fl~ L ~l.Ji1tJ 1 um'i lJ1fl11'1 ~-:, L~l.Jii fl 1 'iU 1 n '1 fl'i'i l.J'U El-:J 

l.J'4~!Jl.J1L tl'LJv11 LL U'i 1 'Ufl1'iU'i ~ mnmi lii'1 v zj,:i{Jl1.:i'11fl 1 'U'i~ v~ LL 'i flU'i~l.J1rutJA. 1'1.19 70 L 'U'LJfl1'i1i' 

'!JEJl.Jnlil1'U\J'i'ilJ1fl11'1L vl v-:iEJ ~1.:i L~ll'l i;Jn~"Wi~llii'~-:iiim1l.J An1~ LA~EJ'LJ'11flM1'WA11l.JL tlu'1~.:imn 
V 

LL uu~1nEJ-:Jfliimn1i'l 1nnii fl1'i"W vll u 11 VIL i fl 1'i llii'~i1u 1~ v LL uu~1 n EJ-:i ~ u°'LL 'i fl 1 i'llEJl.Jnflii EJ1 fl 11'1 L 'U'LJ 
'U • • 'U \I 

Vl'1fl L~vn11 Atmospheric GCM Vl~El AGCM {JlEJl.J1Lliliifl1'iL~l.J'!JElljnlil1'Utu1 ~rii.JB'1l.J"W'U5f1\J 

\J'i'iEJ1fl11'1L'!J1LU L~'U l.JVl1'1l.JV1'i L~llfl1'i"Wvll'LJ1 Oceanic General Circulation Models (OGCMs) 

LLn~U1LL\J\J~1nEJ.:!UA1\J (couple) L'!J1\il1 lJn'U L~llfl11Ocean Atmospheric General Circulation 

Models (AOGCMs) L~lJL~l.J"Wvll'U1L'U'UAf.:iLL'ifl~ Geophysical Fluid Dynamics Laboratory 

(GFDL) LL"1.:i National Oceanic Atmospheric Administration (NOAA) "1Vlf!ml.J~fl11u'li1.:i~1lJ 

'UEJ.:iYli'l1'i'i~ 1960s i;Jn'1'W5~L\il'11flLL\J\J~1nEJ.:i~L tlu AOGCM iim1l.JLfl~'L~v-:im1l.J'1~.:imfli1u 

LLn~~.:iLL{Jl 1980s L'U'U\il'Ul.J1 iifl1'i"Wvll'U1 AOGCMs '11fl'1fl1U'U{Jl1.:i1 LlilLLfl LL\J\J~1nEJ.:i HadCM3, 

GFDLCM2.x, GISS, ECHAM L'U\J\il'LJ zj.:!'U\JL'U'U\il'ULL\J\J (mm~1'U) 'tJEJ.:iLL\J\J~1nEl.:!fliiEJ1fl11'1~1i'nu _, V 

mh-:i LL 'W ~Vln1lJ 1 uu'1'1U'U ti.:i LLlJ'1~ EJ,:j :U'!Jtl\Jfl'W~El-:J~\ilEJ.:!vi1 fl1'i'Wvll'U1{11EJ l UBfl LL{Jlfliifl1'SUf \JU'i-:J 
' ' 

1~ vtl'1LL \J\J ~1nEJ.:i~fl~i'u 1 L 'liu n~ EJEJ.:in B v'lin L v-J (11 n~vEJ.:in El v~°ll.JL 'li'lin L v-J (111 !]ifl'im {uEJu 

LL uu~1nEJ-:J"Wn1mvl'!l L 'U\J\il'U L -u1mmm1l.J lii'1v ~.:im,~.:i 1 m,J~ 2.4 '1'Ufl'i~~.:i 1 'UU'1'1U'U i;Jn'1'W5 
V ' 

'11 fl LL uu~1n EJ.:ifliiv1n1i'liim11.J-B'~ L'1ui1umn '11l.J1'ifl'1'S1.:i fl ii u1 fl11'1L u EJ~(ll hi1fl~'L~v.:i m1l.J'1~-:i 
V V 
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'ii.l~ 2.4 fl1'i~\ill\J1LLUU'11'1tM.niJcnrnf'11~n (General Circulation Models 'vl~tl GCMs) ~.:iLL~ i'l.f'\. 
" " 

1970 LL~::: tl\J1i'l\Jl (IPCC 2001) 

B1\J1'1 (2553) mi11ii-nfo.J1ruti1'11L~tl'l.1m:::\ln1\Ju'i·rn1n1P11\Jt1\J1i'l\Jl'11f1 AR4 11L'U\J 

'Utll.J~ '1'1 ri'n 1vi
0

1 'tlL 'U\J 'Utl~~ 'W1 L'U11 ~f1\JLL \JU '11~tl .:im1 tl 1f11f'\ U~l.J 1ru f11'11L ~tl \J fl 'i::: '1f1 tl1'1'1::: 
~ -~ ~ ~ 

L ,J ~· tl\J LL ,J~.:, 1 i.J1 \J tl\J1i'l\Jl\111l.J LL \J 1 VI 1.:i f11 'i~\ill\J1 Lf'\'i~!f1'1 LL~::: i.:i i'll.J1 \Jvif'\V11 .:i \11°1 .:i 1 f1\J ~ .:i 
r1 ru::: f1'i 'il.J f11'i'i:::'vl'J 1.:i 'S!U1 ~11 lil1 tJ f11'i L ,J~ tl\JLL ,J~.:i'1mY'l ,;iiit11 n 1 f'\ (Intergovernmental Panel 

on Climate Change'vl~tl IPCC) 1M1'vl\J\1\i'111lJLU\J1i.J11il'lJtl.:in1'i~~\J1LU\J 4 ~t!LLUU'vl~fl v1.:iLL'111\.:i 

1\J'ii.J~ 2.5 ~t1 
" 

_______ ..,.I ... l ,....,_ ______ _ 
Al ~t "" ffl ~ • 

I r 
• 'II n'l\ill ,ii,o),Nt,; loO, 

•1 • >t WL•l.i,nt ,1·,wtfitti;u.1~• • 

-N ,\.h1/'11o,.,"lw ,;,.. • ,. , 

. · ~-------

•J-rl'll t1~lo1 ,ft, ,1th,,. .:o1,11.: .. nh .1..1 

~ -t nw111,n1.1i•,n~ ~"~~lh11l- ,rn.1 
~ •r .,11.,1.111)1'11\\ ,:.i1,.1;ti,1 1JJ,t.i;,.,...,~ 
~ 

ii.J~ 2 .5 .f11Yi'11~t1.:irn'itl~t1t1n1'!1L~tl\Jfl'i:::'1f11\Jt1\J1i'l\Jl'11fl'i1tJ.:i1\J'lJu.:i IPCC (IPCC Special Report 

on Emission Scenario 'vl~tl SRES) (IPCC, 2001) (B1\J1'1, 2553) 
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-

mJ-:iciilmtl'lJ 

- LLtJtJ Al Ail il'lJ1fl\ilf1TH~tJ1\ilY11-:!LPl'S~fjfh1~-:i ,J-st'!l1mfan~-:i~v11'lJ~-:iPl\il1-S-S~ LL'1t 
.... '\I \J , 

'1vl'1-:! L~f11JilEJ\H1-:!\11f1i1'lJ iiLYlfl 1'lJ fa v~ii,J-st~Ylfifl1~~,:i iin1-s~~'LJ1\Jfl'11ni ii,Jii~\.J~'lJlbtl-111-:! 
" ' ..I 

l~'lJi'i'S'SlJ A11lJ LL \il f)(,l7,:i '!Jil,:i 'S1 tJ 11ii'i.J-st'!J1'!J1~'Stl-111,:i .nfo-11 fl'1vl'1-:! [11~~1'1 il-:! m-s\J" il tJ n 1'lf L~il'LJ 
" 

mt\lf1 (emission scenario) LL\JtJ Al d EJ-:!LLtJf1ililmtlwn~~1'1il,:if.JiltJ\ll1-:!1 Ail 

- AlFI (Fossil intensive) Ltl'lJf11-S~~'lJ1~;''lJilf.lfltJ~~,:iJ1'lJYlil~;'1 L'l!'lJ'11l1'lJ ci1'lJ~'lJ 
" 

ilf.J1-:!lJ1f) 

- AlT (Non-fossil energy sol!lrces and technology) Ltl'lJf11'S~~'lJ11viv11JL'tl 

~~,:i,:i1'lJYlil~;'1L tl'lJ'i-1~f1LL\ilL 'UL Ylfl 1'lJ 1'1V~'LJ 1 LL Yl'LJ 

- AlB (Balance of all sources) ~~'lJ11v1viiA111J~lJ~'1'!Jil,:iLL"i-1"-:i~~,:i,:i1'lJffi'tl hJ 
L U'LJ f11'S L 'tlW '1-:!-:! 1'LJYI il ~;'1l-1~ilW '1,:i,:i 1'lJl-1lJ'lJ L 1 tJ'lJ LL\il L ~ii f11'S CJ~lJCJ~1'lJ'S tl-111-:!~~,:i,:i 1'lJl~-:!~il-:! LL \J\J 

' 
- LLtJtJ A2 Ail m-s~~'lJ1L'lJil'lJ1fl\il'!Jil-:ifaniim11J"i-1'11n-i-,"1v vl-:i\il'lJLil-:imnt'lJmti1'lJ 

.niimfl iimw'lJfo~Lilf1'1f1~(U~il,:i~'lJ ~1'lJ1'lJDW'!J1n'SL~lJt'lJilf.J1-:!\lltlL~il-:! f11'S~~'lJ1LPl'S~fjf1\)t'lJilf.J 
'\I , .... '\I 

fltJ.f1ii.f11fl f11'S L~\J 1\ilY11,:i LPl'S~fjn\J LL'1tf11'S L \J~tJ'lJLL U'1-:i LYlfl 1 'LJ faV'tl1ffl1 LL \JtJ~'lJ LL'1t mt \11 tJ\il1lJ " .. 
~il,:)~'lJLL'1t.f1ii.f11fl 

" 
Lb \J'U B btl'lJf11'S~~'lJ11vltJ L~l'l11lJl'l11lJ'11AC\jfltJ~,:)LL1vlITTllJlJ1f)f1'J1f11'S~~'lJ1bL \J\J A 

1vlVLL'U,:)f.JcltJLtl'lJ . 

- LLtJtJ Bl LU'lJm~~1"c1,:in1-s~~'lJ1~1'lJil'lJ1fl\il i.J-st'!l1n-sL~1J~,:i1'lJ\ilcl'lJ~,:in"1-:i 
" 

Pl\il1'S'S~L 'l!'lJL~tJ1fltJLL \J\J A 1 LL'1t'1vl'1,:)l-1~W1f)' f. I LL\il Lfl'S-:!~-s1,:iLPl'S~fjf1\JL ,J~tJ'lJclf.J1,:i-s1v1L ~11 \J LU'lJfl1fl .. 
tJ~f11'SLL'1t~1'S~'lJLY1Pl '1vlf11'SL'tl1\il~ iim-sL'tlLYlfl1V ~V~~ttl1vl L1J'lJ~f11'SLLflUC\jl-11LPl'S~!f1\I «,:iAlJ 

LL'1t~,:i LL1vl'1cllJ~f1',:i V'LJL 'LJ'St vltJ'lJ1'lJ1'!J1~iifl11lJ Lm u.f11fl LL\llhmm-si.11\J-st L~'lJ~1'lJ.f1iicl1f11Pl L U'LJ 
" 

LL'S-:)\1,:iL\] 
" 

- LL \J\J B2 L tl'LJ.f11W~1'1il,:i f11'S~~'LJ1~L \J 'lJ f11'SLLf1UC\jl-11vl1'lJLPl'S~!f1\I «,:ifllJ LL'1 t 

~,:i LL 1vl'1 cllJ~ fT-:iEi'lJ 1 'lJ'StvltJ~cl.:i~'lJl-1~cl.f1ii.f11fl \J-st'!J1n'SL ~lJt'lJ\lltlL~cl,:iLL\ll1JiltJffl1 A2 iin1-s~~'LJ1 
" 

LPl'S~fjf1\JD1'lJf1'11,:i f11'SLD~tJ'lJLLD'1-:iY11,:iLY1Al'LJfav-i-,"1n-i-,'11tJLL'1t'tl1'1,:in11 Bl LL'1t Al 1viviim-s .. 
\J f11Jil ,:i~,:i LL 1vl'1cllJ LL'1t fl11lJ L~lJ cl.f11fl'!Jil,:i«,:ifllJ~ L 1J'lJ~~c1,:i~'lJLL'1t.f1ii.f11fl 

" 

'lJilf1\11 nd v,:iiimw ~1'1il,:i '!Jcl.:i m-s\J"il tJ n1'lf L~ cl'lJn'St\lf1~L~ tJ n11 1S9 2 Scena riozj,:i L U'LJ .n 1 ~ 
~1'1cl,:i~n1l-1'LJ{il 1~iin1-sL~lJ;'lJ'!)il,:in1'l!L~il'lJf1W\lf11 'lJ«vl~1'lJfl.:i~L'lJLL\ll'1tU L '!j'LJ 1S9 2a ii f11'S L ~lJ;'lJ 

'!Jc1,:i'!Jc1-:in1'l!L~c1'lJmt\lnu'1t 1 % (Lo~1tn1'l!L~il'lJmt\lmL'1t"i-1~c1"tc1c1,:i'1c1tJi'm vl\il LL'1t 1592d ii 
' ., 

f11-SL'YilJ'U'lJ'!Jcl-:!'!Jcl,:in1'l!L~cl'lJn'St\lf1 0.5 % 

~.:i~llil\11f1 n1-s\J-st1J1'1 CJ'1'!Jc1,:i LL uu~1" c1-:i.niim mPl fan( GCMs) 1vi v 1-ff LL uu~1'1 c1 ,:in 1-s\J" c1 v 
" 

fl1'l!L~cl'lJn'St\lf1LL\JtJ\ll1,:i1 (Emission scenarios) Acl m~~1'1il,:ii;ilic11mPlL'lJcl'lJ1fl\il (Climate 

change scenario) ~-s ~'S'1JLL'1t L ~tJlJ h (2554) n~11 i\'-:im~~1" c1,:i i;iiic11 f11PlL 'lJil'lJ1 fl\il\11 n 

LL \J\J~1'1 cl.:i .nifo1 f11 Pl fa f) ,j 1iii4''LJ ~ LL~{il,:i CJ'1'!J'LJ 1vl 150xl 50 \il 1-s1,:i fi1 mlJ vl'Si!'LJ 1 ,J CJ'1i~5\11 f) 
" 
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LL uu~1 n'EHI GCMs U'i ~ rrnu ~-rn i-:i LL U'i nih:i1 n 1f'1Vi°L U\J Lfl~ti•th V'V eJ .:ili.Jifo~v1-Hrn ( Grid 
" 

Resolution) fl'itlUfl~l.l~\J~i-:ifan 1i.Jtl W.1'1.2537 iie.ia~Wfi'!Jti.:i GCMs '11f1~Cl1U\J(J)1.:i1mlm.J1 

i.J'i~mru 20 LLUU 1v1vE1.:iB.:i'11n IPCC ti 1990-1992 (J)tll.flUW.1'1.2550 iie.ia~Wfi'!JeJ.:i GCMs 

tltlf1"1f111 50 LLUU1v1vJ1.:iB.:i'11f1 IPCC tJ 2007 

B1\J1'1 (2553) mh1fi.:imw~1ati.:i1Jiit11n1f'11\JB\J1fl\il'1lci.:ifan (Climate change 

scenario) 1v1 V H'LL UU~1ntl .:i ~fl1'Wfliitl1 f)1f'1 fa f) LLn ~'Utll.J n '11 f) LL UU~1n ti.:i f11'lf L ~tl\J fl'i~ '1f11 \J 

eJ\J1fl\il (Emission scenarios) 11~m~fliit11f11f'1'1JeJ.:i 1M'1~~L\ilf1(!)1•n1J\il1mi.JLL UU'!JeJ.:i f11'ii(;ll\J1 
" " 

LLn~U~"1C\Jfl1'llL~tl\Jf1'i~'1f11\JU'i'iV1f11f'1faf1 L'tl\J 1'1.JU fl'.?\. 2100 mv1~f11'i~(;ll\J1LLUU B2 

eJC\JVlflii'!Jti.:i L'1f1tl1'1L~l.Ji1\J 1.5 e).:Jf'11L'lfm~iEJ~ LL(J)fl1 V 11)1f11'ii\;lJ\J1 LL uu A 1 Fl eJ(UVlfliitl1'1L ~iimn 
• 'U ~ " 

fi.:i 5.6 eJ.:if'11L'lfnL;V~ Ltl\Jt,1\J 

1 \JiJ'1~U\Je.Ja~wtl~L U\J{l)'"l LL U'i(J)1.:i 1 '!ltl.:JU'i'iV1f11f'1~1vi''11fHL uu~1a eJ.:i GCMs ET.:iii~Lna~ 

1 viqjfi.:i 150xl 50 m'i1.:iiifaLiJ\il'ii1\J 1 ,J Lrn~-d1.:inm'!leJ.:im'ii.J'i~mrufi1ET.:i tiv"l \J'i~ ~u{eJ vtlvi~tii\J 
" 

tJ zj .:i hl~1m'i fl 1 ~-utiiia 1 \J'i~ ~u~Lnaa~ L~vv1~~1m'i fl LL~v1.:i f11'i L ,J~v\J LL i.Ja.:iniieJ1 n 11'\'i~ ~uniim fl 
" " " 

~~1L tJw;itlf11'i~f1~1 e.J n fl'i~'VlU 1 mv1 V \il 'i .:i ~.:i 1vi'ii f11 'ii \;lJ \J1 L 'Vl flU fl L ~ eJ 1-ff ~1'1 eJ.:i 'Utll.Jn'i ~ ~Uflii fl1fl 
" " 

1 \Jmna~a~ L~ vv1'11n GCMs 

2.5 LL'U'U~1mJ.:i~mvmiieJ1f)1i:;1 (AR5) 
" 

LL \JU~1n ti.:i~mwnii tl1 f11f'1L'1 f1 ( AR5) Vl~tl'i1 V.:J1\J f' c;«.:i Lfl'i1 ~~Lrn~i.J'i~ Lii\J m1ii{v11\J 
" " 

f11'iL i.J~V\JLL ,Ja.:iniit11n1f'1 flf .:i~ 5 iim'ii.Jfoi.J'i.:i LLU'IJ~1aeJ.:ifliJJ1f11f'11v1 v Hmwo1vn1'ii.J'1eJ vn1 'lf 
" . " 

L~tl\Jf1'i~'1f1 (iic,11.Jftiva~ 80-90 '11f1'U'1~vv7.:iviiiv1~vh1~fi1 RF (Radiative Forcing) 

L ,J~ vmL i.Ja .:i) LLn~ ~1'iU'i ~ nti'Ut\J 1 '11f1 n'1 f1'i 'il.l '!ltl .:iii~~efo tJ'U 1 m.i L ~ vn11 Representative 

Concentration Pathways (RCP) zj,:i Li]'I.J~fl1\Jf11'iru~LU\J1 i.J1vi''VB.:i f11'iU'1tlV LLn~~~~iin1'l! 

fl1{'UeJ\J 1v1titin 1'lfliltitinm 1 \J.ff \JU'i'iv1n1f'1 mwo1 mi fin 1 'tll \Jf11'i~1ati.:imwniit11n1P11 \Jtl\J1fl\il 
" " 

1v1v 1-ff LL 'U\J~1ntl.:J(J)1.:i 1 v(.:i~1l.J'll'Uitl\J'1\J(l.:JLL UU~1ntl.:J~'l!'Uitl\Jl.J1f) L-il\J Earth System Model 

RCP ~1-b"li.J AR5 U'i~f1eJUlil'"lVfl1'W 4 LL'U'U~~~'Vltl\Jf11'iLU~V\JLLUn.:JA1 RF 1'1.Jtl fl.Pl. 2100 

L~mv\vunuu fl.I'!. 2011 zj,:iv(.:i 4 LLuu-d'Ltii.Jmw1\Jti\J1fl\il~tl1'1'1~Liiv1i1i.J1vi'v(.:ii!i.J i1i.Jtivnu'ii.JLLUU 
" " 

n 1 'i i (;lJ \J 1'Vl 1.:i Ll'l'i ~~ fi '1 LL a~ «.:i fll.l~ L U\J i-:i n 1 Vl\Jvl ,J~ii 1 run 1'l! L ~ ti \J n 'i ~ '1 n ~'1 ~ fl n,J '1 ti v B ti r.m ~ .. " " 
'IJ'i'iV1f111'11an mwv(.:i 4 U'i~neJuvi'-:iv 

- RCP 2.6 LL~v1.:ifi.:imw~iim'invlf11'iU'1BVn1'lf L~tl\J f1'i~'1 ntiv1.:i 1vi'e.ia '1\J~-:u:-rnvi1 

1~A1 RF 1\Ju fl.I'\. 2100 L~l.JLU\J 2.6 1\il\il(J)tl\il1'i1.:iLiJ\il'iLLn~fl')1l.JL'Ul.J'U\J'!Jtl.:in1'lf CO2 '1~tlV~ 
" 

421 ppm (lmi\~v.:inu 2.29 1\iltJl(J)e)\il1'i1.:JLl.J\il'i LLn~fl'"l1l.JL'Ul.J'U\J'!Jtl.:Jn1'lf CO2~ 391 ppm 1\JU 

fl.Pl. 201 1) 

- RCP 4.5 LLn~ RCP 6.5 Ltl\Jfl1'W~~~'Vltl\Jf11'i~'"ll.liitin\Jnvl f11'l!L~tl\Jf1'i~ '1f11v1vii 

Li.'.hviii1v1\Jfl1'i~f1~1'i~~Uf11'iU'1eJVn1'lfL~tl\Jf1'i~'1fHLn~A1 RF 1~fl.:i~1\JU fl.I'\. 2100 ~ 4.5 LLn~ 
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6.5 111\~\JlcllJ\1~1•:m.J!il'i IJ\1l.J~1i'U ;.:irn7l.JL'Ul.l'U'U 'Ucl<ln7'll CO2 v:rntjvi 538 LL'1~ 670 ppm 

IJ\1l.J~1i'U 

- RCP 8 .5 Ltlt1mV1~?1~vi'clt1fl1~iviJt11~iim~tnimJ111'l!L~clt1nwvnclclnmmn v'U 

1'17 RF L~l.JLU'U 8 .5 111\~\JlcllJ\1~7.:iLl.JIJ\~ LL'1~i'l'l7l.JL'Ul.l'U'U'Ucl<lfl1'll CO2 ~ 936 ppm 

l-4~---H_;~..;.• .;...i _ RC...;;...,;l'l_...,;E_CP...;.$ ________ ~ 

12 

E 10 
~ 
C: 8 
Si 
~ 6 
~ 

~ 4 
co 

.. 

R ~ 2r -· ~ 

.:~ ~ ----'----'-----'-----' 
1800 1900 200:J 2100 2200 2300 24110 2500 

Year 

ii.J~ 2.6 fl1V'lf11~CU~7'1cl.:i m~tl~mJfl7'UL~cl'Um~vmL 'U'U Representative, Concent ration 

Pathways (RCPs) 1t1mru\Jl1.:i~ zj.:iLL?l\il.:i 1t1itl'Ucl.:ir11,J~mrum1l.l~cl'Uv1f1f11~LL~f .:i~~'ll.J 1 'U 3 

i 1mm ~cl 1t1cl~IJ\ ~~~11.:itl i'l.1'1.2000 - 2100 (V'l.1'1.2543-2643) LL'1~1'Ucl'U7i'lm~~11.:itl 

i'l.1'1.2100-2500 (V'l.1'1.2643- 3043) (~l.11: IPCC, 2013) 

2 .6 m·n ,J~tJ'ULL ,Ja.:i.nih:nmA1an 'l 'Ucl'IJ7fl 11\ 
" 

~1 t1.:i 1'U f11~~,:i Lm7 ~l.f LL'1~tl~~ Lii'U i'l'J1l.Jf ~ 1'U f11~ L ti~ tl'U LL tl '1.:i .niicl1 f111'1 i'lf .:i~ 5 11il ti 
" " 

e:i1u1v :a\il 1,rn.:i (2014) 1~?1~\Jm~L tl~t1'ULL\J'1.:ifliicl1n11'1fa n 1'LI cl'U7i'l l1l LL'1~ ?17L ~ 1J1n1~L ,J~ tl 'ULL \J '1.:i . " . 
fliicl1f111'11i'i.:ii1 
" 

- clC\Jl•'l.nii'Ucl.:Jfan1'Ucl'U1i'llJ\eJ'U1ni (l'l.1'1.2016-2035) i°iLL'U'l11Jl.JL~l.J;'U 0.3-0.7 cl.:i i'17 . " 
L'llm;t1?1 Li1mvit1unur11Lo~t11'U~1.:i l'l.1'1.1986-2005 (~ti~ 2.7) 

" 
- clC\J~J"lii'Ucl.:Jfami1cli'U?1\ill'llJ\'l~~~~ 21 v~L~l.J;'ULfl'U 1.5 cl.:i1'11L'll'1L;tl?l1'UVl f1fl1 V'I 

, \j , , 

01tl tlf1L'J'U RCP 2.6 LL'1~v~L~l.Jl.J1f1f111 2 cl.:ii'17L'll'1L;t1?1~7Wfo RCP 6.5 LL'1~ RCP 

8.5 LL'1~fficlmm~l.lmnn11 2 cl.:ii'17L'll'1 L;t1?1~1wfo RCP 4.5 clru~niiv~?i.:i ;''Um h.:i . " " ' ., ' 
\JlclL 'WeN~~.:i~'Ui'llJ\'l~~~vi 21 

- 11iltl~'ll.Ji°il'l'l1l.JLU'U1i.J1~?i.:i~clru~J"liiv~L~l.J1lJLn'U 4 cl.:ii'11L'll'1L.;tl?I ~1wfo RCP 2.6, 
" . " 

RCP 4 .5, RCP 6.5 LL\Jlfficlmmn'U 4 cl.:il'11L'llm,;t1?! ~7"v1fo RCP 8.5 

- ?1m1~ ~'UIJ\ nwun 1 'UL 'UIJ\cl'UB'ULL'1~ L 'UIJ\i'l'UV?lvl~'U~ L 1rul.lm?1l.JVl~LL tl;~nv~ Lnlil1.fo tl;'U 
, \I \j , 

- :'U~~1MuiiVl5V'l'1v7m~uu'1l.ll.l~?ll.lv~i'l~cl'Ui'l'1l.l:'U~mn;''U LLlJ17'1l.ll.l~?ll.lv~ii . . , 
rh~.:i riclt1'1.:i LL\11 ~'U v ~v1 nmr n;' 'U L ~cl .:iv1nm~t11 n1 l'li°il'l11l.l:ff t1L ~l.lm n;''U 1 'U"v1'17 t1 

:'U~n \il~'Uv ~ L~l.l L ~'l;'U LL\Jll'U i'U?i \ilf1\il~'Uv~'ll7'1.:i 
"I "' , • 1 " 
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- t1ru'v1 flil'llt1,UJ'Vl1 '1lJm \It L ~ lJ;f 'Utl ci1.:i ~ u L ~ u.:i ~ u 1 i.Jhrn"U1fl\i1 L\il v~ ej1J1.ff i.iui.i . " . 
tltu'Vlflil\JtL~lJ 0.6 tl.:Jf'l1L'1ffil;0'1 (RCP 2.6) n.:i 2.0 u.:Jf'l1L'1!'1L;0'1 (RCP 8.5) 

- ~'U~~t L'1~i1J1 LL ~.:ii.Jflfl~lJii LL m 1 iJlJ'1\il'1.:JBci'1.:ilJ1fl L\il V L0'rj1t 1 "Ut111fl~fl~~'U~ 

L'V!ci1'Utl1\1'1\il'1·rn'J1{t10'1t 43 (RCP 2.6) n.:i{u0'1t 94 (RCP 8.5) 

- ~tlKull1vitLmo~0fafl\JtLvilJt'Uuci1.:i~m~t1.:i L\ilV~t1KuJ1vitL'1WV111.:itl fl.1'1.2081-

2100 LviV'I.Jfl'I.JD fl.1'1. 1986-2005 \JtLvilJ;'U 0.26-0.55 LlJm (RCP 2.6) n.:i 0.45-

0.82 LlJ\i1~ (RCP 8.5) 

- fl11lJLtl'Um\il'lltl.:JlJ'Vl1'1~Vl~\JtLvilJt'U\i11lJfl1~LvilJ;'U'lltl.:J~1~1Jcium11'1f CO2 ;.:ir11 pH 

'lltl.:JlJ'v11a~Vl~\Jt'1\il'1.:JU~tlJ1ru 0.06-0.07 (RCP 2.6) n.:i 0.32 (RCP 8.5) 

~10.:J1'U IPCC OU'I.JvlL1'1~11v110tltlJ'V!~fao~v~-:ifofl 1.5 tl.:Ji'11L'1!'1L~Va (IPCC Special 

Report on 1.5 Degrees) hi''11Ufl1~LU~V'ULLU'1.:J~ilu1fl11'1L'1fl1'UB'U1fl\i1 HIK.:itl 

~10.:i1i.i \I 1 fl fl rut m ~" fl 1~'ll t1 .:i a'V!i.J ~ t'!f 1'!f 1 ~ ~ 1i.i fl11lJ~-:ilJii t1 ~ t V111.:i-r ~'I.J1'1 L~ v 1 nu 

m11JLi.J~0'ULLi.J'1.:iaflTvmilu1mi'1'llt1.:ifafl'Vl~u IPCC L~ui.i111i.itl fl.1'1. 2030 'Vl~t1umvfo.:i 11 tl~u\11fl 
" tl t1ru'V!flfao~0'llt1.:ifaflu1\1'1.:iti.i 1.5 t1.:iP11Ltm;0m'Vliiu~t1Kunu'UVflt1\i1a1'V!fl~~lJ (~,J~ 2.8) LL'1t\Jt 

, 'U " , , " 

vi11~Li1\ilfl11lJL~0.:iL~t1.:iV110'Ut\11fl5~~lJ'!f1~ L'!!'U m-:itLL'1.:J~\il 1 'Y'lth J1vb1J1 'Vlaj ~1lJ~.:Jfl1~'ll1\ilLLfl'1'U 

tl1'Vl1~~1'V!-r 'I.J~f'l'UiJ'I.J'11'U 1 fl'UJ-:i L'1fl 1~ L\il0fl1~fl1\ilfl1~rulK.:i flci11lJ1\11mt 1Kun1~i.Jciu0n1'1f L~tl'U 

mt\Jflutlfl~'I.J~w1mi'1'llu.:J L'1fl~ L tli.iuv"l 'UU\J\JU'U ~ 
" " ' 

~10.:i1i.i'llu.:iaV1i.J~t'!f1'!f1~E1.:iL~u~11 ci'1fofl{u'Utmni.ifl11 1.5 u.:i l'11Lt'1L;0m'Vliit1 

~t1Kut1ru'Vlflilnu'UVf'lt11i1'11'Vlm~lJ \Jt'rj'I.Jfl'I.Jurn-v,1~1.:i 'I 1J1nm0 ,.:i LL~f'l~i.im11J{t1i.i '1\il ~t1Kull1vit L'1 
, " , , • ~ I 

~a.:it'U i:Jn 1'V!1.11VLL'1.:J Lrntc.l'U~\ilflmJfllJ1flej\ili.Jfl~ IK.:ii!i.i~ B.:Jf'l1'1.J fllJfl1~ L ,vllJ;'U'lltl.:Juru'Vlflill'1fl 1lJ 1 ~ 
'U •t , , 'U 

Ln'U 1.5 tl.:Ji'11L'1!'1L;va cl'ULD'U LU1'V!lJ10,r'U'1.:J\i11lJfl11lJ\i1fl'1.:JU1~a LLVl'U~\JtLtl'ULU1'VllJ10 2 tl.:Ji'11"1 
" 

mlJL~lJ~vifl-rfj'I.J1'10tllJ-ru m~Lu~0mLi.J'1.:it1ru'Vlflilm\iln1~ruL0~0~wri.i ~tlru'Vlflil 1.5 LL'1t 2.0 
, ... , " , 'U 

'11m~mLa\il.:ilK.:i~,J~ 2.9 
" 

13 



(a) Global average surface temperature change 
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(b) Northern Hemisphere September sea ice extent 
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(c) Global ocean surface pH 
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Vll.11 : IPCC (2014) 

ACCELERATED WARMING 
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nm\J~t1'ULlUfl~!lCU,,,1JiiLo~u,1v1u~~!l'U~~,i\Ji:;1hil (111W\J'U) n1i1\J~t1\JLl\Ja~~uviii!lN,,,1JiiLo~uvi,,,u11~~,i\Ji:;~1il (mwa,~) 
nm\J~!J\JLl\Ja~!lN,,,1JiiLo~v,1utl ~ 1.5 !l~P'111,ia11im, (mwi1u) nm\J~!J\JLlUM!lN,,,1JiiLo~u,1vil ~ 2 o !l~P'11111a11iva (mw,111) 

