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Abstract	
The	 public	 economic	 system	 of	 hydropower	 plants	 (HPPs)	 offers	 a	 multifaceted	 research	 scope,	 ranging	 from	
technological	imperatives	and	assessments	to	ethnographic	studies	and	environmental	resource	allocation.	The	study	
is	 based	on	purposive	 sampling	 of	 287	 village	 households	 in	 the	 vicinity	 of	 hydropower	plants	 in	Odisha,	 using	 a	
structured	and	validated	questionnaire	survey	to	collect	data	on	socioeconomic	conditions,	agricultural	practices,	and	
hydropower-related	livelihoods.	The	sample	comprises	10	villages	selected	under	Water	Panchayats	associated	with	
five	 large-scale	 hydroelectric	 power	 projects	 in	 Odisha.	 A	 Logit	 regression	 model	 is	 applied	 to	 estimate	 the	
determinants	 of	 Climate	 Resilient	 Agriculture	 (CRA)	 by	 integrating	 institutional	 economics	 including	 Transaction	
Governance,	Reduction	in	Risk	and	Uncertainties,	Collective	Action,	and	Social	Norms.	Other	 independent	variables	
include	Economic	Benefits	 received	 from	HPP	 (employment,	 skill	development	 training,	 and	health	 camps),	 family	
economic	 status	 (below	 Poverty	 Line),	 the	 family	 entitlement	 to	 Public	 Distribution	 System	 (PDS)	 for	 Rice	 and	
Structure	of	House	(kutcha	or	others).	The	study	analyses	the	awareness-practice	gap	levels	in	the	village	communities	
using	the	econometric	model,	reliability,	and	adequacy.	Results	show	that	North	principles	on	uncertainty	reduction	
(0.53,	p	=	0.04,	 z	=	2.05)	and	 integrated	 farming	system	(awareness	0.427659,	p	=	0.0076;	practice	0.392779,	p	=	
0.0083)	have	positive	impact	on	Climate	Smart	villages	based	on	the	practice	and	awareness	on	CRA.	
Keywords:	Awareness-practice	Gap,	Climate	Resilient	Agriculture,	Logit	Regression,	Odisha,	Purposive	Study.	
	

Introduction	
Hydropower	Projects	in	Odisha
Managing	 resources	 efficiently	 is	 one	 of	 the	
government's	 primary	 roles	 in	 navigating	
economic	progress.	Besides	infrastructure	outlay,	
enhancing	 institutional	 strength	 and	 regulatory	
systems,	studies	suggest	that	effective	governance	
also	builds	public	 trust	(1),	which	 is	essential	 for	
attracting	 investment	 and	 expanding	
infrastructure	networks.	 In	 addition,	 studies	 also	
ascertain	 that	 water	 governance	 challenges	
directly	 impact	 the	 utility	 and	 distribution	 of	
water,	 as	 in	 the	 case	 of	 Tunisia,	 where	 policy	
decisions	 and	 economic	 incentives	 interlace	
significantly,	 shaping	 these	 outcomes	(2).	
Furthermore,	studies	highlight	that	national-level	
analysis	 significantly	 masks	 geographical	
differences.	Besides,	institutional	support,	such	as	
farming	subsidies	and	educational	 initiatives,	has	
helped	 rural	 communities	 in	Mexico	mitigate	 the	
effects	 of	 climate	 change	(3),	 while	 governance	
shortcomings	 concerning	 access	 to	 credit	 and	
technical	 expertise	 continue	 to	pose	 a	 significant	

