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Abstract

Globally, agriculture is recognized as a highly vulnerable sector to climate change and risks
from climatic aberrations pose an imminent danger to the food security and sustainability of
livelihoods. To bring robustness in climate adaptation planning, evaluation of resilience across
homogenous regions is essential for developing and scaling suitable location-need-
context specific interventions and policies that build the resilience of the agricultural system.
In this paper, we present an analysis and discussion of multi-scalar and multi-indicator
assessment, by profiling resilience across agro-climatic zones of India, based on the develop-
ment of a Climate-Resilient Agriculture Index embracing environmental, technological, socio-
economic, and institutional and infrastructural dimension. A total of 26 indicators, spread
across these four dimensions, were employed to purport inter- and intra-agro-climatic zone
differentials in the level of resilience. Among the zones, it was found that West Coast Plains &
Ghats and Tans-Gangetic Plains had the highest degree of resilience to manage climate risks.
Most of the districts lying within Eastern Himalayan Region, Middle Gangetic Plains, Eastern
Plateau & Hills, and Western Dry Region had a lower degree of resilience. The study places
greater emphasis on deciphering region-specific drivers and barriers to resilience at a further
disaggregated scale for improving rural well-beings. It is construed that devising action plans
emphasizing awareness, preservation of natural resources, diversification, building physical
infrastructure, strengthening of grass-root institutions, and mainstreaming climate adaptation in
the developmental policy is crucial for climate-resilient pathways.
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1 Introduction

Climate change emanating in the form of unpredictable weather patterns, seasonal shifts,
and recurrence of natural hazards is increasingly considered as a threat multiplier to the
path of sustainable development. Unequivocally, environmental shocks undermine the
sustainability of food systems and livelihood means for resource-dependent communities,
predominantly in poor and developing tropical regions (FAO 2017). Such disturbances
manifest into vulnerability arising from crop failures, land degradation, increased market
volatility, exploitation of the natural resource, income variability, consumption erosion,
displacements and migration, rise in poverty levels, inequalities, and social conflicts
(Singh et al. 2014a, 2018a; Birthal and Hazrana 2019).

India has diverse climatic conditions that vary from tropical climate in the southern
peninsular region to subtropical climate that exist in most parts of the northern region,
and the temperate climate in the Himalayan states. Such heterogeneity across physio-
graphic and climatic conditions has resulted in different land use pattern, technology
adoptions, and socio-economic attributes across agricultural systems in the country. Most
of the studies that analyse temporal changes in temperature showed a significant
warming trend in both the minimum and maximum temperature in India, the pace of
which is projected to intensify in the foreseeable future (Kothawale et al. 2010; Jain and
Kumar 2012; Srivastava et al. 2016; Krishnan and Sanjay 2017). On the other spectrum,
in the recent past, a decreasing trend has been observed in the south west monsoon
precipitation (Jain and Kumar 2012; Mondal et al. 2015; Roxy et al. 2015; Kothawale
and Rajeevan 2017), which supply 80% of the country’s annual rainfall and is crucial for
agriculture production. Moreover, several climate-crop modelling studies imply a pro-
gressive reduction in major crop yields such as wheat, rice, sorghum, maize, and many
others to climate change, the magnitude of which vary across regions (Mishra et al.
2013; Rao et al. 2014; Singh et al. 2014b, c; Birthal et al. 2015). The studies capturing
micro-level senstivity to climate change reported large number of barriers that impede
adaptation among rural households. The most cited among these include lack of credit
facilities and access to finance (Banerjee 2014; Singh et al. 2018b), lack of information
and knowledge about climate change (Panda 2016; Pandey et al. 2018), inadequate
infrastructure facilities, lack of access to market, high cost of inputs and technology
(Palanisami et al. 2011; Rao et al. 2017), weak collective actions, limited participation of
SHGs and other institutions (Jodha et al. 2012), fewer livelihoods diversification options
(Barua et al. 2014; Singh et al. 2018b), and poor human capital.

As the harmful effects of climate change intensify over time, it becomes essential to
deploy measures that limit vulnerability and build resilience of the socio-ecological
system against climate shocks and stresses. The concept of ‘resilience’ has been recog-
nized as an important policy perspective within sustainability science and development
paradigm (Adger 2000; Folke 2006; Smit and Wandel 2006). Resilience seeks to regulate
the capacity of a system to absorb and recover from perturbations or disturbances in a
timely and efficient manner, while ensuring the preservation, restoration, or improvement
of its structures and functions (IPCC 2012). The pattern of vulnerability on agriculture
arising out of climatic changes and the potential reaction to the stimulus vary geograph-
ically and temporally based on the ecological zone, production systems, and
prefabricated social and economic conditions. Regional disparities mediate the possible
responses and choices of the population to deal with climate-induced risks, resulting in
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disproportionate concentrations of suffering and losses. In the recent years, robust
elucidation of spatial dimensions has become an important mechanism, facilitating the
process of climate responsive planning. This allow the generation of socially, econom-
ically, and technologically differentiated and need-based interventions which assume a
critical role in the development of climate-resilient pathways.

Thus, in the light of the above using an integrated approach, this study attempts to quantify
inter and intra agro-climatic zone (ACZ) variations in the level of resilience to climate change
in India, by defining a Climate-Resilient Agriculture (CRA) Index. It gives a comprehensive
view to the policymakers into the relative strengths and weakness of different zones. More-
over, suchbroad-base and multi-indicator regional assessment of resilience contributes to the
climate adaptation discourse, highlighting the need for developing context-need-region based
interventions and risk management strategies to enhance the capacity of the agricultural system
to deal with climatic shocks.

The rest of this paper is organized as follows. In the following section, we describe the
features of ACZ of India. The third section describes the analytical framework along with
empirical specifications, adopted for assessing resilience. The fourth section analyses infer and
intra ACZ variations across various dimensions of resilience and the composite index. Finally,
the last section brings out the discussion and conclusion.

