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Soarg UREdd & HRYT 991 & fqarer vg daar § 9ead o 91 8 4fdw ¥ q1g ud q@ & qEe
f Sood B @ WIET 2 | WRA H @R Icied U9 YISl Suderdl R gd &1 fvH gue g | gl @
eI # Y gY W WA H uRd § el g @ 9 & emdd &1 Ue A g | dew
Serdry #iedl (Global Climate Models i.e., GCMs) BRT ATel Hfa®1 & |1fdd STerary Herdl (projected climate
scenarios) @I SUANT #H W §U Standard Potential Evapotranspiration Index (SPEI) -¥& {adid 0. 25 &
UM UR G AT | ¥ EGie ¥ AT O B SR W R WRd A gW @) Refd &1 s faar
2| SPEI auf Ud dro®e <l & 019 # X g G@ $T AEHe ST § | TG aifiT B ead § I@d g9
T & SfiwverT # argA @ ff HeH H o7 B RO SPEI 3 Faferd Yadbia] @l e Jfte gurdl 81 39
sz ¥, ff ve Afed W R 71 waR A1 GCMs &1 ST # SR T § a9 GUR U Haftid
I sEe & WeEH 9 gW @ daal gd FeR & [{Temer e 2| 9 9ed 9Rd Ared s
furT gRT Suetel BRI U gridded 99T U9 TIYHT &1 WANT d@iersd AT d@Ae & ARG I GCMs ERT
Suyarel wedi ¥ faeme Ffedi o1 gem @ faw fFa m B q@ @ e t@ el & guR @ s
29 Mann-Kendall Td Sen’s slope Sl Ugfrdl &1 waT fsam mm 8| Ud U949 39 91 &l H9aHl Ude
1 2 b Serary uRads wfdsr 3 g@ & iR 3ife eue g9 g g1 dadn 8 |

Abstract

Due to alteration in distribution and intensity of rainfall caused by climate change, the problem of floods
and droughts is likely to increase in future. Drought will have a negative impact on food production and drinking
water availability in India. Keeping this in mind, an attempt has been made to study the drought situation in India in
the presented paper under climate change scenarios of future years. An index named Standard Potential
Evapotranspiration Index (SPEI), was utilized on a spatial scale of 0.25° using future climate forecasts projected by
Global Climate Models (GCMs). Based on the calculations derived from this index, drought conditions have been
studied all over India. SPEI assesses drought taking into account both rainfall and temperature. Owing to
globalwarming scenario wherein temperature is on rise, SPEI is more effective than other popular indices since it
takes temperature into account in estimation of drought. In this study, nine GCMs have been utilized instead of
relying on a single model and the intensity and type of drought have been analyzed through a multi-model ensemble
time series prepared from them. Earlier the gridded rainfall and temperature data provided by the India
Meteorological Department has been used to correct the biases in the projections available by GCMs through
quantile mapping technique. Mann-Kendall and Sen’s slope tests have been employed to study the trend in drought
severity and regional spread. The presented study suggests the possibility that climate change may make drought
more widespread and intense in the future across India.

1. UKIGA1
g oI faeermer seuadifod iR W € dHdifod ER TR fHAT S wadr 8| Sl WEEl, Yot
gRaora, auf e dua ARl anfe & fau SeeR wde & Aremm 9 S § Se dee o
e @ fog Hfo—fmfo & gfe & 9w 3§ @ o1 orgum weayel €| fafvs denfel 9 dRas wr w®
q@ @ fdwar efa wwifda miRan, a@fy e diaar # gfg 1 a0 Trenberth et al. (2013) 7 @RA
BT, F=a adr AR oA @ B WA & A Al Ak Wipferh G D FHIAAT HT Fena o |
1950—2008 & THY AR P hax B §Y U T AT H, Dai (2011) 1 UfY SUF 1.74% B X B A1
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Mas vfawa 5 &9 F iy B gue @) Wl & Ras g@ & ¥ A Burke and Brown (2008) F
iR WR W W W yuid a9 4 wHy iy & Wy $F TR g B g § aifte R @ @ &9 IR
¥ o gfy @ gEer €1 ARg § @ B aRRefy W o sl § e dfga fhar A § (Mishra and
Singh 2009; Naresh Kumar et al. 2012; ' Ojha et al. 2013; Mallya et al. 2016) | Naresh Kumar et al. (2012) = B
B TUP B SR ARG § HEAH Ul AgRT & ded @i &3 § gfg @ gEe o