threat	 to	 farmers.	The	case	study	of	Hydropower	
governance	is	explained	through	the	Nam	Theun-2	
2	 Hydropower	 Project.	 This	 study	 asserts	 that	
public	 involvement	 and	 detailed	 economic	
evaluations	 have	 influenced	 environmental	
protection	 and	 promoted	 equitable	 resource	
distribution	(4).	 Public	 opinion	 towards	 the	
development	of	hydropower	projects	often	pivots	
on	 consultation	 practices	 to	 efficiently	 address	
information	 related	 to	 hydropower	 develop-
ment	(5).	 Studies	 argue	 that	 the	 clarifications	 of	
hydropower	 projects	 based	 on	 long-term	
economic	 and	 social	 development	 in	 developing	
countries	 can	 trigger	 notable	 socio-economic	
shifts,	 such	 as	 community	 development	 and	
employment	 opportunities.	 More	 effective	
mechanisms	 for	 turning	 local	 short-term	 growth	
into	 long-term	 development	 are	 imperative	(6).	
Hydropower,	 a	 major	 contributor	 to	 renewable	
energy,	 supports	 economic	 growth	 but	 also	
impacts	ecosystems	and	communities.	Studies			
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highlight	the	pricing	policies	and	market	dynamics	
shaping	energy	systems	(7),	while	others	note	the	
benefits	 of	 clean	 energy	 alongside	 the	 risks	 of	
displacement	 and	 ecological	 damage	 (8).	
Comparisons	of	small	and	large	projects	show	that	
large	 hydropower	 projects	 enhance	 energy	
security	 but	 cause	 ecological	 devastation	 and	
inequality	(9).	Effective	 governance	 must	 align	
hydropower	 development	 with	 energy	 security,	
equity,	and	sustainability,	 incorporating	 life	cycle	
assessments	and	Levelized	Cost	of	Electricity	(10).	
The	 coastal	 economy	 of	 Odisha	 faces	 recurring	
challenges	from	climate	extremes	such	as	cyclones	
and	 droughts,	 prompting	 the	 State	 Disaster	
Management	Authority	 to	 rehabilitate	vulnerable	
communities.	 In	 this	 context,	 agriculture	 and	
related	 activities	 demand	 Climate	 Resilient	
Agriculture	(CRA)	and	Integrated	Farming	Systems	
(IFS)	 to	 address	 the	 awareness–practice	 gap	
across	 three	 economic	 dimensions:	 Institutional	
Economics,	CRA,	and	IFS,	emphasising	adaptation	
strategies	 for	sustainability	and	capacity-building	
of	 local	 livelihoods.	 Comparative	 studies	 of	
hydropower	 in	Yunnan	highlight	 that	while	 large	
projects	enhance	energy	security,	they	also	cause	
ecological	 disruption	 and	 displacement	(11).	
Resilience	 strengthening	 requires	 integrated	
approach	 with	 sustainability	 to	 lead	 towards	
economic	 development	(12).	 These	 complexities	
underscore	 the	 need	 for	 integrated	 policies	
balancing	 growth,	 conservation,	 and	 equity.	
Institutional	Economics,	rooted	in	both	traditional	
and	new	approaches,	draws	from	scholars	such	as	
Myrdal	(1978),	Coase	(1988),	Williamson	(1988),	
North	(1993),	Veblen	(1899),	Knight	(1992),	Ayala	
(2005),	 Ostrom	 (2009),	 and	 Cairney	 (2019)	(13–
21).	 It	 distinguishes	 individual	 purposes	 in	
modern	 contexts	 from	 collective	 norms	(22)	and	
merges	 economics	 and	 sociology	(23).	 Veblen’s	
theory	 extends	 to	 democratic	 feminism,	 linking	
institutional	 economics	 to	 social	 emancipation	
(24).	 American	 institutionalism,	 through	 Veblen,	
Mitchel,	 and	 Commons,	 advocates	 transforming	
pecuniary	 institutions	 into	 industrial	 practices,	
improving	 utilities	 and	 labour	 markets	(25,	 26).	
Transactional	 governance	 studies	 estimate	 the	
costs	 and	 benefits,	 broadening	 institutional	
theory	(27).	 Multi-level	 governance	 requires	 the	
synthesis	of	socio-ecological	parameters,	political	
clarity,	 and	 public	 trust	(28).	 Classical	 economic	