2 Agro-climatic zonation in India

Information and assessment of agro-climatic zones is crucial for managing vulnerability
and enhancing resilience. In the past, the failures or underperformance of several
agricultural developmental projects in various parts of the world were linked with the
failure to classify the agro-climatic regions (Reddy 2002; Motha and Murthy 2007). In
retrospect, several successive attempts were made towards the regionalisation of the
Indian agricultural economy into homogenous zones (Mandal et al. 2014). One such
agro-climatic zonation was done by the Planning Commission of India ( 1989), wherein
the mainland of India was retrenched into 15 ACZs based on physical conditions,
topography, soil, geological formation, rainfall pattern, cropping system, development
of irrigation, and mineral resources (Singh and Singh 1993). The objective of agro-
climatic zoning was to harness an optimum synergy between the technology-led growth
and resource use efficiency through the integration of plans and policies of the agro-
climatic regions with the state and national plans. Table 1 gives a detail view into the
characteristics of the 14 ACZs (excluding island region) in the country. A high contrast
is observed between the zones in terms of climate, area, soil type, temperature, precip-
itation, and population. The typology of climate varies from cold arid to humid condi-
tions in WHR, to semi-arid and arid climate in WPH and SPH, and to extreme aridity in
WDR with a variety of soil types. Humid regions such as WCG and EHR receives the
highest amount of rainfall of about 2904 and 2312 mm, respectively. The average
minimum temperature was the lowest in WHR, TGP, and EHR. On the other hand, the
maximum temperature was highest in GPH and WDR. In terms of geographical cover-
age, SPH comprising parts of Andhra Pradesh, Karnataka, and Tamil Nadu states had the
largest area while the LGP had the lowest area. MGP comprising Bihar and parts of Uttar
Pradesh state had the maximum proportion of the rural population (18.03%), followed by
the UGP (10.78%).
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3 Analytical framework and empirical specifications

Composite indices have emerged as a preferred mechanism for assessing and representing the
relative performance of different entities (Becker et al. 2017; Greco et al. 2019) across spatial
and temporal scales. Composite indices are formed when individual indicators are encapsu-
lated into a single index, on the basis of an underlying model of the multi-dimensional concept
that is being measured (OECD 2008). The index approach has several characteristics that have
facilitated its widespread utilization in the planning process and policy communication over
the years, which includes the ability (1) to consolidate a large volume of information into
a manageable format, which is easy to comprehend; (2) to determine the current state of
performance for complex and elusive fields that are not directly measurable; (3) to
identify, prioritize, and rank the vulnerable regions or hot-spots; (4) to delineate the
plausible barriers in the developmental process of a region; and (5) to monitor and
evaluate the progress of an intervention, for better decision-making. The approach has
‘multiplier effects’ towards regulating a state’s behaviour or activities in response to
ranking and evaluation via, several channels such as domestic politics, peer criticism,
and transnational pressure (Kelley and Simmons 2015). Thus, it remains an important
preliminary tool in strategic policy decision-making. In our assessment, to capture
different facets of resilience, multiple indicators were integrated to form different indices,
which are not directly observable. In doing so, we followed a five-step procedure in
seriatim as described below.

3.1 Theoretical underpinning

The structure of the CRA Index is essentially premised on the concept of resilience which is
central to both the vulnerability assessment and in achieving agriculture sustainability. Resil-
ience is inherently a complex and multidimensional agenda. Evidences increasingly suggest
that the capacity of a system to flexibly respond and absorb shocks and stresses is embedded
within and constrained by its social institutions, physical infrastructure, natural resources,
social attributes, economic opportunities, and governance structure that foster or impede the
direction of change (Smit and Pilifosova 2001; Brooks and Adger 2004; Engle et al. 2013; Rao
et al. 2019). The progress over these domains not only entail a short-term response to weather
instability but also tacitly create a fertile ground for climate adaptations while enhancing the
agility of rural and farm communities to manage long-term changes in climate. A mix of such
factors that aims to enhance resilience is also closely linked with the state of development
(Agrawala and Lemos 2015; Singh et al. 2019) and is neither independent nor mutually
exclusive. Limits to resilience emerge whenever the actual state of dimensions exceeds/falls
short of thresholds/desired level resulting in economic and environmental instability, weak
institutional enforcement and infrastructures, less developed social capital, and lack of access
to information and technology. This leads to spatial variations in the capacity to deal with
contemporary climate-induced risks, which poses significant challenges for agriculture sus-
tainability. Hence, the approach to resilience should identify the importance of recognizing,
protecting, and strengthening the inherent capacity of a system to deal with shocks, to facilitate
future adaptations, and to function under new climate conditions leading to sustainable
improvements of rural well-being. Therefore, in an attempt to quantify the resilience of
agriculture, we followed an integrated approach that combines environmental, technological,
socio-economic, and infrastructural and institutional factors in determining resilience
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capacities of ACZs in India. It is to be noted that since CRA is a composite index, variations in
the resilience level can be assessed through individual dimension indices as well as through
indicators included.

3.2 Indicators and data collection

The credibility of a composite index is largely reflected by the ability of its indicators to
explain and justify the phenomena being quantified and measured. Given the multidimensional
nature of social and economic goals, it is argued that no indicator completely reflects the actual
conditionality, it can only proximate the one. Our portfolio of indicators was built on the basis
of three major aspects: dimensionality of resilience, the relevance of indicator in policy stance,
and availability and accessibility of data. A total of 26 indicators were selected and segregated
into four dimensions which stand at the intersection of agriculture and climate resilience. For
the study, information was collected and estimated for 616 districts on the selected indicators.
Table 2 presents the description of the selected indicators, sources, and their alliance to
resilience.

