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G- ARV investment 95T (KBNIR) fomie! fReeli—gas sefgad #IRER (DMIC) ERT fafea
fobar T €, e ag WA gew o $ sreiay el # Rerd 21 KBNIR @) Siefery of€ b @ oaw
TP Sy &5 § usdl & et aiffe o awt 610 B 2 (94% afrofi—uRedt wmwgm) | =
A & f& DMIC & 3l KBNIR @191 ffg 7fd & Wfd & IR R QRreR &M drell & 3R ¥8 9gd
aead 8 & 4w @ 5 Suderd d i v drot ' R
AT B 9T & P GIS ARG wnfd faawor (Spatial feEfieE) R wikeda aa-iiel & wm /4
qemifeie a9 @ B BT Aveer oA, $WH 8 VIS WA (qev)s, 4y, fhee, dieifiE, gy,
=TT, ATgeRI, fOSTRn) @ 52 auf (1962—2014) & &f@ el &1 SUANT far war | avf @ srimel @1 &S
4 W) faveer e aiffs, e vd Wiome (WFRE-JJAS, ORE AMgA-ON, N-H-ga-MAM &R
fdex—DIF) #oft | wsr=i # uRac 78 weffa oxd & 5 Sems # S o emem #9 auf B 2 =R
Tq fier d v 991 g3 avl fewm & Amgy oR affe anf § &9 udl Y Ryara eeeiE @) dfEd
(observed) B BT AT B! & IAIGd U dgd Hecdyol YHIG TSl & | IR Hel dojex § HHa]
& 99 B T H URAT B ARG €| TN Sgde SuTdl @1 WY W) W Rifed ey =Ry aife
KBNIR &1 Sidl HANA] & Iod Wiy Haes q waee 81 9 |

3
5
|
%
&
o
g
B
3
3
.
g

Abstract

In recent decades, because the issue of climate change became more prominent, the research on past
climate trends has progressed enormously, especially for precipitation, since it affects the availability of freshwater,
food production and occurrence of water related disasters. From an agriculture perspective, it is very important to
understand the seasonal and monthly variations of rainfall for correct estimation of crop water requirements as well
as correct crop sowing time especially in the in rain-fed area. The study area namely, Khushkheda-Bhiwadi-
Neemrana Investment Region (KBNIR) identified by Delhi-Mumbai Industrial Corridor (DMIC), located in the
Alwar district lies in Rajasthan, the desert State of India. The climate of the KBNIR falls in semi-arid and hot agro-
climatic zone with annual average rainfall of 610 mm (94% from South-west monsoon). KBNIR is likely to undergo
rapid development under the DMIC and therefore it is important to understand variations in rainfall trend which
could influence the future availability of water. The present study aims to analyse the long-term rainfall trend using
GIS-based spatial distribution and statistical techniques with daily rainfall data at eight raingauge stations (Bahrod,
Bansur, Kishangarh, Kotkashim, Mundawar, Neemrana, Tapukara, Tijara) over 52 years (1962-2014). Rainfall data
were analyzed on a regional scale in annual, monthly and seasonal (Monsoon - JJAS, pest-monsoon -ON, pre-
monsoon - MAM & winter -DJF) series. Change in trend indicates that: July experiences lower rainfall as compared
to June month; pre monsoon and winter rainfall show increasing trend; Monsoon and annual rainfall have decreasing
trend except for Kotkashim. The observed trend is likely to have significant impacts on local crop productivity.
There is a need to change sowing time of crops in local crop calendar. Better adaptation measures should be
identified and adopted at the local level for improved planning and management of water resources of the KBNIR.
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aR=

IIRRIRI®T T3 (ccosystem) 1 UHIFIT HRA dTel AE@qUl Siefarg @R aui, fafhxor, droam ofR vare
2| Iene wEE & forg Sierarg uRade # wife @fee uftramil @1 wwsmr &R wwwn & fues & fog
TS P TG AT U AN B | g9 BT gEerr e depldd S 39 AR § R®ifes I8 @re Amgfd (Dore,
2005) @) SUEdl AR TRA FeARl ¥ IO S Gael ryareil @ geAT & §aIad BT | a9 hydrologic
feed @ 4 TR @1 7@ IR 9fe R, SR g9e Y W uRads & Sa w¥EEl ) W 5 us Hehal
' amare, g @ T, R e HeR @ e iR aRerdl
AMgRT Y G S| S HEEA HUME! (Haigh, 2004) W