ideals	 such	 as	 perfect	 competition	 rarely	
materialise,	 necessitating	 new	 institutionalist	
advocacy	(29,	 30).	 The	 Institutional	 Analysis	 and	
Development	 (IAD)	 framework	 offers	 replicable	
models	 for	 analysing	 human	 behaviour	 under	
complex	 market	 and	 social	 conditions	(31–34).	
Socio-economic	 factors	 on	 financial	 resilience,	
entrepreneurial	 and	 investment	 decisions	 are	
mapped	 to	 psychological	 constructs	 safeguarded	
by	 law	(35–37).	 Institutional	 quality	 and	
governance,	 deviates	 from	 the	 neoclassical	
orthodoxy,	 in	 determining	 economic	 welfare	
across	formal	and	informal	institutions	(38–40).	
Agriculture	 in	 Odisha	 remains	 vulnerable	 to	
extreme	 climatic	 conditions,	 with	 food	 security	
goals	 elusive	 despite	 interventions	(41,	42).	
Sustainable	farm	management	requires	integrated	
approaches	 across	 water,	 soil,	 energy,	 genetic	
resources,	 and	 livestock,	 fisheries,	 forestry,	 and	
value	 chains	(43).	 A	 composite	 agricultural	
scenario	index	(2001–2014)	revealed	district-level	
disparities,	 though	 households	 adopted	
sustainable	 technologies	(44).	 Odisha’s	 high	
exposure	to	cyclones	and	floods	necessitates	CRA	
initiatives	(45,	46).	The	state’s	climate	action	plan	
(2018–2023)	 emphasises	 scaling	 CSA	 practices	
(47).	 Alternate	 land	 use	 in	 rain-fed	 agroecology	
supports	 resilience	(48).	 CRA	 adoption	 has	
boosted	production	and	 farmer	earnings	 through	
stress-tolerant	 rice	 varieties	 and	 integrated	
nutrient	 management	(49).	 However,	 CSA	
programs	 risk	 ineffectiveness	 without	 sound	
policies	 and	 capacity-building	 frameworks	(50).	
IFS	 empowers	 small	 and	 marginal	 farmers	 by	
diversifying	 income	 and	 employment	(51).	
Declining	 agricultural	 contributions	 to	 national	
income	 and	 shrinking	 landholdings	 highlight	 the	
need	 for	 sustainable	 alternatives	 to	 commercial	
farming	(52).	Successful	IFS	models	in	Meghalaya	
and	 Andhra	 Pradesh	 demonstrate	 participatory	
approaches	 yielding	 economic,	 nutritional,	 and	
environmental	 benefits	(53,	54).	 Case	 studies	
model	 energy	 balances	 and	 biodiversity	
conservation	 under	 climate	 scenarios	(55).	
Resource	 allocation	 studies	 in	 Odisha	 show	
increased	 yields,	 returns,	 and	 employment	 from	
IFS	 adoption	(56).	 IFS	 reduces	 dependence	 on	
external	 inputs,	 encourages	waste	 recycling,	 and	
enhances	productivity	(57).	
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Table	1:	CRA	Practice	and	IFS	Adoption	by	Village	Households	at	Hydropower	Sites	in	Odisha	
Name	of	
HPP	

Name	of	the	
District	

Name	of	Village	 GPS	
Coordinates	

CRA	
Practice	

IFS	
Adoption	

Government	
Support	/	

HPP	Support	
Required	

Rengali	 Angul	 Rengali	 21°38′21″	N,	
84°02′45″	E	

Yes	 No	 Yes	

Denali	 21°15′18″	N,	
85°01′56″	E	

Yes	 Yes	 Yes	

Burla	 Sambalpur	 Sadeipalli	 20°44′26″	N,	
83°28′41″	E	

No	 Yes	 Yes	

Mahatabnagar	 21°29′20″	N,	
83°53′02″	E	

Yes	 Yes	 Yes	

Chiplima	 Sambalpur	 Senhapalli	 21°23′39″	N,	
83°57′54″	E	

Yes	 Yes	 Yes	

Champa	Pada	 21°33′27″	N,	
83°58′22″	E	

Yes	 No	 Yes	

Indravati	 Kalahandi	 Mahulpatna	 19°25′52″	N,	
82°50′31″	E	

Yes	 Yes	 Yes	

Poda	Padar	 19°23′40″	N,	
82°50′27″	E	

No	 Yes	 Yes	

Kolab	 Koraput	 Dighapur	 18°49′37″	N,	
82°28′07″	E	

No	 Yes	 Yes	

Barniput	 18°51′36″	N,	
82°36′10″	E	

Yes	 No	 Yes	

Note:	Climate	Smart	Agriculture	(CRA);	Integrated	Farming	System	(IFS).		
	

There	 are	 two	 major	 research	 objectives	 in	 the	
study:	
a) to	 empirically	 examine	 the	 influence	 of	

institutional	 economic	 theories	 of	 Commons	
transaction	 governance,	 North	 uncertainty	
reduction,	Ostrom	collective	action,	and	Veblen	
social	 norms	 alongside	 household	 economic	
status	variables	on	the	awareness	and	practice	
of	 Climate	 Resilient	 Agriculture	 (CRA)	 among	
village	 households	 located	 at	 hydropower	
project	sites	in	Odisha,	as	shown	in	Table	1.		

b) to	 assess	 the	 role	 of	 Integrated	 Farming	
Systems	 (IFS)	 awareness	 and	 practice,	
combined	 with	 institutional	 clarity	 (secure	
property	 rights,	 compensation	 mechanisms,	
and	entitlement	to	public	distribution	systems),	
in	 bridging	 the	 awareness–practice	 gap	 and	
fostering	 household	 participation	 in	 Climate-
Smart	Village	activities.	