3.3 First-level weights and aggregation

The district-level values were aggregated at the ACZ level using suitable weights. Here, it is
important to understand that the relative significance or contribution of each of the district may
vary within an ACZ. Thus, based on the nature of dimension and the indicators included, we
employed three different types of weights to estimate ACZ values, which include a proportion
of geographical area for environmental indicators, net sown area for technological indicators,
and rural population for socio-economic and institutional and infrastructural indicators. Sym-
bolically, district values were converted to ACZ values using Eq. (1),

Dy
ij = dz‘lek (S)Xdi(k) (1)

where X, is the value of i indicator for the ™ district within the & agro-climatic zone.
wai(S) are the weights and S represent the type of weight, i.e. geographical area, net sown area,
and rural population.

3.4 Normalization

Rescaling of original indicators into homogenous units is a necessary step (Nardo et al.
2005; Pollesch and Dale 2016) before aggregation. The process of normalization is under-
taken to enhance comparability among the variables which are expressed in different units
and range and also to smoothen the variability that could arise due to the presence of
extreme values (Booysen 2002; Freudenberg 2003; Ebert and Welsch 2004). Several
normalization functions are available in the literature with different statistical properties,
scaling factors, and assumptions (OECD 2008). We employed the Min-Max method as
adopted by UNDP (1990), Hahn et al. (2009), Kumar et al. (2016), and Rao et al. (2016) to
standardize indicators into a common range (0, 1) depending on their functional relationship
with the dimension. Therefore, Eqgs. (2) and (3) were adopted for larger-the-better- and
smaller-the-better-type indicators, respectively,

@ Springer



11

(2021) 164

Climatic Change

Page 8 of 26

11

(S100) MAVON
--SdA (S100) epuf Jo
UOBIOOSSE JOZI[ID,]
*MAVOIN (T102)
SNSUAD) O0ISOAIT 6|

(S10T-1661)

*SA0URIOS ey JO

Anstury qusumnredoq
[29130]0109)9JA] BIPUL

($107) Wowdoppasg
[eny o Anstuipy
(100
uoneudAnfoy e3uen
pue juowdojors
IOATY ‘SQ2INOSNY
10BN JO ASIUIA

(L10D)
BIpU] JO AOAING 1010

-a3ueyo apewn[o
SPIEMO} QINQIIUOD JOYMNJ ‘DINNOLISE WO} UOISSID JOYSIH

"Xopul Jo on[eA IOYSIY SPJAIA ‘[[eJurel JOMoT "AQunod ay)
Ul [[BJUTRI 3 JO 95,8 UL} IO JOJ SJUNOOOL YIIYM UOSEDS
Jiapipy Sunnp G107 01 [661 Wwoy poudd ) 140 (YO
[[eyuIeI) SSOUAIp Jo 90139p oFeroae ue s)ordop xopur oy,
*Ayysur Suruurey Suryew puel Jo Aanonpoid 19mMo] pue eae
S[qereAnNd [enudjod 9y JO UOHEZI[IN-UN ‘90INOSAI PuR|
Jo uoneyiojdxa-10A0 sajesrpur puejisem jo uontodord 1oySiH

I91eM SSOUIRY 0] AZIOUD JO 9N SAISUA)XD
pue uoIsnuI dures 0) onp Ajfenb I1oeM Ul JUIIIP ‘SOUOZ
19JInbe Jo UoneINEs-op 0] SPeS] UONESLLI J0J 13)eM 10BNXD

0} AJI[Iqe 2InJ SI9MO] I9JeM PUnoI3 Jo asn SJeUILIOSIPU]
SWIQISAS DIUIOU0II-0100S Pue [BIIS0[0Iq
SNOLIBA JO UIIONOUNJ 9y} U0 SULILIq 103MP SBY pue
UO0QIRD S}00)S ‘SIOIAIIS WIAISASOID JO MOJJ Y} SIOUR[R] ISAI0]

*SUOISSIUID

[exnouSe 8303 oY) 0) (£$0°() Surung pue anpisax
doxo pue {(1G1°0) uoneAn[nd odu (4, 1°0) uonduns
-U0d Ud3onIu (879°() YOO0ISIAI] "9°T 10309sqnS
[oed Jo suonnquuod sjudsaidar HF a1ym ‘O

eare paddord ssoifg,wnwrxewr ¢
eare paddoxd ssoi3 jog, =S4 .Wﬁmaﬂn— pue anpisal
. UONBAD[NO Q0L JOPUN BAIRY,WINUIXEW
domw pue -0y X TUONEATI[ND 90T Jopun BaTey, =4S4
ey /uondwnsuoo uaSoniu wnwixew
ey /uondumsuo)) udSoniN

=NSH ‘uondwnsuod uagon

N 6 E\v_ooummz_EsE?mE
INOd X U] /3001S2AI']

9saY ], *oIm[noLIe Jo $10309sqns Jofew oy £q UOISSILID

DHO JO AIeysS 3} JO WNS SB PAJRWINS ST XIpUJ UOIS
sty ‘(£ 107) nqeg pue ened Jo ASojopoawr dy) Juimof[o]

PLOSIPy!

10J UONRIAJD pIepue)s dy) St (‘y)ps pue [[ejurer

[BULIOU AU ST jeuion’yf 1YM .‘A E.W.& ='qy'sioc

o'~

0} 1661 woiy pouad ayy Suump [rejurer (zoqueydeg—ouny)

Jipyy 10J PorewnISd sem XOpUJ UONRIASD [[ejurey]

X

uoneAn[nd U ‘D X

=TISH Y00)SAI] dpnjour

(9) eare [eorydei30o3
[£30} O} O} puUE[ AISEM Sk PIIJISSE[d Bare Jo uontodorg

(9) S92INOSAY IOJeA\ PUNOID) S[qEIOBNXF [enuUy )
0} S3sN [[ 10J UONOLBNXD Jojem punoid ssoid Sunsixa Jo oney