Gl
HEAYUl A H § I9d] identify 3R quantify FT © AR T 8 Sefarg IRad= &

SR fHdl ff T @7 aut e § fdt o Fecayol 1 gEDE PRAT & (CHD U o7, 2014) |
Wﬁwﬁﬁﬁaéﬁwﬁﬁwﬁaﬁ%@?ﬁwﬁmﬁmmmémwmm%
forg Hecqel Ao AR e ol Bt dRA @ forg Sd e fqaRer & faveryr A fdar wier
2| fafte shuddfell 9 aul, dromME, mdar, 9dg maE iR arefieRur (@@T iR W, 2014; SIF 3R HAR,
2012; SR UT 37, 2014) O GOdy WX GG Gl H B DI AT P @ Ry -k
ity e o1 SuEnr fear 81 (Aisd Ue afel, 2015 WHI US 3fel, 2016, Ydell US I, 2017;
THABTERATC TS 37dl, 2017) |

g9l & e IR P, deyel /cledhar, ad! Od & WIS Yoid SNl W) AR ST6 g9 §
qeeld A qHE A FEHIS P AT 3 I Uh W AR € (A 3R gy, 2014) | e
Hifews # g8 N qar@ T 2 5 owmea o oA § owcd awf elR argEeed wed o w@sardl
wfafafrl (ere e weias, 2007), ead @i uRgea (Rrofias Ge 37, 2008), 3e—H1 &Rl qrer
YAHiD (Fed MR ASHER 2015) HAE AR HUY R DI 84N (RIOG TE 337 |, 2013) AR Fedg & drgd= H
9eATd (YT TE 3 |, 2017) W dES WA BN €|

Hs Al H A DS (THD) TIET 3R WA T SGHAD (BT TS 343 |, 2005; Yol YT 3 |,
2007; IRTIUF TS 3137 |, 2016, HI-RIG TS 3137 |, 2014; fFTel UT f@A|, 2014; CTIAH UE 30371, 2014) O
IR—IRFIfeE qlermll &1 ST oxe dRTs W) R auf & S & UG I BT FART AT T B | 7l
HRd & o0 104 & (1901—2004) & BTE resolution & IS aui g1 & e fAgewu 1 wikEray wu
H Aoyl sfeR—arfie ok sfqr—<erar  aui M=ar & 6: ufd qud @ & af & e (eied ve o,
2008) @1 Wabd faAT| | SATAIT 3R I (2014) 7 AF-—Hed A% R IR I8 T LI R A9 B
A D & FHH B D, 33 a6 P foIg ARG a8f B 3PSl B MR TR PRl D WRAYST SIS
W) fmar| ure aRomm gfamr ok af¥em # WAl W™ ged $3H SR IR R gd # VI W Fed v
PI AN 8| & AR TS (2013) 7 ¥Rd & A& yo¥ (TAd) # A0 &R a1ffer MR R gHa uRierr 3R
U TAM JAES B SUAN NG guf & foy wifie iR eremdl uRadefiear @1 oE @t | 9 eiR
ST—a3 (2009) =1 Famm & & =férft 99 & gt 96 & BSAdR reach & 3 WAl TR WG aul #
FHH 9¢ TAT 2 |

FAN 9 3 (2010) ERT  HEYA AR e auf & &0 @ yghy o 1, vEfb pre iR URe
A bW W GiEd b WS A 1871-2005 T WRG B 30 SU @Sl A g6 H gfE g8 o1 U AR
aaa—aw(zoﬁ)irwﬁﬁrmﬁ?ﬁmﬁﬁmﬁﬁwﬁﬁwmmmaﬂ?w
JAR-FGMd W I g9 B I & | MAE R $uefad (2013) F IRE WEH weEl @ o 1980 4
2010 & IR AT § Fa dw 9 AFe @ Al ok a1 wemel &1 favemor fa

auf Y Scares ¥ 9gq "yt e FoRd 2, P 0 4 o & ol—gsp Iy H | 3eEde
&9, a1 Gera—Mars! i gvede d9F (KBNIR), aeiA # T 75% &9 Ucel 97 el ®U 9
P R iR 8| 59 agE, WY W) ® 39 83 § gt gRadwefiear &1 fuRe &1 & foy aifee 4
DIy AAE Y TE TR T 2| TH &F H ool We (freight) INSR & 70 & w9 F s Ao
B DI H9E 2, 3R gl O HEE & SRdd SYANT @ o RIMR WK W a9l Sl @ fagersor @l
FHS Aoyl |