	

Methodology		
The	 current	 operational	 hydropower	 projects	 in	
the	 coastal	 state	 of	 Odisha	 consist	 of	 six	 major	
hydro-electric	 stations	 with	 a	 total	 installed	
capacity	 of	 approximately	 2,099.8	 MW.	 Notable	
among	these	are	the	Balimela	Power	Station,	with	
a	 capacity	 of	 510	 MW,	 and	 the	 Upper	 Indravati	

Power	 Station,	which	 leads	with	 600	MW.	 Other	
hydroelectric	 utilities	 include	 Upper	 Kolab	 (320	
MW),	 Rengali	 (250	MW),	 and	 Burla	 (287.8	MW)	
stations,	 each	 contributing	 substantially	 to	 the	
region’s	power	generation.	The	study	outlines	the	
economic	status	of	287	rural	households	(from	10	
selected	villages)	 at	 the	 five	Hydropower	Project	
sites	of	Odisha	for	natural	resource	management	in	
estimating	 the	 awareness-practice	 gap	 with	
respect	 to	 the	 explanatory	 variables	 Economic	
Benefits	 received	 from	 HPP	 (employment,	 skill	
development	 training,	 and	 health	 camps),	 family	
economic	status	(below	Poverty	Line),	and	family	
entitlement	 to	 Public	 Distribution	 System	 (PDS)	
for	Rice	and	Structure	of	House	(kutcha	or	others).	
The	 research	 design	 for	 the	 study	 employs	 a	
purposive	 sampling	 approach	 to	 assess	 the	
economic	 status	 of	 village	 households	 located	 in	
regions	with	 large	 hydropower	 plants	 in	 Odisha,	
focusing	 on	 four	 theories	 of	 Institutional	
Economics,	 Climate	 Resilient	 Agriculture	 (CRA),	
and	 Integrated	 Farming	 System	 (IFS)	 awareness	
and	practices.	A	total	of	10	villages	were	selected	
under	 Water	 Panchayats	 associated	 with	
hydroelectric	 power	 projects,	 ensuring	 that	 the	
sample	 is	 representative	of	communities	affected	
by	 water	 resource	 governance	 and	 agricultural	
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adaptation	 strategies.	 The	 study	 surveyed	 287	
village	 households	 using	 a	 structured	 question-
naire	method,	which	facilitated	data	collection	on	
socioeconomic	 conditions,	 agricultural	 practices,	
and	hydropower-related	livelihoods.	The	names	of	
the	selected	villages	are	Rengali,	Denali,	Sadeipalli,	
Mahatabnagar	 (Migrants	 from	 Basantpur	 and	
Talapadar),	Senhapalli,	Champa	Pada,	Mahulpatna,	
Poda	 Padar,	 Dighapur	 (Province	 Khilaput)	 and	
Barniput	 (Province	 Maliguda).	 The	 period	 of	
primary	survey	reported	is	12th	April	2025	(Part	–	
I	 survey	 at	 Burla,	 Chiplima	 and	 Rengali	 HPPs	 in	
Northern	Odisha)	to	22nd	November	2025	(Part	–	
II	survey	at	Indravati	and	Kolab	HPPs	in	Southern	
Odisha).	To	analyse	 the	determinants	 influencing	
household	 economic	 status	 and	 the	 adoption	 of	
Climate	Resilient	Agriculture	(CRA)	and	Integrated	
Farming	 System	 (IFS),	 a	 LOGIT	 regression	 is	
applied,	 allowing	 for	 binary	 outcome	predictions	
of	 awareness	 and	 practice	 levels	 in	 village	
households.	This	quantitative	method	enables	 an	
examination	 of	 factors	 influencing	 decision-
making	in	rural	settings,	identifying	key	variables	
such	 as	 education,	 access	 to	 resources,	 policy	
support,	 and	 climate	 vulnerability	 that	 shape	
agricultural	behaviour.	
The	research	design	for	selecting	287	households	
from	 10	 villages	 under	 the	 water	 panchayat	
framework	 was	 based	 on	 purposive	 sampling,	
chosen	 to	 ensure	 representation	 of	 communities	
directly	 impacted	 by	 hydropower	 projects	 and	
water	 governance.	 Since	 no	 official	 census	 data	
existed	 for	 these	 villages,	 a	 quota-based	