(9) eare [eoryderS0oS €10} A 0} 1SA10J JopUN PUE| JO BAIY

() xoput
UOISSIU I nousy

() xopm

uoneIAdp [[ejurey

(—) puey Aaisep\

(—) uonoenxd I9EM
punoisd jo a5e1g

(+) 9881009 18010,

JuSWUONAUH

(pouod ejep) 99109

uonduosog

(JuowaInseaW JO Jun) uonIuye(

() stopearpuy

uorsuowiq

armynoLISe JUDI[ISI AJRUI[O SPIEMO) SOUBAD[AI JIdY) pue Siojeolpul Jo uonduosaq g ajqeL

prlnger

A



11

Page 9 of 26

11

(2021) 164

Climatic Change

(z102-1102)

‘Punoy y89

OSSN ‘ormpuadxg
uondwnsuoy) pjoyesnoy

AM_ONV "SJUSUIUIdAO0L)
3®)S JO SAA

(#100) MAVON

--SHA (L107) BIpul
JO UONerdosse IdZINI0

(S107) ‘MAVON-SIA
(1102
snsud)) uonendo
SMAVOIN (2102
SNSUI)) JO0ISAAIT y6 [

(¥100) MAVON-SAA

*sassans paonpur djeun]d ym dn odod 0} sjesse [eroueury (9) eare oy jo uonendod (—) aur Auoaod
PONWI| SABY PUE SIOINOSAI [EINJRU UO Juopuadop d1ou o8 1004 €10} 9y} 0} dul] A1oAod Yy MO[aq AT oym suosIad Jo zoqunn MO[oq SP[OYOSNOH

$10309s AIB1I9) pue A1epuodas (9%) (sauds S00T—+00T (—) 1onpoig

Jo JuswidooAdpIopun Aq Pajad[Jal ‘UOHBIYISIOAIP $9011d JuL)SU09) JILSIP A} JO JAD [BI0) AY) O} (SIIIAIIS JNSAWO(] SSOID)

SIOU0? JOMO] SojedIpul 10)09s Arewunid jo areys 1oySiH  polje pue aInynoLSe) 10J09s Arewll] woy Jgo jo uonodold Ul 10j0dg ATewll Jo a1eys

sar3ojouyo9) widpow jo uondope (a1e)00y/3Y) BOIR UMOS SSOIT

s)o9pja1 pue spjaIk doxo sooueyuo 10z1nioj jo uonestjddy oy 0) (+d+N) SHuLLINU IZI[1IAJ Jo uondwnsuod Jo oney (+) o8esn 10zI[1I0,]
(1-0 JO o[eds) "so[qejoSeA pue SN ‘U0Hod
QueoIe3ns ‘(UBIQ BAOS PUB JOMO[JUNS ‘PIISUI] ‘I0ISed
‘Iomo[jJes ‘pIejsnu pue passader ‘winwesas ynupunois)
spaasyio (sesynd Jourw pue ead uoadid ‘eadyjoryo) sasind
(AKopreq pue 9oy JoFury ozrew 9o [1ead ‘wny3ios
9eayMm ‘9011 S[eaId)) JO pa)sisuod orjojuod doid Q) ‘eare
paddoid e101 oy ur 7 doxo o Jo eare oyeuonodoid ot

SySu S1's Q10ym /s{— se paindwiod sem Xopu] UOHBOLISIOAI( +)
Qwoour pue uononpoid peards swsAs Surddoro pagisIoAlq uosdung ‘uonedlyIsIoAIp doId Jo JU)XD oY) 2JeN[eAd O]  Xopul uonedIsIoArp doi)

(uny'bs/ou) eare [eoyderSoas oy 0) (yek

Ayirenba 1opuad sojowoxd pue (anpisar) A31oud pue unypIu ‘sppured ‘skoyuop ‘soynur ‘saruod 2 sasioy ‘Sid
uowAo]dwo ‘OWOooUI JO 90INOS JJRUI)[E UL SAINSUS J00ISIAIT  9eo3 ‘dodys ‘O[ejynq ‘o[11ed) Jo0)SAAI] Jo Lquinu Jo uontodolg (+) AISusp J00ISIAIT
*Ananonpoid saroxdun pue uoosuour
uo Aouopuadap ss9] $109[J21 95810409 UoNERSILI IOYSIH (9) BaIR UMOS JOU 0] BAIR PJESTLLI JOU JO Oney (+) 93e10A09 UONESIL]

‘pue] 9[qere jo jun 1od Aanonpoid
arow s)o9pja1 Aysudul YSIH 184 [eInnouse ue Suunp

OILIOU09-0190S

(S107) MAVON-SAA  Surddoxd apdnnu jo judxs ay sajeorpur Aysudyur Surddor) (95) BaIR UMOS JOU 0} BAIR UMOS SSOIS JO oney (+) Asuoym Surddor)
AKouaroryyns pooy (918)901]/SOUUI0)) BAIE UMOS JOU
(S107) MAVOIN-SAA pue spuowoaoidu [eorSojourds) 1091501 splaI& doxo soySry  jo eare jun 1od (sesind pue s[ea100) ureld pooy Jo uonONPoOIJ (+) ploIA urers poog
(S107) MAVON-SAA QWIOOUI WLIEJ JO [9AJ] JOYSIY SAJEOIPUI BIIR UMOS JU JoFIR] (%) eare [eorydei3oa3 oy 0) BaIR UMOS Jou Jo uoniodoig (+) BaIR UMOS JON A3ojouyoa ],
(pouad eyep) 90IN0S uondLsaq (JuowaIsLaW JO J1un) uonIuyd (gq) sioedIpU] UOISUdWI(]

(ponunuoo) g a|qel

prlnger

AR



11

(2021) 164

Climatic Change

Page 10 of 26

11

(1107) snsua) uonemdogq
uonejudwd]duy
ownweidold pue

SonsneIS Jo Ansiurn
(€102-C107) ‘punoy

w0L OSSN ‘Adamng
JUSWISSISS Y UonemIS

(S107) “MAVON
‘SnSuQ)) IOy

(1107) snsua)) uonemndog
(91-5100)
juawdopaasg
eIy pue 2IMnoLIy

10J Yueg] [RUONEN

(0107) MAVON
‘Snsud)) IOy

(1107) snsua)) uonemndog
(1107) snsuo) uonendog

(1107) snsua) uonendog

juowdo[oAap
[eINI [[RISAO JO I0JedIpUl Ue SI uoneuodsuen 0} Ssa00y

soonoeld Jrews oewr|o 1dope 0) SRy Funeonps

pue ssouoreme Sunerousd Aq uoneydepe ajup xo ud)sej
SONI[108] UOISUIXD WIIR) IO SALIOSIAPE [BIIUYIA) 0] SSIIIY