1,J~ 2.9 n11L'U~tl'WLLD'1~tlf\J'\,fflijrl1tiln11tuLIJ~t1~1tlti ~tlf\J'l•IJ1ij 1.5 LL'1~ 2.0 tl~P11L'1!'1L~E.IG'I 
" • 'U • 'U 

Lrlmmt1\JL vit1Ufl\Jfltl'WVrltJ(J1~1'11m~lJ 
' ' 

vim : IPCC (2018) 
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f11'i L ,J~ fJ1.J U \JMf1lhl1 f11 ?!L Umrn1.m11 f1 f11'i L ,J~ EJ'UalJ\>laYHl.:1-n'U 1 'WtJ'i'i !J1f11?1 LL at: f11'i " . ' 
L ,J~· !J 'U LL ,J a.:i a l.J\Jla'Yi'1.:l .:I 1'U if ii a 1 L ~ \Jl',) 1 f1 f11 'i L ,J ~ !J'U LL ,Ja.:i'IJ,H f1 'i:: tJ1 'U f11 'i LL a:: ,J~m CIJ/'!l'U Ill 

' ' 
a1'i\J'i::nBu1111.:i ~ 1 'UtJ'i 'iEJ1n1 ?1 i.:i L\>l EJVI 1.:ili'i 'il.l'!l1~ LL a ::..i 1 n n1'im:: \'i1'1JB.:il.J ~~J 1 'U 'i 1v.:i 1'U 

i.:iLfl'i1t:~LLat:\J'i::mafl'J1lJ{flf.:i~ 5 (AR5) LL'°1\>l.:)f11'iL\J~!J'ULL\Ja.:i'Yi~.:l-n'W1'Wi'.l fl.?!. 2011 Lvi!JtJfltJ 
" 

i'.l fl.?l.1750 t1B'Uf11'i\Jfi1~~\Jla1~n'i'il.l LlllEJH'l'i1 Radiative Forcing (RF) ~.:iLtl'Wl'i1Yi~.:i.:i1'U1'W 
'i •• .:'..I, •!'I .. u 1 

'it:tJtJtJ'i'i!J1f11?11af1\Jltl~'U'J!J'Yi'UVI fl1 RF VILU'U "tJ'Jf)" ~lJWrt.:if1'\'iat:alJ'IJB.:i'Yia.:i.:i1'U 'U'i~tJtJ 

L ~ 2A''U LL a:: ..i:: \'i 11 ~1M f B'W ;'U ~1 'W l'i 1vi' L U'U "a tJ" ~l.l wii'.:i n 1 'i a~ al.I'll B .:i Yi '1·H 1'U 1 'U 'i ::u tJ 

tJ'i'i!J1f11?1 Lan 1~a\>la.:I LLa::\'i11 ma f1LV'Ua .:i l'i1 RF i1R1'U'J (1Jl.J1-.J1 f1'UBl.Ja f11'i ~'i'J-.J1 lllamr~'IJB-:1 ti 1'!! . " 
~B'Un'i::..inua::~'Ua~BB-:1 

' 
AR5 'YitJ11 l'i1 RF 'i'Jl.l'IJB.:i1an~Lfilll..i1nl.l'U~m1'Wtl fl.?!. 2011 Lvivunutl fl.?!. 1750 1~ 

' 
L~l.1;1'UtlllEJLU~EJ 2.29 1111i111B\Jl1'i1.:iLl.l\Jl'i LLa::1~L~l.1;1'Un11fuva:: 43 L~mvivuntJ~'i1v.:i1'W1i1'W 

ARll (tl fl.?l.2007) a1L ~\Jl~'1 nm..i1nf11'iL ~l.J;f 'U'IJB.:ln1'!!L~tl'Uf1'it:',)f11 'UtJ'i 'i!J1f11?1 ( 'iWa:: LB!J\Jl 
' 

~~La'IJR1 RF ~.:iLLa\Jl.:i1'U'i\J~ 2.10) 
" 

E"m11ed RH.J!ttng llmoJO._,. 
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ii.J~ 2.10 f11'iL\J~EJ'ULL\Ja.:i'IJB.:i Radiative Forcing 'IJB-:1 tan 1'Wtl fl.?!. 2011 Lvivutiutl fl . ?I. 1750 

,\'1LL 'Wn\Jl 1l.J'!l\i\>l LLat:\J'it: Lf1Vl'IJB.:ia1'i/n1'!!L ~tl'Uf1'it: ..in 

~l.11 : IPCC (2013) 
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f11)U'1ell:Jf11'lfL~u'Um~,imL'1~"'1)th:mmJ!ll1.:J 1 (CO2 , CH4 , N2O, Halo-carbons, CO) 

LL'1~ f11)L u~ 1:J'ULLU'1.:i'llt1.:ilil'Nt11Yi~HJ 11ill:J)1l.Jiicrnvi11 ~1'11 RF L ~lJlJ1f1;1'U '11'Uf11)U'1tl l:JLLtl h'lfu'1 

(Aerosols) H11LL'1~c'.Ju,11nm))~LUlil'llt1.:im'lJ11v.Jihrnvi11~ri1 RF '11il'1.:i . " 
-um,,u~EJ.:Jf'l.:J L 'Vl:Utl'Uf1tJ 1 'U)11:J.:J1'Uri.:i~~1'U 1 lJ1 Atl n,1m)lJ'llt1.:JlJ'4'1:IEJ L U'U"'1L 'Vlv)Vl'1f1 

'llti.:Jf11)L U~l:J'ULL U'1.:!JJijt11f111'1L 'UU,J'!U'U 'Uu"'1udm,11f1V1'1f1~1'U!Jl1.:i 1 )1lJ'1.:if11) L ~lJ;'U'lltl.:J f11'lf 

L~uum~,in 1 'UtJ)W1f111'1 f11)L ~lJ;'U'llu.:i RF 'UulJ'1f11)m1,11lil LL'1~m1lJf m1lJL -u1 h~L ~lJlJ1f1;1u 
" " 

(ei1m,1 :Slil1trn.:i, 2014) 

crnf11)Plf1'1:11 f11)f'l11ilf11)ruMn-wu 1f111'1L'Uu'U1f'l1Jli1vi~u\J)~L V11'11V11:J crnf11)~ 1'1el.:JG'lfl1'W 

.niJu1f111'111ill:JLLtJtJ~1'1el'3V11.:Jf'ltulJll'11G'IIJl{ 11ill:Jl'1flm :S'U1))1ru LL'1~f'lru~ (2552) ;.:JU)~f1tltJ~l11:Jf11) 
" ' 
LU~l:J'ULL U'1.:iu ruvi.niJ"'.:iG'llil LL'1~ ~1G'llil)11:Jtl f11)L u~EJ'U LL U'1.:iu~mruc.lu)1 EJULL'1~ ~1u1ui'u~iic.Ju IJl n 1 u , " "' , , 
tu~!ll1.:i1 'lJeJ.:iU)~LV11'11VlEJ vr.:id 

f11)L U~l:J'ULL U'1'3tlnJ'VlflijG'l.:iG'llil)11:J1'ULO~l:J 1 'U)tltJ 10 tJ 1 'U'tl1.:J(;l'Ul'11Jl1))~,J'U().:JU'111:JV11'11))'\:I~ 
, '\I '\I • 

2030 eJruvi.nijG'l.:iG'llilLO~EJ hJ1&i'L~1iff u 1 \J,11m~lJ 1 u-d1.:iu"11:Jl'11Jll))'l:lrit1u 11ilt:Ji'.iuruvi.niJG'l.:i M1LO~EJ 
, \I '\I , • 'U '\I • 

111'1€1 lilJ.:itJmh~V111.:i 34-36 u.:i 1'11L'lf'1L; EJ"' LL!lltu~~iieJruvi.niJG'l.:iG'llil 1 u-d1.:iv1.:i n'111,1~ LL~'llEJ1 EJ 
\I • '\I \I • 

f'l)tltJ f'l'1lJ:'U ~l.11 f1 D.:i tu 11il l:J ,I ~'ll l:J 11:J ,11 f1 L~lJ; .:i ~1 n Ill e)E) L0'W 1~~) 1tJfl1 f'lf1'11'3 ~.:i Ill ~1'U IJl f1 L 'tl'U 
' " 

am) ruu~ t1Y11:Jfi 1'1 n1LL -w.:iL "W'll) LL'1 ~mf'l vl~i'-u uum5EJ.:i L V1'1 u IJl uuuu LL'1 ~ 1 u·1h.:iu'111:JP11J11))~ 
' ' ' 

elnJV1.fliJM"'IJlLO~l:JIJl'1tllJlJ.:itJ,1~L ~lJ"'.:i:fiu,11nil,1,iuu\J)~lJ1ru 2-4 tl'31'11L'lf'1L;l:J'11 UelV~ 38-40 u.:il'11 
• '\I \I • '\I , " 

L'lfm;EJa LL'1~'llEJ1EJ'llutJL'lllJluun 1 uunf'l"l.Jtu~\J)~L V11'11 V11:JLnuuJ.:ivilJ111 ;.:ia1m)mLa111.:i~""')u1&1 ~.:i 
' ' 

LLG'IIJl.:i 1 'U)U~ 2.11 
" 
f11)LU~l:J'ULLU'1.:JelnJV1.fliJ~1a1J1)11:J1'ULO~l:JL'U)tltJ 10 tl L'U'tl1'3U'111:Jl'11Jl1))'\:lnu'U tinJVl.fliJ 

• \I , , \I 

)11:J1u~1~111Lo~1:J'llt1.:i\J)~LV11'11V1EJ utj1u-d1.:i 22-24 t1.:iP11L'lfm;1:Ja 1utu~mf'l1(;1 mf'l 

111~ i'u uu n LO EJ.:i L 'Viii v LL'1 ~u1.:i G'i1u 'lleJ.:i m An" 1.:i-mf'l 111 ~ i'uu eJ n G'i1u 1 uu~L 1 rumf'l L viii u u EJL u-d1.:i 
" 

U)~lJ1ru 18-22 tl.:il'11L'lfm;EJa -d1.:i (;l'Ul'11Jl1))'1:1'1t1ruV1.niJ~1a1J1LO~l:J,J~iiLL u11 UlJa.:i;1u,iun.:iumEJ 
• " , \I 

Vl\'11))~~ 2030 tutu~mf'lnm.:i fl1f'lvl~i'uveJm51:J.:iLV1Ut1111t1u'11.:i fl1f'lvl~i'uuun LL'1~mf'l1(;1 ,i~ij 

elnJ'V1.fliJ~1a1J1LO~l:JlJ1f1f111 24 ti.:J1'11L'lf'1 L~it:J"' '11'\J 1 'Ufl1f'lL VIUtltlnJVl.fliJ~1a111m~ mr.:i f'l.:J tll:J "l wnru-n 18-
, \I • • " • " 

22 t1.:i P11 L 'lf '1 L ;t1a LL!lltu~~iiu ruvi.niJ ~1,1~ '1111'1.:i 1 \J,11n L~lJ u ciwa' 111 L ,iu n) ~ ~ .:i ii.:ium t1 l'1 m) )'\:Ill 1 n n 11 
' " 

90% 'llu.:itu~'llel.:IU)~L V11'11 V11:J,J~iit1ru'Vl.fliJ~1"'111 LO~l:JlJ1f1f111 24 t1.:i1'11L'lf m;1:Ja ;.:i"'1lJ1)fiLLG'IIJl.:i 
' " ' 

~"a)\J1~v1.:i1u)u~ 2.12 
' " 

f11)LU~EJ'ULLU".:iu~mruc.Ju 1111mwn~,11)ru1Ltlu 2 G'i1u1&i'LLri \J~lJ1rucJua~alJL'U)t1tJ 1 tJ 

LO~l:JV)f1 10 tJ LL'1~~1'U1'U1'U~c.l'UIJlf1L'U)tltJ 1 tlLO~l:JV)f1 10 tJ ~'1'11Uf11)rl1'U1nJLLG'IIJl.:iL~L~'U().:J 

LL u11 ulJf11)L~lJ;1u'llt1.:iu~mrucJwo~1:J)11:Jtl 1 u~1V1nmf'l'llt1.:i\J)~L V11'11 V1t1 J.:it u&\'1uu~mruLL'1~f11) 
' 

m ~,111:J tJ1l'llt1 .:i tu~~ii~1u1uc.luvl n L ~l.Jl.11 n:fiu 11111:J Lo-w1~ u El1.:i D .:i 1 u-d1.:iu"1 EJl'11111) )'1:1 ;.:ia1lJ1)fl LLa 111.:i 

~'11&\' v1.:iLLG'l1J1.:iLmU~ 2.13 
" 

1 uG'i1u'lJt1.:i~1u1ui'u~c.luvln 1 'U)utJtl ;.:i HLnruirif11)~,J1)nJ11 'U)1EJ.:i1uouud Au i'u~ii c.Ju vln 

Lf1'Uf111 3 lJlJ.t'U 1 u LIJltl~'1a,u,11f1f11)rl1'U1nJLLG'IIJl.:i 1 ~L~'U11 ~1'U1'U1'U~c.l'UIJlf1LO~l:JL 'ULL!Jl'1~m 'ULfltltJ 
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~ .. u 1 ., .. u .. :<, 1 .. .. 1" " .. u . , .. 
'l'Jn'l~'UVJEJ.:i A.:i n" LAEJ.:J f1'\JV1LAEJL u'UlJ1 'U tl~IJl 'If.:) m,~.:i 'm ~ 'U ci.:i"n~ru~ LLmlA11lJ EJ11'U1'U'Utl .:i ~~--'UVl 

tl1vv~ L U'U 1 \J'lru 'Utl'U1Al1111 ei.:iA.:i 11iL tJ~EJ'UU ,J".:i 1 Uv1f1~LAEJL U'UtlVlJ1f1i1n ~.:iLL'11il.:J 1 u'itJ~ 2 .14 

v1f1'!JtllJ"~L~EJ1'!JtJ.:ifl'IJU~lJ1f\JcJ'UJ.:i 2 'lllil LL'11il.:J1~Li1~1UWLVlf'l1VltJ1'UB'U~Al1lv~ij~\ilcJ'U~ 

l:J.:JA.:JA11lJEJ11'U;'UL Vl1L~lJ LL\11mlJ1rucJ'U 1 'ULL\11"~tl~tl.:JV1f1: 'U~v~ L ~ lJ;'U ;,:i tl1vv~iJ.:it11tJ~lJ1 ~cJ'U~ 

111 n 1 u LL\11"~ Af .:i 1 ut1u1A111 v ~ L ~lJ'1 .:itu~~BB 1,i,i~ L ~ vn 1 ~11cJu~111 n LL\11 " ~ A #.:iv~ 111n ~i1nlJ1 n tu n11~ 

LU'UlJ11'Utl~l1l ;.:i~lJ1tJ~.:JA11lJL~~.:J\11tlfl11~J1vi1lJO'IJVi~'U J1mnn LL"~J)tJfi'i'ilJ'll1~~v~Ln\ill111lJlJ1 

,i1nt1V1nJ1tJBn~"1tJ'llUlil 
' 

r 

1980's 2010's 

_, 

---2020's 2030's 

--- --- ---2090's 2070's 2080's 

~,J~ 2.11 t1ruw1ijc,,:iC,1ii'i1tJ'J'ULil~tJ1'UW'IJ 10;:) 'U tl.:JU'i~LVlf'l1VltJ 
" .. \I \I • 

~lJ1 : Mm ;jm'i'iLru LL"~Aru~ (2552) 
' 
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J 

2070's 

1980's 

.. 
2020's 

'-~..,..,.,.,. -.::::.: 

----

... 
2080's 

2030's 

J 

'iU~ 2.12 tJ(\J'\llflijJ1Ml'i1EJ1t.lLO~EJ1,,mltJ 10 U 'Uv~tJ'i:::LVlPl1vlEJ 
" , \I , 

~m : i')flfl'i :Sm11 tru LL'1:::flru::: (2552) 

2090's 
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1980's 201 O's 

2020's 2030's 

2070's 2080's 

JU~ 2.13 mmruc.J1.JLO~EJ'S1EJU'Utl~'\.h:::LVll'llv1EJ 

~m : ~nm :am-s-s1ru m1:::r1ru::: (2552) 

2090's 
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2010's 

2020's 2030's 

2070's 2080's 

'iU~ 2.14 ~1tnu1u~~ul1ln1u'i'1l\JU'll'1l~U'i~L'Vlf'11vw 
" 

~m : f'lflm :atn'i'iLCU LL'1~1'1CU~ (2552) 
' 
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m'j1 ~Vlfi;'J1)1f'l (2550) 1Lf'l'j1::i-,LL'Ln 1iJl.J'!J!l.:Jt.JtJ'j')lJ'j1EJtl1m!ltJ 56 tJvi~1tJlJ1 ('j::~-J1.:i 

Yi f'l. 2494-2549) yjtJ')1 ,J~mrut.JtJLO~EJ~,J~\h::L Vlf'l1 VlEJiif11'jL tl~EJtJLL\Jn.:i~.:i <j,J~ 2.15 ;~i'l11lJ 
" 

i. \J'jU'j1tJL ~tJ'tllilLvtJ t u,l,~ 30 U'11~1il ;~LL u11 ulJt.JtJ~1tJ t ~qi 1 ul>t1rd1ri1tl fl~ i~ LL~iifl1'jLnm1 tJ'j,lJ 

-: !llJnlJ1 tu'li1.:i 20 llLL 'jfl tl~mrut.Ju~1ut ~nia~ n-J1ri1tlfl~ m1lJCJtJLL U'jL ~u1~-B'lilLvtJ 11ilEJ'j1lJL~!l " -~ .. 
'nv1'jtlJ1mlJ1ClJ 56 tJ LLi, mmrut.JtJtl'j:: L Vlf'l1 VlEJiiLL u11 UlJnliln~ ( <ji.Jvi 2.15) 

" 

4 0() 

• S 
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-~ 200 
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~ ,oo ,. 
t; 200 

iJ 

'1U~ 2.15 m1vlua1il.:immrut.JtJLO~EJ~1tl'j::LVlf'lLmEJ\JLviEJtJi'l1Ufl~Un::LLtJ11UlJ 
" 

L~ !lWv1'jtlJ 1'j1 EJn:: LB EJlil '1fl~ru:: fl 1'j L tl~ EJtJ LL tln~ t tJ LL~n:: ~.:iw!lilv:: L ~u i'l11lJCJtJ LL U'j'!J!J~ t.JtJ 

ilil LvtJ fl'l1 L 'liu ~.:i~11ilL ~iEJ.:it mJt.Juii LL u11 UlJnlil n~ ~.:i~-r lil!ltJn 'j1'!1i'i1tit.Juii LL tJ, 1 UlJ nlilM , 

m.:iL VJyjlJmtJf'l'jt.JtJ 1fliL~EJ~r11tlfl~LLn::iiLL tJ, 1 ulJa~ttJ ~.:i~i'lil~tJVltJ~t.JtJ 1fliL~EJ ~ri1tlfl~ ~.:i~i'lil'lllJm 
' \I • • 

cJtJiiLL u 11 UlJnliln.:J LLn::~~~-rm::u!l~t.JuiiLLtJ11UlJnliln~ LUtJ~tJ 

t tJvi1u !l~ L~iEJ1 nu L~!lwv1'jru1~1u1u1tJt.JtJ111 fl'!J!l~tl'j:: L Vlf'l1 V1EJv1 fl'll!llJn t u'li1.:i L~EJ1nuliY.:i LL~ 
" 

yj_f'l. 2494 '1~ yj_f'l_ 2549 ~1tJ1tJ1tJt.JtJlllfl-C,!Jlilf'li!l~tltJmlJ1rut.JtJLO~EJ~1J~,J'j::LVlf'l i'l11lJCJtJLLU'jL~tJ 

'tllilLvutmh~ 30 tl'11alil ~1utu'j::EJ::LL'jflEJ.:ihl-B'lilLvtJLLn::L~!lWv1'jtlJ1'!J!llJn 56 tJ ~1tJ1u1ut.Juv1flii 
, " 

LL m 1 UlJnliln.:i 

LL-C,.:J~tJVl{ ilJ~'jfl1nLLn::i'lru:: (2552) 1~,11~'!1U{11il'1fl11::i'l11).J'jtJLL 'j.:J'lJ!l.:Jt.JtJLLn::1Lf'l'j1 ::i-, , 

-u !l lJ n v 1 fl a Cl 1 ti lll 'j 1 v 11il ~ 1.:i ri 11il EJ t -ffit fl 1 'jVJ 1.:i a ii ~mtl 'j:: EJ fl ~t -ff L ~ !l fi' lil m !l .:i 'lJ !l lJ n ~1lJa1lJ 1'j Cl 
" I • " 

ll)'j')v-C,!JtJi'l11lJClfl~!l.:J 1~!l!l flv1flfj1tJ'!J!llJn n!ltJ LLi1~.:Jl11fl1'j1 Lf'l'j1::i-,u m 1 UlJ LLn::fl1'jL tl~EJtJLL tln ,:i 

L '!iu ~1:fi1 lilU~lJ;rut.JtJ'j,lJ'j1EJtl i1mu1~vit.JtJv1 m,lJ'j 1EJi'.J ~1u1u1uviiitl~lJ1 rut.Juv1 fllJ1flfl'l1~ ~!l 

LV11nu 1 i1n~LlJm LLn::Ltl!liL~tJ~fl1'jLU~EJtJLLtln.:i'lJ!l.:Jt.JtJ ttJtJ~tl.:i 1 Ltl~EJunur11Lo~EJ'j::EJ::EJ11 LUtJ~tJ 

C-Jnfl1'jPlfl'l:11~~fl'111 '1'1tl1~~~d 

tl~lJ1~t.JtJ'j,lJ'j1EJi'.lt tJtl'j::L Vlf'l1 VlEJ iim1l.l LLlllfl ~1.:i ntJ t tJLL~n:::tJvi J.:i t tJLd'lJ!l.:JJ m1 

LLn::itlLL uu 11ilEJmmrut.Jm,l.J'j1EJtliiLLtJ, 1 UlJnliln~!l ci1~iii!EJ~1fi'qi ( 'j::~tJl'l11l.JL ;mi'tJ 9 5 %) t tJ:tJvi 

fl1i'lfln1~LLn::mi'lv1::1tJ!l!lfl (~lilLtlu 12% '!J!l~amtim1v1lilJ~~l.llil) 

t tJf11i'lL ~iimLn::f11i'ltJ1::1tJ!l!lflL5EJ.:JL ~ii!l mlJ1rut.JtJ'j')l.J'j1EJtliiu tJ11 Ul.J L vilJ;f tJ!lV1.:Jii 

i!EJ~1fi'qi (~lilLtltJ 7% '!J!l~amtim1v1lilJ~~l.llil) 

22 



11.Jm'V'l'f'llJJ~i.J'i~ L Vlf'I h i'l'I\Jfl1'i L ,J~ E.Jl.JLL ,J"~ u tJ'".l 1 Ulltl ei1-liliTmh~cy'!lu~i.J~mru~1.J 

i-li.J'i~L Vlf'I J,:i 11.Jv111.Ji.J~mru~1.J'i1 E.Ji'.l ~1m1.J11.J~~1.J\;l m1m1E.Ji'.l LL"~ L i.JtJ{ L~l.Jvl fl1'i L i.J~E.Jl.JLL ,J"~ L~tl 

L vi E.J\Jfl\Jfl1 Lil~E.J'i ~ E.J ~ E.J1'".l LL!l1V'l\J11\J~ lJ1'1J~l.J'i'".llJ 11.J'lf'"J,:J L~tll.JV'l ~f'\~fl1E.Jl.J-LlJ~1E.Jl.JiJLL 1.J'"J 1 UlJL ~lJ;ff 1.J 

LL"~ 11.J'lf'".l~ L~tll.JV'l()~fl1f'llJ-~"1f'llJ iJLL 1.J'".l 1 ulJ"(j)",:J 

1W11f'lfl"1,:J fl1f'l(;l~11.Jtltlfl LL"~fl1f'lL'\l!Utl\J1,:J~'"Jl.J V'l\J11 ~11.J'".ll.J11.J~l.J(;lfl'i'".llJ'i1E.JU 

"\j)",:J (~\j)Ltll.J 6 7% '!JtJ,:J'1'11ijJ,:i'\l!lJ\jl) 1\j)E.JiJeJ(;l'i1fl1'i"(j)",:JtJE.JL 1.J'lf'".l-l 0.05-1.3 11.J!l1tlU 
" 

11.J'lf'".l~L~tll.JV'l()f'l~fl1E.Jl.J-LlJ~1E.Jl.J ~11.J'".ll.Jll.J~~l.J(;lfl"\j)",:JlJlfl~~\j) 11.Jf11f'lfl"1,:J (0 .3 11.J 

!11tlU) LL"~fl1f'l(;l~11.Jtltlfl (0.4 11.J!11tlU) I 
11.J'lf'"J,:JL~tll.JV'l()f'l~fl1E.Jl.J-LlJ~1 E.Jl.J ~11.J'".ll.Jll.J~~l.J(;l flL~lJ;ff 1.J 11.J111f'l L '\l!UtJ(;lt)l.J~1~ LL"~ 

fl1f'l(;l~11.JtltlflLOE.J,:JL'\l!ijtJ (0.8 11.J!11tlU) 

m1lJ LL 'i ~'!JB~ ~1.J;~ ri11.J1ru'11fli.J~mru~1.J'i'".llJ 'i1E.Ji'.l LL" ~~11.J11.J11.J~~1.J(;l fl iJ LL tJ'".l 1 UlJ 

L~lliITtJVlflfl1f'l vh 1~r111lJLL'i-l'!Jtl~~l.J'i'".llJJ~i.J'i~LV1f'lilLLm 1UlJL~lJiITtJ11.Jeim1 0.6 iJ"~LlJm111tJ11.J111tJ 1 tJ 
' 

'li1m"1 10 tJ 
,J~mru~tJ~mfl fl11\Jfl~ (~(j)~'"JtJ'!JtJ~,J~" 1ru~1.J~lJ1flfl11'\l!~tl L vi1n\JL ,J tJ{ L ~1.J 1 Vl'1~ 

9 5) V'l\J 11.Jfl1f'l\;l~l1.J tltlflLOE.J,:JL 'V!ijtl mr1LVUB LL"~fl1f'lfl"1-l 'i'".llJJ,:i fl1-lL Vl'V'llJ'\1111.Jf'l'i 

~11.J11.J11.J~~1.J 1lJ(;lfltJV1~!11B L ~B~~il LL m 1 UlJL ~lliIT1.J'1-l'1\j)V'l\J~'1mij'i1'!J\Jrl 1.Jmm1" 
" ' ' 

i.:ii.J'i~L Vlf'I ~11.J11.J11.J~~1.J 1lJ(;lfltJei1~!1im~tJ,:iiJei(;l'i1L~lJ.ff 1.J 24 i'm~'\1111,:ii'.l V'l.f'I. 2508-2006 

'11fl'!ltllJ"vl'!Jijfl1'iL\J~E.JmLi.J"~'!Ju~~tJ 11.J\J'i~L Vlf'IL VlE.J en~E.J 1vi'tl1v1iijL '\1!~1'1lJ1'i'".llJ1Lf'l'i1~~L ~ tJ 
" " 

,J,:i(~.:i'1m'".l~f'l'".l1lJ11.JLL'i,:J'!JtJ,:J~l.J zj,:iv1'!JijL'\1!~1'1i.J'i~fltl\Jvl'".lE.J Monthly maximum 1-day rainfall 

(RXlDAY), Monthly maximum consecutive 5-day rainfall (RX5DAY), Annual total rainfall 

divided by the number of wet days (defined as rainfall ~ 1.0 mm) in the year (SOIi), 

Annual count of days when rainfall ~ 1.0 mm (RlO), Annual count of days when rainfall 

~ 50 mm (R50), Annual total rainfall when rainfall >95
th 

percentile (R95p), Maximum 

number of consecutive days with rainfall < 1 mm (COD), Maximum number of 

consecutive days with rainfall ~ 1.0 mm (CWD), Annual total rainfall in wet day (rainfall ~ 

1.0 mm , RAINtot) LL"~ Annual count of days when rainfall ~ 1.0 mm (WETtot) 1(j)E.J1°tl'i5Vl1.:J 

'1'1~~L~E.Jfl11 Principal Component Analysis (PCA) ;~'1~~flA11.J'".l'1J'11flLlJ(;l~fl'lf'!Jtl~~11.J'".ll.J'1rnij 
., ' ., 

~,:J'\l!lJ\jl (170 '1mij) LL"~v1'!JijviV11fl1'i~fl~11Lr1'i1~~~-l'\l!lJ~ (10 v1'!Jij) 

t:rnfl1'i1 Lf'l'i1~~'i ~vl\Jf'l'".l1lJ'il.J LL 'i-l 'i'".llJ'!Jtl~ ~1.J vl~fl~1'".l'V'l\J 11 tl.J~~iJfl1f'l~ LL 1.Jl.J'1 ~'1(j)VJ1,:J\J'".l fl 
' " ' 

( f'l'".l 1lJ11.J LL 'i .:J'!Jtl ,:J ~1.J mfl;11.J'\I!~ tJiJ,J~m ru~ 1.JlJl fl fl11 ,J fl~) Lf1 (j),ITl.J~ '1fl1 ij \;l'i'".l '11 (j)t) 1 fl 1 f'l11.J ~ ~'\111 (j) 

1.Jf'l'if'l~ii'i'ilJ'i1'!J V'l~ LE.J1 LL"rnlJritJ.:J'1tll.J ~'".ll.Jfl11:-rn'i'".llJvl'!JijV11.:J"\J (ffitJfl1'1L~E.J,:J!l)t)fl1'"J~f'l'".l1lJ LL~~ LL~,:J) 

'1~'1~ 3 ~1v1\JLL'ifl ~B ~~'\1!1~il~L'U,:JLV1'i1 1.Jf'l'i'i1'!l~m LL"~u~~"tl ('ii.J~ 2.16) .., , , .., 
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ai.J~ 2 .16 ~'1fl1'l1LA'S1~..; Principal Component Analysis 'lJu.:iv1'lli h1m1~A11l.11\JLL'S.:!'lJu.:itJ'U 1~m 
'lJ\J11i\'lJu.:iLr1~u .:i '\ll1J1EJ'U'lfl'\ll~u"'ULLl'llil.:iii.:il'lm1~r111ii1uLL-S.:iLi8.:imn (tJm.11nn11tln~) LL'1~ 

'1'U (c.l'U\JBE.lfl'l1Ufl~) (~1J1: LL'1.:!~\JVl'S ~lJ~'lfl1'1 LL'1~Aru~ 2552) 
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2.8 f11"ith'::111rufi1m:u1ru~'U~'!ml'Vl1tJLtllht115iflii1'Utln~ (Normal Ratio Method) 

n 1 "i Pi n,~1r1 f ~ ,i '1:: 1-ff15 n 1"iU"i:: lJ 1 ru Fl 1 tl~l.J 1 ru~'U ~'1J1~Vl1 El 1 tJ~1 El 15 avi~1'lJU f1 ~ (Normal 

Ratio Method) L ~B 1,X'UBl.J~tl~mru~'U~'1:: ti1l.J11Lf1"i 1::~i'.i f111lJ~lJU"irulJ7n15f11"itl"i::mruR1 " ~ 

mmru~'lJ~'U1vlVl1EJ 1 \Jmmwfi1'U1ru 1~'11f1~l.Jf11"i~ 2.1 

Lv!EJ Px ~tl 'UtllJ~mmru~'lJ~'U1vlVl1EJ1tJ, ij~~Ll.J~"i 

Nx ~tl Fl1L:~EJml.J1ru~'lJ'UB•rnmii~'ll1vlVl1EJ1tJ, ij~~Ll.J~"i 

Pa, Pb, Pc ~ti 'Utll;J~tl~mru~'U'llB~mnii~ti~1m\'L~EJ.:in'lJ 3 mnii 1'U'1i1.:in~1L~EJ1n'U 

·1h~~'Utll.J~'U1v1V11EJ 1 tl, ii~fal.Jm 
~ 

N N N ~tl Fl1LO~EJtJ~mru~'lJ'Utl.:l~mii~Bv1mi'L~EJ.:lf1'U 3 ~mii L'U°li1~L1~1 a, b, c ~ 

L&iEJ111'U°li1.:l~'UtllJ~'U1vlVl1EJ 1 U, ij~fal.J~"i 
~ 

2.9 n11i;i11v"v'Ufl11l.JU1L~vtiv'!Jv-:i'livl.J~~'U~1tJ15 Double mass curve 
" 

f11"i~"i1'1~B'Url17l.JU1L zjtl~B'lltl.:l'U tll.J~ 1 'lJ.:i7'U1~EJ,i'1:: 1-ff15 double mass curve 1viEJ'Yi1f11"i 
~ 

L tl~ EJ'UL viEJU LL'U1 L lJl.Jf117l.JalJW'lJ5'1Jtl~ tl~mru~'lJ'Utl~~mii'v'li!~ 'l t1'Utlf l.J1ru~u LO~EJ'll'EM~mii~ti~ 