distribution	 was	 used,	 allocating	 households	
proportionally	 across	 villages	 to	 capture	 socio-
economic	 and	 environmental	 diversity.	 This	
approach	 allowed	 inclusion	 of	 households	 with	
varying	 economic	 status,	 entitlement	 to	 public	
distribution	 systems,	 and	 exposure	 to	 climate	
risks,	 thereby	 strengthening	 the	 validity	 of	
institutional	 economics	 and	 CRA–IFS	 analysis.	
Statistically,	purposive	sampling	is	justified	here	as	
the	 study	 sought	 context-specific	 insights	 rather	
than	 general	 population	 inference,	 aligning	 with	
accepted	 thresholds	 in	 rural	 development	
research.	The	sample	size	of	287	households	meets	
methodological	 robustness	 for	 binary	 logit	
regression,	 ensuring	 sufficient	 variation	 across	
explanatory	 variables	 while	 balancing	 feasibility	
under	 constraints	 of	 accessibility,	 time,	 and	 cost.	
Thus,	the	design	provides	a	credible	empirical	base	
for	 analysing	 the	 awareness–practice	 gap	 in	
climate-smart	 village	 activities.	 The	 first	 two	
villages	located	nearest	to	the	hydro	power	plant	
and	under	the	water	panchayat	are	selected	from	
each	of	the	five	HPP	sites.	A	total	of	30	households	
were	 identified	 from	 the	 selected	 10	 villages,	
making	 a	 cumulative	 total	 of	 300	 household	
surveys.	 However,	 the	 13	 questionnaires	 were	
rejected	 during	 the	 validation	 and	 data	 analysis.	
Therefore,	 the	 research	 design	 effectively	
integrates	 economic	 assessment	 with	 sustaina-
bility	 principles,	 providing	 insights	 into	 how	
hydropower	projects	impact	local	livelihoods	and	
adaptive	farming	systems	in	Odisha.	

	

The	LOGIT	regression	model	is	stated	as:	
	

Yi	=	β0	+	β1	Xi1	+	β2	Xi2	+	…..+	βk	Xik	+	εi	=	Xi	β	+	εi	for	i	=	1	to	n												[1]	
	

Where,	Xi	=	(1,	Xi1,	Xi2…..Xik)	and	β`	=	(β0,	β1……	βk).	
The	Bernoulli	distribution	having	parameter	πi	has	probability	distribution	function	as:	
		

																																																Yi	=	1,	P	(Yi	=1)	=	πi																																																															[2]	
	

																																													Yi	=	0,	P	(Yi	=	0)	=	1	-	πi																																																										[3]	
	

If	E(εi)	=	0,	E(Yi)	=	πi,	where	E	=	Expectation	Value.	
From	Equations	[1-3],		
	

																																									E(Yi)	=	Xi	β	=	πi	=	P(Yi	=1)																																					[4]	
	

Thus,	the	response	function	E(Yi)	in	Equation	[4]	is	referring	to	probability	of	Yi	=1.		
And	the	variance	is	stated	as	Equation	[5]:	
	

																																														Var	(Yi)	=	δ2Yj																																																								[5]	
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The	cumulative	distributive	function	is	given	in	Equation	[6]:	
	

																																			E(Y)	=	 !"#(%)
'(!"#(%)

	=	 '
'(!"#()*)

																																							[6]	
	

The	identity	link	function	for	Logistic	regression	is	the	log-odds	stated	as	in	Equation	[7]:	
	

																																										η	=	ln	 +
',	+

																																																														[7]	
	

From	Equations	[4]	and	[5],	the	econometric	equation	is	provided	in	Equation	[8]:	
	

CRA	(Awareness	and	Practice)	z	=	ß0	+	ß1(Commons	Transaction	Governance	-	CTG)	+	ß2(North	
Uncertainty	Reduction	-	NUR)	+	ß3(Ostrom	Collective	Action	-	OCA)	+	ß4(Veblen	Social	Norms	-	VSN)	+	
ß5(Economic	Benefit	from	HPP)	+	ß6(Family	Economic	Status)	+	ß7(Family	entitlement	to	Public	

Distribution	System)	+	ß8(Integrated	Farming	System	–	Practice)	+	ß9(Integrated	Farming	System	–		
Awareness)	+	ß10(Structure	of	House)																																																	[8]	

	

The	 research	 hypotheses	 undertaken	 for	 the	
purposive	study	is	outlined	below.	
H₀:	Institutional	Theories	and	Economic	Status	of	
village	 households	 located	 at	 HPP	 sites	 have	 no	
significant	 effect	 on	 household	 participation	 in	
Climate-Smart	Village	activities	through	CRA.	
H₁:	 Households	 with	 stronger	 institutional	
economic	 awareness	 and	 practice	 (secure	

property	rights,	clear	compensation	mechanisms,	
and	 reduced	 uncertainty	 in	 government	 policy	
implementation)	 are	 significantly	 more	 likely	 to	
participate	 in	 Climate-Smart	 Village	 activities	
facilitated	by	CRA,	compared	to	households	facing	
institutional	ambiguity.	