T 87 3R =er
AN eI © oy g T & Herde-Mard—Ren 9w &3 (KBNIR) & @1 faeel—Hqag
3= e (DMIC) §RT U8l 9Tl & U8 YIRd & TR g & ey ool # Rera 8, o &
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forg 1 # fa@mr T 8| ey o & SR—Yd # longitude 76 °24'6 “E ¥ 76°35'40" E 9% 3R
lattitude 27 °54'33” "N ¥ 28°03'20” N &, Sl &9 162 Km® & HFMIfefd &5 &1 Hax Pal & | KBNIR @I
Srerarg T TRS & iR 7' T F—Somrg & W 2 | 3wl Saary T @ A # agd T R afedl @
HgH H 9gd &) el 2| 9 B A9 REER ¥ ddw WRa¥ $ 3 dd SN Iedr § | AT @ A |l
T A & 918 AT B | 97 & 3 aF Dol & | SR—uf¥ed Ay gors 9w e 9% o) @ €
F RidaR | ThaR IF @) A B AFYA & 91g & AEd & w0 H S orar 81 g9 & H ST 610
el @t aiffe iwa gui el 2 | qfRr—uf¥ed A afie 987 &1 T 94% & AR 99 6% drtd aui
IR—gA 3rafer # et 2
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R 9. 1. auf o1 RyAEl B Trer gy a7

O W WA e @ e avt weEl A gelle, R, (R, SreeiiE, geR,
AR, agasT R ISR & forw 1962 | 2014 (52&&)%%%?&?%%@%%{{@@%@
éaaﬁqﬁﬂﬁaﬂféamﬁaﬁ?ﬁﬁwﬁﬁmaﬁﬁwﬁaﬁﬁﬁ?mw At dioH (S, S,
IR AR RidaR—1JAS), TR W9 (3rdesy AR Faav—aiige), W " Eae (\rd, i iR 78— MAM)
gvﬁa‘iwﬁmﬁ(ﬁw , A AR HRAA—IIoiyh) Agdl fageryor| va arfie wsj@mﬂﬂﬂuwﬁ

off |

S fafer

fafvar auf sfEen W T3 favervor ¥g e <R &1 SUANT fHAT T AT 5% @ significance TR UR
W AEF STRIC ¥ SASIHYIe Bl gel f&dr a1 o1| Theil 3R Sen & &I w0 gRTHR (Y U 37,
2003) HT SUINT PR FgNT D AAT BT A AT AT & | 3071 & wifres faaRor &1 uar @ & fag,
SHITETE SUGRON & SUART dees uafid AFfua fwiia By U o | TR SRoAR SRy @1 | $ T
g

sire—gedey (Frivar weon)
BISgIdoihd W99 sEel IRgFAl H, Ife s@en # STl U
WeHes (Techamahasaranont et al., 2017) & ®U H ST ST | Sl

R w® ek § a1 39 grEfes
@ UV R ARGT dRA H =
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AR H W UF oRERe RRar @1 9we 2| 9eRed IR TeReE el geddy @ SuRefd e
el % WgRY BT gar oM (@9 3R W4, 1998) @ WA AT © | WY STl H U GHRIHD FRBICT
(Gadn) & HY, AF-dsd TR T siEe ¥ Ve Aedqul IR @1 O ame, Safe a8 o gue fania
&1 B WabdT §| gaforg, T qYU ST BT Ul AR URIAIEH Weway & oy wierr fhar Swar g, forew
f& SNT—1 SATSIBRATH T[UNG (AR 1) BT SYART B fovar wrar & oram 5 wiiawer 1 # fewmn T & gas
two tailed X & Y 5% significant WR 4R fhar S 2 |

= I e R (ke —X)
! Tieq (x¢—%)?