“JUSUSIAUL

uLey soSeInooud pue dWOooUI 19)30q SaINsud ‘oonpoid-Lse
A} 10} SAILId SATIRISUNIURT SJUEILNS SIONIBW 0] SSIOY

SONIAOR

QIMNOLISE-UOU pue AIMNOLISE U2IMIDq NUI| ) 3pLq

pue Juawdo[9ASP OIOU0I3 JO UOISIAASIP ‘UONBIYISIOAID

PUEB UONBZI[RIOIOWLIOD [eIm[noLSe sajowold
‘santunzoddo josprewr papuedxd SaINSUd ANALOIUUOD PROY

"uoneZIUEY oW wiiej Jo uonowoid pue seonoeld Jrews
Sew[d pue wopow Jo uondope soFemooud JIPaId 0} SSAY
'snjdins ojqejosprewr
UIRNSAI PUB JUSUISIAUT SIOMO] ‘wisAs Furddord Ajisioarp
01 AIIqe SIWI] ‘S9130[0UYd3) JUII[ISAT PUB PIOUBAPE
Jo uoneordde soonpar ‘pue| Jo uonejuowSesy 10)e0I3
sajeorpur sSuIpjoy [eulSIewr pue [[ews Iopun edre 195Ie |
Ppue[ jo
Annqepreae eydes 1od mof s109321 Ansuap uonendod 1oysiH
syuaunsnipe pooyr[aAl] pue [exmnoude eudoidde
ayew oy uopendod ayp Jo Ayoedeo syeorpur Aovr]
PooyI[eAl] 10J arynouSe uo doudpuadop
10431y S)o9pja1 s1axIom ammnowuse Jo uoniodord 1oySig

(9) SOSe[[IA [€)0} oY) 0) sAemIdem
9[qeSiABU pue AJI[IOJ [IE1 ‘9IAISS SN SIPN[OUI YOIYm
uonedINWIod odsuel] 03 $s9008 Im sadeia Jo uorodord

(%) S1oWIR] JO Joquinu [e10) 9y} 03 OON ‘Iudunedop Areu
-119)A Jourdur /1odedsmau /A 1, /o1per ‘roure) da1ssarsord
‘(J0joenUOO JUI[[LIP Surpniour) syueSe [eroreuod AeAud
0501109/ AnsioArun [eInynoLde S[AY YuaSe uorsud)xo
WO AOIAPE [BIIUYII) PISSIIOR OYM SISULIRY JO JOqUINN

(s3wpjoy yyey/ou) sSupjoy
e} [e10) 3y} 0) S)yIew IM[NOLSL JO JquInU JO oney

(95) soSe[[IA JO Joquinu [}0) A}
0) SPeOI IAYJEOM [[B 0) ANANOAUUOD M SaSe[[IA Jo uontodoig

(213091/ "SY) BAIR UMOS SSOIT
0} (UBO] ULIY) pue ueo| doio) Ueo] ULIE) JO JUNOWE ) JO ONeY

(%) vore

12103 24 0} SSuIp[OY [eUISIRW PUR [[EWS AQ IOPUN BAIE JO ONEY
(uny'bs/ou)

®aIR O JO andwo[ny 21enbs 1ad payqeyur suosiad jo roquinN
(9) uonendod [e10)

o) 0) 9A0qE pue sIedA / dnoiZ-oFe oy ur soYeINI] JO JqUINN
(9) SIa}IOM [e10) A}

0] SIAINOQE] AIMNOLIZE PUB JOJBANINO JO WS 3y} Jo uontodorg

(+) sanyproey
UONBOIUNUIWOD
110dsuern

0] SS200B UM SaFe[[IA

(+) doueping [eoruyoa)
Po[IeAR OyM SIQULIR,{

(+) 103IBW 0} SSAAIY

(+) peox
eoond yim saSe[IA

armonnsequy
pue uonmusuy

(+) pasmgstp
JIPaIo AIMNOLITY

(-) s3urpoy

Surpue] feuwrSrew
PUE [[BWS IopUN BAIY
(—) Ausuap uonendog

(+) 91e1 Koer]

(—) JosIoM 2 NOLTY

(pourad ejep) 9omog

uondusoq

(JuowdseIUW JO JIun) uonIuyd(q

(gq) s103eO1pU] uorsuswI

(ponunuoo) g s|qeL

prlnger

A



11

Page 11 of 26

(2021) 164:11

Climatic Change

(-) 2ane3au/(+)

aanisod :drysuonefor euonouny ‘.7 00130 AoAIg ojdureg [euoneN ‘OSSN OTEJOA SIOUWLE,] PUuB oIMNOUSY JO ANSIUI ‘M J VOV SONSHEIS 29 SOIOUOOH JO JeI0NAM(] ‘STJ

(1107) snsua) uonendog pue sponpoid [eroueury 0} ss200e sapraoid syueq 03 $$200y
uonejuawduuy
ounwesdold pue
sousnug Jo Anstumy

“(€102-2107) ‘punoy uopINg 1qOp 99NPaI PUL JUIUNSIAUL dFLINOJUD ‘A[IGRLIEA
0L OSSN ‘Aoamng Qwoour jsurede spjoyasnoy wiey s1odjoid jey) A393ens
JUSWISSISSY UONBMIS JuaweFeuRW YSL 27U X2 Juepodwr ue st douemsut dox)

uonesIeN3Ip pue SOLIOSIAPE ULEJ JO [oeal ‘Alouryorul
uwej pue saonoeld wopow jo uondope saIsud yorym
(1107) snsud) uonendoq  Juawdo[oAsp [eInI JO 19U} JIseq Yy st 1mod 01 A1Anosuu0)