	

The	forecasting	econometric	equation	is	given	in	Equation	[9]:	
	

Z(CRA)	=	1-@CLOGISTIC(-(Ƈ	(0)	+	Ƈ	(1)*CTG	+	Ƈ	(2)*NUR	+	Ƈ	(3)*OCA	+	Ƈ	(4)*VSN	+	Ƈ	(5)*EB_HPP	Ƈ	
(6)*IFS_P	+	Ƈ	(7)*IFS_A	+	Ƈ	(8)*FES	+	Ƈ	(9)*FPDS	+	Ƈ	(10)*SOH))					[9]																		

																																												
where,	EB_HPP	refer	to	Economic	Benefits	derived	
from	HPP,	IFS	refers	to	Integrated	Farming	System	
(Horticulture/Fishing	vs.	Livestock/Poultry),	CRA	
is	 Climate	 Resilient	 Agriculture,	 FES	 is	 Family	
Economic	Status	(Below	Poverty	Line	vs.	Others),	
FPDS	 refers	 to	 Family	 Entitlement	 to	 Public	
Distribution	 System	 (PDS)	 Rice	 and	 SOH	 is	 the	
Structure	of	House	(kutcha	or	others).	
The	economic	access	and	social	preference	to	the	
four	 institutional	economic	 theories	are	explored	
as	 dimensions	 of	 either	 presence	 or	 absence	 of	
Commons	 Transactions	 Governance	 (water	
panchayat	 irrigation	 rights	 and	 agro-products	
procurement/timber/fish	 permits),	 North	
Uncertainty	 Reduction	 (land	 records	 and	 rights	
and	labour	card	and	HPP	employment	contracts),	
Ostrom	 Collective	 Action	 (crop	 diversification	
though	 community	 development	 and	 cleanliness	
and	hygiene	conditions	in	the	vicinity)	and	Veblen	
Social	Norms	(solar-pumps	for	irrigation	and	solar	
pumped	water	overhead	tanks).		
	

	
	

Results	and	Discussion	
Climate-resilient	agriculture	(CRA)	and	integrated	
farming	systems	(IFS)	are	increasingly	recognized	
as	 essential	 pathways	 for	 sustainable	 rural	
development,	 food	 security,	 and	 ecological	
preservation	 like	 watershed	 interventions	 for	
livestock	 productivity	 (58),	 and	 resilient	 farming	
strategies	for	long-term	sustainability	(59).	Smart	
technologies	and	practices	have	been	developed	to	
strengthen	CRA	(60),	particularly	for	smallholder	
farmers	(61),	while	new	adaptation	and	mitigation	
strategies	 continue	 to	evolve	 (62,	63).	 Integrated	
approaches	 enhance	 farm	 productivity	 and	
resilience	(64),	with	specific	relevance	to	Odisha’s	
agricultural	development	 (65).	 Sustainable	water	
management	 (66),	 biodiversity	 protection	 (67),	
and	 leveraging	 millets	 (68)	 further	 reinforce	
climate-resilient	 pathways.	 The	 variables	 IFS_P,	
IFS_A,	 FES,	 FPDS,	 and	 SOH	 are	 statistically	
significant,	 meaning	 they	 play	 a	 key	 role	 in	
determining	EB_HPP.	The	model	exhibits	strong	fit	
and	 predictive	 power,	 though	 refining	 variable	
selection	or	testing	interaction	effects	may	further	
enhance	it.
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Table	2:	Binary	Logit	Model	Estimation	for	Climate-smart	Village	Engaged	in	CRA	Activity	
Variable	 Coefficient	 Std.	Error	 Z-Statistic	 Prob.	
C	 0.837421	 0.658809	 1.271113	 0.2037	
Commons_Transaction_Governance	 -0.070034	 0.257943	 -0.271511	 0.7860	
North_Uncertainty_Reduction	 0.534575	 0.261402	 2.045029	 0.0409	
Ostrom_Collective_Action	 0.125250	 0.275455	 0.454703	 0.6493	
Veblen___Social_Norms	 -0.178266	 0.333744	 -0.534140	 0.5932	
Economic	Benefit_HPP	 -0.020543	 0.259336	 -0.079216	 0.9369	
Family	Economic	Status	 -0.166334	 0.263903	 -0.630283	 0.5285	
Family	access	to	PDS	 -0.347389	 0.362943	 -0.957144	 0.3385	
IFS	Awareness	 0.427659	 0.331956	 -1.288300	 0.0076	
IFS	Practice	 0.392779	 0.298545	 1.315641	 0.0083	
Structure	of	House	 0.009658	 0.267766	 0.036068	 0.9712	
Observations	With	Departure=0	 108	 Total	Observations	 287	
Observations	With	Departure=1	 179	 	 	 	
	