E, .. N AT AMHR BT AT 31 2| r; BT null hypothesis & A% < fdar m oel w
two-tailed CTYE (eq 2) & fero ﬁ*lﬁ-lw g H g |

-111.96,/(N-2)
N-1

r;(95%) = 2

e rq A favary e @ ofdfd oar B, @ WHIGNT 2 & AFER ST B serially ®Y § Wi
HAT ST Wbl & 31T ST Bl BB significantly Heddg AT AT GHT © |

AF-ded (TH®) o

TP e Uh Vb AEiRg IR-nAifee wiReadtn gk €, o FemgHeaved e (MRle ge
3131 |, 2013; fHTl U 31371, 2014; HSeT TS 313 |, 2015; ARTIUA TS 3137 |, 2016) § alfches HgRy & fawermor &
foru fave wR W™ Wior &1 R eEgeived cgd W9 (B9, 2008) ¥ §H TR BT IUANT A DI
& M U8 © 6 39 ST & 9 w0 9 faRd w6 smasgear el B € | UHe g9l & ANR,
7 UR&eTT HO AT & f6 B1S waRy 98 & ofR dafeus uRaea HI & Racrs wdeor fhar o &,
S AT @ 6 oue gy §1 g' A fiffe Ry T e oew W9 6 ugft @ @ie el @ {6 ugh
Wap & a1 7| T8 g wderr wierdg v R f=ifdd Eq 3 & w9 # amad &

e i e e SRS

5= Bt B S [x}- 1) ]

WL, X1, X2y ceeee X, n ST figalt @1 wfaffde wvar 2 ofR x; 3R x; w9 i 3R j & a7 fig &
wfaffa @xar 21 S @7 987 ST gEIAd W U dedl g3 YR &1 GAD ©, AR gG DA FRUMHD A
wedl vgRy & §ATT FRaT B, n ST fAgei @ W@ 81 eq 4 W osgn (x; - x;) P aReaiE fhar wam g

1w ceneeif (ep — %) > 0
sgn{z; — %) = {0 scsi: ivin sif (3 —%) =0 4
e T § i C A xj) <0

Tg Rafe far @ & & 59 n210, RfeRed S & WHRY U W mean average (E) 3N &=Ror
(VAR) & wrer e faaRa fasan smar 2 ok swer Bq 5 ofR 6 g1 e <imn 2 |

E(S)=0 5
—1)(2n45)-T® _ t: (t;—
VAR(S) = n(n—1)(2n+5) ):;:1t,(t‘ 1)(2t;+5) 6

el S99 gU UEE @ WEH § (U6 96T g R WA Hed drel AT ST &1 Ue ¥e 2), 3R & ith
e # S &1 RQawor gy S 8 | 7 ueqor st Z @) T Eq 7 T @1 S g |
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it whenS< 0

JVar(§)

null hypothesis , HO meaning f& ®18 #eqel mafy e 78 8, W @ e e Z wikeay wu
q "gayel 98 ?, fd — Zo/, V2 Zo/ . S Z./ 2 AFD A fAEed €1 MK wliEw g
IR&GT BT qOE FRE P oY arazds & 3R Wfa 2 6 Ser wWdm iR w9 wu | faaka £

IR A9 ded (MMK) T

Aepion @ SuRufy ¥ wa-siwenr @%e ofR <@, 1908) ¥ H wgRT @ uar @ @ forg
M—gef &1 SuaT frar orar 8 | Mi-=TeelT @ e TRIeer (JU UE o, 2003) H STgHE FgRT B
AT G @) e Bl B By B oY fhAr TAT B 9 UGR, UACHS TR0 HI SUANT U STl
Sgel Y AT F1 U I B forg far S @ (19 U 31911, 2003) | Pk @ wEwyYl Hed, fowi fewfol @
Yoi & fory wa &eell SRl AFT ST 8, &7 SUANT $ad GUR T ns/Eq 8 @ (=R @l MU & forg
o T 21 O 6 ve @ faeRer B IR ©U ¥ THIRG ST (ARRIVE UE 3131, 2016) & Iy HH
EXD BT T 2|

S= 14—+ P -Kn-k-)-k-2)p, g

ng n(n-1)(n-2)

