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ABSTRACT

Agriculture provides food and livelihood to a large population contributing immensely to socio-
economic growth. Wheat rice and maize are three major food crops grown worldwide. This thesis
examines the spatial and temporal trends in the yields of these three food crops across India using
four types of parsimonious regression models. The results suggest that crop yields for wheat, rice,
and maize have improved substantially historically. However, the yields are stagnating recently in
many states of India. The thesis identifies those states where yields are now leveling off. We
observed that stagnation in wheat yield is more widespread than rice and maize in Indian states. It
leads us to investigate wheat yields at a granular resolution, i.e., district level further. Investigation
of wheat yield trends at the district level confirmed the findings of state level analysis of yield
trends. It was observed that wheat yield is recently not improving in 69 major wheat-producing

Indian districts corresponding to ~48% of wheat harvested area over 1966 to 2015.

Many researchers have investigated the climatic trends during four weather seasons in India.
Nevertheless, there is scarce scientific literature on climatic trends during cropping seasons in
India. Therefore, we also investigated the climate variability trends during major cropping seasons,
i.e., Rabi and Kharif in India. Since most of the previous climate studies focus mainly on the
temperature and precipitation trends only, we undertook a comprehensive analysis encompassing
up to ten climatic variables. In addition, the uniqueness of our climate trend analysis also lies in
the availability of results at national, state and district level, using parametric (i.e., linear
regression), nonparametric (i.e., Mann Kendall, Sen’s slope, modified Mann Kendall tests), and
innovative trend analysis methods. Results of climate trend analysis revealed that temperature

variables have increased significantly across India.

Changing climatic trends are impacting agricultural yields globally. Therefore, this thesis also
investigated the statistical relationships between different climate variables and wheat yields in
India using statistical modeling. Two types of approaches were broadly used: state level correlation
analysis and district level regression modeling. Both time series modeling and panel data modeling
methods were employed. We found that most of the climate variables are negatively associated
with wheat yield across a large part of India. Our analysis identified such Indian states and Indian
districts so that they can adapt state-level and district-level mitigation/adaptation measures to

reduce the negative climatic impacts.
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In this backdrop of stagnating yields and the negative impact of temperature and water variables,
irrigation has been widely suggested as an adaptation strategy to improve crop yields and address
the negative impact of temperature rise. So, we also investigated the effect of irrigation on wheat
yields in India across 175 major wheat-producing Indian districts using statistical modeling. The
results demonstrated that irrigation has affected wheat yield positively in 142 Indian districts
historically. Irrigation also reduces the negative impact of temperatures on wheat yields. However,
irrigation does not eliminate the negative temperature impact entirely. The negative impact of
temperature is still present in the districts with more than 99% irrigation coverage. Therefore,
additional and alternative adaptation measures are now needed to be adopted to improve wheat

yields further.

The study paves the way for future empirical studies in India and other parts of the world with
similar methodology. The thesis results will prove very helpful for identifying crop yield trends,
climatic trends, and the association between the two across Indian states and districts, and can be
employed for state-level and district-level planning. Also, this work will motivate future
researchers in India to investigate the impact of other mitigation/adaptation measures (other than

irrigation) on crop yields.
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Y Tk q37 HEIET AT AT 3R JHTSHTIRT TGTeT e WIHATISTh-3TTeh faehray & I
ST AT &t &1 g, 1l AR JFhr el YAqE Tied Bl giaar 8 7 39S Sirch
g1 I8 NPT IR YR & Al H 3TART dh JARd R H 37 I @eT Haal H
derar & yaferat & Sirg Rl &1 IROMA 9a1d § fo g, draer AR Adwr d wae
1 Yelar # aRd # VAR &7 & FH FUR g3 &1 gelileh gl H Hg T A
S el T YgaR H Igdd 3T @1 gl N/E 0 39 Tt $r 9gdied Ll & sl
379 YeraR Jder g1 W & g o’ b 6k & ToAl A AG T 3ueT H grd Wi
3R FFh1 &1 ol H 3R SATH §1 g Wiel g A A IS A ygfd B S
IR e TR (T T TR W) WA & v dicafied axdr €1 59 897 9Rd &
IS 97T A 3cUIeh TAl H el TR W G A 39T & IAGA AT ST A &, o
IRUTH T TR W 3T & TSl & fAshl Hi qie ol g1 Il Foral ¢ o grer
# 69 Y@ A 3cuTeHh AR el & Ag T Ygrar & Gur AL 81 @1 &, S 1966
¥ 2015 T g BT Her$ arel & H ~48% ¢

e MRAAT & 0RT # IR AFAT (AR, N ATY, e 3R AoA) & ake
STefarg ggfal T S A g1 ol oRa A wael AlgAi s R STeary ggfadt
W AR AT golel ¢l FHAT, §Aa HRA A Y@ el AlgaAr 3rAa @ 3R
Gl% & R STeary IRad=Aeferar &1 ygfaar @ o siw $1| gfe Do seay
el A @ R AET T § da9A HR W F wE )W Hfed #d §
$ATIT §Ael & STearg TR T AMAST FIA §T Th AT [IRAvoT foham| s e,
gAR STerarg ygia Hael fagewor fr fafsedr v ary g, T 3R e &R )
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gRUTAT i 3ucstar & off AR &; 3tk WAt (I Y@= vfaerae), A Rafes
(T AT H5dd, T TG, AMSHBS AT hsd ¢¥e) 3R AR I8 TATIAT &
ek & T @Y 3TN A 1| Sierarg ygia faeeivor & gRomAt & gar T § &
R AR # AIA F FA e g §

Sarg & dedd TSl @ faed TR W PN derar gefad & W gl safav, gHe
AT ASTCIIT I 3TN Feh HRA A Aol Sorarg @ 3R g H Year &
drg wifegdT dei Fr o g H| FEF U o TER F e F A d W)
39T foRar TR ToT T dgaey faeewur AR foem walw gfaede Atsfo
esH ORI Asfoer 3R dad srer Aisfoldr gl dlie & Fafeaa fear ) g7
w%ﬁﬁermmm%wa@%@ﬁﬁgaﬁuw Pl TAPRIcHD &I I
THTAd & T8 ol FAN fa9elWor # 08 #RA Todl 3R ARA forell & ggareT &
ME § AIfh 9 APRIcHS STodg Al & HH o & far T57 @07 iR Sen
TR fAfSIE/UsTeeE 3t #T gehidd H e |

e derar 3R aoAe g 9l & W & TAERICHAS gHT H FH JeeifA H, S
T BEel HI YgER H FUR 3R AYAE GEfe & FhRIcHS JeTd H1 gl oA & v
Teh 3elholel WEITT & ®9 H A9 ®9 @ Hefdd fear amm § | sqfdv, gae
HiIfEgehrT ASTEIT T 3TAT A U 175 JAT A 3cUeeh AR et 7 g
YerarR WX &g & gyarg &1 i S il aRomaAr § gar ger § F Hae F tfagide
Y A 142 dRA el # g H 3967 F GHRIcAS &7 A vonfad fhar g1 g &
A T YSTAR I ATIHTA T ARRIcHS FoITd 31 ol giar &1 gredifeh, HamS AHhRIcHS

dIAT 9T & QU TE 8§ TcH Fgl A qIdl §| dT9HATT &l dehRIcHS JHT 99 Hrig
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