\J~L1ru'U7.:IL~EJ~tlV1.:llJtlEJ 3 ~mii LvlEJVl1f1f117l.JalJW'lJ5~1~LU'lJLi'U~rnL~::i'.im1l.Jmvl'tl'lJA.:I~ LL~vl~11 

'Utim1i'.im1l.Jt11LzjB~tl LL~Vl1f1rl17l.JalJW'lJ5~Hil~LU'ULi'U~"i~LLmii'.im1l.Jmv1i'UVln1EJl'l1 LL~vl.:111'Utll.J~ 
~ ~ 

1~£iA11lJU1L zjtl~tl '1::~ti.:i'Yi1m"itlf \JLLflFl7ml.J1ru~'lJritiml7'UBlJ~ tl~l.J1 ru~'UL Vl~1,r'lJ 1 tli Lrl"i7::~ f11"i 
~ 

P = k, Xp 

L~tl P = mmru~'\JLO~EJ"i1EJU (V1'1~f11"itlfoun) 

p, = mmru~'ULO~EJ"i1EJU (riti'Wf11"itlfoLLn) 

k; = rl1al.JtJ"i::~Vltf11"iUfo~v1A11lJA1vlLf1~el'lJ 

5 
k = _2. 

s, 
1viEJ s1 = m11Jmvi'llti.:innvhhmi!~ 

S2 = A11l.J~1vl'lltl~n"i1~'1i1~~tl~ (Fl1'Utll.J~~C1f1) 
~ ~ 

fly y - y 
Si, S2 = - -' = 2 I 

flx x2 - x, 

1viEJ /). Y = C-J~~1~'1Jti~tl~mru~'lJLO~EJ"i1EJu~i'.im11Jr11v1Lr1~B'lJ 

!).x = C-J~~1.:i'Uti.:itl~mru~'WLO~EJ"i1EJu~::~lJ~i'.im11Jr11v1Lr1~ti'lJ 
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2.10 Bias Correction Method 

1 'IJn1-sr11v1flT'HUtfo.nru~'\J,r'\JL -s1,hL U'\Jll1'1N 1 iim.rn ,11mL uu,h"1ti~zj~,i::111ti~ii LL 'IJ11 UlJ'!JtJ~ " . 
itilJ'91,Jt '\J~l'\Vl1~L~EJ1fl'Uf'11~vl'S1,J1vl LLIJl'vnflitllJ'9,J1flLL 'U'U,i1'9tl~ hfativlfl~tl~fl\Jvl'S'),l')vl L -s1,1:: ll)tJ~ii 

" " 
15fl1'SU~\J LLflitllJ'9lT'\J ri tl'\JU1lJ11 off~ 1'\J 

" 
fl1'StlfoLLnimJ'9,,,~tl~L~E.Jfl1115 Change factor (CF) LU'\J1fim'S,,,~~min'IJtJE!1-lLL'Yi~,,,'91EJ 

~1,..,fo bias correction L Yi'S1:: L U'\J1fi~L~EJ\J~1EJ zj-l,i:: dJ'\Jfl1'StlfoLLfl'S::Vl11-lf'11~hi',i1fl fl1'Sv1-s1,11 v1 

nuf'i1vrl1>1,11mLuu,h"1ti-l ii'1v1-sri1mru~~'1l.J fl1-s~ 2.3 (L Vl'Yi 1 Vl 1 'tfEJVltJ-l 1.1.'9::riru::, 2559) 
" 

PRCM, future 

k. 
I 

-

P' - P, Xk 
RCM,future - RCM, future i 

fl'91v1Lfl~ tl'\J LL~1 

fltl mlJ1C\J~'\J'S1EJL~tl'\JLO~EJ'!Jtl~LL\J'U,i1'9tl~ RCM fiti'IJUfo'9vlfl11lJ 
.; 

fl1v1 Lfl'9tl'\J 

f)tJ f'i1~lJtl-s::~V1tn1-stl~\J'9vlfl11lJfl'91v1Lfl~tl'\J (change factor) 
, 

(- J P observed.base 
k. = 

1 

Psimulated,base 

Ps,mulated, base f)tJ tl~lJ1ru~m1m~tJ'\JLO~EJ,i1mL'U\J,i1'9tl~ RCM 1'W'l!1~tl~vl 

f'i1 CF ,1::ri1'1J1ruf'i11'1JVIU1EJ111m~ti'IJ/tl 1v1vf'i1 CF ,1::tl -s ::mruf'i1~lJtl-s::~V1tLvlmL'1v1-l 

~'91111~-S ::\1111-l 1'11 fl1 'Svl 'S1 ,11 vi fl\J LL \J\J,i1'9 tl ~ LL'9:: vi1 fl 1'SU~\J'9 vi 1'11,11 fl LL 'U\J ,i1 '9 tl ~ 1 mfl ~ L~ EJ ~ fl\J 1'11,J 1 fl 

fl1 'S vl'S1 ,11 vi 
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..; 
'U'Vl'Vl 3 

rn~rif1'1:11f11~fl1~ f11~ rui.fhnru~\J'Uel.:izjlnl1V1~ L'1"11U"1.:!'U'11 L ~el.:!'11f1f11~ L tl~EJ\JLL tl'1.:i "1i11'1'1 

nnmrni'l ii.ff u~rn\J L~EJ~.:i L 'Utltl~~ f1elU ~1 EJ 1) ~UFl\J'UellJ'1LL'1~.:i1u1iEJ~ L~EJ1'Uel.:! nurn~~1'1el.:!"1f11'1'1 
~ ~ 

nnmrni'1LL'1~rn~tl~~lJ1rutl~lJ1ru~u 2) n1V1u~tu~?in'l:l1 3) rn~~1m1lJ'UellJ'1tl~mru~uA~elUF1'1lJ 

;ml1V1~ L'1"11U"1.:i'U'11 4) f11~\l1~1'1"1elU'UellJ'1tl~lJ1ru~\J\l1~1'11\llL'n'el.:ili1u .5) rn;m1'1"1elU fl11ll'1 f11i1~.:i . ~ ~ 

'llel.:!'UellJ'1mlJ1ru~m~'Vl11.:!fi1\l1~1'11\llf1ULL UU~1'1el.:i ARS 6) 1 Lfl~1~~LL'1~ Fl1~f11~rutl~lJ1'1J~\J L \J"lJ 
~ . 

J1V1~ L'1"11U"1.:)'U'11 7) iv1vi1LL~\J~tl~mru~\J fl1\llf11~ru1 \Jel\J1Fl\ll L~el.:!'11f1f11~L tl~EJ\J LL tl'1.:!"1f11'1'1 

nnmrni'l "lJtl1Vl~L'1"11U"1-:l'U'11 8) L;EJ\J~1EJ-:11\J0'1U"1lJU~ru LL"1\ll.:i~.:i~tJ~ 3.1 " , ... " 

1 \J f11~~u Fl\J 'U ellJ '1 LL'1 ~ .:i 1 \Jl i EJ~ L~ EJ 1'U el.:! f11 ~ ~1 '1 el .:i "1 [11'1'1 [1 nm f11 i'1 LL'1~ f11 ~tl ~ ~ lJ 1 ru tl~m ru 
~ ~ 

~\J tl~~ f1elU~'W ~ f1'\:/t\J~f1ntJ~~L Vli'l'U el.:)"lJJ' 1Vl~ L'1"11U"1.:i'U'11 "1f111~ L'1 f1 {el\JLL'1~ f11 ~ L tl~EJ\JLL tl'1.:i 
~ . 

"1i11'1'1JJnmrni'1 (Global warming and Climate change) LLUU~1'1el.:!"1f11'1'1JJnel1f11i'1L'1f1 [11'1'1 

~1'1el.:) f11~tJ"elEJ f11'1f L~el\J m ~'1 f1 L \Jel\J1 fl\l1 16 f11~E! el~1\J LL UU~ 1'1 el.:)Vl'Nfl ru\l1 i'11"1\ll {'Uel-:1 nn el 1f11i'1 
~ 

(Downscalino) LL UU~1'1el.:!M1'1'1f1nm f11i'1 (ARS) ·rn~L tl~EJ\JLLtl'1.:!"1f11'1'1 nn el1 f11i'1 L'1 f1 L \J el\J1fl\l1 LL'1~ 
~ ~ ~ 

"11 L 'Vl\l1'Uel.:) f11~ L tl~ EJ\J LL tl'1-:1"1f11'1'1 nnel1 f11i'1 L'1 f1 f11~fl 1\ll f11~ru"1f11'1'1f1nel1 f11i'1 el\J 1fl\l1'Uel.:itl ~~ L Vli'l 1 VlEJ . ~ ~ 

• ,,f cig 
3 .2 f11'111\J\ll~\JV11"1f1'\:/1 

f11~rif1'1~1f11~Fl1\llf11~rutJ~lJ 1 ru~\J'Uel.:! zjlJt11Vl~ L'1"11U"1.:!'U'11 L ~el.:! '11f1f11~L tJ~EJ\JLL tl'1.:i "1f11'1'1 

nnmrni'l 1~vi1rn~?if1'1~1L\J~1\J'Uel.:)"lJt11Vl~L'1"11U"1.:i'Um ~.:iijtu~ 8,599.61 \l11~1.:inl'1LlJm LLEJf1 
~ . 
LU\J:\J~\J 7,559.40 \l11~1.:inl'1LlJ\l1~ tutl1V1~L'1"11U"1.:!'U'11 1,040.21 \ll1~1.:!f1l'1LlJ\ll~ melUfl'llJ:\J~ 

3 i.:i'Vl1\ll 1~LLri U1-:1~1\J'Uel.:!'1l1Lf1el'!J~el1\ll '1l1Lf1el~11 Vl~ i.:i'V11\ll\Jfl~i'1~5~~m1'!J i.:i'Vl1\ll~V1'1.:i~.:ii.:i'Vl1\ll . 
(11 '1l1Lf1el) LL'1~ 12 '1l1Lf1el 'Uel.:ii.:i'V11\ll"1.:)'U'11 Ael '1l1Lf1el~~L\J\ll '1l1Lf1el"1vi.:i'l'I~~ '1l1Lf1elf1~~LL"1~\J5 . 
'1l1Lf1el~.:!'VI\Jfl~ '1)1Lf1elL11el.:i"'.:i'U'11 '1l1Lf1el'Vl1~L'Vlqj '1l1Lflel'S\l1J;]n '1l1Lf1elfl1\J LUEJ.:! '1l1Lf1elU1.:imh '1l1Lf1el 

\J1'VllJellJ '1)1 Lf1el"1~L~1LL'1~'1l1Lf1elfl'1el.:!'VlelEJ L '11.:! LL"1\ll-:l~.:i~tJ~ 3.2 
~ 
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4111 t,I t,I Q.., ..,I ..,I t,I .... 

'°'\Jfl\J'!ltllJ'1 LL"1::,l1\J1'1 EJYILflff"l'!Jtl,l fl\J 
" 

flW~1'1tl-l"il1Yiilijtl1fl1f'ILL"1::fl1'itb::ltlrumm ruc.JtJ 
" 

0 ,¥ ..1.., 
fl1\1\J lll'Yi \JYlf'I fl'lfl 

ij 
'i1\J'i1lJ'UtllJ"1mlJ1ruc.ltJ 

" U .: .J I :: 

\Jl'i1'11 \11 fl 'itl\J fl '1 lJ'Yi\JYl"1lJ\J1 
' ' 

YI:: La'°' 1\J '°''1 '!1'11 '11 fl fl'ilJ 

~~UEJlJ1YIEJ1 

ij 
11u11lJ'Ut1lJa\J~1nrut.JtJ 

" 
fl1111fl1'iOJ'11flLL \J\J~1"1tl,l ARS 

~ ..I I :: 

fl'itl\J fl ')lJ'Yi\J Yl')lJ\J 1YI:: L'1 '°'1\J 

",l'!l"11 (<'i(l1U\J<'l17<'1\JL'>'ll'I 

'>'l~'tiEn mJ1LL<1::m,Lnmi,, <'l<'I\Jn.) 

fl1'illl'i'l'1'°'tl\Jfl'l1lJ~fl~tl,l'!JtJ,l'lJmJ"1mlJ1Nc.J\J\Jl'i1'11\11 

'11 fl fl'i lJ tl \Jl ti El lJ 1 YI EJ1 
'' 

ij 
'1111l11 LLeJ\J~mmrut.JtJ 1 \Jtl\J1fllll L ~tJ,l'11flfl1'iL tl~EJ\JLL tla~ 

., 
'°'il1YiJJijtl1fl1f'I zjlJ'LJ1Yl::La'°'1\J'°'~'!1'11 

ij 
L; EJ\J 'i1 EJ-l 1\J il\J\J '°' lJ\j'i OJ 
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c.l'U'17nnT'.i\l1'i1'11\l1 LLfll::'Ut1).mtl~mruc.l'U'11mL\J'U~1'1€).:J~i11Yiflij€)7n7f'1 AR5 
" " 

1) -umrntl~lJ 1ruc.l'U'11nn 11 m1 '11 vi ;.:i11u'i1lJ'UvlJfl '17n n7'i\l1'i1'11\l1'1J v.:i ~'17U\l1'i1 '1tl1 n7f'1'1J v .:i 
" " 

n 'ilJti\l1U EJlJ1Vl EJ1!'l'i tl'U!'lfllJ:'U~cilJll1Vl::: Lf1~1\J~.:J'lJ"1 L\l1 EJ 1-ff-uvlJflmmruc.l'U 'i1 EJ 1'U ifo 'LIVI ~.:i 'lJ v.:i ~ Cl 1U 
, , , ' \I 

;,:n U'U'UtllJflmv\'11nn7'i\l1'i1'11\l11 'Llv~\l1~.:i LL\JlU !'l. f'l.1980-'U\l\liJ'U 
" ' 

2) 'UtllJfltl~mruc.l'U\l7mL'U\J~1flti.:J~i11Yiflij€)7n7f'1 AR5 
" " 

m1?in~11 'Llr1i.:id1~ 'U'UvlJ"1~fl~Yi5'17mL uu~1"1 v.:i~m'Y'l~7flt1~flijt11 n1f'l IPCC AR5 '17n 
" " 

~mu'U~7'i~'ULVlf'1Vl~YiEJ7ml111rn:::m11n~m (~~'Un.) ,J1:::nt1uv11EJ'Ut1lJfl 3 ~1.:infl1Lv111ri tJ !'l.f'l. 
" 

2015-2039 , !'l.f'l. 2045-2069 LLfl::: tJ r1.f'l. 2075-2099 1v1m~t1mLuu~1flt1.:i 3 LL'U'U~7flv~ 1vi'LLri 

CNRM-CM5 (Centre National de Researches Meteorologiques) ,J1:::LV1f'1c.J{~Lf'l~, GFDL-CM3 

(NOAA Geophysical Fluid Dynamics Laboratory) tl'i:::LVlf'l~'Vl~~mlJ~n7 LLfl::: MIROCS (Model for 

Interdisciplinary Research on Climate) t!WLVlf'l~~'U Lrn:::L~vnm'i~7flv.:im1Ltl~EJ'ULLtlfl.:im1lJ 

L'UlJ'U'U'lJt1.:im1tlcit1EJn1'i1L~t1'Um:::\ln (Representative Concentration Pathways) 2 LL'U'U~7f1'1:l-:I Av 
RCP 2.6 LU'Un7'i~1fltl-:in7'itlcimJn7'ifL~cl'Um:::'1n1m;'LAEJ-:lfl'U~i11Yi'U\l\liJ'U LLfll:: RCP 8.5 LU'Un7'i 

' 
~7flv.:i m1tlcit1EJn1'if L~t1'Um:::'1nmh.:i'i'ULL 1-:i~~vi (Worst case scenario) 1viEJtl'i::: nt1uv11EJ~mu 

' ' ~ 

\l1'i1'11\l1mmruc.l'U'lJtl-:lmlJv\l1UEJlJ1VlEJ1 34 ~mu ~-rn~vi.:i1'Um'i7-:I~ 3.1 LLfl:::'itl~ 3.3 
' ' " 

., • l'a! .1 ., .f ., 
3.4 n7'i\11'i1\JaeJ\J'!JeJ1J"'u'i1J1CIJi·l'Ll\11'51'11\l1bUel-:l\11'U 

" 

n 7'i\l1'i1'1~'1:l'U'UcllJfltl~lJ7 ruc.J'U\l1'i1 '11 v1\J1nmlJt1 \l1UEJlJ1 Vl EJ7 L i1v.:i lil'U Yi\J17 -u cllJ fl \l1 'i1'11vi'11 n 
\I , , " 

mlJv\l1UEJlJ1VlEJ1i1'U1-:1~(11U'UcllJfl'lJ1\l1'Vl1EJ 1 ,J L ~el 1 \1'UcllJflmmruc.l'U~\ll::'U1lJ11L!'l'i7:::~51m 1lJ~lJmru 
• , 'U " 'U 

mn~-:iiIT'LI 1 'Llm'i ?in~1d~-:i1 'tl15n7'itl'i:::mruA7 ,J~mruc.l'U~'lJ7\l1'V17EJ 1 ,Jv11EJ1BJv1~1'Lli.Jn~ (Normal 

Ratio Method n 11,J1:::mruA11J~mruc.l'U~'lJ7\l1'Vl1EJL tJ1vi'vhn1'iLL u.:i'livlJ"'m1'11\l1'1Jcl.:J n·rn 
" 

cl \l1UEJlJ1VlEJ1 L U'U ncilJ\ll 1lJ:'U~~ij~[l 1Yi flijtJ'i::: L Vlf'l~ L 'Vlij cl 'Uf1'U ( ,J 'i::: n cl'U v\1 EJ ncilJ ~ mu !'11'\J ~lJVl'i ~~ .:i 
, , • \I • , 

Yi'i::: ncilJ~'11lli 'Ut'U~'i1'U'U~L1ru \l. 'WVlfl.:i ncilJ~mu1'Ut'U~flL'lJ1'U~L1C\.l \l. 'WVlfl.:i LLfl:::ncilJ~'11lli 'LI 
, , , \I • 'I 

t'U~cilJ'111'lflcl.:i el\ll::: Lm) L ~ti 1-ff L U'U~muci'1-:i~.:i 1 \1fl\J~mi1~51'UcllJfl'Vl1EJ 1 ,J LLfl:::Vl1n7'i\ll'i1\l~cl'U'UcllJfl 
, \I 'U \I 

'Vl~.:inTiU'i:::mruA1i.Bmruc.l'Uv11EJ15 Double mass curve 
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d I " a C11'1J'! iJ'IJ1YI:: Li'I a1ua~ 'If i't1 
~,iu t---~-.r-d_d_n_1'1J•----,---~-~.-.. -~-Q-----,---'------,=,-~-dn-,-'IJ•-•----------,-------.----- ---l 

, .,.,.,., " ~" .,, " '""' Latitude Longitude 

552003 'IJfl 'H'l~li'i'iiJ'i1'll .i.i11m s1.'IJl'l'il'l°16'i'i).J'i1'll 8.02 100.32 

2 552010 'IJl'l'il'\~6'iW"i1'll el.'ll::el'llil 'il.'IJl'l'il'\~6'i'i).J"i1'll 7.95 99.98 

3 7.58 100.17 

4 7.6 100.08 

5 560002 ~Yli't~ eJ.1'11'\J'tl'IJ'IJ sl.~YI')~ I 7.72 100.02 

6 560003 ~Yli't~ .i.thnri::~'IJ s1.~Yli't~ 7.32 100.33 

7 560004 ~Yli't~ ,l.L'tl1'n!.J11'1J 'il.~Yli't~ 7.43 100.17 

8 560005 ~Yli't~ 100.13 

9 560006 ~Yli't~ eJYl!.J1'1JL1"1~'ll1~L't11V.-L't11V1 M~ el.l'l~'\J'i'iriol 7.7 99.83 

10 560007 ~Yli't~ 99.87 

11 560008 ~Yli't~ -.,i.hv~-.,n~t11u1'1J.i::h1iilil ti . .i::L'vl).Jlil 7.25 100.03 

12 560009 ~Yli't~ wJ1v~-.,n~tl1u1'1J'(1.i v.n~'vl"i1 7.52 99.93 

13 560010 ~Yli't~ 100.03 

14 560011 ~YI')~ 100.05 

15 560012 ~Yli'I~ 99.93 

16 560013 ~YI')~ 100.17 

17 560014 ~Yli't~ 99.85 

18 560015 ~Yli't~ eJ.U1Yi::!.J,JiJ sl.~Yli't~ 7.83 99.95 

19 560016 ~Yli't~ eJ.'\J1~LLf11 'il.~YI')~ 7.62 100.2 

20 568301 11~'11'11 7.02 100.5 

21 568401 11~'11'11 11eJYl.11::Llil1 'il.11~'11'11 6.8 100.39 

22 568501 11~'11'11 7.2 100.6 

23 568502 11~'!1'11 6.92 100.43 

24 568001 11~'!1'11 el.'i::L'\Jlil sl.11~'!1'11 7.75 100.33 

25 568002 11~'!1"1 7 100.47 

26 568003 11~'!1'11 11'1JUn1:lol'i eJ.11::Llil1 'il.M'lli't1 6.62 100.43 

27 568005 11~'!1'11 eJ.1'1JJij 'il.11~'!1'11 7.13 100.3 

28 568007 11~'!1'11 7.45 100.43 

29 568010 <'1~'!1'11 .i.'IJ1'vllivii 'il.<'l~'lli't1 6.97 100.55 

30 568011 <'1~'!1'11 7.63 100.33 

31 568013 <'1~'!1'11 7.07 100.27 

32 568014 <'1~'!1'11 eJ.fl1'1JLU!.J~ 'il.11~'tl'11 7.28 100.35 

33 568015 <'1~'!1'11 .i.fli'tti~"'vv1-ti~ 'il.<'l~'lli11 6.87 100.38 

34 568016 <'1~'!1'11 ,iJ;~'vl'Wfl'i 'il.<'1~'!1'11 7.28 100.52 
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3.5 n1'iVI 'i1 '1 ~ ti,J f'I 11llt'l n ~v .:i-uv.:i°!i v ll~mll1 ru e-l'Utl fi1'LI 'i::V111,:i R 1 '11 n f11'iVI 'i1'11 fl 11\J bb \JU ~1 ~v.:i 
" " .. 

ARS 

f11'iVl'H'1~eiurn 1lJC1 nlll e:M 'UcWVvlJ'1tl~m ruc.J'LI tJ~1u 'i ::vr11.:iAT'11 n n 1'i vi 'i1 '11 ~ ti u LL uu~ 1 '1 v .:i " " ~ 

ARS LU'Ll n1'iVl'i1'1~v\J'VtllJ'1tl~mruc.J'LI ('li1.:itJ~1'LI 1980-D'1'1D'LI) '11nn1'iVl'i1'11~ 'U v-ln'ilJ " ~ ' 
vv1UEJlJ1V1EJ1nu'VvlJ'1tl~mruc.Ju 'Uv.:i LL uu~1'1v.:i L ~ v V'LIEJ'L111tl~mruc.Ju 'i::wi1.:i 'Uv-l LL uu~1'1v.:i Ml1'W 
'' " 

11iJ tl 1 n, i'I fl\J'Utl .:i n'ilJ el \11 'U EJlJ1 VI EJ1 ~ tl ~ l'li tl .:i fl'LI ci1tl~lJ 1 ruc.J'U ~ tl fll'l i tl-3 fl'LI LL~ ~.:i 11'V tllJ M 1 n 
'U • • \J 

LL uu~1" v.:i 1111L ,ff c.J'Llll~1'Ll~t'l nlll v.:i LLi1 LL~ ci 1 hJ ~v ~l'liv.:i nu ~,:i '1::tl 1 'Vv lJ'1tl~mruc.Ju'Uv .:i LL uu~1'1v.:i 

ARS 1tlv\'1m'itl-ruLLti1~EJ15~1'itl-ruLLn~.:ii1iv~ 2.10 ffi~n~11lJ1'V1-llll~LLi1 

32 



fl1~1Lfl~1tl1'LJ€llJ'1U1lJ1ClJ~'IJ'lJ€l·HLUU~1mM ARS zj~,J~tf1€lUv11EJ 3 LLUU~1'1€l~ ~€l .., . 
LLUU~1'1€l~ CNRM-CMS, GFDL-CM3 bL'1t MIROCS lvwH RCPs 2.6 LL'1t RCPs 8.5 LL'1t'Vhfl1~ 

,J~t Lij'IJLL'1tfl1\;lf11~ru,J1mru~'IJ L 'IJ~lJ'11'Vlt L'1'11U'1~'lJ'11 L miJLL UU'lJ€l~'LJ€llJ'1 L 'tl~ an~ LL'1t~ULL UU'lJ€l~ 
• 'U 'U " 

LLC-J'IJ~'11~'1'\JL 'Vlf'l.flfo•nalili ( GIS) .., 

m~~(;lvi1 LLC-J'IJ~iJ1mru~'IJ ( Contour map) LL'1(;l~,J1mru~'IJ~1EJamffi '\Jt'IJ~~lJ'11'1'1t L'1'11U 
' ' 

a~'lJ'11 ;~~(;lvi11(;lEJLmiJ~LLmlJ ARC GIS 10.51(;lEJt-ff'LJ€llJ'1'11f1fl1~1Lfl~1ti.1LL'1tU~tLij'\JiJ1mru~'IJ~lJ .., ' 
~ 

'11'1'1~ L'1'11U'1~'lJ'11 

vi1 rn~aiiJ Lrnti Lfl~ 1ti.1C-J'1'11 n r 1~ Pin~1 n 1~ f11(;l n 1~cl iJ1lJ1ru~'IJ 'UD~zjlJ'11'VI ~ L'1a1ua~'lJ'11 

L ~[)~'11 f1 f11 ~ L ,J~ EJ'IJ LL U'1~ '1.fl1YI .flij[) 1 f11 f'l LL'1t~(;lvi1~1 EJ~ 1'\J OiJU'1lJU~ ru .., .., 
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d 
'U'Vl'Vl 4 

fl1 ~ Pi fl'l!/1 fl 1~thtLlJ'\J ,J~ mrueJ'IJ'lJ '1) .:i~1nJ1vi t LftGl1\HWUft1L ~ '1).:) '11 fl fl 1~ L ,J~ El '\J LL Uft.:) GI 111'1'1 . 
Jl"'1:l1fl1l'l 11llEJfl1Wl\J~1l.J'U'1:ll.Jftl11eJ'\J\l1~1'11\ll (U fl.l'l. 1987-2016) LLftt'U'1:ll.Jftf11WLL tJU~1ft'1:J.:) AR5 3 