(95) soSe[[iA [e10} 9y} 0} Syueq SPANLIdd00D
PUE [BIDIOUILIOD 0} SSAIJB ABY Yorym saSe[[ia Jo uoniodoig

(9) s1oULIR] [B10)
9y 01 douensul doxd J00] OYM SISULIR] JO JQUINU JO OBy

(%) soSe[[iA [e10) ay)
0} A[ddns 1omod 0 ssa09€ dARY Yorym soSe[[ia Jo uoniodoid

(+) syueq
0) SS2208 IM SAFR[[IA

(+) doueInsur
do1o o0} oym srouLre ]

(+) soSe[IA PaFOdIT

(pouad ejep) 90IN0S uondLosa

(Jusw_INSLAW JO JIUN) UONIULI(]

() storeatpuy

uorsuau

(panunuod) z ajqeL

prlnger

AR



11 Page 12 of 26 Climatic Change (2021) 164:11

X,'g_Mil'l(Xie)

Zie = Max(X;)-Min(X ) @)

_ Max (Xie)_Xie
7 Max(X;)-Min(X;)

(3)

where Z;, is the normalized value and X, is the observed value of the it indicator in original
units for the et entity (ACZ or district). Max(X; ) and Min(X;) are the maximum and minimum
values of indicator across the entity, respectively.'

3.5 Second-level weights and aggregation

Assignment of weights and aggregation are the two crucial and conceptually
perplexing issues that must be carefully addressed, before integration of indicators
into the composite index (Nardo et al. 2005; Saltelli 2007). Weights indicate the
relative contribution of indicators in influencing the overall performance of a dimen-
sion and the possible trade-off between the factors towards the ultimate policy
objective (Gan et al. 2017). The selection of weights and its assignment can make
a significant change in the final ranking of entities (Becker et al. 2017), where
inappropriate weighting could lead to invalid information. A variety of weighting
methods are offered by the literature (Booysen 2002; OECD 2008) for constructing
composite indices, along with the potential merits and demerits of using a particular
approach. These techniques can be broadly classified into equal weighting, normative/
subjective approaches, and positive/statistical approaches (OECD 2008; Gan et al.
2017). In this study, we used the positive approach, wherein the multivariate tech-
nique of principal component analysis (PCA) was applied to elicit weights for the indica-
tors. In practice, PCA 1is a data analytical method used for simplifying the dimensionality of the
dataset on the basis of the underlying patterns. The technique has found wide application in the
quantification of several developmental and business indices such as environmental degradation
index, KOF Index of Globalization, Internal Market Index, Science and Technology, and also
used by studies assessing climate vulnerability and well-being (Booysen 2002; Singh et al. 2012;
Kumar et al. 2016; Gygli et al. 2019). Under PCA, the dataset is represented by a set of linear
combination of the variables where the highest proportion of variation in the sample is accounted
by the first component and the remaining variations by the successive components, all uncorre-
lated with each other (Nicoletti et al. 2000). The major benefits of using PCA are its simplicity,
transparency, and ability to reduce double weighting and analyse large datasets (Greyling and
Tregenna 2017; Gan et al. 2017).

In our elicitation of weights using PCA, we found that the first principal compo-
nent was not sufficient enough to explain the variation in the indicators; hence, we
included more components that could explain the largest proportion of the variation in
the data set. The choice for retaining the principal components was based on the
standard thresholds as given by the OECD, (2008) according to which those compo-
nents are chosen (a) whose eigenvalues are more than one, (b) individually contribute

"' In our estimation, the minimum and maximum values of an indicator are not pre-selected rather they are data
driven values.
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to explain more than 10% of the overall variance, and (iii) cumulatively explain more
than 60% of the overall variance. Once the components were extracted, the absolute
value of the loadings under each component was multiplied with their respective
eigenvalues and averaged to generate weights. Finally, the weights obtained for the
dimension were scaled to unity.

The next step, in the sequence to formulate the composite index, is aggregation, where
indicators are combined together using a suitable algebraic functional form (Becker et al.
2017). Here, we adopted additive linear aggregation to estimate our dimension indices and the
CRA Index. This is the most widely used aggregation methods (OECD 2008), wherein a
linear-weighted average is taken of the normalized set of indicators as follows;

I
Zi: 1WiZie
1
Zi:ﬂ’vi
where Q,. represents the value of cth dimension for the e entity, w; are the weights assigned,

and Z,, is the normalized value of the indicators. Once the dimension indices were determined,
the CRA index was calculated as;

Oec = (4)

4
Y1 WeOer

We

where CRA, is the Climate-Resilient Agriculture Index for the e entity, which is expressed as linear
weighted aggregation over the four dimensions of resilience with w, as the dimension weights.
Furthermore, based on their index scores, the 14 ACZs were categorized into three homogenous
clusters, depicting low, medium, and high levels of resilience. Furthermore, 616 districts were
segregated and mapped (ArcGIS, ESRI 2019) into five quantiles. Here, it should be noted that the
values of dimension indices and the CRA Index, as obtained from Egs. 4 and 5, do not reflect the
absolute resilience; rather, it only indicates the relative strength of ACZ or district to withstand
climatic risks.

4 Results and discussion
4.1 Inter-ACZ climate resilience
4.1.1 Environmental resilience

The relative status of ACZs showed that EPH, EHR, WCG, and CPH exhibit high
resilience in terms of environmental parameters (Table 3). It was found that Indo-
Gangetic Plains (covering states of Bihar, Uttar Pradesh, Haryana, Punjab, and West
Bengal) emitted the highest amount of GHGs from the agricultural sector. Over the
period from 1991 to 2015, WCG, LGP, and MGP showed greater deviation in the annual
rainfall. The extent of waste land was higher in Himalayan hills and Western Dry
Region, while it was lower in Gangetic Plains. Among the zones, EHR (north-eastern
states and parts of West Bengal), WCG, and EPH had the highest expanse of forest
resources in the country. Environmental resilience was found to be the lowest in the TGP
comprising states of Haryana and Punjab and WDR (parts of Rajasthan) primarily due to
lesser forest coverage and extensive extraction of groundwater resources.