In	Table	2,	the	baseline	probability	of	constant	(C	=	
0.84)	is	not	significant	(p=0.204)	and	the	impact	of	
regressors	are	taken	into	account.	The	explanatory	
variables	 from	 institutional	 economics	 estimate	
that	 North	 Uncertainty	 Reduction	 (0.53,	 p=0.04,	
z=2.05)	 is	significant	and	positive	contributor	for	
awareness	 and	 practice	 of	 climate	 resilient	
agriculture	(CRA)	activities	to	sustain	the	climate	
smart	 village.	 On	 the	 other	 hand,	 Commons	

transaction	 governance	 (-0.07,	 p=0.79),	 and	
Veblen	 social	 norms	 (-0.18,	 p=0.59)	 are	
insignificant	 to	 the	 econometric	 model	 and	
negatively	affect	CRA	activities.	Ostrom	collective	
action	 (0.12,	 p=0.65)	 is	 insignificant	 though	 a	
positive	driver	for	CRA.	The	awareness	(0.43,	p	=	
0.0076)	and	practice	(0.39,	p	=	0.0083)	levels	of	IFS	
have	 positive	 impact	 on	 climate	 smart	 village	
engaged	in	CRA.		

	

Table	3:	Odds	Ratio	Calculation	
Variable	 Coefficient	(β)	 Odds	Ratio	(eß)	 Economic	Interpretation	
C	(Constant)	 0.837	 2.31	 Baseline	 odds	multiplier	 equal	 to	 0.	 No	

effect	on	CRA.	
Commons_Transaction_	
Governance	

-0.070	 0.93	 Slightly	 reduces	 odds,	 but	 effect	 is	
negligible	 and	 not	 significant.	 No	
strategic	shift	to	CRA.	

North_Uncertainty_	
Reduction	

0.535	 1.71	 Significant	(p	=	0.041):	households	with	
secure	 property	 rights/compensation	
clarity	are	71%	more	likely	to	adopt	CRA	
activities.		

Ostrom_Collective_Action	 0.125	 1.13	 Weak	 positive	 effect,	 not	 significant.	
Capacity	 building	 initiatives	 for	
community	 development	 needs	 more	
government	supervision.	

Veblen_Social_Norms	 -0.178	 0.84	 Suggests	prestige	and/or	social	signaling	
reduces	odds	slightly,	but	not	significant.	
It	breaks	the	social	conduct	of	activities	in	
CRA.	

Economic	Benefit_HPP	 -0.021	 0.98	 No	 measurable	 effect	 of	 hydropower	
project	participation.	HPPs	must	provide	
skill	 development	 trainings	 more	
frequently	 to	 popularize	 and	
demonstrate	CRA.	

Family	Economic	Status	 -0.166	 0.85	 Slight	reduction	in	odds,	not	significant.	
Family	access	to	PDS	 -0.347	 0.71	 Households	with	 PDS	 access	 are	 ~29%	

less	 likely	 to	 adopt	 CRA,	 but	 not	
significant.	



Mishra	et	al.,																																																																																																																											 															Vol	7	ǀ	Issue	3	
 

721 
 

IFS_Awareness	 0.428	 0.65	 Adoption	 intensity	 reduces	 odds	 by	
~35%,	and	significant.	

IFS_Practice	 0.393	 1.48	 Households	 practicing	 IFS	 are	 ~48%	
more	 likely	 to	 adopt	 CRA,	 though	 not	
statistically	significant.	

Structure	of	House	 0.010	 1.01	 No	effect.	
	