'\i C11 \ICII Cil ' \J SI o "'II CII 

~~~L1ft1 (iJ fl.l'l. 2015-2039 iJ fl.l'l. 2045-2069 LLftt iJ fl.l'l. 2075-2099) LLft1Vl1fl1~LU~EJ\JLVIEJ\J . . 
.. ~t1Lfl~1t"1U~l.11 rue.J'\J'11fl fl1~\l1~1'11\llLLft t'11flf11WLL \J\J~1ft '1).:) AR5 L Yl '1)fl1\ll fl1~ru LL'1tU~t LlJ'\J 

'tfanrue.J'IJ 1 'W '1:l'IJ1fl \ll'Uu.:i~l.JJ1vit LftGl1\JGl.:i'U'11 11llEJiie-rnm~ Pifl'l!l1~.:ii1 . 

'U'1:ll.JftU~l.J 1rueJ'\J \l1~1 '11\llfl~B\Jflftl.J '1:J1ru 1L 'U\ll~'\J~~l.Jl11Vlt LGIGl1\JGl.:)'U '11 U~t fl'1:l\Jvl1 EJGICl1'U 
~ . . 

11~1'11llli.J~tmruJ1eJ'\J~.:iv,l.J\ll 34 Mnu ;.:i'11flfl1~1l1~1'1Gl'1:ltJ'UBl.lmdu.:ilii''IJ wu11'!Jul.lft'11flfl1~ 
~ ~ 

~~1'11\ll'Uu.:iml.lB\llUEJl.11VIEJ1iim.:i'!i1.:i~'U1 \llm EJ 1 i.J ~.:ii!'IJ fl'1:l'\J~'1ttl1iul.J'1U~m rue.Jm mhi1m 1 'li1 '\J . . ~ 

ri1~1Lm1t"1 ~.:iai'u.:ii.J~tmrul'i1,J~mrueJ'IJ~'U1\llmEJ 1 i.Jnu'IJ L ~B 1 ~'UBl.lftmmrueJ'IJ~ '1ttl1m1Lfl~1t"1 
~ 

iifl11l.1Gll.J\J~rumfl ~.:iiIT'IJ 1 'Wm~Pifl'l!l1i1~.:i 1 'tliGm~,J~ tmrul'i1,J~mrue.J'IJ~'U1\llm EJ 1 ,J vi'1 EJ 15ill1~1'\J 
~ 

i.Jfl~ (Normal Ratio Method) LLftt 1vi'vi1m~LL i.J.:i-u~l.Jft\l1~1'11\ll'UB.:i ml.1'1:l\llUEJl.11VIEJ1L U'\Jfl~l.J\l11l.J~'\J~ \J , , , 

m.:i '1)Vlfl~L \1:U'1:l'l.lfl'\J (UWfl'1)\Jv)') El fl~l.JGICl1 'Ufl1tJGll.JVl~Glvi.:iww fl~l.JG1Cl1lli '\J~'\J~ ~11J\J~ L 1ru'1. ivift.:i , , , , " 

fl~l.lG1mffi 'IJ~'\J~L 'U1\J~nru'1. ivi'1.:i LLfttfl~l.lGlmffi 'IJ~U~~l.JJ1flftu.:i B\llt Lm) L ~tJ 1 iL U'IJG1muci'1 .:i ~.:i , , , , " 
1 ~fltJGlmu~'Utll.1'1'U1\llmEJ 1 i.J LLfttV1J.:i'11fl m~i.J~tmrul'i1i.J~mrue.Ju~'U1vim EJ 1 U'1tvi1 fl1~ ll1~1'1Gl'1:ltJ 

~ 

fl11l.Jii1Lzj'1:l'1tl'U'1:l.:i'Uul.Jft\ii1EJ16 Double mass curve 1v1EJvi1m~L ,J~EJtJLviEJi.JLL m 1 iJl.Jfl11l.Jil.Ji'Ui5 
~ 

'UtJ.:)U~l.J1rue.Ju t11fl11l.Jil.Ji'IJ15~1vi'L iJu LiUlll~ .:i LLfttiifl11l.Jft1\ll'll'\Jfl.:)~ LLGlvl.:)11'Utll.Jft:Ufl11l.J1.J1L zj'1)(1'1) 
~ 

LLvl '11 fl') 1l.Jil.Ji'Ui5~1~l.J L U'\J Li'Ulll~ .:i LLfttiifl11l.J '11vl'U\..l\1'11 El 1'11 LL'1 \ll.:)11'U'1:ll.J ft 1l.J:wfl11l.J1.J 1 L zj '1) (1 '1) 
~ 

\It Iii' u.:ivi1m ~i.JfoLLn l'i1i.Rm rue.J'\J fltl\..ltJ 1'U '1)l.JftU~l.J1rueJ'IJ 1 ,Ji Lfl~1t"1 
~ 

'11 fl fl 1~ Ill~') '1 GI tltJ fl11l.J L zj'1) (1 '1) 'U '1) .:i 'lJ Bl.I '1 \1 J .:i fl 1~,J ~ t l.J 1 ru 1'11 ,J~l.J 1 ru eJ \..l~'U 1 \ll\11 El v)') EJ15 
~ 

Double mass curve W\J11 LLu11iJl.Jfl11l.Jil.Ji'IJ5'U'1:J.:ii.J~mrueJ'IJLO~EJ~1EJU'U'1:J.:iGlmu~1'\J 1 l1(Y:Ufl11l.J 

1.J1L zj'1)(1'1) 11llEJWtJ11 f111l.Jil.Ji'IJ5L iJmi'IJ m.:i LL ft tiifl11l.Jft1\ll'U\..lfl.:)~ LL'1t:U 15 Glfl1'U~lii'u.:ivi1m~ 

,Jfo LLm\ii LL fl G1mtii11 VI~ GI mtirl 1 Li1'1:lfl1 '\J'U \..l'\J Glfl1ti B1 Lf1 m 'U1'UEJGl'\J GIC11 'UB 1 Lf1'1:l \llt 1 V1l.J\ll Glmti . 
rl1L11ufl.:im1 G1mtirl1L11utl1uuu G1mtirl1Lt1tJl'l~u~~wlll G1mtirl1 Lf1ui.J1.:iLLn1 G1mtiG1uV1. rl1 Lf1'1:l Git L\l11 

Glmtil'!UEJ'1)\l1U EJl.JlVIEJ 1f11fl 1ai'~.:i\ll t1\..1'1) '1)fl GI mtiGl'IJUfl'l!l\ll~ '1:l. Git L\l11 GlmtiD fll.JG1{1.:i \ll'\J L'1).:) r \llf1lJ " , , " 
Glfl1'UB1Lf1'1)fl1'\JL tiEJ.:i G1mtirl1Lf1'1)flft'1) .:)'l,1'1)EJ 1 'll.:i m11tirl1Lf1 '1)~.:J'l,1\..1 m 11llEJvi1 m~,Jfo LLnri1'lltJ.:)'UtJl.J'1 

~ 

,J~mrue.J'IJ'Uu.:imnti \ii1EJ15 Double mass curve ;.rnJ.:i'11flm~uruLLt1W\J11 ,J~l.J1rue.J'\JLO~EJ~1EJU 

'UtJ.:) VI flGlfl1till1~1'11 \ll:ULL 'IJ') 1 iJl.Jfl11l.J~l.Ji'IJ5 L U\..I Li'Ulll~ .:i LLftt:Ufl11l.J'U'\J~ fl.:!~ (e,m m ~,Jfo LLf1 LLGl\ll.:)~.:) . 
mfli:.J'\J1fl fl) 11llEJi.J~mrue.Ju~1EJllLO~EJ'UB.:i~u~Pifl'l!l1V1J.:i m~i.JfoLLn~.:iLLvitl fl.l'l. 1987-2016 L vi1ni.J 

1874.80 l.Jl.J. LLfttU~l.J1rueJ'IJ~1EJL~tl'\JLO~EJLLGl\ll.:i~.:im~1.:i~ 4.1 LLftt~,J~ 4.1 
~ 
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ic~~t1,1Q'1~ Jan Feb Mar Ap, May Jun Jul Au~ Sep Oct Nov Dec SUM 

Max Ramlall 52646 35370 58117 301 50 277.55 20193 23748 31300. 28893 469 53 100310 1120 93 

M,n Rainfall 072 000 000 047 1395 4 07 6 85 9 85 11 89 3401 52 80 ]7 88 

Averaie 

Rainfall 
106.99 45.68 93.53 96.01 108.86 80.80 85.80 110.18 113.17 225.86 435.24 372.68 1874.80 

Monthly Average Rainfall in 1987-2916 
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Month 

-:itl~ 4.1 tfonruc.l'IJ111':i1'11m1m~u'IJLO~EJ 30 U'Uu.:i~lJtl1V1t:Lmrn.J~.:i'U'11 (fl.Pl. 1987-2016) ., ' 

'11n\111'i1.:J~ 4.1 LL'1t:'i'U~ 4.1 tfonruc.l'U'i7EJL~tl'ULO~EJC1nLLtJ.:iuumtl'IJ 3 '!!1-:J ~€) c.l'IJ'l!1 .:iL~tl'U 
" " 

f)l.lfl1~'\Ji5C1.:iL~D'IJ'Vi~~mfllJ (c.l'U'li1.:i~~{u'IJ : Summer) ijtJ~mruc.l'IJ'i1l.J'i1EJL~D'IJD~~ 344.08 lJlJ. 

'li1.:iL~D'\Jij'1'\JlEJ'Uii.:iL~D'Ufl'IJEJ1EJ'IJ (c.l'UL~u.:i,nn'1lJlJ 'i~lJ\11t:1'\Jl•1nLOEJ.:i11ll : SW Rain) tl~mruc.lm1lJ 
' ' 

'ilVL~tl'UtlEJ~ 389.95 lJlJ. LL'1t:'l!1.:iL~tl'IJ\11'11fllJii.:iL~tl'UlJn 'i 1fllJ ( c.l'U L~tl.:!'11 n '1lJlJ'i~lJ 
" ' ' 

(,}t:1'\JtltlnLOEJ.:JL,,,titl: NE Rain) ni.fimruc.l'IJ'i1l.J'i1EJL~tl'UtlEJ~ 1,140.77 lJlJ.1\tlEJ'1t:L~'IJ1(,)·:h'li1.:in\tlc.l'IJ 
" ·1 " 

'11nm.Jm~lJ111t:1'\JuumoEJ.:iL i,,\luiji.J~l.Jlruc.l'IJ~.:i n-:i1n\tl~'IJ LL'1t: L~uvl'11'i ru1i.J~lJ1ruc.l'IJ ':i1vtJLo~ EJ ( fl.Pl. • '-' · 1 '-' 

1987-2016) L~'IJ1(,)11i.J~lJ1ruc.l'ULO~EJ'i1vtJ 1'W'li1.:i 30 tJ L~lJt'IJL~nuu EJ lii'.:i-:ii.J~ 4.2 
" 
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Annual Average Rainfall in 1987-2016 
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- ~,1.-r~.;. -' - 1i1"1Ju.1J1W1J 

i.fa..11ru~m1m~m.JLO~t1'llv~ LL\.JtJ~1'1€J-3~fl1~flilmm?11 t.J€J~(,I ii~1u-umm 1 u'li1 ~ti ~1u (Base 
\I """ \I """ 

Years) ~-3LL\Jl ti fl.?!. 1987-2005 L~mviEJtJfltJ'Umrni.fo.11ru~u,11nm':im1,11\il ~tJ11-um..1'1J-3 3 
V V 

LL tJtJ~1'1v~iiLL u1L1Jl.J~1J11-31 i.J,11n'Uvl.l'1m1,11\il LlilEJ'Uvl.J'1i.J~l.l1ru~u,11mL ~tJ~1'1v~~m~nilmm?11 u 
V V V 

€J~(,1~1L i'.Jwi( v~i1uu11 iJl.J~ L~iivuntJ'Uvl.J'1'11f1f11im1,11lil ~~~1m':iriu11 i.JiLfl':i1~~LL'1~fl11il m':iru 
V 

,J~m ru~u 1 u vm fl(,11~ ~~ Ju~-3 ~ v~vh m':ii.J~\1 LL fl 'Uvl.1'1 ,J~mru~u ,11 mL tJtJ~1'1 v~~m~ nil €!1 n 1 ?1 
V V 

1u'li1~tl!1Urivu LlilEJ 15 Change factor (CF) ~~':i1EJ'1~LBtllillJltJ1i.Ji1 

4.2.1 LLumhilti~ MIROCS 

'Uvl.J'1~utl~1u'Uv~ LL tJtJ~1,rn -3 MIROC5 ( m':i1~~ 4.2) ~tJ11i1 LL u111Jl.J~1J11~ 1 ,J,11n'Uvl.l'1 
V _, V 

,J~mru~um1,11\il,1~~ ((;11':il~~ 4.1) LlilEJi.J~mru~ut1!1U':i1titl LO~EJ1JvEJn11m1,11 \il'1~ ~ ,Jwmru 

273.85 l.Jl.J. ~~~1Ltlu~vwi1m-:ii.JfoLLflllilEJ Change factor (CF) ;~1~'11f1fl1':i'U1'U€ll;j'1i.J~mru~utl 

~1mo~EJ 1 \J(,}1':il-3~ 4.2 m':i~1EJi.J~l.J1ru~mo~EJ'llv~'U€Jl.J'1(;1':i1'111il'1~~,11nm':i1~~ 4.1 ,i~ 1~rh CF ~~ 
_, V 

(,11';i1~~ 4.3 'U1l.J1fl(Ufl\.J'U€Jl.J'1i.J~l.J1ru~ut1~1uLO~EJ 1 \J(,}1';i1~~ 4.2 L~ vi.JftJLLfl'U€Jl.J'1~\Jtl~1\J'Utl~ 
\I \I """ \I """ 

LL U\.J~1'1€J~ L~€JY11f11-:ii.JftJLLfl LL'11'1~i1LL t.J1 L iJl.J 1 i.J1 \JY11~ L~ EJ1 fl\.J'Utll.J'1 (;1':i1'11 lil'1~-3 ~~ LL~lil-31 \J (;11':il~~ 
V 

4.4 LL'1~':i,J~ 4.3 
V 

'11':il~~ 4 .2 ,J~l.J1W~Ut1!1\J':i1EJL~€J\JLO~EJ'tl€J~LLU\.J~1'1€J~ MIROC5 rivui.JfoLLfl 

,,.,.tJ,'t,w'i Jan Feb Mar /Ip, May Jun Jul AU! Sep Oct Nov Dec SUM 

Max Rainfall 21835 162 91 427 95 <1()3 97 370 40 334 60 28240 47194 505 95 52591 67102 342 50 

Min Rainfall 0.00 000 000 122 16.09 3031 34 81 48.35 4390 57 39 41 41 2 11 

Averase Rainfall 27.61 22.61 57.04 88.36 160.58 142.10 146.83 173.99 228.84 225.28 191.72 136.00 1600.96 
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m n:ivi 4.3 Change factor (CF) 'lJB.:iLL'U'U'11'1u.:i MIROC5 

Chanse factor 

,.t\',tJfo~~ 

Max Ramlall 

Min Ra.nfall 

Average Rainfall 
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·;;; 
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t! 100 1 
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Jan 
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3.88 2 02 

Jan Feb 

52646 35370 

000 000 

106.99 45.68 

Feb 

Mar Apr May Jun Jul Aus Sep 

I 64 1.09 0.68 0.57 0.58 • 0.63 0 49 

Mar Apr May Jun Jul Aus Sep Oct 

58117 30150 277.55 20193 237 48 31300 28893 469 53 

000 122 16.09 3031 3481 48 35 4390 I 57 39 

93.53 96.01 108.86 80.80 85.80 110.18 113.17 225.86 

' 

Monthly Average Rainfull in 1987-2005 

Mar Apr May Jun Jul Aug 

Oct Nov Dec 

1.00 2.27 2.14 

Nov Dec SUM 

100310 1120 93 

41 41 211 

435.24 372.68 1874.80 

Oct Nov Dec 

i1V1~'U'um.rni.fa..11ru~1..1m~nTscu1 1..1'li1.:itJ r1.i'1. 2015-2039 'li·;i.:i tl r1 .i'1. 2045-2069 LL'1~'li1.:itl 
~ 

rl.i'1. 2075-2099 'llu~LL'U'U'11'1u.:i MIROC5 "~\'i1nrn.JfoLLflL'lf'I..IL~enn'Ll'Uul.rn~1..1tl1i1'1..1 L~m11-u'mrn~ 
~ ~ ~ 

i.J~'U LL fl LLi11 i.J\'i1 f11'i1 Lrl'i1 ~ 'I-ILL'1~ rl1~ f1 1'i'1J~ u 1 i.J 1~ EJ i.J~l..11 n.1~'1..1 rl1~ f11 'i '1J 'i1 EJ L~u'I..I Lil~ E.l 'll u .:i 
LL'U'U'11'1u~ MIROC5 '1i1.:iUB'l..l1rl!il J~ RCP 2.6 LL'1~ RCP 8.5 V1'1'~m-si.JfoLLn LLl'l~~~~L'l..l!il1'i1.:i~ 4.5 

n.:im-s1.:i~ 4.10 LL'1~'ii.J~ 4.4 
~ 

mn:i~ 4.5 i.J~mru~'l..lrl1~f11'inJ'i1EJL~u'I..ILil~EJ'lJu.:i MIROC5 'li1.:itJ rl.i'1. 2015-2039 (RCP 2.6) 

MIRCX:5 Jan Feb Mar /'op< May Jun Jul Aus Sep Oct Nov Dec sum 

Max Rainfall 15038 546 86 841 98 21917 219 33 134 53 274 60 23283 267 87 53031 526 74 1391 62 5336 21 

Min Rainfall 000 000 000 019 14 14 1992 32 61 4638 57.41 4811 62 23 0.00 28100 

Average Rainfall 86.90 56.90 72.08 70.00 75.34 57.92 78.42 90.08 104.57 238.64 396.72 567.89 1895.45 
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'11'i1.:J~ 4.6 ,J~mru~h.il'l11ilfl1'i(lJ'i1EJL~m.JL,l~EJ'tJtl.:! MIROC5 'lj').:iU A.Pl. 2045-2069 (RCP 2.6) 

MIRCX:5 Jan Feb Mar ~r May Jun Jul AU! 5ep Oct Nov Dec sum 

Max Rainfall 248 96 227.77 32006 )70 46 309 39 204 51 239.70 230.:W 216.51 452 41 728 49 962 53 4359 02 

Min Rainfall 000 000 000 009 487 15 78 308 3195 81 24 18 93 16 39 000 172 33 

Averase Rainfall 118.91 32.28 54.75 61.26 79.80 57.65 79.58 96.09 108.22 231.30 402.84 458.30 1780.97 

'11'i1.:J~ 4.7 ,J~mruih.1mlilfl1'i(\J'i1EJL~m.JL,l~E.l'tltl.:! MIROC5 'lj'NU A.Pl. 2075-2099 (RCP 2.6) 

MIRCX:5 Jan Feb Mar Apr May Jun Jul AU! 5ep Oct Nov Dec sum 

Max Rainfall 23779 69 84 24063 27653 267 24 173 17 217 71 236 38 30494 37187 528 25 2387 16 5311.53 

Min Rainfall 000 000 0.00 0 33 30 85 2'..36 26 40 o! 25 51 87 6607 16.05 000 25819 

Average Rainfall 83.68 10.53 43.03 78.94 75.95 63.52 80.64 100.04 109.46 221.73 376.07 663.57 1907.18 

'11'i1.:J~ 4.8 ,J~mru~tJA11ilfl1'i(\J'i1EJL~m.JL,l~EJ'tltl.:! MIROC5 '111.:ii'.J A.Pl . 2015-2039 (RCP 8.5) 

MIRCX:5 Jan Feb Mar Apr May Jun Jul AU! 5ep Oct Nov Dec sum 

Max Ranfatl 158 79 23055 527.57 360 36 195 85 163.33 259.35 230.25 313 72 482 24 55869 762 86 0247 57 

Min Rainfall 000 000 000 053 519 241 8 74 53 93 2518 4629 41 42 000 183 70 

Averase Rainfall 90.32 24.24 82.37 77.50 72.22 58.20 78.20 92.28 113.22 231.19 403.17 456.93 1779.84 

'11'i1.:J~ 4.9 ,J~mru~tJA11ilfl1'i(\J'i1E.IL~tltJL,l~EJ't)tJ.:J MIROC5 '111.:ii'.J A.Pl . -2045-2069 (RCP 8.5) 

MIROCS Jan Feb Mar Apr May Jun Jul AU! Sep Oct Nov Dec sum 

Max Rainfall 293.27 56058 627.76 248 36 22408 18000 27397 20080 280.51 533 79 1003 41 1232 72 5659 64 

Min Rainfall 000 000 000 059 922 28 69 28 81 53 36 89 52 43 78 5104 0.07 305.08 

Averase Rainfall 169.00 84.16 87.22 101.87 8 1.30 70.80 87.44 105.88 118.51 228.22 417.97 502.73 2055.11 

'11'i1.:J~ 4.10 tfh.nru~tJl'l11ilfl1'iru'i7EJL~tltJL.J~EJ'tlu.:i MIROC5 '111.:ii'.J A.Pl. 207 5-2099 (RCP 8.5) 

MIRCX:5 Jan Feb Mar Apr May Jun Jul AU! Sep Oct Nov Dec sum 

Max Raonfall 237 43 443 06 55324 31866 18312 195 61 252 50 22012 278 71 54078 94521 1026 19 5195 02 

Mm Rainfall 000 000 000 000 3281 25 08 46 44 25 48 3015 8844 2417 000 272 56 

Average Rainfall 151.42 88.51 96.78 86.26 77.73 87.42 95.92 116.47 Ill.OS 245.62 430.59 512.75 2100.52 
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MIROC5 , RCP 2.6 (1-Jui'.Js11..1) MIROC5 , RCP 2.6 (2015-2039) 
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MIROC5 , RCP 8.5 (r-J1..1tls11..1) MIROC5 , RCP 8.5 (2015-2039) 
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4.2.2 bb\J\J'11mJ.:i CNRM-CM5 

-um.rn~utlnu'!JtJ~LLUU~1'1cM CNRM-CM5 (IJ11~1~~ 4.1 1) Yi tJ11faL 'L.111 iJlJ~\111~ 1 U'11fl-Um.rn 
~ d ~ 

tl~1.11 ru~um,'11~'1~~ ( m~,~~ 4.1) 1~ EJtl~1.11ru~u tl~1u~1 EJtl LO~ EJiJtJEJ n11tl~1.11ru~u i;i ·n'11~'1~ ~ 
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u ~~mru 280.42 l.Jl.J. ~~~1Ltlt1~t1~l'i1rmi.Ji\mnl~EJ CF ;.:iH\''11nrn~il1'Ut1lJ'1i.J~mrucJt1tl!57'\JLO~EJ " .. 
:-u~nn~~ 4.11 V11~1ii'1v,J~mrucJt1LO~EJ'llt1~'llt1lJ'1vl~1'11~'1~-:J'11nv11~1-:i~ 4.1 '1~ 11ii'~1 CF ~~m~1~~ 

" 
c._ 12 ,l1m fl ru n'U 'llti l.J'1 ,J~mruc.Jt1 tl\i1mo~ EJ 1 t1 m~ 1-:i~ 4. 11- L vltii.Jf 'U LLn '!leJlJ'1 c.Jt1tl\i1t1'llti ~ 

" " .u " .-. 

.. uu~7'1ti~ L~t1l'i1rn~i.JfoLLllLL'11'1~ijLL t111 i.i'l.J 1 iJ1 t1Y11~ L~EJ1n'U'Ut1l.J'1vl~1'11~'1~.:i ~~LL"1~-:i 1 t1v11~1~~ 
" 

l.13 LL'1~~,J~ 4.5 
" 

I ,mnJi't,1111 Jan Feb Mar Apr May Jun Jul Aus Sep ¢ct Nov Dec SUM 

I ax """1fall 95 39 105 64 36410 394 13 37511 29779 37270 382?9 44315 45709 41435 35632 

I 'laonfall 000 000 000 061 3538 16 91 2471 994 6103 34 13 1777 11 54 

I A-werase Ratnfatl 2• 20 22 58 5305 8984 16046 14295 14907 17450 227 23 219.71 19424 136 56 1594,39 

;11~1-:ivi 4.12 Change factor (CF) 'l!tl-lLL'U'U~1'1el-:! CNRM-CM5 

Jan Feb Mar Apr May Jun Jul Aus Sep Oct Nov Dec 

Chanse factor 4.42 2.02 1.76 1.07 0.68 0.57 0.58 0.63 0.50 1.03 2.24 2. 73 

. a 

von!fow'i Jan Feb Mar Apr May Jun Jul Aus Sep Oct Nov Dec SUM 

Aax Rainfall 526 46 353.70 58117 30150 27755 201 93 237 48 31300 288 93 461153 1003.10 1120 93 

-IWl Rainfall 000 000 000 0 61 35 38 1691 . 24 71 9 94 6103 3413 1777 1154 

I Average 10699 45 68 93 53 9601 10886 8080 85 80 11018 11317 225 86 435 24 372 68 1874.8 

Rainfall 0 

Monthly Average Rainfull in 1987-2005 
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J1V1fu'Ut1lJ'1i.J~mrucJt1f11~111~ru'1t1,i1-:itJ fl.I'\ . 2015-2039 ,i1~tl fl.I'\ . 2045-2069 LL'1~,i1~u 
" 

fl.I'\ . 2075-2099 'l!t1-lLL'Ui.J~1'1t1-:i CNRM-CM5 '1~l'i1rn~,JfuLLnL'U'LIL~EJ1nu'!lt1lJ'1c.lt1tl\i1t1 Lvit1il1 " .. 
'!JtllJ'1~,JfuLLllLL'111 \Jl'i1111~1 Lfl~1~~LL'1~ fl1~f11 ~ru~ el 1 i.J 1~EJ ,J~mrucJ'LI fl1~f11~ ru~7 EJ L~tl'LILO~ EJ'Utl~ 

" 
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I 

I 
I 

LL'U'U~1mN CNRM-CM5 'lh~Ucl1.J1f'l11 J-l RCP 2.6 LL'1~ RCP 8.5 "vl~-ln1'i'Uf'ULLf7LL~~-l~-l\111'i1-l~ 

11.14 ci-l111'i1-l~ 4.19 LL'1~'ii.J~ 4.7 
" 

vl1~1'3~ 4.14 ,J~,nrui:J1.Jf'l1~fl1'it1J'i1tJL~cl1.JLO~V'Ucl-l CNRM-C~5 '!11-lD f'l.l'l. 2015-2039 (RCP 2.6) 

CNRM-CM5 Jan Feb Mar /49( May Jun Jul AU! Sep Oct Nov Oec sum 

Max Ra.nfall 1612 97 152 75 209 81 21307 159 55 35082 19872 345 86 290 65 319 23 982 57 1522 05 6358 06 

""1 Ra,nfall 000 000 000 000 000 000 016 015 l 10 215 000 0 81 0 37 

I Avet'IJe Rainfall 174.66 12.85 29.23 55.56 28.70 34.72 43.22 49.30 76.75 115.45 292.53 480.86 1393.83 

I 
I 
I 
I 

I 

,11n~~ 4.15 tfanrui:J1.Jf'l1~fl1'it1J'i1tJL~cl1.JLO~V'Ucl-l CNRM-CM5 '!11-lU f'l.l'l. 2045-2069 (RCP 2.6) 

CNRM-CM5 Jan Feb Mar /49( May Jun Jul Aut Sep Oct Nov Dec sum 

Ma< Raonfall 1159 88 65198 196 35 072 86 20617 21585 142 57 28978 23549 535 95 966 61 1310 88 6384 37 

M'1 Rania 000 000 000 000 000 000 058 l 45 17'6 039 3 77 080 2447 

Averate Rainfall 176.69 22.04 31.28 62.70 36.27 34.56 35.39 51.75 61.12 113.29 263.92 470.53 1359.54 

m~1-l~ 4.16 m,nrui:J1.Jf'l1~fl1'inJ'i1tJL~cl1.JLO~V'Ucl-l CNRM-CM5 '!11-lU f'l.l'l. 2075-2099 (RCP 2.6) 
CNRM<MS Jan Feb Mar /49( May Jon Jul Aut Sep Oct Nov Oec sum 

Max 'wlfall 66891 "088 !88 03 3055' 21331 1047< 24391 15981 309 '2 419 74 1189 8' 2161 05 600490 

M,n Raonfall 000 000 000 000 000 l 00 039 6 48 9 90 015 032 000 18 23 

Averate 93.30 17.94 34.23 49.75 42.75 29.70 35.80 52.44 71.75 140.74 281.17 361.99 1211.56 

Rainfall 

vl1~1-3~ 4.17 m,nrui:J1.Jf'l1~fl1'inJ'i1tJL~cl1.JLO~V'Ucl-l CNRM-CM5 '!11-lU f'l.l'l. 2015-2039 (RCP 

8.5) 
CNRM-CMS Jan Feb Mar "-P< May Jun Ju( Aut Sep Oct Nov Dec sum 

Max Rainfall 806 47 31812 71993 23850 207 63 13175 21859 23987 24605 60914 1965 50 2657 16 8358 72 

Min Rainfall 000 000 000 000 000 000 0 21 0.30 113 198 2 24 029 615 

Averate Rainfall 95.85 1998 52.12 57.00 34.44 28.47 37.55 46.92 61.29 133.41 339.02 580.47 1486.52 

vl1~1-l~ 4.18 minrui:Jum~fl1'it1J'i1tJL~cl1.JLO~V'Ucl-l CNRM-CM5 -ti·Ntl f'l.l'l. 2045-2069 (RCP 8.5) 

CNRM<MS Jan Feb Mar "-P< May Jun Jul Aut Sep Oct Nov Oec sum 

Max Raonfall 149718 15542 29507 352 90 261 71 16383 133 81 24030 235 62 33731 804 69 3925 47 8403 33 

Mr,~fail 000 000 000 000 000 017 000 l 41 000 10'6 006 000 !609 

Aver11e Rainfall 137.72 12.21 32.34 49.92 35.91 30.39 33.00 59.18 59 38 154.03 283.84 794 68 1682.59 

vt1~1'3~ 4.19 m,nrui:J1.Jf'11~fl1'inJ'i1tJL~cl1.JLO~V'Ucl-l CNRM-CM5 '!l'NU f'l.l'l. 2075-2099 (RCP 8.5) 

CNRM-CM5 Jan Feb Mar "-P< May Jun Jul Aut Sep Oct Nov Dec sum 

Max Raonfal 1352 04 12331 221 •3 4'!292 19301 20286 157 6~ 305 98 31527 387 56 '03215 222860 7002 83 

Mm Rainfall 000 000 000 000 000 000 039 000 017 000 2 33 158 446 

Averate Rainfall 176.88 7.95 23.68 45.02 37.09 40.43 51.40 68.44 93.93 106.47 264.54 539 40 1455.22 

41 



CNRM-CM5 , RCP 2.6 (1.Jutl!1\J) 
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" 
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4.2.3 LLumhm1.:i GFDL-CM3 

'Uul-Jt1'tlu-:JLL\Ju~1mi-:i GFDL-CM3 1'1rn~~ (~1~1~~ 4.20) i1LL 'U11 Ul-J~~1-:i 1 tl'11n-uul-Jt1tl~l-J1ru 
~ ~ 

~'U~~1'11~~~-:i (m~1-:i~ 4.1) 1~t1~mru~'UU!7'U~7EJULU~t1umm·11tl~mru~'Um1~1~~~~ ,J~~mru 

281.03 l-Jl-J. ~~~1Lti'lJ(l)u.:iV11n1~tlfoLLm~t1 CF ;~1~~1nnw.l1-uul-Jt1tl~mru~'UU\i7'ULU~t11'Wm~1~~ 
~ .. 

4.20 Vl1~~1t1tl~mru~'lJLU~fJ'tlu~'Uul-J'1~~1~1~~~-:i~1n~1~1~~ 4.1 '1~L~f11 CF vr~~1~1-:J~ 4.21 
~ 

ti1l-J11'l(\Jfl\J'Uul-J'1U~l-J1ru~'UU\i1'ULU~ EJ 1 'U~1~1~~ 4.20 L ~utl-ruun'Uul-Jtl ~'UU\i1'U'tlu~ LL \J\J~1'1u~ L~u 

V11n7;UfoLLflLL~1~~ijLL 'U1 LU~ L iJ1 'UVl1~L~EJ1fl'\.J'Uul-Jtlm1~1~~~~ vl~:L'1~~ 1 ~ 11m 1-:i~ 4.22 LLtl~~,J~ 
~ I ~ 

4.7 

. ,. 
riowfow'i Jan Feb Mar Af)f May Jun Jul AU! Sep Oct Nov Dec SUM 

Max Rainfall 196 20 238 92 23523 304 60 470.37 32445 45482 49291 614 12 47746 587 29 362 36 

Min Rainfall 000 0.00 0.00 124 046 16 71 000 23 33 17 58 427S 3004 22 23 

Average Rainfall 24.10 22.37 53.15 89.00 160.86 142.77 146.93 173.69 229.40 222.29 193.22 135.98 1593.77 

m-n:i~ 4.21 Change factor (CF) 'tl u-:JLL\J\J~1'1u~ GFDL-CM3 
Jan Feb Mar Af)f May Jun Jul AU! Sep Oct Nov Dec 

Change factor 4.44 2.04 1.76 1.08 0.68 0.57 0.58 063 0.49 l.02 2.25 2.74 

,. 
~•.,Ji'uw'i Jan Feb Mar Apr May Jun Jul AU! Sep Oct Nov Dec SUM 

Max Ra.nfa\l 526 46 353 70 58117 301 50 277 55 20193 23748 313 00 288 93 469 S3 100310 1120 93 

Mtn Rainfa\l 000 000 000 124 046 16 71 000 2333 17 58 4275 3004 22 23 

Avera'ie Rainfall 106.99 4S.68 93.53 96.01 108.86 80.80 85.80 110.18 113.17 225.86 435.24 372.68 1874.80 

Monthly Av erage Rainfull in 1987-2005 

Jan Feb Ma r Apr May Jun Jul Sep Oct Nov Dec 

Month 
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J1"1-S\J'Utll.J~tl~mruc.J'Ufl1vlf11'HlJL'Ui1-1u fl.1"1. 2015-2039 i1-'lu fl.1"1. 2045-2069 LL~~i1-1i'.J 

fl.1"1 . 2075-2099 'lltl-:ILL\JU'11~t1-1 GFDL-CM3 '1~vi1m'itl-S\JLLt1Lim~hnnuieil.l~c.J'Uu~1'U L~mJ1 
~ .. 

'!Jell.l~~tlfoLLflLL~11 tlvhf11'i1 Lfl'S1~ 'I-ILL~~fl1vlf11'i ru~tl 1 tl Lvlf.J tl~tnruc.J'Ufl1vlf11'iru 'i1 fJ L~tl'ULO~ f.J '!J el-:1 
~ 

LL\J\J'11~8-'l GFDL-CM3 i1-:ii'.Jt1'U1fl\JI .X-1 RCP 2.6 LL~~ RCP 8.5 "1'1-'lf11'iU'S\JLLflLL'1vl-'l~-:I\Jl1'i1-'l~ 4.23 

C1-'l\Jl1'n-'l~ 4.28 LL~~'itJ~ 4.8 
~ 

\Jl1'i1-'l~ 4.23 ,J~mruc.J'Ufl1vlf11'iC\J'i1f.JL~tl'ULO~f.J'!Jtl-:I GFDL-CM3 i1-1i'.J fl.1"1. 2015-2039 (RCP 2.6) 

GfDL<M3 Jan Feb Mar Apr May Jun Jul Auj Sep Oct Nov Dec sum 

Ma,c: Rainfall 213 35 11317 34413 356.09 266.32 28862 19545 315 58 39836 620.29 1223 64 1563 00 5898 02 

Mon Ranfall 000 000 000 210 1 73 5 72 4 73 7 82 8 .30 905 18 3 65 49 27 

Averaie Rainfall 10317 14 56 37 80 81 36 9357 8'. 69 84 98 11976 12078 23047 482 52 645 07 2095 72 

\Jl1'i1-'l~ 4.24 ,J~mruc.J'Ufl1vlf11'iC\J'i1f.JL~el'ULO~f.J'!Jtl-'l GFDL-CM3 i1-:ii'.J fl.1"1. 2045-2069 (RCP 2.6) 

GfDL<M3 Jan Feb Mar Apr May Jun Jul Auj Sep Oct Nov Dec sum 

Max Rainfall 25161 13310 41095 25529 212.51 24002 184 38 41889 31413 805 68 1316 37 2429 81 6972 74 

Min Rainfall 000 000 000 000 2 39 5 43 6 72 718 894 850 552 3 33 4801 

Average Rainfall 5616 1915 4158 7120 96 91 78 77 87 50 12455 11446 23817 568 82 1009 73 2507 01 

\Jl1'i1 -'l~ 4.25 ,J~mruc.J'Ufl1vlf11'iC\J'i1f.JL~el'ULO~f.J'!Jel-'l GFDL-CM3 i1-:ii'.J ~1"1. 2075-2099 (RCP 2.6) 

GfDL<M3 Jan Feb Mar Apr May Ju~ Jul Aus Sep Oct Nov Dec sum 

Max Ranfatl 60420 22211 1576 50 309 98 26007 206 07 197 82 33315 246 16 612 67 1074 92 95655 6600 18 

Mon Ranfall 000 000 000 000 9 50 2160 22 27 4078 56.21 52 22 2187 000 22445 

Average Rainfall 97 67 30 37 8332 6737 10655 Bl 21 93 52 118 96 11843 237 54 59110 526 07 2152 51 

\Jl1'i1-:I~ 4.26 tl~l.11ruc.l'Ufl1vlf11'iCU'i1f.JL~tl'ULO~f.J'lltl-'l GFDL-CM3 i1-1i'.J fl.1"1. 2015-2039 (RCP 8.5) 

GfDL<M3 Jan Feb Mar Apr May Jun Jul Aus Sep Oct Nov Dec sum 

Max Rainfall 25324 15010 334 71 31635 20997 17400 376 85 41083 37065 515 99 1918 28 1699 03 6729 99 

M111 Rainfall 000 000 000 046 3.06 2624 0 .83 2502 3383 77 40 2018 057 187 99 

Average Rainfall 4569 1303 37 40 67 29 81.75 7570 91.72 127 20 12076 23120 627 65 56331 2082 72 

v11'i1-'l~ 4.27 tl~mruc.J'Ufl1vlf11'iC\J'i1f.JL~tl'ULO~f.J'!Je),'j GFDL-CM3 i1-:ii'.J fl.1"1. 2045-2069 (RCP 8.5) 

GfDL<M3 Jan Feb Mar Apr May Jun Jul Aus Sep Oct Nov Dec sum 

Max Rainfall 53419 24007 98031 41897 18078 299 28 194 56 47220 416.99 1135 48 211169 1320 94 8305 46 

Min Rainfall 000 000 000 5 48 2020 33 45 41 58 3709 6805 1431 1849 5 co 24405 

Average Rainfall 7097 2793 62 38 8019 97 82 8513 90 92 12159 12201 243 98 57857 680.28 2265 76 

\Jl1'i1-:I~ 4.28 tl~mruc.J'Ufl1vlf11'iCU'i1f.JL~tl'ULO~f.J'!Jtl-'l GFDL-CM3 i1-:ii'.J fl.1"1. 2075-2099 (RCP 8.5) 

GfDL<M3 Jan Feb Mar Apr May Jun Jul AUS Sep Oct Nov Dec sum 

Max Rainfall 15220 26185 44807 385 29 162 98 19947 384 47 26314 23388 58696 1738 77 2036 27 6853 74 

Min Rainfall 000 000 000 012 1447 4918 20.36 1843 4128 31 27 1281 448 192 39 

Average Rainfall 4009 25 23 52 32 8022 94 37 85 36 9904 11663 12289 25394 768 82 61811 2357 43 
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nTH tfim.J L VIEJ'Uml.J1ClJ~tJ'S1EJULO~EJ'!JtJ•rnlllmm 'U'U~1'1tJ.:J ( '!J"NU~1tJ) f1'UU~l.J1ClJ~tJ~'S'H)1111 

i.,~.:i l'i1n 1-s \J fo LLn-u tll.1'1 LL'11 ~ ~ L '1tJ 1~11\J~l.J 1ru~tJ-s1 vu-uv.:i vi n LL 'U'U~1'1tl.:J 1 tJ'!l1.:iu~1tJi:i~1 L vh n'U " . .. 
'Utll.J'1~l.J1ClJ~tJ~'S1~11111 tJ'!l"l.:Ji'.l~1tJ i.:i LL~l11.:J 1 tJ'SU~ 4. 9 " .. " 

ti ft.fl. 1987-2016 (Base Year) 

2000 

E 1soo 
.s 
~ 
-~ 1000 
., .,. .. 
1 500 

0 

1874 80 1874 80 1874 80 

- · - -

MIROC5 CNRM-CM5 

1874 80 

GFDL-CM3 

n1-siLl't'S1~,,;\J~l.J1ru~tJ!'l1111 n1-sru-s1vuLo~ EJ'iltJ.:J LLll1'1tU 'U'U~1'1tl.:J 1 tJ'!l1.:iu l'l. i'l. 2015-203 9 

(Near Future, NF) Yi'U11ml.J1ru~tJ'S1EJULO~EJ'iltl.:JLL'U'U~1'1tl.:J MIROC5 ~ RCP 8.5 LL'1~ CNRM-CM5 

~ RCP 2.6 LL'1t RCP 8.5 iiLLtJ"lLiJl.1'1111'1.:J 94.96, 480.97 LL'1~ 388.28 l.Jl.J. mmi1i'U LLlll1tJ 

LL\J'U~1'1tl.:J MIROC5 ~ RCP 2.6 LL'1~GFDL-CM3 ~ RCP 2.6 LL'1t RCP 8.5 ihLtJ1LiJl.JL~l.J;'tJ 20.65, 

220.91 LL'1~ 207.91 l.Jl.J. ml.J~1i'U LtJ•1h.:i 25 tl-u1.:ii.,u1~1n U l'l.Pl. 2015 LL~l11.:Ji.:i-s\J~ 4.10 
" 
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1\J~ 4.10 n1'SL\nEJ'ULVIEJ'U'Utll.J'1ml.J1ru~tJl't111ln1'SN'S1EJULO~EJ L\J'!l"l.:JU l'l.i'l. 2015-2039 fl'UU~l.J1'1J 
" " 

~tJtl~1tJ 
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'11 n n 1'i1 Lf'l'i 1 ~~t.l~l.l 1 ru~'t.l f'l 1 ~ n 1'i ru 'i1 EJtl Lil~ EJL'IHJ't.11 f'l\il 'til .:it) f'l .1'1. 2045-2069 

(Intermediate Future, IF) -wu11t.l~m ru~'t.lf'l1~n7'inJ'i1EJDLil~EJ'1ltl.:JLL'U\J~1mM MIROC5 ~ RCP 2.6 

LL'1~ CNRM-CM5 ~ RCP 2.6 LL'1~ RCP 8.5 iiLL't.11LUl.1'1~'1~ 93.83, 515.26 LL'1~ 192.21 ""· 

\i11l.1~1\il\J':J1n~'t.ltl!1't.l LL(llL't.lLL'U'U~1m:i.:i MIROC5 ~ RCP 8.5 LL'1~ GFDL-CM3 ~ RCP 2.6 LL'1~ RCP 

8.5 iiLL't.11LUl.lL~l.l;ff't.l 390.96, 632.21 LL'1~ 180.31 ""· (ll1l.J~1\il'U':J1n~'t.ltl!1't.l 1't.l'ti1.:J 50 tl-u1.:iviu1 

'11n tJ f'l .1'1. 2015 LL~~~\il~'it.J~ 4.11 
V 

~ 3000 
E 
E 
; 2000 
~ 
C -~ 
~ 1000 

"' .; 
~ 0 

ti 2045-2069 (IF) 
f 

1874.80 1780.97 

I I 
1359.54 

U!1\J MIROC5 CNRM-CM5 GFDL-CM3 MIROC5 CNRM-CM5 GFDL-CM3 

2.6 2.6 2.6 8.5 8.5 8.5 

'it.I~ 4.11 nT'.iLt.l~EJuLviEJ'U'Uul.1'1t.l~mru~'t.lf'l7~nTiru·rn.1t!Lo~EJ1't.l-tl1.:itl f'l.1'1. 2045-2069 nut.l~mru 
" V ~ 

~'t.ltl!1't.l 

':J 1nn7'i1Lf'l'i1~~t.l~mru~'t.lf'l1~n7'inJ'i1EJt!Lil~EJ1't.lu't.11f'l\il -tl1.:itl f'l.1'1. 2075-2099 (Far 

Future, FF) -wu11t.l~mru~'t.lf'l1~n7'inJ'i1EJtlLil~EJ'Utl~Lb\J\J~1'1u~ CNRM-CM5 ~ RCP 2.6 LL'1~ RCP 

8.5 iiLL't.111 Ul.1'1~'1-:i 663.24 LL'1~ 419 .58 ""· ml.1~1\il\J':J1n~'t.ltl!1't.l LL1!1L't.lbL'U'U~1'1tl~ MIROC5 ~ 
RCP 2.6 LL'1~ RCP 8.5 LL'1~ LL'U'U~1'1tl~ GFDL-CM3 ~ RCP 2.6 LL'1~ RCP 8.5 iiLL't.11LUl.lL~l.li1't.l 

32.37, 482.63, 277.71 LL'1~ 225.72 ""· \i11l.1~1\il'U'11n~'t.ltl!1't.l 1't.l-tl1.:i 75 tl-u1.:iviu1':J1n tJ f'l.1'1. 

2015 LL~~.:J\1\-:J'iU~ 4.12 
V 

tl 2075-2099 (FF) 
2357.43 
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ill 
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'iU~ 4.12 n1'iL'l.nEJ'ULviEJU'Utll.1'1U~"1nJ~'t.lf'l1~n1'inJ'i1EJi'.JLO~EJ1't.l'ti1~U f'l.1'1. 2075-2099 11'\JU~mru 
V V 

~'t.ltl!1't.l 
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'11f1 f11"i1 Lf'l"i1::~\J~lJ1CIJ~'IJFl1\11f11'H\J1 '1Jtl'IJ1f'lt11~.:J LL?l\11.:J1 'IJ\Jl1'H:J~ 4.29 Yi\J11 1 '1Ji11Yi "i1l.J 

\J~mru~1..1ifom1i1m~l.J.ff1..1 1\11EJ\J~mru~'l..lf'l1(,lf11"iru11..1t11..11r1t11~ RCP 2.611..1'li1.:itl NF (Near Future) 

LL'1:: FF (Far Future) i1LL'IJ111.Jl.JL~l.J.ff1..111..1'li1.:i IF (lntermediat~ Future) i1LL'IJ111.Jl.J'1(,1'1.:i LL'1::~ RCP 

8.5 11..1'li1.:itl NF (Near Future) ~1..1i1u1..1111.Jl.J~'1(,1'1.:i LL\JlL'IJ-d1.:itl IF (Intermediate Future) LL'1:: FF 

(Far Future) f1~\Ji1LL'IJ111.Jl.J~L~l.J?1.:J.ff1..1 ;.:J'11f1~'1f11"i1Lf'l'S1::i.-,1w11'1'i'S'll.J~.:i 2 RCP L'-11..11~11\J~mru 
" 

~'IJ"i1l.J"i1EJtl11..1'li1.:it1'1J1f'lt11"1l'IJ1f1'1 FF (Far Future) '1::i1LL'IJ111.Jl.JL~l.J;'IJ 

mm,.:iLf1\Jl1'1JLL\J\J~1'1tJ.:i MIROC5 ~ RCP 2.6 \J~mru~'IJ '1::i1LL'IJ111.Jl.J'1(,1'1.:i11..1'li1.:itl IF 

(Intermediate Future) LL'1:: ~ RCP 8.5 ,J~mru~'IJ'1::i1LL'IJ111.Jl.J'1\11'1.:i1J'li1.:i NF (Near Future) 1\11EJ 

11..1'li1.:i FF (Far Future) '!Jtl.:i~.:l 2 RCP ,J~l.J1ru~'IJ'1::L~J;'1..1 i1i.-,foLL\J\J~1'1 tl .:J CNRM-CM5 11..1 

fl1Yi"i1l.JU~lJ1ru~'IJi1LL'IJ111.Jl.J~'1\11'1.:i11..1vin'li1.:itl ~.:i RCP 2.6 LL'1:: RCP 8.5 '11'1J1'1JLL\J\J~1'1tl.:J GFDL­

CM3 i1LL'IJ111.Jl.J~L~l.J.ff1..11uv1n'li1.:itl ~.:i RCP 2.6 LL'1:; RCP 8.5 
' 

!vvi1::Ft111JLtl~v'IJLLtiMtl'i1J1ru~'IJ\l1ntl11'1J (%) 