@ Springer
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Table 3 ACZ-wise index values of environmental indicators, ranks, and degree of resilience

ACZ Forest Waste  Rainfall Ground water Emission Environmental Rank Degree
area land deviation extraction Index
EPH 0.131 0.169 0.192 0.180 0.099 0.771 1 High
EHR 0.235 0.143 0.066 0.212 0.104 0.760 2 High
WCG  0.191 0.172 0.000 0.170 0.137 0.670 3 High
CPH 0.069  0.152 0.200 0.134 0.116 0.670 4 High
ECH 0.071 0.174 0.101 0.163 0.084 0.593 5 Medium
WPH  0.033 0.166 0.111 0.145 0.123 0.578 6 Medium
WHR  0.088 0.000 0.208 0.172 0.064 0.532 7 Medium
GPH 0.021 0.167 0.065 0.141 0.106 0.500 8 Medium
UGP 0.010  0.200 0.087 0.135 0.046 0.478 9 Medium
SPH 0.051 0.168 0.031 0.132 0.096 0.476 10 Low
LGP 0.049  0.208 0.013 0.161 0.000 0.430 11 Low
MGP 0.023 0.189 0.020 0.158 0.033 0.424 12 Low
WDR  0.000  0.108 0.119 0.000 0.125 0.352 13 Low
TGP 0.003 0.181 0.030 0.058 0.069 0.340 14 Low
Weights  0.235 0.208 0.208 0.212 0.137

Agro-climatic zones with index scores more than 0.593, 0.593-0.476, and less than 0.476 are classified as has
having high, medium, and low level of environmental resilience

4.1.2 Technological resilience

The spatial distribution in the level of technological resilience reflects high inter-ACZ varia-
tion, with the scores ranging from a minimum of 0.189 in WCG to 0.777 in UGP (Table 4).
The net sown area was relatively higher in Indo-Gangetic Plains and WPH (covering parts of
Maharashtra and Madhya Pradesh). Cropping intensity was higher in LGP, while it was the
lowest in SPH and WCG. Irrigation coverage was more than 60% in Indo-Gangetic Plains and
CPH. On the other spectrum, access to irrigation was the lowest in the Himalayan Region, and
Plateau and Hills regions. The application of fertilizer was relatively lesser in zones such as
CPH, EHR, and WDR. Indo-Gangetic Plains followed by ECH and CPH registered higher
food grain yields, while WDR and WPH (parts of Maharashtra and Madhya Pradesh) recorded
the lowest. Furthermore, higher livestock densities were observed in LGP, UGP, and EHR,
while it was lower in WCG and WPH. Overall, it was found that Indo-Gangetic Plains exhibit
high technological resilience among the zones.

4.1.3 Socio-economic resilience

The level of socio-economic resilience was found to be the highest in WCG and TGP
as shown in Table 5. On an average, the literacy rate was above 60% in all the zones,
with a relatively higher proportion of literates found in WCG and lower in MGP.
LGP, MGP, and UGP exhibit higher population densities. The prevalence of poverty
was more in EPH, MGP, UGP, and CPH. A large fraction of land was owned by
small and marginal farmers in ECH, WCG, WHR, and Gangetic Plains except TGP.
In nearly all the ACZs, about half of total workers consist of agriculture workers. The
regional assessment also indicates that the disbursement of farm credit was more
towards WCG and ECH primarily comprising southern states of Kerala, Andhra
Pradesh, and Tamil Nadu followed by Trans-Gangetic Plains. On the other hand,
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EHR covering all north-eastern states and some parts of West Bengal had the lowest
access to farm credit.

4.1.4 Institutional and infrastructural resilience

WCG, GPH, SPH, and TGP were grouped as zones with high-level resilience as
measured by institutional and infrastructural indicators (Table 6). It was found that
technical advices to the farmers were more accessible in SPH and TGP, while it was
the least in WDR, CPH, and MGP. In the Himalayan regions, most parts of the Indo-
Gangetic region, and WCG, a very low proportion of the farmers availed crop insurance.
Among the zones, TGP had the largest access to markets for farm produce. In most of
the ACZs, more than 90% of the villages were electrified, though still improvement in
electrification is required in MGP, EPH, and CPH. Connectivity to roads was inadequate
in zones such as WDR, EHR, and LGP. The penetration of banks in villages was
relatively better in WCG while it was insufficient in EPH and EHR.

4.1.5 Composite CRA Index

Based on the relative performance of ACZs across different dimensions of resilience,
the CRA index was prepared as shown in Table 7. The score of the CRA Index
varies from 0.361 to 0.624. In the order of ranking, high climate resilience was found
in WCG, TGP, GPH, and ECH. On the other hand, MGP (Bihar and parts of Uttar
Pradesh) and EPH (comprising Chhattisgarh, Jharkhand, Odisha, and parts of other
states) registered the lowest resilience capacities. In addition zones namely, WDR,
EHR, and UGP, were also categorized under a low degree of resilience to climatic
risks.