-J;;r=tﬂ) when §> 0
Zyx =10 when S =0 7

—_

WEl n aafaE Deri @ Hee @ ufafiie B)ar @, n, Ser # Wy & fog fewfrl @ v wurd
g B ufaffdeg @ear & | 9e7 fauRer @) A Eq 9 W & TS § (]19 YT 3937 |, 2008) |

V*(S) = VAR(S) » ni 9

STl U 3R AU (TN) &7 Seoi HA: Eq.3 3R 6 # w2

et ZMK @1 9T Eq 7 @) ol 8, S S dvE, O ZMMK &1 TUET @) Sl 8 |
Zywx TE Qb HIFD ATET TR BT SIART HRAT 2| Z BT S HHRAD A HUR P 3R q@1 BT Aol
I § 3R FoTE W AR @1 3R 3G @ar 2| U significance TR o BT SUENT AT A T SHUR AT A
B 3R ARG TgRT (one two -tailed <¥€) @ forg A1 fbar STar &1 A Zyw, Z./, 9 ¥ fRErs <ar
2, 9@l a significance &R P SIer 8, A HgRT S wewaqel AT e 2 |

Theil 3R 99 TaM SAEH

A B n W D AT # AT @ vgiT AE § A1 T8I, $Hd! ggEE 6l @ oy, Theil-Sen &
TR URETT BT SYANET fhar Wdr ® (Theil, 1950; Sen; 1968) | ¢ uRAT Fwforad Hey grT faar mar
2 (Eq 10):

B = median (X';T') foralli<j 10

e 1 0 4 0’ B WGRT URHTOT BT Ao A B B BN THRHS qod HUR DI FIRT BI SFIA Prell B
B BT TBRIE A T4 sEen # A= @ 3R wgiy o1 3fd o & |

R iR faarR —fawe

52 guf (1962—2014) B 3@ & forg affe ot @ g Qifasr fvaet &1 favayor fear
T | fafts Wy @ siad aiffe af & aries 597 W 667 Al 3R Hia faaT 2200 W 311.1 fnll T@ =
B ¥ affe avf RefE aary & 5 2002 ¥ Hexon § =Eaw aui 108 Bl g @1 7€ oY, 3k af 1995 A
HeTaR # siftrad aut 1726 el off |
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a1, draet 3R MR® aui gRacdeiierar e &1 faweryor

KBNIR @I a1ffe iR ARl sige # & wx R awl & aridvel o1 fzaivor fabar ar | srgarfd
ayt @t wgiy 7R qd awt # gedl g3 auf B gwidr 2, S & arferer 1 # R w2 e e |
9gd ®H Hed S WY ¥, Udh W A Holgd GhRIcid o Q@R § iR ] weHl # 7A@ a9l
¥ HIE vE FE | WA B aRY vE WeEl W Tl R J1 WIE W &9 g8 | O 2 § plesiiim W
& forg Yfefie auf & wsm @ qwRn T | P @ gfe | wudl @ url @ Sawhdsi & el
sMwe & forg auf & #adl ok Wit wuiaRl @) §9smT 9gd #e@yyl ©| AFYgd $ #@erHl (JJAS) @
gRadefierar a1 A @) e # e <l vE | AfeaH SRS I S AEM H U Tl SR
AIfrmad Tedl T e Ael # Ul 1| 98 W Gad < I8l & [ A @ 29 g | S a6
W WR IR RIEART 8 747 | 39 YgRT ¥ @HH A B BEe B BIol waifad g @ HHrhdr € |
fFrepsf § M o ArReft geare it we wu F W M0 2, e Wiy W) 9 9y W gEE g$T |