'V'NU RCP 2.6 RCP 8.5 

MIROCS CNRM- GFDL-CM3 m~nii MIROCS CNRM- GFDL- m~nii 
CMS CMS CM3 

NF t 1.10 -25.65 t 11.78 t -5.07 
~ 

-20.71 t 11.09 

IF -5.00 -27.48 t 33.72 t 9.62 -10.25 t 20.85 t 
FF t 1.73 -35.38 t 14.81 t t 12.04 -22.38 t 25.74 t 

4.4.1 'Vtl11'1L'1Ju'U1fllil 1u'ti,.:i Near Future (NF) 
V 

m-s L \J~ EJ\JL viEJu\J~mru~uf'l1(,l f11'HU"i1EJL~eJu LU~EJ'!JeJ.:i LLlii m; RCP nu\J~ l.J1ru~1..1"i1EJL~e:Ju 

LU~EJ'11f1U~1'1J~.:!LL?l(,l.:J1'1J"i\J~ 4.13 Yi\J111u'li1.:itJ NF (f'l .f'l. 2015-2039) LL\J\J~1'1el.:J MIROC5 ~ .. " 
RCP 2.6 \J~l.J1 ru~1..1i1 LL m 11.Jl.J'1(,1'1,:J 11..1'li1-:i L~e)'IJl.J f1"i1 f'll.Jci.:i L~e)'IJf1'1JEJ1 EJ'U LLlii\J~mru~'IJ '1::i1 LL 1..1111.Jl.J 

L ~l.J;ff'U 1-u-d1.:iL~e)'IJ\;J'11f'll.J mi::L~e)'Ufi'U11f'll.J i1i.-,fu~ RCP 8.5 \J~mru~'IJi1LL 1..1111.Jl.J'1\11'1.:J1 'IJ'lj'),:JL~e)'IJ 
' 

l.Jf1"i1f'll.Jci.:i L~el'U~.:imf'll.J LLIJimmru~'IJ'1::ij LL m 11.Jl.JL ~l.J;ff 'IJ 1 'IJ'tl1.:JL~el'IJf1'1JEJ1EJ'U L~e)'IJ~'11f'll.J LL'1:: L~el'IJ 

fi'IJ11f'll.J 

\J~mru~'Uf'l1\11f11"i'1J"i1EJL~e)'IJLU~EJ'!Je).:JLL\J\J~1'1e).:J CNRM-CM5 Yi\J11 ~ RCP 2.6 ,J~l.J1CIJ~'IJ 

i1LL 1..1111.Jl.J'1(,1'1.:I 11..1-d1.:i L~e)'IJl.Jf1"i1f'll.Jci.:i L~el'IJ'l'i{lf'1~f11 EJ'IJ ulii\J~mru~'U'1::i1 LL 1..1111.Jl.J L ~l.J;ff 'U 11..1'li1-:i L~e)'IJ 

fi'U11f'll.J i1i.-,fu~ RCP 8.5 \J~mru~'Ui1LL'IJ111.Jl.J'1(,1'1.:JLL'1::L~l.J.ff1..111..1'li1.:iL~EJ1f1\J RCP 2.6 

i1i.-,foLL\J\J~1'1e).:J GFDL-CM3 ,J~mru~'IJFl1\11f11"i'1J"i1EJL~e)'IJfi\J11 ~ RCP 2.6 \J~mru~'Uij 

LL 'W111.Jl.J'1 \11'1.:i 11..1'li1.:i L~el'Ul.Jf1"i1f'll.J ci.:i L~ tl'U Yi{l~fl1f'll.J LL'1:: L~e)'IJf1"if1~1f'll.J LLIJi'1:: L ~l.J;ff 'U 1-u-d1 .:J L~el'U 
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iJ'1U1fllJ U~t'l11~L~tlU~.:l'Vl1fll.Jci~ L~tlU5U'"l1fllJ ,fo11'5\J RCP 8.5 ,J~mrut:Juifou11 ii'll~V\~~1 U'l11~ 
' 

L~tlUlJ m 1 fll.Jci.:i-W(l~I11fll.J LL~ti.flm rut:Jm1d'iLLVJ 1 iJlJL ~l.J:ff u 1 u'li1.:i L~tlUiJ')U1 vu ci~ L~ tlU fiU11 fl).J 

ti~1.:i hn(;l1l.J'11 nfl1'i1 Lfl'i1t~tl~mrut:Jufl1vinTHU'i1m~tiwo~v -wu-:i1 .Jf .:i 3 LL uu~1~ci.:i 

,J~mrut:Ju~.:i~vi,rn.:i'li1.:itl!1u titj~L~tlU-W(ll'l~fl1VU LL111 '\J~mrut:Ju~.:i~v1,m.:it:JumviF11'iNtl'U1fl(;l'l11.:i 

NF ( fl.I'!. 2015-2039) tiv"lw~tiutu11fll.l vm1u'\J~mrut:Jufl1v1F11'iN'!J tl~LL\JU~1~ti.:i GFDL-CM3 ~ 
" 

RCP 8.5 tl~mrut:Ju~.:i~vititj~L~tlU-W(ll'l~F11vm'liuL~v1nu'li1.:itl!1u ~foL~vi.:i1 u~tl~ 4.15 
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itJ~ 4.13 F11'iLtl~vuLvivutl~mrut:Jufl1v1F11'iru'i1m~tiuLo~v 'li1.:itl NF (fl.I'!. 2015-2039) nu 

fl1U!1U 
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4.4.2 'Uv1J~L'Uv'U1fli;! tmh./l Intermediate Future (IF) 
\I 

f11~ L ti~ EJtJL vi EJtJtl~l.11 rucJ'U fl1 \Jlf11 'H\J 11EJ L~v'U LO~ EJ'!Jcl ~ LL~ m: RCP nt1tl~~.11rucJ'U ~1EJL~'il'U 

LO~EJ\11ntl1i1'U~.:iLLl'I\Jl~L'U~tl~ 4.14 -wu11 L'U'th~tl IF (fl.f'I. 2045-2069) LLt1t1'11'1v.:i MIROC5 ~ RCP 
... \I 

2.6 tl~1J1rucJ'UijLL 'U11 i!1J'1\Jl'1.:J t 'U'!11.:J L~cl'U ~1J.fl1i'U5ci~L~u'Ufl'UEJ1'U LL~tl~1J1rucJ'U \l::ij LL 'U11 i!l.J L ~1Ji1'U 

t 'U'!11.:JL~cl'Ul.Jm1fll.J \Jl'11fll.J LL'1::L~u'U5'U11fll.J i1V1fo~ RCP 8.5 tl~mrucJ'UijLL 'U11 i!1J'1\Jl'1~ t 'U'!11~ 
' 

L~u'Uij'U1fll.J 'WC)'\:l.fl1fll.J ii()'U1fll.J ~~\/11fll.J LL'1:: L~u'U'W()f'l~f11EJ'U LL~tl~mrucJ'IJ\l::ijLL 'U11i1l.JL ~l.Ji1'U 

L'U'!11.:!L~u'U1Jm1r11J ~l.Jmi'U5 Ll.J1:11EJ'U ii()'U1EJ'U n'UEJ1EJ'U ~'11fll.J LL'1::L,cl'U5'U11fll.J 

tl~1J1rucJ'Ufl1\Jlf111C\J11m~u'ULO~EJ'!Jcl.:JLLtltl'11'1u.:! CNRM-CM5 'Wtl11 ~ RCP 2.6 tl~1J1rucJ'U 

ij LL 'U11 i!l.J'1\Jl'1.:l L 'U'!11.:l L~'il'U~l.Ji11i'U5ci~ L~u'U'W()f'1~.f11EJ'U LL~mmrucJ'U\l::ijLL'IJ11 i:'l.JL ~l.Ji1'U L 'U'!11.:l L~'il'U 

l.Jm11'll.JLL'1:: L~u'U5'U11rll.J i1wfo~ RCP 8.5 tl~1J1rucJ'UijLL'U11 i!l.J'1\Jl'1~ LL'1::L~l.Ji1'U t 'U'!11.:!L~EJ1fltl 

RCP 2.6 

i1V1rt1LLt1\J'11'1cl~ GFOL-CM3 tl~1J1rucJ'Ufl1\Jlf11~ru11m~cl'U'Wt111 ~ RCP 2.6 tl~1J1rucJ'Uij 

LL 'U11 Ul.J'1\JlM t 'U'!11~ L~cl'Ul.Jm1fll.Jfi.:i L~cl'IJ'W()1:lfl1fll.J LL'1:: L~cl'Umf1!l1rll.J LL~\l:: L ~l.Ji1'U t 'U'!11~L~cl'U 

iifl'U1fll.J LL'1::'!11~L~u'U~~\/11fll.Jfi,H~cl'U5'U11rll.J i1V1fo RCP 8.5 tl~mrucJ'UijLL'U11 i!l.J'1\Jl~~ t 'U'!11~ 
' 

L~cl'Ul.J m1l'l1Jfi~-w qi:imr11J LL'1:: tl~1J1rucJ'U \I:: ijLL 'U11 ul.J L ~1Ji1'U 1 'U'!i1.:i L~v'1Jii()'IJ1EJ'U fi .:i L~cl'U B'U11fll.J 

L'!1'UL~EJ1fltl'!11~U NF (fl.f'I . 2015-2039) 

m h.:ibn\Jl1l.J\11f1f11~1Lfl11::"1tl~1J1rucJ'Ufl1\Jlf11~ru~1m~cl'ULO~EJ 'W\J11 .Jr~ 3 LLtltl'11'1'i).:J 

tl~l.J1 rucJ'U~~ ~\Jl'l) cl .:J '!11.:J U!1'U cl~~ L~ cl 'U'W ()f'I ~ f11 El'U LL~ tl~l.J1 rucJ'U ~ ~ ~ \Jl'l) cl.:J cJ'U rl1 \Jl f111 ru 'i)'IJ 1 fl\J\'!11.:J 

IF ( r1.f'I. 2045-2069) clEJL'UL~u'UB'U11fll.J ~.:JLLl'I\Jl~L'U 1tl~ 4.14 
\I \I 

4.4.3 'Uv1J~L'Uv'U1fli;! L'U'U1./l Far Future (FF) 
" 

f11~ L ti~ EJtJL viEJt1tl~1J1rucJ'U fl1 \Jlf111C\J 11EJ L~cl'U LO~ EJ'!Jcl ~ LL~ '1:: RCP nt1tl~1J1rucJ'U~1EJ L~u'U 

LO~EJ\11f1Uli1'U~.:iLLl'I\Jl.:i1mtl~ 4.15 -wu11 L'U'!i1~tl FF (fl.f'I. 2075-2099) LLt1t1'11~v.:i MIROC5 ~ 
... \I 

RCP 2.6 tl~l.J1rucJ'UijLL'U11 i!1J'1\Jl'1~L'U'!11.:JL~cl'Ul.Jm1fll.Jfi~L~'i)'IJ'W()f'l~f11EJ'U LL~tl~1J1rucJ'U\l::nLL 'U11 i!l.J 

L~1Ji1'U L'U'!i1.:iL~u'UB'IJ11r11J i1V1fo~ RCP 8.5 tl~1J1rucJ'UijLL'U11 Ul.J'1\Jl'1.:i 1 'U'tl1~ L~u'U L1J1:11v'Ufi~ L~cl'U 

'W()1:l.fl1fll.J L~cl'Ufl'UEJ1EJ'U LL'1::L~cl'U'W()f'l~f11 EJ'U LL~tl~mrucJ'U\l::n LL 'U11 U l.J L ~l.Ji1'U t 'U'!11~ L~cl'Ul.J f1~1fl1J 

fi.:i L~ cl'Uij'U1 fll.J L~cl'Uiifl'U 1fll.Jfi.:i L~cl'U~ ~\/11fll.J L~cl'U\J\'11 fll.J LL'1:: L~u'U 5'U11 fll.J 
' ' 

tl~1J1rucJ'Ufl1\Jlf111C\J~1EJL~cl'ULO~EJ'lJ'i),:jLLtltl'11'1u.:J CNRM-CM5 'Wtl11 ~ RCP 2.6 tl~mrucJ'U 

ijLL'U11 i!l.J'1\Jl'1.:!L'UY1f1'tl1~U i1V1rt1 RCP 8.5 tl~mrucJ'UijLL'U11 i1l.J'1\Jl'1~L 'U'!11.:l L~cl'Uf1l.JJ11i'U5fi~ L~'il'U 
' ' 

'W()f'l~f11EJ'U LL~tl~mrucJ'U\l::n LL m 1 Ul.J L ~l.Ji1'U t 'U'!11~ L~'i)'Ul.Jm1rll.J LL'1:: L~u'U5'U11rll.J 

i1V1foLLtlt1'11'1cl.:! GFDL-CM3 'Wt111 .;(.:i 2 RCP tl~mrucJ'Ufl1\Jlf11~ru11EJL~cl'UijLL'U11i!l.J 

'1\J\'1.:1 L 'U'!11.:J L~cl'Ul.Jm1fll.Jci.:!L~u'U'W(]1:/Jl1fll.J LL'1::ijLL m 1 i!l.JL ~l.Ji1'U L 'U'!11.:JL~cl'Uii()'U1EJ'Ufi~ L~u'U5'U11fll.J 

mh~h n\Jl1l.J\11 f1f11~1Lfl~1::"1tl~mrucJ'Ufl1\Jlf11~C\J~1EJL~cl'ULO~EJ 'Wtl11 .Jf .:i 3 LL tltl'11'1cl~ 

tl~1J1rucJ'U~.:l ~\Jl'l) v .:J '!11 .:J U!1 'U cl~~ L~'i) 'U'W ()f'I ~ f11 EJ'IJ LL~ tl~l.J 1 rucJ'U ~ ~ ~ \Jl'!J'il ~ cJ'U fl 1 \Jl f11~ ru cl 'U 1 rl \J\'!11.:J 

FF (l'l.f'I . 2075-2099) clEJL'UL~u'UB'U111'll.J vm1'Utl~1J1rucJ'Ur111J1m~ru'!Jcl.:iLLt1t1'11'1cl~ GFDL-CM3 .Jr~ 
\I 

~ RCP 2.6 LL'1:: 8.5 tl~mrucJ'Ul'l.:!l'I\Jluf!~L~cl'IJ-Wnf'l~mEJ'UL'tl'UL~EJ1nu'!i1.:itl1i1'U ~foLl'I\Jl.:ilmtl~ 4.15 
~ ~ ~ ·1 ~ ~ 
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~ ~ 
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f11'j L 'U~ EJ'U L vi EJ'U tl~ii1rucJUf'11~ f11'j{lJ'j1tJL~tl\JLfl ~ EJ'!Jtl-3~L 'U'U~1ntl-3 Ml ROC5 L~EJLLEJ nii'Ntl 

'!Jtl-3 RCP 2.6 LLn~ RCP 8.5 tl'UcJUtl!1\J ~'U11 mmrucJUf'11~f11'j{lJ'!)t),3 RCP 2.6 ihLU1L1Jmfimru 

cJ\J'j1tJL~u\JLfl~EJn~n-31 uii1-lL~uuiim1f'1iici-3 L~uu nu vwu Lrn~ L~u\J~C]f'l~nwu LLn~ijLL u11,j'ii 

L~ii(u1uL~tl\J\Jln1f'1lJ Lrn~L~tl\J5\J11f'1l.J 1u'li1-3U FN (1'1.f'I. 2015-2039) LLn~ IF (1'1.f'I. 2045-2069) 
' 

LL\JlL\J'l!1-3tJ FF (1'1.f'I. 2075-2099) '1~ijmmrucJmfl~EJn~n-3vY-3LL~L~tl\Jl.lm1f'1l.Jfl-3L~tl\J~C]f'l~f11EJ\J ~-3 

~1-3'11f1 RCP 8.5 ~ijtJ~mrucJm~iitu1uL~uuiim1f'iiin-3L~uu~iimiuiflu,J1-3tJ IF (1'1.f'I. 2045-

2069) LLn~lflmrucJU'1~L~lJ;'\J1UL~tl\Jl.lm1f'1lJ0-3ij\J1f'1lJ1U,i'il-3D FF (1'1.f'I. 2075-2099) ~-3LL~~-3'j'U~ 
" 

4.16 LLn~'j'U~ 4.17 
" 

mm1l.lLL\J111JlJ'!Ju-3mmrucJum~f11'j{lJ'j1EJL~tl\JLfl~EJ'!Jtl-3 LL 'U'U~1ntl-3 MIROC5 L viEJ'Utl'UcJ\J 

tl~1u ~ RCP 2.6 ijLLU1L1JiiL~iitulu,l1-3tJn1vtJ (L~u\J\Jln1f'1mLn~L~uua'u111'1ii) LL~~ RCP 8.5 '1di .. ' 
LL \J111Jl.JL ~l.)~-3(u,i1-3(11\Jtl (L~tl\Jl.Jf1'j1f'1iJn.:iL~tl\Jf1lJJ'11~\Ji5) LLn~'Un1 EJU (L~tl\Jtl\JEJ1 EJ\J fi-3 L~tl\J 

~n1f'1ii LLn~Liuua'u11f'1ii) ~-3\Jl1'j1-3~ 4.30 LLn~~tJ1;1u,i1-3L~uU~CJf'l~n1vui-3Ltluci~cJummrucJu 

LL~ijLLu1L1Jl.ln~n-3J-3~ RCP 2.6 LLn~ RCP 8.5 
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" 
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':itl~ 4.1 7 ~tlt1'1~i'l11lJL tl~EJ'\JlL tl'1.:i'llti.:itfonru~'LJm~rnHu':i1t1L~c:imo~t1'!ltl.:J MIROC5 ':i~V111.:i 
" 

'U'NU'lltl.:J RCP 2.6 LL'1~ RCP 8.5 fltJ~'LJUfj1'LJ .. 

iu tli't::fl111JL tJ~ tl\JLL U i't ~m111 rue,h J.i1ntlJ1\J (%) 

L~ il\J RCP 2.6 RCP 8.5 

NF IF FF NF IF FF 

Jan -18.78 11.14 -21.79 -15.58 57.96 41.53 

Feb 24.57 -29.33 -76.94 -46.95 84.3 93.7 

Mar -22.94 -41.46 -53.99 -11.93 -6.75 3.47 

Apr -27.09 -36.20 -17.78 -19.28 6.11 -10.16 

May -30.79 -26.69 -30.23 -33.65 -25.32 -28.59 

Jun -28.32 -28.65 -21.39 -27.97 -12.37 8.20 

Jul -8.60 -7.26 -6.01 -8.86 1.91 11.80 

Aug -18.24 -12.79 -9.20 -16.24 -3.90 5.71 

Sep -7.60 -4.38 -3.28 0.04 4.71 -1.87 

Oct 5.66 2.41 -1.83 2.36 1.05 8.74 

Nov -8.85 -7.45 -13.59 -7.37 -3.97 -1.07 

Dec 52.38 22.98 I 78.06 22.61 34.90 37.59 
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rmL'U~EJULviEJ\J'U~lJ1ru~\Jf\1~n1'SC\J'S1EJL~B\JLO~EJ'UB.:JLL\J\J~1"1B-:i CNRM-CM5 1~EJLLEJn-d1-:ii'.J 

'UB-:i RCP 2.6 LL'1~ RCP 8.5 tl\J~1.JU!1'U ~\J11 'U~lJ1ru~\Jrl1~n1'SCIJ'S1EJL~B\JLO~EJLL\J\J~1"1B-:i CNRM­

CM5 ~ RCP 2.6 jjLL\J1LUl.l'1~"1-:iL1.J'tl1 .:J L~B\J~l.lfl1W1.J,Hi-:iL~B'tl~C)f'l~n1EJ1.J LL'1~ijLL'U1LUlJL~l.li11.J 

L'U'tl1.:JL~B'Ufi'U11fll.l L\J'tl1.:JU NF (fl.f'\. 2015-2039) LL'1~ -d1-:ii'.J IF (fl.f'\.2045-2069) i1V1fo-d1-:ii'.J FF 

(fl.f'I. 207 5-2099) '\.J~1nru~'Uij LL'U11Ul.1"1~"1-:i11.JV1m~B1.J LL~~ RCP 8.5 '\.J~mru~uijLL u11 Ul.1"1~"1-:i 
' 

L 1.J'tl1.:JL~B\Jl.ln'S1fll.lt1-:iL~B1.J~C)f'l~n1EJ\J LL'1~jjLL'U1 L Ul.JL ~l.li1'U'tl1.:JL~B1.J51.J11fll.l L 1.J'tl1-:ii'.J NF (fl .f'\. 

2015-2039) i1V1fo-d1-:ii'.J 1F (fl.f'l.2045-2069) LL"1~1u-d1-:ii'.J FF (fl.f'I. 2075-2099) '\.J~i.nru~uij 

LL 1.J1 L Ul.JL ~l.li11.J L 1.J'tl1.:J L~B\Jl.ln'S1fll.l LL'1~ L~B1.Jfi'U11fll.l vi'-:i LLG'l~.:J L 1.J'S'U~ 4.1 ~ LL'1~'S'U~ 4.19 
" " 

fl1~'S1l.l LL'U1 L Ul.l'UB.:J'U~lJ1ru~\Jf\1~n1'SC\J'S1EJL~B\JLO~~'!JB-:i LL\J\J~1"1B-:i CNRM-CM5 L vivunu 

~1.JU!1'U~\J11 J-:i 2 RCP ijLL\J1LUl.l'1~"1-:iL\JL~B\J~lJJ71W\Ji5t1.:JL~B1.J~C)f'l~n1EJ\J LL~'1~ijLL\J1L1JlJL~l.li11.J 

L'U'tl1.:J~\JU (L~B1.Jl.ln'S1fll.l) LL'1~'U'11EJU (L~B1.Jfi1.J11fll.l) vl.:JLLG'l~.:JL1.J~1'S1.:J~ 4.31 

CNRM-CMS, RCP 2.6 

600 

E 500 
E 
; 400 
.!!? 
~ 300 

~ 200 
.; 
~ 100 

0 

Jan Feb Mar Apr May Jun Jul Au~ Sep Oct Nov Dec 

-+-il~1\J - 2015-2039 2045-2069 - 2075-2099 

CNRM-CMS, RCP 8.5 

1000 

E 
.E 

800 

~ 
C 

600 
·;;; 
a: 400 
~ 
e 
"' ~ 200 

0 

Jan Feb Mar Apr May Jun Jul Au~ Sep Oct Nov Dec 

-+-il~1\J - 2015-2039 2045-2069 - 2075-2099 
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'lf'NU'lJB.:i RCP 2.6 m,~ RCP 8.5 nu~1.Jtl3i11.J 

m'I7./l~ 4.31 mwwnm.A1:JuLvi1:Jui.fo..11ru~1.Jfl1vim ·Hu'I1m~B'ULil~1:J'lJB.:J CNRM-CM5 tl'U~'IJUfj7\J .. 
fvtJil::fl'l1iJLtl~mmtlil~m irnwJ'U,l1n\ll!1'U (%) 

L~tl'U RCP 2.6 RCP 8.5 

NF IF FF NF IF FF 

Jan 63.25 65.15 -12.79 -10.42 28.72 65.32 

Feb -71.86 -51.75 -60.73 -56.27 -73.28 -82.60 

Mar -68.75 -66.56 -63.40 -44.27 -65.43 -74.68 

Apr -42.13 -34.69 -48.18 -40.63 -48.01 -53.11 

May -73.63 -66.68 -60.73 -68.36 -67.01 -65.93 

Jun -57.03 -57.23 -63.24 -64 76 -62.39 -49.96 

Jul -49.63 -58.75 -58.28 -56.24 -61.54 -40.10 

Aug -5.26 -53.03 -52.40 -57.41 -46.28 -37.88 

Sep -32.19 -45.99 -36.60 -45.85 -47.53 -17.00 

Oct -48.89 -49.84 -37.69 -40.93 -3180 -52.86 

Nov -32.79 -39.36 -35.40 -22 11 -34.78 -39.22 

Dec 29.03 26.26 -2.87 55.76 113.23 44.74 
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nTatl~mJ LV1t1utl~mruc.J'Um\91nTHW'S1EJL~u'ULtl~t1'!Ju-:iLL'U'U'1'1~u .:i GFDL-CM3 1\91t1LLt1mh-:itJ 

'!Ju.:J RCP 2.6 LL~:: RCP 8.5 nuc.J'Ui'.J!1'U Yi'U11 tl~mruc.J'U'Uu.:i RCP 2.6 LL~:: RCP 8.5 ifom1ulJ 

1ni L~ tl.:J f1'Url1vl'S1'11\91'1~ .:i LL\J\ Ld u1 Lfl'S1::'1,1~~\J\1.:J mmruc.J'U 1'11\91 ffl'S (U'S1 ti L~ u 'U Ltl~ ti 1 'Ufl1Yi 'SllJ Yi 'Ul 1 

'U~lJ1ruc.J'U~ RCP 2.6 1 'U'tfl·H~u'UlJ n'S1fllJC1.:J L~el'UYi{l'l;Jl1fllJ\l::ij LL 'Ul 1 ulJ'U~l.J1ruc.J'\.J 'S1 tlL~el'ULtl~ ti 

~\91~-:i LL~::ijum 1 UlJL~lJ:fi'W 1'W'ti1.:iL~m.J~.:iV11r1lJe1-:iL~eJ'W5'U11fllJ LL~:: RCP 8.5 1 mh.:iL~u'\.JlJn-s1r1lJci-:i 

L ~ el 'U Yi {l '\; fl 1 fl lJ '1:: ij LL 'U 11 U lJ 'U~ lJ 1 ru c.J '\.J'S 1 ti L ~ u '\.J L tl ~ti~ \91 ~ -:I LL~:: ij LL 'U 11 U lJ L ~ lJ :fi '\.J 1 'W 'tf 1.:J L ~ u 'U 

mnn1r1lJC1.:JL~el'\.J5'\.J11fllJ t,).:JLL~\91-:i1'U'S'U~ 4.20 LL~::-stl~ 4.21 
':,J " " 

fl1Yi'SllJLL'W11UlJ'Uu-:imm ruc.J'\.Jm\91n1'Sru'S1tlL~u'ULtl~tl'Uel.:JLL'U'U~1~el.:J GFDL-CM3 LV1tl'Uf1'U 

C-J'WtJ!1'WijLL'W11ulJ~\91~-:i1'U'ti1-:ir1~-:itJLL'Sn LL~::'1::ijLL'W11ulJL~lJ:fiiJ1'U'ti1.:ir1~.:itJV1"'-:i ~ RCP 2.6 LL~:: RCP 

8.5 t,1,:im-s1-:iv\ 4.32 

GFDL-CM3, RCP 2.6 

1200 

E 1000 
.s 
~ 

800 

C 
600 ·,. 

a: 
1:, 400 
~ 
~ 
< 200 

0 

Jan Feb "-'a• Apr May Jun Jul Aug Sep Oct Nov Dec 

-+-il!11J - 2015-2039 2045-2069 -2075-2099 
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-atl~ 4.20 n1'SL'U~tl'ULVltl'U'U~l.J1ruc.J'\.Jfl1\91n1'S(U'S1E.IL~el'\.JLtl~tl'!)e).:j LL 'U'U'1'1~el.:J GFDL-CM3 1\9\tlLLtln 
" 

'ti1-:ii'.J 'Uel.:J RCP 2.6 LL~:: RCP 8.5 nuc.J 'UtJ!1'W 
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GFDL-CM3, RCP 2.6 

200% 

150% ., 
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GFDL-CM3, RCP 8.5 
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-100% 
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-+-2015-2039 ..... 2045-2069 2075-2099 

~ti~ 4.21 {mrntfl11l.JL ,J~ti'ULL tl~.:i'lJt1.:itfo.nrui-h.tr11\ilf11~ru~1EJL~tl'\.JLil~tl'lltl.:J GFDL-CM3 ~t'v'l'"l7.:i 
" 

•1b.:itl'lJt1.:i RCP 2.6 LL~t RCP 8.5 t1tJr,h.ttl3i1'U 

m•n.:i~ 4.32 LL~\il.:i f11~Lmt1tJLvit1tJi.J~l.J7f\Jc.l'Url1\ilf11~ru~1EJL~tl'ULil~tl'lltl.:J GFDL-CM3 fltJc.l'Utl!7'U 

;eJtJij!:fl'l11JLtl~VtlLLtJMm111tu~'IJ,l1nU:lj1'\J (%) 

L~el'IJ RCP 2.6 RCP 8.5 

NF IF FF NF IF FF 

Jan ·3.57 -47.51 -8.71 -57.30 -29.93 ·62.15 

Feb ·68.13 -58.07 -33.51 .71.47 ·38.85 ·44.77 

Mar -59.59 ·55.54 · 10.92 -60.01 -33.31 -44.06 

Apr · 15.26 -25.85 -29.83 ·29.91 ·16.48 · 16.44 

May -14.04 ·10.98 ·2.12 -24.91 -10.14 ·13.31 

Jun 1.10 ·2.51 0.51 ·6.30 5.36 5. 65 

Jul ·0.96 1.98 8.99 6.90 5.96 15.42 

Aug 8.70 13. 05 7.97 15.46 10.36 5. 86 

Sep 6. 72 1.14 4.64 6. 71 7.81 8.59 

Oct 2.04 5.45 5.17 2.36 8.02 12.43 

Nov 10.86 30.69 35.81 44.21 32.93 76.64 

Dec 73.09 170.94 41.27 51.15 82.54 65.86 
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L~m~m.1Lvivui.:i 3 LL\J\J~1mi.:i ~u11 i.:i~1l.JLL\J\J~1au.:iifoi.J11ul.l'Uu.:it!~mru~\Jl'l1~m'iru 

'i1EJL~umo~EJL vll.l;'\J 1 i.J'li1.:i L~u\JB\J111'll.l 1 \JV1n'li1.:itl 1~mL uu~1au.:i GFDL-CM3 t!~mru~i.Jii 
' 

LL\J'l 1 UlJLvllJ;'\J~.:JLL~L~u\Jmf1!)1FllJC1.:JL~u\J5\J111'llJ i.:i RCP 2.6 LLa~ RCP 8.5 LLa~ 1mL\J\J~1au.:i 

MIROC5 ~ RCP 2.6 iiLL\J,LUl.lLvll.li1\Jl\J'li1.:iL~u\Jllla1F1lJLLa~L~u\JB\J111'll.l LL~~ RCP 8.5 "il~ii 
' 

LL\J1 L Ul.JL ,ril.J~.:J;1\J'll1.:JL~u\J\J1a11'll.J LLa~L~u\J5\J111'll.Jn.:J L~u\Jf1l.Jfl1i\Jl5 ~1"1r\JLL\J\J~1au.:i CNRM-

CM5 t!~mru~\JiiLL\J,LUl.lLvl~:fii.J1i.J'li1.:i1~u\JB\J11F1l.lii.:i1~u\Jl.l~'i1F1l.l J.:i RCP 2.6 LLa~ RCP 8.5 ;,:i 
~'it!l~11 i.:i 3 LL uu~1au.:it!~mru~\JF11~m'iru1 \Ju\J11'lllliiLL \J'l 1 Ul.JL t!~EJ\JLL t!a.:i"il1n mm ru~\Jtlfj1\J ' ~ 

1 i.J'li1.:iq~~\J"il1nal.ll.l'i~l.l\J1~1\Juumov.:iL l1'1u ( L~u\J(JJa11'll.Jci.:i L~u\Jl.lf1'i1~l.l) ~1l1foq~{u\J LL a~ q~~\J 
"il1f1al.Jl.J'i~l.J\11~1\Jlllf1 LOEJ.:J 1iii'iiLL \J'l 1 Ul.Jmn~L~ EJ.:J fl\Jml.J1ru~ifi'.1~1\J 

t!~mru~\JF11~n1'iru'i1EJtlLo~vi.:i 34 ~mii t1ntl'1m~~v\'1LL~\J~t!~mru~\JLO~EJ 1~v~u11 

mmru~\Jl'l1~f11'itlJ'i1EJtlLO~EJ'Uu.:J MIROC5 ~ RCP 2.~ (~.:i~t!~ 4.22) i.:i 3 'li1.:itl~1\J1"1qjiiLL\J1LUlJ 

Lvil.J:fi\J 1~v'li1.:itl NF (Fl.Pl. 2015-2039) mmru~\J'i1EJtlLO~EJiiLL\J1LUlJLvll.Ji1\J 1.10 % 'li1.:itl IF (Fl.Pl. 

2045-2069) ml.l1C\J~\J'i1EJULO~EJiiLL\J1LUl.Ja~a.:i 5.00 % Lia~ ti FF (Fl.Pl. 2075-2099) t!~lJ1CIJ~\J 

'i1EJtlLo~vihLm1ul.lLvll.li1\J 1.73 % ~1"1fot!~mru~\JF11~n1'iru'i1EJtlLo~EJ'Uu.:i MIROC5 ~ RCP 8.5 

(~.:i~t!~ 4.23) i.:i 3 'li1.:iu~1\J1"1qjiiLLm1ulJLvil.li1\J 1~v'li1.:itl NF (Fl.Pl. 2015-2039) t!~l.l1ru~\J'i1vtl 

Lo~viiLL\J,Lul.la~a.:i 5.07 % 'li1.:itl IF (Fl.Pl. 2045-2069) t!~l.l1ru~\J'i1EJtlLo~vii11m1ulJLvll.li1\J 9.62 

% LLa~ ti FF (Fl.Pl. 2075-2099) t!~mru~\J'i1EJtlLo~vihL\J1LUl.lLvll.lifi'\J 12.04 % 

ml.l1N~\Jl'l1~f11'itlJ'i1EJtlLo~EJ'Uu.:J CNRM-CM5 ~ RCP 2.6 (~.:i'it!~ 4.24) J.:i 3 'li1.:itlii 
~ 

LL\J'lLUl.la~a.:i 1~v'li1.:itl NF (Fl.Pl. 2015-2039) t!~mru~\J'i1vtl1o~viiLL\J1Lul.la~a.:i 25.65 % 'li1.:itl 

IF (Fl.Pl. 2045-2069) t!~mru~\J'i1EJtlLO~EJiiLL\J1LUl.la~a.:i 27.48 % LLa~ ti FF (Fl.Pl. 2075-2099) 

t!~l.l1ru~\J'i1EJtlLo~viiLL \J'l 1 ul.la~a.:i 35.38 % ~1"1fot!~mru~\Jm~m'iru'i1EJtlLO~EJ'tm.:i CNRM­

CM5 ~ RCP 8.5 (~.:J'it!~ 4.25) i.:i 3 'ti1.:itliiLL\J1LUl.Ja~a.:i L~EJ'll1.:JU NF (Fl.Pl. 2015-2039) t!~mru 

~\J'i1EJtlLO~EJihLm1~l.Ja~a.:i 20.71 % ,h.:itl IF (Fl.Pl. 2045-2069) mmru~\J'i1EJULO~EJiiLL\J1LUlJ 

a~a.:i 10.25 % LLa~ tl FF (Fl.Pl. 2075-2099) mmru~\J'i1EJULo~vii11m1ul.la~a.:i 22.38 % 

mmru~\Jl'l1~f11'itlJ'i1EJtlLO~EJ'Uu.:J GFDL-CM3 ~ RCP 2.6 (~.:i'it!~ 4.26) J.:i 3 'li1.:itlii 

LL\J,1ulJLvil.Ji1\J 1~v'li1.:it1 NF (Fl.Pl. 2015-2039) ml.l1ru~\J'i1vtlLo~viiL1m1~lJLvllJ:fi\J 11.18 % 'li,.:i 

ti IF (Fl.Pl. 2045-2069) t!~mru~\J'i1EJtlLo~viiLL\J1LUlJLvll.l(\J 33.72 % LLa~ ti FF (Fl .Pl. 2075-

2099) t!~mru~\J'i1EJtlLO~EJiiLL \J'l L UlJLvll.Ji1\J 14.81 % ~1"1r\Jt!~lJ1C\J~\Jl'l1~f11'itlJ'i1EJtlLO~EJ'Uu.:J 

GFDL-CM3 ~ RCP 8.5 (~.:J'it!~ 4.27) i.:i 3 'li1.:itliiLL\J'lLUlJLvll.Ji1\J L~EJ't!1.:JU NF (Fl.I'!. 2015-2039) 
~ 

t!~mru~\J'i1EJtlLo~viiLL\J11ul.1Lvll.li1\J 11.09 % 'li1.:itl IF (Fl.I'!. 2045-2069) t!~mru~\J'i1EJtlLO~EJii 

LL\J1LUlJLvll.li1\J 20.85 % LLa~ ti FF (Fl.I'!. 2075-2099) t!~mru~\J'i1EJtlLo~viiLL\J1LUl.lLvll.li1\J 

25.74 % 
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'IJ.-ti1.:ii'.J NF (2015-2039) 

- L I 

---------------
.:i.-tl1.:ii'.J FF (2075-2099) 

')t)~ 4.22 fl1'HU~EJULiim.Jtl~mru~\..lfl1~fl1')'1J')1EJULtl~EJ'IJtl.:! MIROC5 ~ RCP 2.6 
" 
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'SU~ 4.24 f11'SLtAEJuLviEJU~lJ1rue.J\Jf'l1(;lf11'HlJ'i1EJULO~EJ'1Jtl~ CNRM-CM5 ~ RCP 2.6 
" 
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'ltl~ 4.27 f11'i Ltl~ trtJLvitrutl~lJ7rucJ1.Jr11~m·Hu'rnJULO~tr'UcM GFDL-CM3 ~ RCP 8.5 
" 

65 



4.6.1 m·a'Uim.J L vivunT'H tl~mm tlfl.:J'!Jel.:J'ITT:1.11 ruc.J'Uf'l1flnTHU':i1[)U LO~[) LWnfl11J~'Um 'U 

~11tl1V1::Lft fl1\Jfl.:J'!Jft111\Jc.J'UUl1'U . ~ 

'11nn1':iL ~l'.J\JL ifoum'i"L tJ~mJLL tJ'1.:i\fl111ruc.Ju fl1vl n1'itlJ'i1 l'.Ji'.J LO~tl nuc.Jui'.J!1'U ( 'i 1 l'.J'1:: L~ EJvl 

1uvl1'i1.:J~ 4.33 LLmi':itl~ 4.28 ii.:i':itl~ 4.29) Yl\J11 J.:i 3 LL\J\J~1fftl.:J ,J~111ruc.J'Ufl1vln1'itlJ'i1EJi'.JLO~EJ 
~ ~ 

L ~11:ff 'U 1 u~'U~ti1L.nul'l~'U'i'i"Ylvl rl1L.nutl1Yl:: EJ u11 rl1 L.nuu1.:i LLn1 ~.:ivi1v1iV1~-:i LL"::rl1 L.nu~~-:il'l':i:: 

~-rn1vi~.:i·irn1 tvi1:JLo~m~11:ffu 33-155% (RCP2.6 tvit1L0~1:JL~11:ff'U 106% RCP8.5 L~11:ff'U 119%) 

LL'1::tl~111ruc.Ju fl1vim'iru':i1EJi'.JLo~EJ"vi"-:i1 'U~u~rl1L.nmiiu-:i rl1 L.nun-:i'vh1 rl1L.nuv1:: t vi11vi ~-:ivi1vi 

iVJ"-:i LL"::rl1L.nvwtuvi rl1L.num::LL~~'Ufi rl1L.nu~-:iV1'Ufl':i LLm:~u~~11'11fl"u-:iciv1::Lm ~.:ivi1vi~-:i,rn1 
'I • ., '\I 

tviEJLO~EJ"vi".:i 37-62% (RCP2.6 "vi".:i 53% RCP-8.5 "vi".:i 49%) ;-:i'11nm':i1Lfl':i1::vi1~11tl~111ru 

c.J'Ul'nvln1':itlJ':i1EJi'.JLO~EJ'Utl.:JVln'li1.:ii'.J J.:i,i1,:ii'.J NF (i'.J fl.I'!. 2015-2039) 'li1.:ii'.J IF (tJ fl.I'!. 2045-2069) 
' 

LL'1::'li1-:ii'.J FF (i'.J fl.I'! . 2075-2099) LLm1ii'11~~uv1r1'1u-:in'U n~,1~u ~mii~1"U1viajL~m.J~111ruc.J'U 

L~11:ff'Uf1L~11J.:i 3 ,b.:ii'.J 'llu.:iV1mLuu~1"u.:i 'i111ii.:iJ.:i RCP 2.6 u":: RCP 8.5 tv1EJ~mii~iltl~111ruc.J'U . 
"' ' V 

"vi".:i m '!J'U n'U 

'11 n n1'i L tJ~ l'.J\J L viEJU n1'i L tJ ~ l'.J'U LL tJ".:i tJ~mruc.J'U fl1 vln1':i tlJ'i 11'.Ji'.J LO~ El fl\J c.J 'Ui'.J !1'U L ~'U 1~11 

,J~m ruc.Ju fl1vin1l"U'i11:Ji'.J LO~ tl'!Jtl .:J B1 Lfltl l'l~\J':i 'i"Yl vi LL'1:: B 1 Lfl utl 1Yl'i:: Eltl1J iJ ~ tl El '1:: fl'"l 111 L ,J~ EJ'U LL ,J"-:i 

'!J u-:ii.J~mruc.J'U~~ -:in11rl 1 L.nut'Um n ;.:i~-:i ~rnvi11 l½i.J~mruc.J'U 1 "U.n 1Yl'i11J'!Ju.:i LL uu~1" u-:iilc.J'U L ~11:ff u 
~ 

u~1.:JL~u 1~-uvi ~.:i'1'U'Utl1J'1'!Ju-:i 2 m11iidm'iilm':i?im~1L~1JL~l-J'11 nu uu~1"u.:it'U Lrn::Pim~1L ~" L~l-J 
~ 

'1vl'1.:J* 
..:. ,,; 

Ll'll-J'!J'U** 
Model 

rcp2.6 rcp8.5 rcp2.6 rcp8.5 

MIROC5 -50% -47% 123% 145% 

CNRM-CM5 -66% -62% 53% 75% 

GFDL-CM3 -42% -40% 143% 136% 

cl 
-53% -49% 106% 119% LOft[) 

., 
V11J1 EJL VI vi : 

' 
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MIROCS 

-- -- ---- --- -- --= 

CNRM-CMS 

- --- -- --- - --- --
= --

GFDL-CM3 - - -- - -- - -- - -- - -- - -- - -

RCP2.6 (NF) RCP2.6 (IF) RCP2.6 (FF) 

<·110 -100 -90 -80 -70 -tiO .50 -40 .;o -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 >110 
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MIROC5 

-- -- - -- - --
--

CNRM-CM5 

- - -- - -- -- - -- - -
--

GFDL-CM3 -- -- - -- - --- -- -----
RCP8.5 (NF) RCP8.5 (IF) RCP8.5 (FF) 

< 110 -100 -90 -30 10 ..0 SO -40 30 -20 -10 10 20 30 50 60 e.: 90 JOO 11 >110 
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m"SL tl~V'ui.fo.11ru~'I.Jrrn1nTsru"S1m~v'lJ LO~ v~11J-d1.:ici~ nu~utls1u 1~mL ,J,rntJ m tl'I.J 3 -d1-l 

Atl ~u-d1.:i n~{tJ'lJ (Summer) L U'lJ~fl'S11J"1ltl-l ~'lJ'S1tl L~tl'lJLO~tiliY.:i LL~ 'V1·H~tJ'lJn1Jfl1-W'lJ5ci-l L~tl'lJ 
· 1 ~ ' 

V'l']~fl1rl1J -d1.:ici~~'lJ'11nfl1J1J'S"1J~::1u~mut1-l1vi' (Southwest monsoon Rain; SW Rain) LU'lJ 

~ fl 'S11J"1J tl-l ~'lJ 'S 1 ti L~ tl'lJ LO~ ti IIY.:i LL~ -d1 .:J L~tl'lJ i1~'lJ1 tl'lJ ci .:J L~ tl'lJ nu ti 1 EJ 'lJ LLfl:: -d1.:i '] ~ ~'lJ '11 n fl l.Jl.J'S" 1J 

~::1'1.JtltlnLUtl-lL\.l{jtJ (Northeast monsoon Rain; NE Rain) LU'lJ~fl'S11J"1ltl.:J~'lJ'S1VL~tl'lJLO~t1IIY.:iLL~ 

'V1.:JL~tl'lJ~fl1rl1Jci-lL~tl'lJ1Jn'S1rllJ vl-lLL"'~.:i1mtJ~ 4.30 ci.:i 'S'U~ 4.32 ' ~ ~ 
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MIROC5 RCP 2.6 
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·
9 

331,0 341.5 353.7 

SW Rain 

MIROC5 RCP 8.5 

389.9 341.9 382.6 410.9 

SW Rain 

1290.1 
1345.1 

2 11. 

NE Rain 

1317.9340 4 

I 140.8181.6 

NE Rain 

■ IF 

■ FF 

■ FF 

iuv1 4 .30 f11'SLmt1uLvit1u\.Rmru~'lJrl1~f11'SC\J'S1tl']~LO~t1"1ltl-l MIROCS nu~'lJU!1'lJ 

'11n~tJ~ 4.30 V'4Ui1 'U~lJ1ru~'lJrl1~f11'SC\J'S1tl']~LO~t1"1ltl-lLLUU~1fltl-l MIROCS "1ltl-l'V1-li'.J1'lJ 

tl'lJ1rl~L~mvivunu~'lJU~1'lJ ~ RCP 2.6 LLfl::! RCP 8.5 '1::!ijLL'lJ11,j1Jfl~fl .:J1u-d1.:in~fv'lJLLf1::-d1.:in~~'lJ ~ ·1~ ·1~ 

'11 nftlJl.J'S"lJ ~:: 1'lJ~ n LOti-l 1vl LL~ij tJ~mru~'lJ 'S1 ti'] ~LO~VL~ tlL vi VU nu ~'lJU!1'lJij LL u11,j'1JL ~lJ~-l ;1u 
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GFDL-CM3 RCP 2.6 
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~ 8000 .. 
t 548.9 546.4 557.9 
> < 6000 

C:00.0 344.1277.32794 341.6 

2000 

0.0 

summer SW Ra,n 

GFDL-CM3 RCP 8.5 

18000 

16000 

14000 

E 
12000 .5 

~ 1000.0 
C 
·;;; 
a: 8000 t .. 
.; 600.0 
~ 

560.5 565.9 571 0 

400.0 

200.0 

0.0 

summer SW Ra,n 

1900.2 

1496. 1 

NE Rain 

1604. 
1485.9 

NE Rain 

1482.4 

1704.9 

■ iJ!11J 

■ NF 

IF 

■ FF 

■ IF 

■ FF 

~tl~ 4.32 f11'iLmtJ'ULVlm.Jtfonru~'LJl'l1\1lf11'ir\J'rn.l(l~Lil~tl'llel~LL'U'U~1"el~ GFDL-CM3 f1'\J~'LJU!1'LJ 

'11n'itl~ 4.32 'W'U11tl~mru~'LJl'l1\1lf11'ir\J'i1tJf"l\1lLO~tl'llel~LL'U'U~1"el~ GFDL-CM3 '1Jel.:J'1h:itl'l 'LJ ~ ·1~ 

el'LJ1A!llL~mvit1'Ut1'\J~'LJU!1'LJ ~ RCP 2.6 Lrn:: RCP 8.5 '1::i1LLtJ11'1,rn111".:i1tJ'li1.:i ci~{eltJ1tJV)f11 ,h~tl 

LL(Jl LL m 1 ul.l'lJ el.:Jtl~m ru~'LJ 1'11111 f11'ir\J'i1tl(l ~ LO~ tJ L~ m vi tl'U f1'\J~'LJU!1'LJ~~i1'LJ 1 tJ'111.:J 'l ~ ~mr.:i '11 f1 "l.l lJ 'i~l.l 

!11~1'LJ !1lf1LOtJ~ 1~ LL"::'1i1.:in111~tJ '11f1"l.ll.l'i~l.1!1l~-r'LJelel n LOtJ.:i L 'YIU el LL":: L~m,.:i Lf1!1ltl~mru~'LJ'llel~ n111 ~'LJ ·1 " , · 1 \I 

'11 n"l.ll.l'i~l.l !11~1'LJel elf1LOtJ ~ L 'YIU el 1 tJel'LJ 11'1!11 -w'U11 i1 LL tJ11 'Ul.l L ~l.li1tJ!ll1l.l'1i1.:i 11"1 n.:i'li1.:i 11"1 L ~l.li1tJ 

tl~lJ1(lJ~tJE).:ii1LL'LJ11'Ul.lL~l.li1'LJ tlf1L1'LJtl~mru~'LJ~ RCP 2.6 '111~U FF (l'l. 1'1. 2075-2099) '1::'Ueltlf111 

L~el L vit1'Ut1'Utl~mru~'LJ 1 tJ'li1~~~1tJl.l1 

L~mtl~t1'\JLV1t1'Utl~mru~tJA1111m'iru'i1t1ci~LO~tJ 1 tJV)f11 '1i1.:itl n'U~'LJU!1'LJ -w'U111wn-w'i1l.l 

tl~mru~'LJl'l1\1lf11'ir\J'llel·HL'U'U~1"el~ MIROC5 LL"::LL'U'U~1"el~ CNRM-CM5 i1LL'LJ11 'Ul.l"\11"~ 1 'LJ'l11.:J(l~ 

{ el'LJLL"::'1i1.:i"l.ll.l'il'll.1!1l::1'LJ!llf1LQtJ,:J 1~ LL"::i1 LL 'LJ11 'Ul.l~.:Ji1'LJ 1 tJ'111.:J"l.ll.l'i~l.1!1l::1'LJel elf1LQtJ,:J L '\IIU el J1V1f 'U 
' ~ ' 

LL'U'U~1"el~ GFDL-CM3 tl~mru~'LJ'1~i1LL 'LJ11 'Ul.l"\1l".:JLO'W1~'111.:Jf"l\1l{el'LJ LL"~'1~i1LL'LJ11 'Ul.ll'l~i1'LJ 1tJ'111.:J · 1 ~ ~ 

f"l\1l'9l.ll.l'i~l.1!1l~1'LJ!llf1LQtJ.:J1~ LL'1~'111~f"l\1l'9l.ll.l'i~l.11,1~-r'LJelel f1LQtl~L'\IIUel (i)~1,11'i1~~ 4.34 LL'1~'itl~ 4.33 "I \I , •1 " , ,., 

fi.:i 'it.l~ 4.38 
~ 
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~eHJil::fl11l.JL\J~mrn,JMml.J1CIJ~'\Hl1ni'.J~1'lJ (%) 

bL\J\J~1iltH RCP 2.6 
. 

RCP 8.5 Cl~ 
" 

NF IF FF NF IF FF 

Summer -20.28 ·33.71 -39.42 ·25.50 t 3.04 t 1.51 

MIROC5 SW Rain -15.12 · 12.42 -9.31 ·12.32 -1.88 t 5.36 

NE Rain t 13.09 t 6.19 t 17.91 t , 3.58 t 15.53 t 17.50 

Summer -57.33 -48.43 -36.29 •
1
45.99 -56.01 -61.55 

CNRM-CM5 SW Rain -31.80 -39.29 t 20.84 -41.61 -38.51 -15.35 

NE Rain ·4.23 -7.92 -13.02 t 2.04 t 22.08 ·2.34 

Summer -19.40 · 18.79 ·0.72 -29.15 -6.25 ·11.03 

GFDL-CM3 SW Rain t 40.76 t 40.12 t 43.08 t 43.73 t 45.11 t 46.43 

NE Rain t 31.14 t 66.57 t 29.94 t 30.26 t 40.61 t 49.45 

f't 'l11JL'U~V'IJLL'Urt~m1J1CU~'Usl1nU"1'1J 

bb\J\J~1ilel~ 
, .. 

Summer SW Rain NE Rain 

RCP 2.6 MIROC5 " • t 
CNRM-CM5 + + ♦ 

GFDL-CM3 + t t 
f\1Yi'i1l.J + t 

RCP 8.5 MIROC5 + t 
CNRM-CM5 + t 
GFDL-CM3 + t t 
f\1Yi'i1l.J ♦ t 

~1nm'i1~~ 4.35 ~::L~u1~-h1~w11m1l.l ,J~mruc.Jufl1~m'iru'i1V{l':JLO~m~mvit1unucJ'lJtJ 

fj1'lJ ~::ii LL 'lJ11 ul.Jil~'1~ 1 u•th~{l~{cl'lJ LL'1t{l~cJ'lJ~1n'1l.Jl.J'i'1l.J!llt1'lJ!llf1bOEM 11il LL'1 ::,J~mrucJ'lJ fl1~n1'if\J 

~1£Jf'l~Lo~m~mvivunucJ'lJtJfj1~'1~.ff 'lJ 1 'lJf'l~~'lJ~1n'9l.Jl.J'i'1~!11t1'lJclcln LOV~ L VIUclii LL u11 ul.J L ~l.J.fi'lJ LL'1t 
·1" --.. " · 1" , 

~1m-mm'i?im11 L ~'lJ 1~-;h,J~mrucJ'lJ'!Jcl~{l':)cJU ~1n'1l.Jl.J'i~l.J111::1u cl cl n LO v~ L VIUcl'Ucl~vin LL uu~1'1 cl~ ~ 
RCP 8.5 ~::iiLLm1ul.JL~l.J;ff'lJ 1~v'11l.J1'iriu~ucln1~111'lJcl'lJ1fl!llL~cliim'ii.J~clvn1'!!L~cl'lJm::~n Vl~clhJ 

'11l.J1'iflfl1tJfll.Jm'itl~clvn1'!!L~cl'lJm::~n vi~m~cl 1 'lJtJ'i'it11ml'liifl11l.JL 'Ul.J'!J'lJ'!!cl~n1'!! CO2 '1~ t1cl1~ ' ~ 