TR el # SR Affd sragsl ¥, Y @ Bredy, UF g Siady @ asd @ @ e
aufq @ fIg SPI &1 SN fpar @ Rrd v § dadt auf B TSR g Bl 8 (Mckee et al.
1993) | SPI @1 W arelraial § ¥ U I8 € 5 7% Y@ @ Aiver ¥ A0EE B 9Td B GHIfRd Tl Fwar
£ (Liu et al. 2016) S % Tolge aIffT & gRedT W Agcaygel | 9¢ U AGEM W U B AN AfAS 8
Y &, sl SAIRT wetaTy @ Ty | gadbihl @ T # Sc-PDSI, SPEI SRY J[Fd Wil AIOEM P14
Hem # o s HOR ¥ (Vicente-Serrano et al. 2010) | IAN EFAT B Sexd AFHI STerdry aRgw
(RCP 45 3l RCP 8.5) @ 3R #egq o/@f & J@ (SPI-3 I IRy SPI) & wweron (arafdy, i, &= I
A1) F1 e &R B |

2. fepanfafer

ada aemEe ¥, NG AARE MR (IMD), IO &RT SUeiel $Rarg MY 0.25° w@rfie Reffeer
&7 997 (Pai et al. 2014) 3R 1° wNFF RATYT B AIUAN SeT (Srivastava et al. 2009) BT WA fbam 2T € |
wfrsr @ g @ Rl &1 fvewy e @ frg, CMIPS Wi ¥ A Steary sel e war o o
Rt 1 ® gHag 2 | e 2 WA wnfie Ruffegee w@nfid & 8g CDO Uast (ST hitp/www-
mpimet.mpg.de/cdo) HT SUATT X faffm Roffeged W Iuae Sewe ® IMD ERT SUa®l du &
Roifeer o= g faar w2 |

aIferT 1 CMIPS T9E ¥ forg ¢ Gem &1 faawer

®. 9. | gied I e
Reifegar (s
X QIAR)
1 BCC-CSMI.1(m) Beijing Climate Center, China Meteorological 1.125° X 1.125°
Administration
2 HadGEM2-AO Met Office Hadley Centre, UK (additional HadGEM2. ES | 125°x 1.875°
realizations contributed by Instituto Nacional de Pesquisas
Espaciais)
3 GFDL-CM3 Geophysical Fluid Dynamics Laboratory, USA 2° x2.5°
4 GFDL-ESM2G Geophysical Fluid Dynamics Laboratory, USA 2 %25
5 IPSL-CMS5A-LR Institut Pierre&Simon Laplace, France 1.875° x 3.75°
6 IPSL-CM5A-MR Institut Pierre&Simon Laplace, France 1.25°x 2.5°
7 MIROCS Atmosphere and Ocean Research Institute (The University | 1.4°x 1.4°
of Tokyo), National Institute for Environmental Studies,
and Japan Agency for Marine&Earth Science and
Technology
8 MIROC&ESM&CHEM | Japan Agency for Marine-Earth Science and Technology, 2.8°x 2.8°
Atmosphere and Ocean Research Institute (The University
of Tokyo), and National Institute for Environmental
Studies
9 NorESM1-M Norwegian Climate Centre 1.875°x 2.5°

#
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adaH e #, Faiersd AT GE e (Li et al. 2010) BT ST GCM Ri=gercs arowe vd st
ST B 9 IR B g fear mm or| anf @ et A e www gwen B A e w s,
JJAS—ONDJF-MAM W Us= &g 7ar o, Sl e 9Rd § 9199, A9 R f—amee & aew 4 3
o 81 avf & guR @ fog A RedeEE @ areie @ forg iR ReflegeE vy fey oo @
1951—-2005 & QR GCM ST 3 URIEIRG 69T siR@ell @1 1951—1975 31 25 a9 3k 1976—2005 3r=Id 30
ad # faarfora foar man, & & e aRe-avaeE dee & qder IR uRe & g R, Siefd siearyg
Heel HEgoN (RCP 4.5 3R RCP 85) @ O el I 2010-2039 (Frebe—faes), 2040—2069 (Heg—wfas),
2070—2099 (Ggr—4faw) # fbar 77| The GCM W R 7 e Al Aiee t=rmwe (MME) @) a9 T
UH W MAB GCM B IUART F e Iuf d qrgAH B Gaftia THT sikget (MME) SR @Y T |

qAAM eI ¥, SPEI-3 &7 SUANT dved g @l f9iwer b1 oo fyar mm on| a8 3w @)
@ § o B T WIS IR wew sy B T B BN /A BT aide wear @ R @ B F R
@ ol # Suere T B R B IR B B Re wewqel &) SPEI & oM @ forg A o @
S I W auf 3R A wfaa arsfiexor (PET) & aick &1 afawdad! 81dt £ | PET &1 701 geieq
fafer (Allen et al. 1998) ¥ b | wamafy srufa, wfdewr aerar wed a@f (1976—2008), e wis
(2010—2039), AT (2040-2069) SR JGR—A™ (2070—2009) # YW B fabr N g v & forg,
SPEI & forg @ @ TiRar aiffexor Ares aferaT 2 # R v #

difersT 2 SPEI 3mnRa gwm auffawor

SPEI Syofy
>2-0 s 99
1.5t01.99 TR 99
1.0 to 1.49 qAH H
~0.99 to 0.99 A
—1.0 to—1.49 HEH T
-1.5to~1.99 TR g
<20 SRICERS Ll