4.2 Intra-ACZ variation: scouting district resilience

For assessing intra-ACZ variation as reflected by district resilience, we used the same
weightage across indicators and dimensions as applied in examining the inter-ACZ variation.
Most of the districts falling within the Gangetic Plains region and WDR had very low level of
environmental resilience (Fig. 1). Among the districts lying within EHR, about 67% had very
high resilience in terms of environmental indicators. Of the districts with very low to low level
of technological resilience, about 54% were concentrated in the EHR and EPH. Districts lying
in the SPH had medium level of socio-economic resilience. Moreover, in WCG, Raigarh,
Sindhudurg, Thane, Dakshina Kannada, Kodagu, Udupi, Theni, Kanniyakumari, and all
districts within Goa and Kerala had very high socio-economic resilience. It can be seen that
districts in southern India particularly districts of Kerala state and those falling within GPH and
TGP showed better institutional and infrastructural foundation to deal with climatic aberra-
tions. Overall, in the case of the CRA Index, about 40% of total districts were placed at the
bottom of the resilience pyramid. Among such districts, nearly 20% had very low level of
resilience primarily falling under north-eastern states forming part of EHR, EPH with maxi-
mum concentration from the state of Jharkhand and Chhattisgarh, and MGP particularly from
Bihar state. Besides, very low level of resilience was also found in districts which include
Barmer, Jaisalmer, Jodhpur, Nagaur, and Rajsamand in WDR; Kargil, Doda, Kishtwar,
Reasi, Bageshwar, Chamoli, Pithoragarh, Rudraprayag, and Uttarkashi in WHR; Dungarpur,
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Fig. T Maps (not to be scaled, for illustration only) showing intra-ACZ variation in the level of resilience based
on (a) Environmental Index, (b) Technological Index, (c) Socio-economic Index, (d) Institutional and Infrastruc-
tural Index, and (e) Climate-Resilient Agriculture Index (ACZ demarcation is shown with black boundary line)
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Sirohi, Udaipur, Alirajpur, Jhabua, and Rewa in CPH; Ratlam from WPH; and Baudh,
Gajapati, Kandhamal, Nayagarh, and Rayagada in ECH. On the other hand, most of the
districts in TGP and WCG showed very high resilience to manage climate risks (List of
districts showing very low and very high level of resilience measured in terms of overall CRA
Index is shown in Appendix Table 8).

5 Discussion and conclusion

Building resilience of agro-ecosystem to climate change is the most critical and urgent
bottom-line requirement for achieving sustainable development and well-being. There
has been an emerging shift in developmental policy to recognize and mainstream
changes, instability, and capacity within social-ecological systems to deal with climatic
uncertainty and to manage risks unleashed by such changes. In recognition of the
complex and dynamic link formed between environment and social systems and spatial
differentials in impacts and ability, an integrated or hybrid approach should be adopted
that focuses on building strategies along the regional/local level to enhance the
resilience of the agricultural system. The intrinsic structure and potential of the
resilience approach to capture multiple dimensions and direct transition to a new state
is important particularly for developing nations where the existing response space and
capacity is not desirable to absorb climate shocks and stresses. Moreover, evaluation of
resilience begins a way of interactions, feedbacks, and transformation to build devel-
opmental trajectories for achieving goals of sustainable development.

In India, vulnerability to climatic aberrations and extremes is more conspicuous in
the case of the agriculture sector. Such impending threat over the agriculture and
agriculture-based livelihoods necessitates resilience assessment across homogenous
regions. Therefore, this study made an attempt to assess inter- and intra-ACZ levels
of resilience in India. The analysis reveals how resilience is influenced by multiple
factors and is spatially differentiated in the country. In particular, our results showed
that resilience was the highest in WCG, TGP, and GPH. Overall, we observed that the
southern states majorly forming parts of WCG, ECH, and SPH, relatively, had a greater
strength to respond to the climatic-related risks. On the other hand, MGP and EPH
recorded the least resilience to manage climatic stresses. Even within the ACZs, wide
variations were observed among the districts. The analysis indicates that special policy
attention must be given to the north-eastern region, western dry region, and eastern
parts of the country.

To reduce spatial disparities in resilience capacities, we reinforce the importance of
regional planning in the course of climate change, the growing need to develop
sustainable production systems and livelihood perspective. In zones with injudicious
extraction of groundwater, a comprehensive water resource management policy must
be developed along with rationalization of subsidies. For reducing agriculture emis-
sions, mitigation alternatives should be researched with appropriate management of
agri-activities and operations. Under climate change, enhancing equitable accessibility
to irrigation along with suitable location-based cropping pattern is crucial for the
optimization of returns, water use efficiency, and value creation. Moreover, to
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sustainably improve productivity, penetration, and adoption of micro-irrigation sys-
tems, such as drip and sprinklers, it must be evolved with the appropriate building of
farm capacity. Both agriculture and livelihood diversification has been emphasized as a
key response strategy to manage future risks and uncertainty associated with climate
change. In particular, diversifying to agro-forestry in ecologically fragile regions,
increasing thrust on crop diversification and strengthening crop-livestock system pro-
mote farm resilience. Besides, opportunities for non-farm activities can potentially
reduce vulnerability arising from lower income and consumption. Imparting awareness
via effective scientific extension services, weather, and seasonal forecasts can help
farmers adapt to the foreseeable climatic aberrations. Diffusion of crop insurance and
development of innovative region-specific weather insurance products serve as a major
risk management mechanism. Furthermore, strengthening credit support to the zones
with limited access to finance especially in the eastern region of the country could
expand both the ex ante and ex post climate response space. Policy interventions must
bridge institutional inefficiencies at the grass-roots level to facilitate learning and more
suitable adaptation choices. In addition, mainstreaming climate change in the develop-
mental planning will refine the policy interventions and programmatic objectives that
will entail optimal adaptation and improve prospects for poverty reduction for diverse
agro-climatic regions. This needs to be supported with a proactive approach towards
developing multi-stakeholder partnership, investments, and reorientation of research
agenda towards developing farm practices and technologies suited to agro-ecology for
climate-resilient pathways.

There remain some limitations in our capacity to assess the conundrum of resil-
ience level across agro-climatic zones. First, due to the limitation of data, there was
an element of subjectivity involved in the selection of indicators. Second, weights and
aggregation method adopted for assessment was to the best of our understanding.
Third, the resilience of the ACZs or districts is subject to the indicators included
under the dimensions. Fourth, the determination of specific factors that constraints and
develop resilience of a region is an important activity for future context-specific
researches. Notwithstanding, the aforesaid limitations have in no way drifted the
essence and purpose of the study.
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