~~~rn 1 ~tl~mruc.Jm ~l.J;ff 'lJ 
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'li1.:itJ~1'lJ 
- --

- --

'li-:i.:iu FF 

--
n. Summer 'U. SW Rain rl. NE Rain 

~,J~ 4.33 f11'HU~tl'ULvimJ\J~mrui:J'lJrl1\ilf11'l(\J'fltJ1'1\ilLO~tl'Uu.:J MIRCOS ~ RCP 2.6 v "Iv 
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--

--- -- -
n. Summer 'U. SW Rain l'l. NE Rain 

74 



'11'NU_li11.J 

--
- -- -

-ii1~tl NF - -
--

-ii1~tl IF - - -
- -- - -

'li1~tl FF - -
-- ---

fl. Summer 'tJ. SW Rain ri. NE Rain 

~tl~ 4.35 n1~Ltl~EJi.JLvitrutfh.nru~1.Jrl1vln1~CW~1tlf1vlLQ~EJ'lltl~ CNRM-CM3 ~ RCP 2.6 
~ ·1~ 
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'U'Nti NF 

'U'Nti IF 

'U'Nti FF 

-

n. Summer 'tl. SW Rain A. NE Rain 
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'li1~tJ NF 

'U1~U IF 

'U1~U FF 

fl. Summer 'IJ. SW Rain Fl. NE Rain 
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~-Nu NF 

~1.:IU IF 

~1.:IU FF 

-
--

n. Summer '!l. SW Rain ri . NE Rain 

ll• I 100 llKI 41M) <(NI 6011 .. Ofl SOI') \}(H) 11100 1 IOO I ~hO 1100 1-100 14/lO 

"atlvi 4,38 nTHtl~EJ'ULviEJ'Utl~:w1rui:J'IJr11(i)n1'HU11EJf1(i)L0~EJ'!JcM GFDL-CMS ~ RCP 8.5 V • Iv 
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'11f1 f11'i L ,.ffou L 'VI UUf11'i L ti~ Utl LL tl,WUB.:J tl~mru~tl fl1\il f11'inJ'i1U() ~ LO~UnU~tlU!1tl YI\J'l1 

mu1t1..~tl'tl'N"lJl.l'i~lJ\ll~ltlBB f1LOU.:J L 'V!tfa (NE Rain) '11f1LL\Jl"~LL UU~1"B.:JiiLL tl'l L iJlJf11'iL ti~ UtlLL tl".:J 

Yi'1~'11nn\il tt1 (m'i1.:J~ 4.35) mi11~B tl~mru~t1'UcJ.:Jf1\il{Bt1 <Summer) LL"~n\il"lJlJ'ialJ\Jl~ltl\Jlf1 • 1" •1 ,, "' I " • 

L~u.,;Yi' (SW Rain) 'UB.:J't'lf1LLUU~1"B.:JiiLLt11LiJlJL~lJi1t1LL"~"\il".:J'UB.:J RCP 2.6 LL"~ RCP 8.5 