IR W YW BT Avelvs o371 @ fog; 9@ & sfaefa wivar, sy oik &g vaR @1 sega fsar
T | e e @l g H, TR iR o g vad @ gy @ R wifere ¥ gafan, Rz § e
@raﬁ?ﬁﬁ‘qﬁﬁmﬁnﬁﬁvaﬂ?w@aﬁmﬂm|@aﬁaﬁwmwwmzﬁwm
fT M7 Y@ #@ B Ba d@ AR W B TR B @ b1 U &, o8l g @ geAst § o
T WEH B "edarit @ fed a8l 2

ST I I & d8d o & &3 J9R ¥ uRax= @ qgae & & g, a1 R—Reile
TRIET, If, AF-dsad (MK)/FNd A-deet (MMK) Qe 3R Rige— @1 gar (TSS) &1 S
fsar mar) MK wdemr @ wdad Y gEer § sididenH B SuRafy & eRu famed € swf,
Sfe—wegdag SeT @ fory MMK o¥teror 7 Suaiy fasar i |

3. g SR ==
3.1 9199 Hrdcs 991 g4 A9EHE $ MME &1 fHHior

ST § Y MU AAE GCM & GIH-aNaeS ScNE &) SURhd] @1 Aelide wued SR
(SD). @Rere BIIfige (CC) Td Te A W Rwvea (RMSD) & 3R W So e (a9 2001) &
A ¥ A T g AeRE @ gfted ¥ SWeifae At gl R 1 3 R MME @1 a9 ax
Y I TIR B R R GCM & 37T et wHel @1 R g3 | MME @ a8 & farg wisel @
FAT PRI I, MME Weiaal &R dwafr # yee & wwsiar ooy R siffieds diea & == & ghifEa
B B JA fHA T 1| MME @ g g9 disd WaeE @) e o it 3 8 R 1y ey
BIHISERT &5 & foru ugenr T o | MME asf & fmior § wgee g GCM &7 v MME di9er &
ferafor 2 forar |
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' & forg v aafd (1976—2005) & R
qW @ PRCT, @y AR TN BT SIAM ST T af & |y frde wfes (2010-2039),
Heu-fdsy (2040—2069) TG g WA (2070—2099) & oY RCP 45 IR RCP 85 URgwl & d&d Hafd
GESHD] DI AT DI T | G D G HAR P AT B D ﬁm\;@?ﬁ q@ﬁmﬁﬂmaﬁm

e

SITAT T AT | 39 YA & fo menw g (SPEI<=-15) 3R HemW ¥ ¥ S (SPEI<=-1.5) aid,
[ B A A TR G AT IAARD G b w9 H T T
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difersT 3 MME s @ i 3g fife Seoifaw &l @ o Rifta cem

& fufea Afea
GenimlBovtnan BCC-CSMI1.1(m), GFDL-CM3, GFDL-ESM2G, MIROCS, NorESM1-M
(Perg ITU—Jd) : ? ? ? 2

Hilly Regions
(NOHEG% HadGEM2-AO, GFDL-CM3, GFDL-ESM2G, NorESM1-M
Northwest
(G?F\’—t[ﬁ?ﬂ?) BCC-CSM1.1(m), MIROCS5, MIROC-ESM-CHEM
Peninsula India .
(m AR BCC-CSM1.1(m), GFDL-CM3, GFDL-ESM2G, MIROC5
West Central
(terfH fﬁffﬂ) BCC-CSM1.1(m), GFDL-CM3, GFDL-ESM2G, MIROCS