Rt 1 AF-dsd oS AN, ¥ oo g gRam (At /ad) ik uRad= wftera 1962 ¥ 2014 & R

pre ; A ffex i
MM B % | MMK B % MMK | B % | MMK B %
I KZ | (mm | chan Z (mm/yr) | change Z (mm | chan Z (mm/y | chang
/yr) ge /yr) ge r) e
eI 196 | 040 |11 |—067 |—156 —0.30 —0.2 0.00 [000 |—023 |-034 |—005
EEst 161 | 040 [103 |—039 |—1.04 —0.18 1.21 012 | 043 |—015 |—034 |—0.05
fere | 028 | 003 |01 |0 0.00 0.00 0.08 0.00 | 000 |[043 0.81 0.13
PIHIPH | 234 | 058 | 154 | 218 5.65 0.96 1.96 042 | 131 |[571 7.70 1.14
HaTay 064 | 017 |044 |0 0.03 0.00 0.84 011 [ 037 | 1.01 1.06 0.16
d9FRIOM [ 123 | 023 [073 | —171 | —232 —0.42 —0.16 | 000 | 000 |—087 |—163 |—026
dIgpIRT | 016 [ 0.00 [ 000 | —203 | —395 —0.75 0.22 0.00 |[000 |—14 —382 | —C64
forom=T 051 |007 |020 |—136 |—3.01 —0.56 0.08 0.00 | 000 |—141 |—290 |-—C47
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52 guf (1962—2014) & forw swezge &% @& forg uRAmor (Bl /o) & dedf 4 afa awi (7 AR,
AR, afali alR arfifes) @ wenfie ver FuiRa fhy v o o 5 e 3 # e g o pRa @1 arfde
% gofory ormeH &9 @ MBI Wi A 9t @R AR Wom wwe ded e € aut @) ughy ety
& W Yot ¥ T2 TemAl @ wisarh @ 2 o 4w & fay deaw o wunE Rery deT a9 B
forg SIS e o wear & | R 3 affe ok dradiiast Ty sfwen # @ wgRrl @ gern aiR wed
fagrar 2| HAGA & A @ SR, ygiy feomer W SdwAageR # gedl 9 @ ughr a1 gRd wvar
£ 1962 ¥ 2014 db W1 A Ao B Y spatially distributed slope (el /@) =1, q¥ srag= &= # 1.14
firf & <enfie Tavel & WY 9edl &Y @ WY U Uitifed ¥ magnitude &1 Webal &A1 | i AR BT
A —0.02 Rl @ venfe dded & Q1Y Hed URad &Y @ T A YT &F @ AU FERIHE Felr

B T Bear 2| afife vl s & @ gdf RE § afiea weRerd g @1 afafifte w) e g

!'?I" "’le'\ 11:'“ "Wl 1'7.31 ’lﬂlif‘ ‘?El ",lﬁ
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fer 9. 3. 1962-2014 & &RM KBNIR # 3 79, w9, Widal &R arffes awf % 99 & gam wafy
gfRaror ([T /) @1 wnfe fadwor|

BIclifh, Gf¥edl wrT # FehRIcA® A @1 W § | afed ® Aem §, gedt uRade v & Ay wwy
KBNIR & forq oraiia wamerd gore ufmr 00 e war €| gofoy, Swns fawemsr & amuRr w, a8
gerg fear mar € 6 sdvHerEaR & qdf WrT # B 9o B Savdhdr W BH J BH GG Sle @ oy
e SqeUHE, HY Wil BT 9110 I@1 ST =Ry |

4 fepy

DETRIR & HUR SAeTEUa—amRa wenfs faqwr ok wikerdy de-iiel S ar-ssd 8k 3
@ e A U] BT SYANT RGP ArIPIoid I B WRT T fAvANer dee @1 yary far wr #
Ve ast & e A ggema ag <wlar @ f5 o @ A o W @ e § @9 ARy @1 e
BT & | IAH AT W, JE U7 T © fF 19622014 A @l & SR W AR SR A& B aiky @
BT 9G AT AT | BIECHIRGH €I 3R §0G 1T &3 B Blede Aty Ao IR aiffs auf @1 wgiy §
& g B U UfaeiRie aiRY & v wiaarg uRad @ Wed § KBNIR @1 9 ok sefarawer w
TRRIHD T DT SR TR B & | 36 UIRT & I oo IAGhTT IR AEAYUl U4Td gg- &) FuraT
g1 ey Su 4 @de wuell @ U wue doley § wHdl @ gaE @ U B gaae Bad b ded @)
NS B B AEALIDAT | STerary g @& gedw uHg @) ghifed o @ R smrme & uRemm
el W FrRoT iR g9 e &3 @ fog Suge eraes Surdl § Swanft )
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