L ',·ifot1nt1 v1.:Ji1t1~.:J 1~vhn 1'i~\ilYh LL~t1~tl~mru~t1 LO~U L ~cl LLa\il.:Jtl~lJ1t'IJ~tl A1\il f11'inJ'i1U()~'1!1.:J "" 

lJ'ialJ\Jl~ltlBB m5u.:J L 'VlijB'i1 uamifl t1:t1~~l.ltl1vi ~ L"a1ua.:i'U"1'i1u"~ LBU\ilvl.:J'itl~ 4.39 LL"~ 'itl~ 
• • '\I '\I 

a.ao 

'11f1f11'i1Lfl'i1~"1mlJ1ru~tl'1!1.:J"lJlJ'ialJ\11~1tluclf1LOU.:JL'Vlticl L~t1\~11 J.:i 3 LLUU~1"u.:J LL"~ 
' 

vimmtl , rn.:i RCP 2.6 LL"~ RCP 8.5 tl~lJ1ru~t1'11f1"l.lmalJ\11~1tluum5u.:JL'Vlijmo~u iiLLtl'l LiJlJ~ 
' ' 

a u\ilfl~u.:Jnt1 L\ilUtl~mru~t1fl1\ilf11'inJ'i1U()~Lo~m~l.li1t11t1:t1~'ii1Lfluf'l~U'i'iYi\11 'ii1LfluU1Yi~UBlJ 

B1LflBU1.:JLLfl1 ~.:J'Vll liliVl".:J LL"~-61 Lfl Bavi.:J Yl'i~ i.:J'V11\il~.:J'U"1 LL"~tl~mru~tl fl1\ilf11'i ru 'i1Uf1\il LO~U 
' ·1 " 

"\il".:J1t1:t1~'ii1Lflmiiu.:i 'ii1Lflutl1nYi~EJt1 'ii1Lflm'U1-B'uat1 'ii1Lfluu1uut1 B1Lfluf1.:J'Vl'i1 'ii1LflB\11~ 
" 

L'VllJ\il i.:J'Vlllilivi".:J LL"~'ii1LflB'i~Ltl\il 'ii1Lflum~LLa~t1i 'ii1LflB~.:J'Vlt1fl 'i LL"~:t1~~l.ltl1A"u.:JB\ll~Lm , , , '\I 

i.:J'V11\ila .:J'U "1 LL"~ L ~ti 1~11tl~mru~t1'11f1"lJlJ'i~lJ\il~ltluB f1LOEJ.:JL 'Vlij Bii LL tl'l t iJlJ~au\ilfl~ B.:J nu 

tl~lJ1ru~t1'i1EJi'.JLo~uffi~n~11mi1.:i1,1t1 < vi'.:iir-iiu~ 4.6) 

'11 f1 f11'i L ti~ EJU L 'VI EJU f11'i L ti~ Utl LL tl".:J tl~lJ 1t'IJ~tlfl1 \ilf11'i'1J'i1 UC)~ LO~ EJ nu ~t1U!1tl L ~ti 1~11 

tl~m ru~t1 fl1\il m ru'i 1 UC)~ LO~ EJ'Uu.:JB1Lfl uf'l~U'i'iYi \11 LL"~-61 Lfluu1m~ UulJ ii{u u "~ fl11lJ L ti~ ut1 LL ti" .:i 
'UB.:Jtl~mru~t1~~.:in11'ii1 Lflu tt1m n L '1it1 L~u,nu~" f11'i L tl~uu L v\ uutl~l71ru~t1 fl1\ilf11'i ru'i1EJtlLo~u 

" 
;.:J~mii11~tl~lJ1ru~t11 t1fl1Yi'i'llJ'Uu.:JLL uu~1" u .:J ii~m ~l.li1t1mh.:i L ~ti 1~-B'\il vi.:ii1t1'!Jul.l"'U B.:J 2 ~mti,1 

" I I I I 

m'iil n 1'iPim:11 L -WlJ L~lJ'11 n LL uu~1"u.:J 5t1 LL"~ Pi mn L vilJ L~lJ'11 n LL 'Vl~.:J'!Jul.l"Dtl 
" 
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MIROCS 

--- ---- ------ --- ---

CNRM-CMS 

---- ----
-------

----------

GFDL-CM3 -------
-------

----- -----
RCP2.6 (NF) RCP2.6 (IF) RCP2.6 (FF) 

10 20 JO 40 50 60 70 80 90 100 110 >110 <-110 -100 -90 -80 -70 ~ .50 "'0 .30 -20 -10 -~~ -:::-=-=-=-=-=-==--==--• 
iu~ 4.39 f mm~rrrn..1L ,J~m.m ,J~~'Uv.:itl~mrui:J1.J-d1~~~i:Ju,nnm,.11.11~l.J(l1~1uc:rnmuEM L viijv'Uv~ 

LLllimm'\.J'\.J~1~v.:it1'\.Ji:.l'UU-'i1'U ~ RCP 2.6 
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/lt'ROCS 

-- - - -- -- --- - f - -- - -- - -- - -----

CNRM-CMS 

--- -- ------- -- ---~ - ------- ---

GFDL-CM3 - - - -- - - -- - - -- - - - -- = - - -- -- -- -- -- -
RCP2.6 (NF) RCP2.6 (IF) RCP2.6 (FF) 

<·110 ·100 -90 -80 -70 ~ .50 -40 -30 -20 · IC 0 10 20 30 <() 50 60 70 80 90 100 110 

Jtl~ 4.40 ~B EJ'1~rrm.1L tl~EJ'IJLL tJ'1~'!IB~tJ~l.l1ru~-hJ'!!'N'J~tJu~1n'1l.ll.l'i'1l.l\fld''UBBmoEJ~ LVIUB'!IB~ 

LL~'1~LLtl'U~1'1€J~fl'UtJ\JUjj1\J ~ RCP 8.5 

>11C 
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..; 
UVIVI 5 

~1tl~i;1n111~v 
1 

5.1.1 m111nH-hJ111'i1\11111\l~-:!'lh -:itJ11'U 

-uv:1.Jmfo.J1rue,h.1~111'i1'111111'1.l-1i'Nt11i1'l.l (i'.J l'U'l. 1987-2016) 'Uv•rnmilr1·H:i'Ur1~11'1:1.Jtl1 
\J .. , , 

VltL~'11'U'1-:i'UmJ-:i 34 '1mi1 Yi'U')1\J~l.J1rucJmo~tl'i1tlt1Lvi1n'U 1874.80 1Jl.J. L11it1iicJ'IJ\Jln'\'1,rn1'U'tll,:j 

~(!Jc.l'l.1'11n~l.Jl.J'i~l.J\Jlt1'1JtltlnLOtl-:iL'l-ltitl (L~tl'U(;JmFll.Jn-:iL~tl'IJl.Jn'i1Fll.J) zj,:i?i~LU'!Jftlti~t 60.85 'l)t),:j 

,J5mrucJ'U111nJ-:ii'.J LL~::,J~mrue-J'IJLO~t1'i1t1i'.1 1 'U'tl1-:i 30 i'.J '1iiLL'l.111 'Wl.JL~11i1m~n'WBt1 

5.1.2 m111rue-J'ULL'U'U\11ilel.:J~fl1Yi,;Jih:nn1A (AR5) 

-UBl.J~m111rueJ'l.li'.11i1'1J'11mL 'U'U~1~B-:i'1m'W.nijmn, Pl (AR5) Yi'U11 ,J~mruc.l'l.l'i1t1i'.1 Lo~m!B t1 
" .. " 

n11,J~mrue-J1.Jm1'11~ 273.85- 281.03 l.Jl.J. LL~::,J~mrucJm1m~B'ULa~t1LL111n~h-:i'11n,J~111rueJ1.J 

111'i1'11~ lii-:ii!'I.J ~-:ivi1n1'i\JfoLLn\J5l.J1rue-Jm1m~tl'IJLtl~tl'!JB-:iLL 'U'U~1~tJ,:i L~tli5 Change factor (CF) 

L ~tl 1 ~ml.J1rucJm1m~B'IJLtl~t1iiLL '1.Jl L 'Wl.J 1 ,J1 'IJV11-:i L~tl1f1'1J n'UmmrucJ'I.J\Jl'i1'11~ ; ,:j'\,1'1,:j n1'i\J'S'ULLnvi1 

1 ~,J~111rue-J1.J 'i1t1i'.J'UB-:iV1mL'U'U~1~B-:i1 '1.l-1i1-:ii'.J1;11.J (i'.J Fl.Pl. 1987-2005) ii LL m 1 'Wl.JL U'U 1 ,J1111l.J-uB11~ 
' .. " 

mmrue-J'l.111111'11~ LL~::,J~mrue-Jm1m~B'IJ LO~ t1'!JB -:i LL~~tLL 'U'U~1~ B-:iii LL 'Ul L 'Wl.JL tltJ 1 i.Jml.J ,J~111rue-J'U 

\Jl'i1'11~ 

5.1.3 e.Jiln1'il'l1111n1'itumi.i1rucJ'UL'Uel'U11'1111\11nJ-:i 3 LL'U'U\11 ilel.:J 

1) m111rueJ'U1'11111n1'iN 'i1tJULO~ tJL'Uel'U1fli;J 

n11r11~m'irummrucJ'IJ 11.JBmr1111J-:i 3 LL'U'U~1mN L~B L vit1'U\J~mrucJ'U r11111 n 1'i ru11t1 

i'.J Ltl~tlf1'U'tl1-:it1~1'U Yi'U111'I.Jfl1Yi'i1l.J\J~mrucJtJiiLL'I.J11 'Wl.J L ~l.Ji1'1.J 1~t1tl~111rucJ1.Jr11~n11ru1 'Utl'U1 Fl\11~ 

RCP 2.6 1'U-1i1-:ii'.J NF (Near Future ; Fl.Pl. 2015-2039) LL~t FF (Far Future ; Fl.Pl. 2045-2069) ii 

LL'I.J1L'W1JL~1Ji11.J 11.J-1i1-:i IF (Intermediate Future; Fl.Pl. 2075-2099) iiLL'l.11L'W1J~~~,:i LL~t~ RCP 8.5 

11.J-1i1-:ii'.J NF '1tiiLL'U11 'Wl.J~~~~,:i LL\JIL 'IJ'tll-:ii'.J IF LL~ t FF n'1'UiiLL'IJ11 'Wl.J~L~l.J'1-:ii11.J ;-:i'11mrnm'i 
" 

iLm1::'1-11 'Ufl1Yi'ni.iJ-:i 2 RCP L ~'l.l 1i;i'11\J5l.J1rucJ'IJ11m1t1i'.11 'l.l-1i1-:iBmr1111eJ1.Jln~ (FF) '1tiiLLm 1 'Wi.J 

L~tli Lrl 'i1t"1\J~l.J1rueJ'I.JFl 1 ~n1'S C\J L 'tl,:j~'IJ~ Yi'U11 \J~l.J1rucJ'U L ~l.Ji11.J 1 tJ~'I.J~'ii1L.fltl Pl~ 

'U'i'i'W\11 'ii1L.fltlD1Yittltll.J 'ii1L.fltl'U1-:iLLf11 ~-:i'l-l1~~Vl'i)-:i LL~t'ii1L.fltl'1vi-:im:: ~-:i'\-11~'1-:i'!J~1 L~tlLtl~tl 

L~l.Ji1'1.l 33-155% LL~::mmrucJtJ~~~-:i1'U~1.J~'ii1L.nm:i'.iB-:i 'ii1L.nBn-:im1 'ii1L.nB111::1m.J~ ~-:i'l-l1~~V1~-:i 
' 

LL~::'ii1L.nB'it hi~ 'ii1L.nBnWLL'1~1.Jl5 'ii1L.nB~-:i'l-l'IJFl'i LL~t~'I.J~'1m11r1~B-:i~111:: Lm ~-:i'l-l1~'1-:i'!J~1 1~t1 
' ' " 
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2) tfi1i1nHJt.1A1\11n1'.iru'.i1 m~m..1il~'-' 1 t.1vt.11fl ~ 

tfonru~'Ufl1\llfl1'.iCIJ'.i1tlL~B'ULil~EJ'!JB•rnoimmuU'11f!B.:J ~ RCP 2.6 LLft~ RCP 8.5 

""--; • .. :~i 1ru~\Jfl1vtfl1'.iC1J'.i1m~m..1Lti~mrn~v1'!JB.:J'l11.:itl NF LLm!'1i1.:itl IF LLft~ FF '!JB.:J'VlflLLUU'11f!B.:i 
" ' ' 

!'.!.. Y: ~D"..5t.111f\2.J ;.:iLL\1'1fl011.:i'11fl'li1.:itl~1\J~tJ~mru~\J"1.:i"1v1Bv~L~B'\J'V'lf1\'l~fl1m..1 tJ~mru~\J ~ ~ " • \J ·1 

Fr r; l';f~ '.i1EJL~B\JLil~EJ ~1"1vt'!JB.:l'VlflLLUU'11ft tMLLft~'Vlfl-ti1.:IUBV~L~B'\Jfll.Jfl1'W\Ji5 zj.:1"1B \llfl~B.:I nu 
;: ::i ;=.; -;-:'11v1'li1 .:itl~1t.1 i,..,,·f utJ~2.J·,ru~'\J fl1v1 fl1'.i ru'.i1~ L~B\JLtii EJ'!JB.:i Lt~'\J~'\J., 'll B.:i'VlflLL uu'11f!B.:i 

'Ill ~ I , 

C.f:: V:"!1~iJLL \J11 Ul.J'!JB.:JtJ~mru~'\JL 'li\JL~EJ1nummru~\JU~1\J 

• L~B1Lfl'.i1~ifo 'tJ11 Ul.J'!JB.:IU~l.J1C\J~\Jf\1\llfl1:ru'.i1EJL~B'\JLilf~ m viEJunu-d1.:it1!1\J 'V'lU11 

mi 1r. :.. "t.;fl1\llfl1'.iCIJ'.i1EJL~B'\JLil~EJiiLL'tJ11 'Um ~l.J;\J 1 \J-d1.:itJf\1EJU (L~B'\Jfi\J11fll.J) 1'tJ'Vlfl'l11.:IULLft~'Vlfl 
' ' 

Ll.t.U~1f\B.:l 1vtmLUU'11f!B.:J MIROC5 LLft~LLUU'11f!B.:J CNRM-CM5 tJ~mru~'tJiiLL'U11Ul.JL~l.J;\J1'\J-d1.:i 

L~Bi.,5'U11fll.J~.:I L~B\Jl.J fl '.i1fll.J LLfl~ tJ~mru~\J f\1\11 fl1'.iCIJ'.i1EJ L~B'\J Lil~EJ ii LL \J11 Ul.J f\\llf!.:J 1 \J'li1 .:i L~B'\J 

l W l'1~fl1EJ'\J ~1 '\JLLUU'11f!B.:J GFDL-CM3 tJ~mru~\JiiLL \J11 Ul.J L~l.J;'\J~.:JLL01L~B\Jfl'.ifl~1fll.Jii.:iL~B\J 

fi'U11r'l.J LLfl~iiLL\J11Ul.Jftvtft.:J~L~B\Jl.Jfl'.i1fll.Jci.:iL~B\J'V'l{]~fl1fll.J ~ RCP 2.6 LLft~ RCP 8.51'UVJfl-d1.:itJ 

tJ~mru~'\Jfl1\llfl1'.iCIJ'.i1ElC]<:)Lil~EJ'!JB.:ILL01ft~LLUU'11ftB.:I ~ RCP 2.6 LL"~ RCP 8.5 

'V'lU11 tJ~l.J1C\J~\Jfl1vtfl1'.iW'.i1ElC]<:JLil~EJ'!JB.:ILLUU'11"B.:i MIROC5 Llft;LLUU'11"B.:i CNRM-CM5 ii 
LL 'tJ11 Ul.J" vt".:i 1 mh.:inv1f B\JLLfl~'li1-rn2.Jl.J'.i"1l.l\1'1~1\J\1'1flLUEJ.:J 1~ LL"~iiLL '\J11 Ul.J L ~l.J;'\J 1 'tJ'li1.:if\2.Jl.J'.i"1l.J 

·1 " • • 

\1'1~1'\JBBflLUEJ.:iL "vliiB i,..,,fuLL uu'11"B.:i GFDL-CM3 tJ~mru~\J'1~ii LL\J-:i 1 Ul.Jftvtft.:i Lti'V'l1~-d1.:irii:if B\J 

LLf\~'1~iiLL \J11 Ul.JL ~l.J;\J 1 'tJ-d1.:inv1ftl.Jl.J'.i"1l.J\1'1~1'U\1'1flLUEJ.:J 1~ LLfl~'l11.:l f1\llf\l.Jl.J'.i"1l.J\1'1~1\JBBflLUEJ.:JL "vl'UB 
·1 " • · 1" • 

fl7'.iL tJ~EJ\JLL tJ".:J'!JB.:Jmmru~'Uf\7\llfl1'.i'1J'.i7 El{]<:) Lil~EJL~B L l1EJU nu ~'tJU!l'U 1 um'V'l'.i1l.J 

'1~iiLL\J11 Ul.Jf\\11".:I 1 '\J'lj1.:IC]<:]f B'\J U'.i~l.J1C)J 25 .66-30.49% C]<:)~\J'17fl" l.Jl.J'.i'll.J\1'1~1\J\1'1flLUEJ.:11~ f!\llf!.:J 

U'.i~l.J7C\J 14.52-19 .46% Llft~LL'tJ11Ul.J'!JB.:IU~1J7ClJ~'\Jfl7\ll fl1'.iCIJ'.i1EJC]<:)Lil~EJ L~m viEJunu~\JU!llJ 1 \JC]<:) 

~\J'17fl"l.Jl.J'.i"1l.J\1'1~1\JBBflLUEJ.:JL "vliiB L ~2.J;\JtJ'.i~2.J1ru 21.46-27 .4 7% '17mm fl7'.i Plfl~7 L '1'\J 1~11tJ~mru 
' 

~\J'!J B.:i n vt~\J '17flftl.Jl.J'.i"1l.J\1'1 ~it.tB Bfl LUEJ .:IL ..,,,'.j B'!JB .:i LL01ft~ LL UU'17"B.:iii LL \J11 Ul.J L ~l.J;'U'Vl fl LL UU'17ft B.:i ·1" • • 
L~ Bl Lfl'.i7~'yjtJ~mru~\J fl7vt fl7'.i ru'1i1.:i n v1~u '17 flfll.Jl.J'.i"1l.l \1'1~ 1'\J BB fl LU EJ.:i L ..,,,'.j B 1 \J L :a.:i 

·1 " ' 

t\J~ 'V'lU17 ..X.:i 3 LLUU'17f!B.:I ~ RCP 2.6 LL"~ RCP 8.5 tJ~mru~'\J'lj1.:IC]<:)~\J'17fl ftl.Jl.J'.i'll.J 

\1'1~1\JBBflLUEJ.:i L"vliim;:i~ EJ L ~l.J;t.t 1 t.1tu~ci1 L.flBl'l~tJ'.i'.i'V'l\1'1 B7L.flBU7'V'l~ EJBl.J ci1L.nBu1.:iLLn1 '1.:i"v11v1-w'V1".:i 
' 

LL ft~ ti 7L.flBff~.:J'V'l'.i ~ '1.:J"v11\11"1.:J'!Jf\7 LL"~ tJ~mru~'\J'17flftl.Jl.J'.i"1l.J\1'1~1\JBBfl LUEJ.:I L ..,,,'.j B Lil~ EJ"vt" .:i 1 \Jt'U~ 
' 

ci1L.nmiiB.:i ci1L.flt1fl.:im1 ci1L.flB\1'1~1"vl2.Jv1 '1.:l"v11v1-w'V1").:i LLft~B7L.flB'.i~1\Jvt B7L.flBfl'.i~LL"1~'\Jq ci1L.nB~.:i 

"vl'\Jfl'.i LL"~t\J~cil.Jtl7fl"B.:l'i)\1'1~Lfl1 '1.:l"v11\11"1.:l'!J"7 ;.:i'V'lU17'Vlfl'1 -d1.:itl J.:i'll1.:itl NF '!11.:IU IF LLft~-d1.:itl 
• " • I 

FF iiLL'tJ11 Ul.J~"1B\llfl~B.:Jn\J LLfl~iiLL m 1 Ul.J~"1B\llfl~B.:I nummru~\J'.i7EJULil~EJ'!JB.:lt\J~cil.Jtl7'V1~ L" "17U 
' 

"1.:l'!Jf\7 
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5.2 1i't1~\!lL ihm~::-va bi'li.JvLb ii:: 1 i.Jn1'i'U1 e.1~.:i1ii1~v 1 tlt '!ith:: tv~u 

e.J'1n7'i~n~7bbMi.:i 1 ~b ih..111 tfonru~w-mimsru"l tHJ'W1fl\Jl ~'1::fll!lfl.:iVl~cl L ~lJi1'U 1J11lJ~1.:i L 1"17 

?'1~"' '!Jcl.:iuLL'1::1J11lJ~'U~v11.:i 11 'LlzjlJJ1, i-rnm'i~n~1i1a1JJ1-sntl1 hJ'l itl-s:: LV'tlulll.:ii1 

1. tl11 i.J~ni:11via 1wi11'Um-su~m'i~\!lm'iJ11 'LILLV1'1.:itl1'!Jcl.:i~'U~ 

2. tl11 ,J~n~7vlu 1 'U~1'U n1-s,Jfo~'l'lJcl.:iV1t11 EMi'U\117.:i 'l '17nmln'itVl'l.J'lJcl.:i n7'iL tl~tl'ULL U'1.:i 

mJJ1ru~'U lll.:ii1 

1) ~1'Ua'llm'V'l m-sL1J1~t1lJ'V'l{cllJ'llcl.:iviti1t1.:i1'U~L~t11'Ucl.:i 1 'Llm-si'.lcl.:in'Uni-sLn\!l t 'ifl LL fl:: 
' I 

n7'i'it'l.J1\!l'lJcl.:i t 'ifl 1 'UlJ'Ui:IV~Ln\!l'11nn7'iL U~tl'ULL Ufl.:iam'V'lfl"u1 n71'1 
' ' " 

2) ~1'Un7'Sbn~\Jl'i n7'i17.:iLLi:-l'Un7'iL'V'l1ttlfln'rl'lJVJ1.:in7'SLn~m1'U~'U~ 1~LVllJ1t\Jl1lJ 
" 

tl~JJ1ru~'U 1 'LILL\11'1:: 'l~ 'i'llJii.:in1'itJ~V11'i~\!l·n1-sJ11 ~ L vl t1.:i'V'lclv1cln1-s Ln~m 1 'Ll~1.:iCJ~{cl'U Lrn:: 
' ' Q ti I ... QI 1,/ IO - ... S., Clla. 

n 1-s Lm tllJ fl17lJ'V'l 'i cllJ'lJcl.:iVl'U 1 t1.:i 7'UVJ L n t11'llcl.:i \Jl u '17'U1'Ui:-l "1 i:-1"1\JlVJfl\!l'U cl t1"1.:i VJ Ln\!l '17 n n 1-s 

Lu~t1'ULLtl"1.:iam'V'lnnu1ml'l ;.:i~.:ii:-1'1vim1t11~'llcl.:iLni:t1J1-sm LLfl:: n1-stlfo~11 'Llm'iruijcl t 'ifl~ 
" 

Ln l!l 1 'UY4'lJVJ7.:i n7'SLni:tm 

3) ~ 1 'U~.:i fllJ n 1 'i ti ru~1 LL fl:: ruij cl'lJ cl.:iV!lJ 1 t1.:i7'U~ L~ ti 1'U cl.:i1 'U ~\!l n 1 'i 

V1r'V'lt11m5-s-slJ'll1~~ij m'iL tl~t1'ULL tlfl.:imJJam'V'lnncl1n 11'1 LL fl:: ~.:i La~lJn 1-s -w~'U1V1~cl'llt11 t1 
" 

Lijcl.:i 1 'U'SULL'l.J'l.J~1"ricl 1 ~Ln\!li:-lfln'itVl'l.Jvlcl~.:i LL1\!lJcllJ LL flt n7'i'W~'U1n7'i1~tl 1 'Lln7'ifl\!lfl1'lf 
" 

L~cl'Um::'1n -s1JJii.:im'ia{1.:i~1J1~1i'.imLri~.:ir1lJ 

4) ~1'U n7'iVJcl.:iL ~ t11 ni'itlru~ncl.:i LL V1'1.:ivicl.:i L ~t111J17lJCJ~n7"1 Vl~ma'Ucl n1-s 

Vlcl.:i L ~ t11 \Jl 1lJfl\!ln7"1 L ~cl 1 ~a7lJ1'i n&\.:i \!l\!llJ nVJcl.:i L ~ tl1 LL'1:: a7lJ 1'i'1a{1.:i-s1t11~~\Jl flcl\!lJ.:iu 
·1 " " 

'i1lJii.:in'1lJ5'in'1 (h.:iLL'ilJ {1'Ucl1Vl1'i 'im~1) f1(;1cl.:itlfo~1\Jl1lJ1t1~1tl 
' ' 

5.3 'Uv~\!l L i1'UbL~::-um'1i.JvLbii::d1wfom'i1~v~v hJ 
Lfl'i .:in 1-sn 1-stl-s:: Lij'Utl~lJ1ru ~'LI 1 'LI cl'U7fl\Jl L ~cl.:i '17n ni-s L tl~t1'U LL tl'1.:iam'V'lnnu1 n 11'11 'U'1lJtl1 

" ' 
V1tL"1a1ua.:i'llmij"Uma'Uu LL'U::~1V1fom'i~ni:11vit11 tllll.:ii1 

1. i:-1'1 n7'ifl1\!l nTHIJtl~mru~'U'lJcl.:i LL\11"1:: LL 'l.J'l.J~1'1cl.:i 1 'U'l.J7.:i ~1'UEJ.:i 1~i:-1"11" L Vlij cl'U fl'U LLa\!l.:i 1 ~ 

L ~'l..111 i:-1"1m-sr11\!lm'iruv'~ij r111lJ 1"u lJ'Ucl'Ll'i1lJcl EJ~1 t1 m 'i'U7i:-lfln7'ifl1\!ln7'iru1 tlH ~~ (;1cl.:i~.:iclE!'l.J'U 
" " 

fl11lJ 1"Lb t!'Ucl'Ui1~1t1 

2. tl~mru~'Ufl1\!ln7-sru"l'U~'U~ ii1Lflcll'l~'l.J'i'i 'V'l \Jl LLfltB7LflclU7'V'l::t1cllJijrha.:imm~mvit1unu 
" ..., i t 1,1 I 1J V I 1,1 I 

Yl'UviB'U l!l.:iU'Um-sijn1'i~ni:11LvllJL~lJl1.:i 2 Y4'Llviii'17nLL'l.J'l.J~7"1cl<lB'U LL'1::~n~7'UcllJ"1 Downscale 
" 

'11nLL Vl'1.:iB'U ') L vllJ 
3. 1 'U'i 1t1.:i 7'Uouui1LLa\!l.:i LO'V'l 7:: tl~mru~'U ~.:ir11'i~n~1vicl 1 'U~1'U'lJcl.:im1lJ LLtl-stl-s1'ULL'1:: 

fl11lJ1'ULL'i.:i'lJcl<lU~lJ1(\J~'U mi::D'1~tl~1'U~'U') L~'U ~1'U1'U1'U~~'U\Jln m lJ1C\J~'Ua::alJ Ltl'U(;1'U 

4. m-s~ni:11n1-sml!ln1-sruclruvinn'!Jcl.:i'1lJtl1V1:: L'1a1ua.:i'lJ'17L ~cl 1 ~ijm1JJalJmru1 'LI n1'i 
, " , " ., 

1Lfl'i1t"1lJ1n=ii'U 
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II "" 
be) m l 1'Hl1.:l eH 

r.ru'fl~ tl 'lj'\J'l.l'i :rnm.J (2548) el\¾ity ty1aV1tl 'i::'U1'U1 ~11 lht1n1'iL tl~ vu LL tl'6'1./lflll1'V'IJJiiel 1n1A . 

'i1£J-nun1'itJ'i ::~" m1l.!V1'11m11'11£Jvrnihmw v11'Uth 1lJ LL'1~~'t,11th "r11 1l.ln11V1ii1'!rn.:i 

~M1'Ll1'1£JLL'1t:ii'1m'il.li'.J 2548" ru h~LL'il.l'iLt 'Uvi 'l1::ei1 LW'l1'i'lj~ l'LI~ 21-24 ~.:imril.l 

2548. I 
n'il.!Vlf W£J1m,mu n'it:Vl'i1./lV1f W£J1n'ii'i'i'il.J'l11~LL'1t:~.:i LL1vl~ul.J (2550) m1:: L'6'1n~v\J. 

n'i 'i1 ~V15~1.f11A (2550) fl11l.J~\JLL U 'i'Uel ./lel nJ'VlfliiLL'6'1::e-Ju1 \JU'i::L 'VIA1'Vlt1. Lu m l 1'iU'i::n m.Jn1'i . " 
tJ'i:: ~m:: vll.!'1l.lu .:i 1A 'i .:i n 1 'i ~'1 m::Vl'\J'!Ju .:i m 1l.l LL tJ'itJ'i1'LI LL'1:: f11'i L tJ~ £J'LI LL tJ'1.:i M 1 w 

.niiu1f11i'\\l1€1U'i::LV1i'\1V1 £J . 27 iiu1Al.J 2550. L'i.:JLL'il.J D'Ma Pavilion, nVll.l. 
" 

~'ia'iru "''Ll~~~'1l.l'I.J'iru um: L~£Jl.lh LA~u'11'i'iru (2554) .f11'V'l;J1'6'1v./l.niie:i1n1A1'6'1mL'6'1::.niie:i1rnA 
\I , " " 

v\.11 fl Ill . 'i1 v .:i 1 'LI n 1'i"'.:i LA'i1:: ~LL'1 t: tJ'i :: "1'1'1'11'Ll.n 1wu.:i rir111l.l{v11 'U f11'i L tJ~ £J'LI LL U'1./l 
" 

.niiu1n1i'\'!Ju.:i1'Vl £J ri ?.:i~ 1 : u .:irim1l.l { v11'U1V1£J1i'\111\l1{'!J u .:irn'iLtJ~£JmLtJ'1.:i .niiu1f11i'\. 
" " " 

r1ru::vh.:i1'Un~l.l~ 1 ~ 1i!n.:i1'Llnu.:iV1'Lllli1'1.Ja'U'Uf11'i1'1£J [Bi'\l.l'LI ~l.!'1n'1, rl1'U1'1 iivi 1,rn.:i , , , , 

LL'1::nru'fl~tl 'lj'\JU'i::nu'\.J ('I.J'i'iru1Brn'i)] 

1'll~'LI 1Vlm'1~'\J i'iU\ll LO~l.!£J1\J'Llvi i'ii1'Llvi ~'\.JcitJrn'i (2558) ~.mm::V1'\.Jf11~Ltl~t1\JLLU'6'1./lJJiie:i1n1A~e:i 

f11'iLnfl~\JCH1l.JL \J.f11fl 1~ mruff n~1~~1'\.J'6'1 L Vl'V'l'i1'U el1 Lfl el~'U'6'1 '1./l'Vl1vl\Jfl'iA1i'i'i'il.l'i1'U 

i'\'UV1'1 £JJ1£J~U~V11./li'i'i'il.J'l11 ~1'11A 1i;i' AnJt:11'\1 n'i'il.Ji'\1'1\ll { l.!"'111VI £J1'1 £J'1./l'!J'11'U A~'UVl{ 
" 
ei1L.numv11m y '1.:JV11v111.:i'!Jm. 

LVJW 1 VI 1'!!£JVl€l./l LL'1t:'1V15~n~ i'\'i'1l.J~ (2559) f11'itJfom1l.!A'11vlLA~u'U'!Ju.:itJ~mrue-l'U'11nLL'\.J'\.J~1'1€l./l 
' 

.niiu1mi'\m£J1(;1LL'\.J'\.J~1'1€l./ln1'iU~u£Jtl1'llL~u'Un'i::'1n A2 LL'1:: B2 : 11'i'11'i1'l11f11'iW'it:'1€ll.J 
" 
Ln~1w 'it: 'LIA'iL'Vltiu i'.J~ 26 ou'\.J~ 2 

i'\.fln'i ii'Ll1'i'iLnJ, 1~£J:: L"'1~€l ./l u~1l.l, LO~l.J-r~ LL'1./ll.JCU LL'1t:'1'fl1l1mJ i'i'Lln\l1~Ll.Ji'i11~ (2552) n1'i 

' ;J1 '6'1el ./lfl.f11'V'lfliiv1 n1Ael\J1fl Ill i1wr~tJ 'i::L 'VI A1 'Vl ti LL~::~\J ~,i'1.:i L~ tl./l . 'i1 £J~ 1'UOU'\.J'1l.l'\.J'i ru 
" " 

L'1\Ju(;lu~1,!n.:i1unu.:ivi'Llc1i1'1.Jc1'U'Un1'i1'1£J. 
' ' 

amu'Ll'11'i'1'LIL Vli'\Vlf w v 1 m tl1 Lrn:: rn'i Lm~m (2555) ~l.ltl1V1::L'6'1fl1\Ja.:i,rn1 LA'i.:i nwwlill\J1'i t:'I.J'\.J . ., ., ., 
A'1.:J'LJ€ll.!'1 25 ~l.J'U1 LL"1t: LL'\.J'\.J~1"1€l.:J'W1Vl1l.J'W1LL~./l 

" ' ., 
'11 'i'1'U L V1 i'\VI f ~ £J 1 f1'i i'i'i 'i lJ 'l11 ~ ~l.J 'U 1V1:: L'1 '11 '\.J'1.:J '!J '11 (2553) '1 f:1 1 'U1 '1 £J'11 'i '1'U L VI i'\ ,nij i'\ 1 '1\ll { 

' " ' ' 
vi-r W £J1n'ii'i'i'il.l'l11~ LL'1t:~./l LL 1vl~ Bl.I A ru:: f11'i'1vl n1'i~.:I LL 1 \l)~ul.J l.J'Vl11V1 £J 1'1 £J'1.:i'!J'11'LI A~\JVI { 

LL'1.:J'1'UVl'i i l.l~'if11'1 eli'l l.J'U ~l.!'1n'1 LL'1t:Vl11./li'\ i'\~'\.J~ (2552) n1'iU'i::Lii\Jfl.f111::fl11l.J'i\JLL 'i.:Jfl.f11'V'I 
' ' . 