Mmuﬁwmwmﬁaﬁmaﬂ?mmﬁwﬁaﬂﬂﬁmmfﬁmmw
Qdepiferd aUR TR FAld, R AT QrHdEend WH AAfY (2010—2099) B v @ @t MiRar #
RCP 4.5 3R RCP 85 URgel Ml & T8d <9 WX # 5% & WR W Fgayl o8 T3 (R )|swasr\mr
e wfadw & o 3 gox wfaw § e iiwar oRamr # gaiw gfg &1 a9 o wear 81 399 38 0
qal Ferdl & b Yr-ufas 3R #eg-Afasy § A Aer-—vfae iR Mac—ifs @ gomm & 9@ o a9
fase & wadh 2|

e 3 : 4@ @ &3 JER & forv vee fvew sies

I R D G T T 4 SR

Z-score Theil-Sen’s Slope Z-score Theil-Sen’s Slope
MME : e 37afer (1976—2005) —0.64 —0.13 —1.00 —0.40
fr@ec—fds (2010—2039) —0.75 —0.11 1.32 0.30
< A—Yfds (2040—2069) —227 —0.26 1.91” 0.34
§ gex—Hfa= (2070—2099) 1.14 013 0.36 0.08
e aTel™ (2010—2099) —2.85' —0.09 4.24' 0.30
- frae—wfd=r (2010—2039) —0.23 —0.02 1.00 0.30
:‘ He—4fd= (2040—2069) —1.03 —0.08 1.03 0.25
o ggx—fa® (2070—2099) —1.73" —0.10 0.75 0.15
Erd®rel (2010—2099) —8.41' —0.14 5.70’ 0.41

(*10%RrNfhd=1 &R, *5% R wWR, ToRE 2’ gl gy $1 <9fdl 8, HRIGD den Z dad)
wgfy @1 gwar 2 )

@1 TR BT fagemo we & fay oidl o & amer woarh, 2010—2099 @ [ ST wHT @
darg B W 8 gde aHd AW W I Fee—afas, au-adw ok ger-wfis & MMK alterr faar
T | e g @ el & |l uRgwdl & oo gedr urar wan| defafy § Awrm g b 83 H RCP 45
3R RCP 85 yRgwdl (At 4) & T8d 5% wieReda Rifhew & TR UR B! &H GHAT Wrdl 2 |
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MME (1976-2005) RCP 4.5 (2010-209') RCP 8.5 (2010-2099)
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20°N 20N
N -';:'”“‘““;E:."" N ed e L
S0E 70E BO'E S0°E
Decreasing trend Im:rnaxn:g trand
e - R, Mk .
5% a 10% o NS No Trend NS 10% o 5% o

o 3 : SPEI-3 q@ & TiRar ) wafy # e (NS, AF-Rififhaie waft @ <ufar & ¥ed &k aed
T HAE: A AR A w1 F Raw S w g) |

T YW B IR TS gl ge WgRT a1 URGw @ ded CHed U@ W G @ e | uig
g 5y U el Freaevesl & forg e gw 9 ew o Raft @1 wem W o gt @ Rafa w
aifres g I ® O RGO $S1 R T A weudl & foy sfod aRRefT 4= #y wwar 2| wfdsy H
9 ® ey R § @ ) oafy # 5% RfeRewa Rifve=r & ¥R w® @90 & gvET & @
4)| Tdl A9 B IR W AW B A, WY ARG B R, STR-URTH W AR S0 ARENE 9Rd
S STeary aRewI & ded ofe MR w0 & wafad oy o € |
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MME (1976-2005) RCP 4.5 (2010-2099) RCP 8.5 (2010-2099)
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5% o 10% o NS No Trend NS 10% o 5%

3 4 : SPEI —3 §& & 3@ # T3 (NS, A7 Rp-iifbae I T &; 9gd iR "o T HEC
e AR N ¥ F R o §) |

4, frend

RCP 45 3R RCP 85 & @& AT Welary URgedl & ded ¥Rady § §& & aRAdA g Uh
ggyaferd Yasbie SPEI &1 SudnT fhar war| q@ o1 Refd @1 sewm a7 & forg aui ofR amwr &r
MME TR &% @ U @ef 9 GCM &1 SUalT fasar 71 o1 | G9R MME, IMD 2T & W1 goT &Xd a9d
S wéBdr & W &3 B AR g% P Udhed § G U Y | goHE SeFaE § RCP 45 3N RCP 85
uRgedl & ded d “HH TR W SW B gW B RAAT F UF 9@ GWET &1 udr For| wed aafd
(1976—2005) @1 derl H Fwe WA= (2010—2039), Fea—fa=r (2040—2069) 3R GX—wI™T (2070—2099) #
ARTT  B Sarg N g% 2| U IR, g "EMl @ 961 g3 "HeAn W ormar uE g Hew #,
Seary] gReds @ aNgw & dgd g@ @ Refa # afg @ wa ot 2| e &89 “wem TR ¥ S
& g@ @ Rafd § wifad grm ot iR sk srcofe @, e & oia Suaerar § 7R g9 @)
GE I
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