.niit11n1 f'l'Uv.:itl'i::L 'VIA1'Vlt1: f11'i1Lfl'i1::~fl11"L~tl-:m'6'1::fl 11" ~ el LL 'Vl'6'1iJ'Uv./l~\J~1n 'llll . ~1.:i 
" 
'i1£J./l1'LIOU'\.J'1l.l'I.J{ ~1'1n.:i1'Unu .:iV1'Ll'1i1'1.JG'l'Ll'Llf11'iW£J. 

" ' ' 
rl1'U1'1 iiviha.:i (2552) m'iLtl~t1'LILLtJ'6'1.:iflm'V'l.niiv1n1A'Ue:i.:il'Vlt1 L~iJ~ 1 M1'V'l.niie:i1n1Alue:i~111 

V ' \,I \,I 

'Wl.J~Af.:ivi 1. 

ei1'U1'1 iivili'ia.:i (2553) n1'iLtl~t1\JLLtJ'6'1.:iflm'V'l.niie:i1n1A'Uv.:il'Vlt1 L~iJvi 2 LL'I.J'I.J;J1'6'1v.:iam'V'I 
" 

.niie:i1n1ALL'6'1::flm'V'l.niie:,1rnAlue:,u1f1111 ~l.l~ri?.:i~ 1. 
" " 
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- ~~ -~rn.:i (2557) 'i1v.:i1u~1u1'Vl EJ1A1~~{nTntl~mmtlil.:i11ih:,1n1ALiln fl.A.2013 uru4iv1 
" 

~,·!J1~vfn.1v11tJV'l~.:i-:nuLL'1~~.:iu1v1~m..1 ~·~niVlEJ1~EJLVlRL\JL'1VV'l'i~'1tl~Ln~15u'll~ 

.::oc: Climate Change 2001. Synthesis Report. A contribution of Working Group I, 

and Ill to the Third Assessment Report of the Intergovernmental Panel on 

Climate [Watson RT and the Core Writing Team (eds.)]. Cambridge university 

Press, Cambridge, United Kingdom, 398 p. 

=>cc (2007 Climate Change 2007: The Physical Science Basis.I Contribution of Working 

Group I to the Fourth Assessment Report of 'the Intergovernmental Pannel on 

Cl.mate Change [Solomon, S., D. Qin1 M. Manning, Chen, M. Marquis, K.B, Averyt, 

M.Tignor and H.L. Miller (eds.)). Cambridge University Press. Cambridge. United 

Kingdom and New York.,NY, USA. 

IPCC (201 3) Climate Change 2013 The Physical Science Basis. Intergovernmental Panel 

on Climate Change. Printed in the United States of America. 

IPCC (2014) Climate Change 2014 Synthesis Report. Intergovernmental Panel on 

Climate Change 

IPCC (2018) Global warming of 1.5°C Intergovernmental Panel on Climate Change. 
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\JV1f'l'J11J1~V~U1~fl'Uel~U'5!:"!1l1'tl1n1'5 (Proceeding) 

I( - \I I .?Ul9 f ... _ _, '\u~u,t :019 

ln■u~w;1I Jnicmat1(\0.I ConfcrtOC(' oo "-l*'1;1uui.blc I n.~11\C'CTt"I •nd ln1raqmcn m,: l>cc--,a.na Pia,_, Kr•hi . .\003n£ ~ rah. Th;ul:mJ. 

Future Rainfall Projections Due to Climate Change\ of the 
Songkhla Lake Basin 

'-acha)a Sac-Jcm '. Tnmm Chub-uppaknm 2, Tanil Cha)ennvanon(12 

')ou1hcm ,.i1ur,I D1~11,,-r Rc"-',:arc:h (cntcr, hac.uh) of [ngm.:crmg. Prince o(~[!}(la l 111•.-...•~n~. Son~khlit, Th11Lu!d 
• IA'J).trtn~111 ufC" ii En};.11\CC'rm_g fo'-uh) of f-:n11~--cring, Pnncc o fSonglla l..nl\er-1t)', Son)]l,,hla.. Th,uland. 

Ah\ tr:1c1: Rainfall pmJccoon ot the Son@l.hla Lale Basm due 10 chm.11c ch::mj/'c v.a:,, dctC'nmncd u:.mg 
J.:it..1 from ,:hmau: nwdcl~ mcludmg c,RM..(.' f\15. (,I DL-( \13, and \11KOC.5 for the P'-·nod of201!-,:?(.)YQ 
under AK.5 ~n-.:nhou3':' g.1~ cnu~Mon 1'tC1.'fti:lno of R( P::! 6 and RCP .5. 81w- corr.:<:l11J11 v.r1 .. condur.:ti:d on 
the model dlta usmg ob~"f"\·cd ramfoll data (191'>7<!016) from 34 mam ~toomloil'.1cal .!!taUOn'li c.(._1,cnns all 
ar..,--as ol 1he !>onglhla Ulkc ~ism. Corr..,'\."lcd data l'CTC anJI}~ and lVmpar,:d lo lhc ub .. cn1:d r.unf:t.11 
cLtUt A M.cm.-... or proJ1."l.'t..:d ramtall n1.tlh "J' 1."0n .. 1ruc1cd Tik." n~ .. 0lt11 )l.ho"cd that ca,:h modd haJ 
d1fn.·l'\."111 r.unfall proJ1.."(.·t1on r.:-.ulb In ,unmary. lhc Jh"tllll,C' ;mnu,11 r.un1 ... 11 i.. i.:xpc.:1cJ lu lnln:a'tC' Ill the 
fu1un: II 1, pruJ1..'<-h.-J 1ha1 1hc a\cr~-. •nnu .. 1 ramfo.11 in the fu1wc for Rl P ,.:;_5 ,.,. hkd) to bl- mcn:-J"lnS 
from ba..e yc:.&r more- thw1 t.ha1 uf R( P 1.6 In .M.td111on .... the J\Cra,e!C rJ1nfall m sumnk.'t .md ,ou1h""""t 
nkJO.'ll'<tll -.ca...on:i 1:i likd)' to dCt.·rc~c ~ a,cragc ramfall m nui1.hCJ.'lt mon~n "t."',hun. ht.'mi..•1.cr, 131 

lild) to mcn.•JM' lbt> \loctl~t molllh l.'l h l (')y to be JuftN from "-'01.embcr to Oc\.'\!mbt-1 

1. Introduction 

Cllmat..:- change due to mcri;a~c of grccnhou~ gas which 
ha~ ~fn IJl en place since the 1n<lu,.1rial rc\(:,lu11on 250 
)'\!:Sr. ago dir1.·c1ly afTcc~ !he accumulatum of cm.·r~ 111 
the Can.h'~ nuoo ... phcrc n,: .. ulting in a grca.1 n~k of 
cnv1ronmcnial change~ ,uch a, temperature n~. :,eawn 
change. polar 1cc melt. and c,,ca lc,cl n-.c. fhe amount 
and di•anbulion of raim\.th:r ha..11 corrl!spon<lingly 
.:hanged. cau~mg increase of drouglu or floochng m many 
nrca, { 1 ·3 J. l· ff1..'CI.., of C'lim::nc- change ha,c been e, ,dent 
m Thailand -iuch :i~ ~a lc\cl n~c. drought. flood and 
l1111dslid,· l2], [4-7). lluman being and other l"mg thini;, 
need to l-.c ad:lpted to he able to ,UJ'\ "e m the changmg 
clm\.1te In orJe-r to do 1hat. onei need to kno1., 
qu.anutall\ c mformauon about future projection of the 
ch;.mgmg clima1c lo be abk 10 prcpa1e nnd formulate 
oppropnatc mea~un-s. 

( urrently. many agencies h..1, c 1ilud1l.'<1 the fun.ire 
global climate change intcmat1onall~ and locally. \1any 
~tuJy result~ sho'-' 1ha1 the a,crngc tcmpcrntun· of th(" 
,1.orld is higher 1h:m nonnal If there are no ,~a ... ures 10 
mh1b1t 1hc relca-.c of greenhouse g3~. the a\.cragc 
tl.'mpcraturc ,,fthe world will ri~c h) about 1.5-l.5 C by 
2 I O O [8]. Th1.s \\ ill r~~uh m polnr ice m..:-hing cau~mg 
higher se!I 1.,_~,cls and macosmg coastal erosion. flood 
condmons mtcnli1ficd during rhc flood ~ason. li.:iltwatcr 
!->1>1II ... mtu frc~h "'atcr :,0un.:c .... md 1.\urld ll·mpcrJtun.: ,-.111 
heal up !'llcadily, the global temperarure m the ne,t I 00 
)CJ~ nl.J) increase I,} :ibou1 --'-5 C due tu carbon 
d10,1dc cm1,,;10m, [4] 

lnfunnation from the fifth a.s~c.!l:,mcnt n.·por1 (AR5l of 
the in1cr~o1.cn1111\.~n1al panel on climate change (IPCC} 
hJs 5!10"11 th.al globJI temperature.) in the near future 
1Wlb-W3,) 1s li~ely 10 incrc.1se 0 3-07 l rhc 
temperature of the world at 1hc end of the 2 ht ccntuf) 
\\Ill im:rca~c more th,:m I 5 t'>C l.';ru:,111g. mo re tJfic-n 
occurrence vf he:1,) rainfall m the tropical Pacific and 

the c-qua1ori:il regions. In 11\311) areas, the ramy '-Ca"<Jn 
\\-ill Stan fo.;ter. but 11 "'' II end l'llower 1 he -,c.1 are.1s ,1.11h 
1cc cm cring tend 10 dccrca...,c drnmr11icall)-. c~pecmlly m 
the An:llc and 1hc ac1Jit) of the ocean "'II mcrcasc. (I• 
:! J. r unhcrmorc. the- rcsuhs from 1hc 1:;pec1al IPCt rc1>0rt 
sho,\-S 1ha1 the a,cr3gc world temrcraturc \\1II mcrca""e 
about 1.5 cc [3) Thi, will cause a n.,k of na1ural 
d 1.:a.!)1ers c;uch as drought. forest lire,. flood( ond food 
~honagec; for 1nilhons o f reork around the ,1.orld . 
including nlan)' problems r:1nging from heat \\3\,\!\ 10 
drou~ht and unu~uatly hra, y ruin. 

Fo1 dimatc 1.:hange stud) m Thailand, lhe f\."5.Uil~ fi-om 
,anous agcnc11.'.., sbo,\ 1ha1 the tcmpcr:1111rc hJs n\i;,_•n 
Jbout of 1 C' in the pa"'l ..lO ) Can. [4]. Ten year, a1.-cr.tgc 
daily maximum tcmpcr',llurc from tlK· bcginnmg of thc­
CC'nlUJ) unul the rnd of the 2030s docs not tn1. re~ 
'lltg.mtic.1ntly \\-llh the h1ghc~1 a,..:-rage tcmpcranirc 
between 34-16 'T . But the an.:a "nh the h1ghc .. 1 

1cmpcraturc during 1hat period \\.JII .:xpand anJ eO\-CT 
more areas. At the end of the l,entuf). the ;l\crag-c 
ma"nnum 1empcran1re \\Ill incrcalie 2-4 ., C' to 1hc level 
of 3~-40 C' from the pf\.:'~nt lime and c,;pand 10 ulmo~I 
all areas of Thailand. In additton. Lhangcs in annual 
rainfall are I.Jkcly 10 mcrc-ase: m all region~ of Thailand 
(9] But the '1Ud) of I 111~1rnkan ct a l [SJ <how, that the 
unnual rainfall in Th:ulJn<l i, d1fTcr1.·n1 ,patially. The to1ul 
annual raiuf.."'lll has decrca5ed .)1gnific:in1ly. For the 11011h 
and nonhca,1 reg.ions. 1otal annual ramfall l'i ll~cl} 10 
mcrc:N: c;ignificantly In the cen1r.1I and ca.i.:tcm region~ 
the annual rainfoll sigmfkantl) lk-cn.:a~s \\ hen loo"ing 
into ramfall projection dJtn m c.:ich pro1.tnce It has bci:n 
tound th:u ramtall ot Chr:mg \lai, Ubon Ra1cha1h3m. 
Chrnnphon. R.mong pro1. inc~ 1cmh, 10 decre;,..,c Whtie 
th3t uf Bangkok and C'hanthahuri province:, 1, do,c to 
nonnal or,, hi.ch to increase. [6]. [10]. 

Ho"""et, the ~~mdy of future ramfall prnJcct,on due- 10 
c hrnate chang< of the Songl.hla l~1ke Ilasin (SI ll. I 1g I ) 
area l"i ,11II hm1tcd Therefore. th,., [lrOJClo'I aims to 
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It ,t I l(llq 
lna•1gu~l ln1tr11i1111,:,na• ( oelcrcn,,:c,)f' "-u,1.»n.1~ c I rri n.:1.-r1~ 11.nJ lnh1t51~.k 11 ~· 

4 '1 \u•u'1 201'> 
I>.."' '.IN r ,1/,1 ..... ra.,. \<'fl Ml(:, t<i:r>t-, lll.ub~! 

lktam,m; th~ furore rainfall proJCCtlon due 1n cl1111a1c 
h•tnCl' ,1 lhc t.;I.R anJ Jh,o to J-.,..:v~ tht: futon.: rJ1nfall 

chJ!l~e, coinranng tl" b.l--c ~t.11 r.unfall. 

+ .. 

2. Methodology 

\111d)- of th(' h.1lUf(' 1,r1..,JCdt('"' ol SonglhlJ I ale Ba~m 
ramfoll due Ill C lun~uc ("h.tn~..: v.a, l~lTl\; ._,, follm\, 

2.1 Rainfall data collection 

Ramlall ,taw. colk."Clton uf th.: LB t:Olbhh maml) of: 
pJrl!'> ob-.c:n .:d r.unlJII dala Jnd prllJCCh .. "tl rainfall dJt.l 
from the chm.:ih: model, rtle' 10-~car oh~n.:d r.11nfall 
<lata ( 1'Hf'-20lil) oftlk' \\t.'dthcr ..,tJIH>n-. m th..: ,1ud~ area 
\\C:rc tal..cn from the Met('\)rolog.1c.>I DepJ11mem 
Ja1ah.1~ Down--call!d r.unfall pr0Jc-d1on data from tlm..-c 
glc,l:,al d11na1.: m,.,c.kl-. 1,1,1.;rt' pro, 1dcd b) I l~dro ,tnd Agm 
lnftmnJtic, ln~11tuh:. I he moJd~ u,~J Jrl.' C'RM•( M5 
tCcntrr Nath.>n:JI Ji.'.' Re~~rchcs \.1e1corolo~J- f·ran-:c. 
G~OI -l \11 1,().\A Groph),1cal I h11J Dynanuc, 
l,st>..1ra1<•ri I l.SA and \IIRO< 5 t \fo<ld fiu 
lr1tl!n.h~drlinaf} Rc~Jn:h tm ( limat.:1. JapJn 
Rcrn:-.cntall\.C (°Ofl('Cntrali\ln Path\\i.l)-, (R( r,, 2 6 an<l 
~ i; \\h1ch JI\; r~rr~\.'.01lng h~ .. t and \\Of',I CJ«'~- \\ere 
u~J a, i..'.arhon cmi-.-.1on ,ccnarm Rainfall projection 
data a~ ,ununJn/cd mto ~ p~ric,.,h. ,, hid1 an: l\.car 
I utun: ('\I, )1:':lr :! 0 J 5 :!O 3 ~). lntcm~d1:11c t un1rc lll 
\CJr 2045.:?.t)(,Q) and I ar I ut11rc (I I H'ar 2()7.t;;.:}(}9Q) In 
~~1d1 y~Jr. J.ccor<ling. to kxal cl1mat~. three "-1..'a..,on'I arc 
\:OnsiJcrt-d. nan~l}. (,Umrner :..outlmc•a monwon fS\\· 
Rain) anJ nonhea-,1 mon~n ('\F Ram) 

2.2 Verification, estimation, and correction of 
the observed rainfall data 

Pnm,11) 111'1",'Ctmn of the ob~cncd nl\mthl) rainfall data 
~110,,c,I that for "i<'l1~ Mallon,. tlh: dJta "ere pan(\. 

m1,,1111_; lllu". ·n th1, ,tud,. c,11m:111on ot nn,~in~ 
lll\HUhl) r,untall datJ \.\il.."- t:l'l;dm.1cd tMnµ tl(1m1JI rJlt~ 

nx~thl'~ J-. -,ho,, n rn Lq t I J 

P, ~ H(~I'.) + (~;/•) + (~P, )] Ill 

I 
\\hel'L.' Px t'. c,11ma1ed m1 .... mg ramtall. 'Vx ,, J\"·rag1.' 

ramtall ,lf !he ,1.n1tm con,1d1:n..·d J~. Pb. ~ .1n.- r:11nfall, 
of the 1h1i.:t· nc,ub, ,1J11011, ;tt thi: ,Jmc tnnc a, the 
1rn .... mg dJIJ. and N,... Nb· f\ ,9c J\Cia~t' rJmfoll-. of 1h1..• 
thrcC' llCJrb) ,tJll<'ll" JI thc -lmK" turn: J'- thC' 1111'>-.'m~ 
dJIJ 

J\ lkr the rni,-,ing 1am1all data ,,er\.' •,111nah:J .111d 
ful1illed. thl! \\holt- d.1ta of CJch ,1at101, "ere ,\·nli.:J 
,tn<l adJ11,1rJ ( 1f ncl.'\;''~f)) Li...1ng douhl~ nr.t,, cur\'c 
n"k:thoJ .1, -.ho\\n III I..:.~ {.!} 

p 
h 
-P 
/, 

"h..:rc P 1, ad1u,1l;d rainfoll. f' "ob....:l"\cd 

ramlall. h 1, ~lore of grJph 10 \\ htl·h rccord, are 

adJu'-lcJ. Jnd /> 
o b~1..·n1..-d 

2.3 Bias correction of projected rainfall 

lll:1, c:,lrrccuon ot the pmJC\:tcd rJmfall dala \\a\ done 
a..:l:ordmf to th~· d1-.c:rt.·pJ111.:( hctv. c..:n 1hc ob-,,cn .. ·d 
ramfoll anJ the :-.nnulatcd rainfall dat:1 lro111 the 111-.ldcl, 
tn bJ..c yc,ir r,cnod I he c:orrct.lll'll ,,,1-i. made po,-,,t.lc 
u~mll d,angt' fa..:t0r m.:1hoJ (t I") ·"' dc'<:n~d m ( 11 J 
.md '-hlm·n 111 h~ (,1) 

p 

\\ here P' 
monthl) ramf.111. I' 

h 1.'.0rT\;~h.:d J\ crngc proJ..:t:tcd 
, J~T'J!!i: pn"JI.Xll'<l 1non1hl} 

rarnlall. A " chanet• IJcM !:,._ P, " <>b-.cncJ 
.... P, .• 

.t\ i:1, •e monthly r.nntall of ~a,..: )Car p...:noJ, and P w,i ,, 

:-11nul•tll'<l a,crngl:' momhl~ rJinfall from th1,; n-11.w.kt, of 
l_,3~ )Car [lt:-riod 

2.4 Analysis and comparison of observed and 
projected rainfalls 

~1~11,ucnl anah,1, \\.JS ..:unductt-J for JHmJ;C. 
m~l'11num. and 111m1mum \ ;iluc, ,,f annual. nl<.)nthl~. JnJ 
,ca'¾,nal ohscrn·d rJ111falh l or the prnJet:ti:d r::11nfalh,, 
th..: -..ame anal)''' \\.8"- d,mc for all 1tll1'Jck R( P,. and 
pc-nod, Comr.im,.tlth ot the,c, comr,utcd , aluc, art" 
mJJc anJ di~u,.,1..··d MJp, ,htm 1ng Lhanging JUOJ~Ll\;d 
rainfoll \\Crt' Jl-.o <.:on,trucl<:d. thu.:,.. partu.:u(Jr JrcJ, \\1th 
high ram!JII 1.:h,mg1ng ..:an~: ob...cncd 
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3 Results 

3.1 Observed rainfall 

F the ~l 8 t ..: "~"-'"..,-d ramfJII dma for .JO )~ar:,, 
from l""'s- 10 ~OJ'(,) -.ho" th.it .1,crJ~c annu.l rain lall b 

, .. 'Ii mm and th~ annu .. tl ramfolJ 1, .Jio\.\n in 1"11.! :'.! 
ffi h nKn:.1,mt! lrcnd C\f annual rJrnfoll 1, ob~; l!d 

o,cr 30 ,ear, t\\C:tJgc m,1111hl) rJmfall ,.., :,lh •\'11 1n Fig 
1 \o\t"f"IW'l.:r JnJ De..:t:"mber Jre !hi! \\CllC''\t nl(\Oth, \\ uh 
a,:orc moothl~ rJ1nfall of .,i;5 Jnd ,.,, mm. 
~1..U\d~ \\ hih:. I ,·f:\rum) ,.., the d11c,1 lfk.'lnlh "1th 
ll';:T"J~1..• month)~ r.unfoll of 40 mm Summation:-i ol 
a,cn1~~ monthl~ r::unfoll, ol 1he tlb-.Cr\cd dat1 for 
summ...'r ( r t.'hl'l.L'.lr" It' Ma\. I. ,,,oulh\\c,1 mon,oon (S\\ 

rain. June lo \'-·ptc:mhcr I and nl1rth...:a,t nl01b<.l\1n (\ I: 

rain, October 10 January) •m· 3.J-4 .. ~WO. ;.mJ 1. 1-4 1 mm. 
rc,(X'i:tl\ll~ 

i - "-~ • l'-A. . 3 ._ ~ - .. y../V -V 
: .... 
! ... 
; 

., 
t l i ~ ~. 

~ f 
! . e 

~ .! J. • -+ i:' .. ., ,, T --~·~-
-kl:-~ .... - - .- ... 

3.2 Projected rainfall 

3 2. 1 ProJecfed average annual ramfall 

'\. 1..·ompanwn of th..- projcck-d rJ.mfall from 1hr1.~e mock I~ 
\\ 1th the h.1'4'•)-CJr rmnfoll rc,c~1l\ thal the rroJt:'-lcd 
ramfall t!oi l1kd~ to nkrc.L,.: a, ,h0\.\11 m Tahk I Blu..: 
up,\ard and ~cllo" Jo"n"ard arro":,. 111d11::ali: the 
11,cr,:a:,ing and d.:crca:,.mg rJmfoll~. rc,pc\.11\l·ly 11 1:, 
pro_1cctcd that ,~ a, cr.tf'C ,mnual rnmfall m th,· futurl! for 
R( P j,, <iii i-. lik~h 10 be- mcr~a,c from ha..c \~Jr more than 
that of R( P :!.i The proJC~lcd nunfall, 1:>r R{ P ~ 6 m 
the \f ,rnd rF p\!nod-, ar< lild} to 111cri:a')C, ,,h,k. thJI 
ot 1h<.- II" l"N.!nOO L.., hkcl> to d..-:,·r..:a,c l"or RCP ~ S 1hc 

proJc(.:tCd ram fall 1, hi.:<.'!) 10 dccr..::i,c for 1\ I p.:nod hut 
tho..,I! for IF and fF p..:noth 11 i, M,cl\' to incr..:.t"'-'· 

I ahlr I . ('h.mp,: t1f pn1J,·,1cd Jn!hJ,d r-Jintall \\1th the t'la..'-<" \.,!af 

rnintJII 

R< r \l,xkl 

\1UHX ~ 

: • ( 'RM-l \I°' 
(,I DI ( \11 

ftn:1.1: 
\IIROt ~ 

<• 
( !\R'-1 < \I~ 
Cllll < \r; 

(ho.:,11! 

Pt rC',' llhl,!t> dirfntntt or 
:.rnnual nh,f.111 •.1 

,r 1r -.:a:-

. . . 
\fap, ,lklwmg '.'>pa11~11 ,anJ.lion o l pro11.·,:1..:J r.:unfoll 

\\ hu.:h change,;; from place to plJ..:\! and fr,,m 11Kxkl to 
m...--,del J\ well (1.o,~ e, amph: ol \1IR<X 5. R( P).; _, 1n f 1g 

41 The fHOJ..:1.·11.•d a,cr.t:?~ annual r.unfall " 111.:cl) hl 
1m:r1o-"U'4.' ah;,,u1 J3-155°o in thi: :.11c..:a, 1..1f S, Banphilt, PJ 
Pha)Om. 8Jng Kaeo Ji..,tnct~ of Phauhalung rro\mcc­
and Sa1hing Phr.1 d1,1ne1 ol "'ongkhlJ pru, 11"k:'c It, 
Ctintr;1,t. the a\Cmg~ ,1nnual rrnJ1.;c1c,I rJin1:1!1 1\ hl..-1~ h\ 
d1."l.:r..:..i:-c .ibout 37-<,!0 o m du: :1rcJ'i 01 \fu1.~::m_.i.. )..onf RJ. 
Tamot dbtm:1:- uf Ph..inlulung prn\lfk.:C and Ranot. 
t-.. rJ .... 1c Sm. 'imghJnal.:h,Jn d1,;;1nc1, ~md h.hlon~ l -
T arluo ,,a tcl"ih~d ol Songlhla pnn mcc 

•➔ii:, -t ( \lnljlJriwn t•f ,1,.:rore 1trn11al r,unt:111 p101..-,:t1,Ml 01 

\1IR()( j at RC PS S 
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3 2·2 ProJected average monthly rainfall 

The obsened a,eragc: monthly rnmfaJI for th~ ba,e )ear 
(BY) dcarl) indicate~ that the \\CIIC:-,1 month ,s 
'oH:mblT w1lh the mm foll of 435 mm.,, hi lc Dt·l·cmber 
come~ second ,, 1th lhc ramfoll of .l73 mm t-or thc­
proJC\:ted ramlall. hmlevcr. the \\\.'tl..:-St month ,tufts 
frurn ~01.~mbcr 10 D-:l.7cmber A!.- ,hu,\ n in Table 2. h '"' 
ck·arl) ~1..'11 tha1 the proJt.X.tcd a\-..:rngc month!) rainfall~ 
of 1hc month of Dcccmhcr arc greater 1han those of the 
'\o,cmb'"·r for l"'"l"Y RCP. model. and pcnod. In 
additions:. Fc-hn1.1ry 1s •aill projected to be the driest 
month 

Tablt! 2. Ob<.ef'\00 and prnjcctcd a,cr.tgc month!) romfalh for 
,member and Dc1.tmhcr. 1,oic: 1'oH·mlx:r 435 ::md 
Dc<:i:mh<.T '73 mm for base )Car) 

\ lm1thh Rainfall (nml) 
wee \lod l'I " " H .,., n.~ ,., l>tr ,., Ott 

MlROl5 197 lb.\ 40) 4!if. 3"6 -20 ( \:R\I-<. \1~ 2'11 .. , 2(,J n .2KI , .. :i 

VIOL-C\O 41\3 "45 5t,'J IOIO ~I.II ~.26 
MIRO(-<. ,01 -I~"." -118 ~Ol 4·;i ~n 

"'-~ (. '-R.\1·("'\15 3W 5"1 2"4 795 ::?65 5V:1 
( ,IOL-C\P b:~ w !-N """ ... bl!-

3 2 3 Pro1ected average seasonal rainfall 

Sca5,0n.1t ramfoll i"' a ,umma11on of mvnthl) rainfall 
\\ llhm 1hc sca.!'tOn. I or example. th(' ~Jsonal ra111fnll for 
.;umrncr is a &umma11on of rainfall for 1hc month5 of 
I cbnml'} to May. C'ompario;;on of the prOJc..:tcd ~1vcragc 
,ca,onal rainfall ,uth the ob~1.cd ra.mfoll i'\ ,h0\'1-n in 
Table 3. \1oJcl proJC('ltOll rc,ul~ sho" !Ital thl' a,eragc 
season:11 rainfall 15 hkt:ly to mcrcn~ in '\'[ mon"'OOn 
:-cason but it 15 likely to decrcu~c m sununc1 and S\\ 
11101boon ~c:tson The a,crni;c rainfall for ~ummcr ts 
hkd) to dl.'."crcase nbou1 .25.66-30.49°0. "h1lc that of 
&outh,1.c~t monq)()n ~awn lj likely 10 d("(;rt"a"'C abou1 
14.52-1946°0. In contra~,. lhc a\.crage nunfall for 
non.hcast n10n,oon sca~n. 1..: hkcl) to mcrcu,c about 
21 .46-27.47•~ 

T:abl<' 3. Sc.1.sonnl r-,unfoll chantt comranng 10 ba:-,e ,ear 
mmfoll 

P.-rtt>n lai,:t- dil'fr~n« ors.-»~una l 

\1udcl ~o-.on 
R• infaJI t••) 

HCP 2.6 K( P K.5 

'f IF I F ~r ff ff 
\ummcr -:o .,. ._v; .u, ' I 

\HROC:-5 S\I. R:un . 1~ -ll . Q - 12 -2 ·' J\ .. H.am J1 I, ,~ • I, ,~ 
C'\RM 

~unuucr -~7 ... •. lf. ~ . "' 
_,,,, 

S\\ H.am -'2 __ ,9 :, -4: \9 -tj 
( M~ 

,rR:im ... -~ -13 l :2 -2 

\IIDI-
~ununcr -19 -19 I -2'1 6 -11 
S\\'Rain 41 ... 4J .. 4< ..,, 

"" Sl. Raw JI 67 '0 .10 41 ◄9 

4. Conclusion 

In th1~ ~tud). for the Songlhla Lale Ba~m, the .30-)--car 
ob~cncd rainfall data from 198110 ::016 rc\.ealc;; th.11th<' 
a\cr.tgc nnnual rn111fall is 1.875 mm \\.Ith n1en-asmg 
tn:nd. The \\Cth:,t month \\1th i1,crngc month!) rainfall 
oi -n5 mm b found to be 11\Jo\Cmb~r. ,dulc the dn1..~,t 
month \\ ilh a,cragc m('lnthl~ t rain full of 4(, m1~1 1~ 

Febru.11)'. The proJcclcd rJinfolfdato from C I\RM-( M5. 
GFDL-C'-'IJ. '-11ROC5 model, ,ho" that the annual 
a,cmgc ramfalf 1~ hkcl) to con11nuc 10 mcrc-a-.t.· f'or 1hr 
month!) rninfall, prOJCCtion rc~ul!S mJ1~·atc 1ha1 
rebruary Iii still a Jrics1 ,oonlh but 1he "cuc~t momh 
\\ 111 be ,h1ficd from Ncl\cmbcr to D..:cembcr For 
seasol\.11 rainfall, 1;;ummer and wuth\lo\!SI monsoon 
season h:nd to ha,e Jccrcn,ing ram v.hilc that of 
nonhca~l ffi('ln-...)()n sea~on is likely to 1ncn:-a;;,,c. 

Spat1:1l ,•ariJt1on of the projrc1cd annual rainfall is 
noticed O\er the Sonkhla Lake na-..in :1re.1. Increase of 
IJ1c amm.11 rainfa ll I!- found to be the mountamou5 an.'a 
m Pha11halung prm mcc of S1 BanphOI. Pa Pha)um, and 
Bang K3('0 J1:,1rias I or the co:istal areas of SongL.hla 
pro, mce ,uch as RanoL Krasae Sm. and ",mghanakhon 
di~1ncb, 1hc projl°Ct('d t\nnual rnmfoll 1s likcl~ to 
Jcae:.iM.· 

fhc obscTvl"d ond proJl-cted ram fall, ,ho" n 111 this 
:-,Jud~ indicate thal climate changf ,,111 change the 
rainfall in 1he urc:1 quan1i1at1\CI). spaliall:,,. und 
sc-a.sonallr. Changing m rainfall rc,ults from 1h1!, ,1nd) 
ma} OC used to r.ti\C a" an:nc~~t"and adaptallon of local 
people 
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