In	 Table	 3,	 North	 uncertainty	 reduction	 (Odds	
Ratio	 =	 1.71,	 p	 =	 0.041)	 is	 the	 only	 statistically	
significant	 predictor.	 Institutional	 clarity	 (secure	
land	 rights	 and	 government	 compensation	
satisfaction)	 strengthens	 the	 capacity	 building	
initiatives	for	CRA	engagement.	Other	institutional	
dummies	(Commons,	Ostrom,	and	Veblen)	present	
weak	 and	 insignificant	 effects.	 Farming	 system	
variables	 (IFS-Pactice	 positive,	 IFS-Awareness	

negative)	 show	 directional	 trends	 but	 lack	
statistical	significance.		
Figure	 1	 below	 exhibits	 the	 trend	 on	 actual	 and	
fitted	 residuals	 (fluctuate	 around	 zero	 without	
large	 deviations)	 based	 on	 the	 binary	 dummy	
variable	 outcomes	 for	 institutional	 economic	
thoughts	 embedded	with	 economic	 status	 of	 the	
village	 households.	 The	 Logit	 regression	 model	
determines	 the	 categorical	 responses	 with	 the	
residuals	under	minimum	stochastics.		

	

	
Figure	1:	Actual	and	Fitted	Residuals	

	

	
Figure	2:	Forecast	Graph	

	

In	 Figure	 2,	 the	 variance	 proportion	 is	 at	 68%	
reflecting	 a	 moderately	 satisfying	 forecasting	
accuracy	on	CRA	with	mean	absolute	error	of	48%	

and	 Theil	 inequality	 coefficient	 of	 0.33.	 The	 bias	
reported	for	the	survey	of	287	village	households	
is	 0	 with	 covariance	 of	 32%.	 The	 value	 of	
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symmetric	 mean	 absolute	 percentage	 error	
(MAPE)	is	103.4	accounting	for	model	refit	mostly	
due	to	a	limited	sample	size	of	287	given	the	time-
cost	parameters	of	the	survey.	
In	Table	4,	categorical	regression	is	estimated	over	
mean	 and	 standard	 deviation,	 where	 variables	

with	clear	differences	between	departure	1	and	0	
are	 North	 uncertainty	 reduction	 (higher	 in	
departure	1),	IFS	awareness	(higher	in	departure	
1),	 IFS	 Practice	 (higher	 in	 departure	 0)	 and	 FES	
(higher	 in	 departure	 1).	 Other	 independent	
variables	offer	no	change	or	weak	differences.		

	

Table	4:	Categorical	Regressor	Statistics	
Explanatory	Variables	 	 Mean	 	
Variable	 Departure=0	 Departure=1	 All	
Constant	 1.000000	 1.000000	 1.000000	
Commons_Transaction_Governance	 0.537037	 0.536313	 0.536585	
North_Uncertainty_Reduction	 0.407407	 0.508380	 0.470383	
Ostrom_Collective_Action	 0.694444	 0.698324	 0.696864	
Veblen___Social_Norms	 0.824074	 0.810056	 0.815331	
EB_HPP	 0.388889	 0.385475	 0.386760	
FES	 0.675926	 0.625698	 0.644599	
FPDS	 0.861111	 0.832402	 0.843206	
IFS_A	 0.805556	 0.692737	 0.735192	
IFS_P	 0.583333	 0.681564	 0.644599	
SOH	 0.324074	 0.346369	 0.337979	
Standard	Deviation	
Variable	 Dep=0	 Dep=1	 All	
Constant	 0.000000	 0.000000	 0.000000	
Commons_Transaction_Governance	 0.500951	 0.500078	 0.499531	
North_Uncertainty_Reduction	 0.493643	 0.501332	 0.499994	
Ostrom_Collective_Action	 0.462790	 0.460273	 0.460416	
Veblen___Social_Norms	 0.382532	 0.393357	 0.388707	
EB_HPP	 0.489771	 0.488073	 0.487858	
FES	 0.470210	 0.485300	 0.479471	
FPDS	 0.347443	 0.374556	 0.364242	
IFS_A	 0.397618	 0.462653	 0.442002	
IFS_P	 0.495305	 0.467176	 0.479471	
SOH	 0.470210	 0.477147	 0.473848	
Observations	 108	 179	 287	
	

Table	5:	Expectation	Prediction	Evaluation	(Awareness-practice	Gap	Binary	Specification)	
	 Estimated	Equation	 Constant	Probability	
	 Departure=0	 Departure=1	 Total	 Departure=0	 Departure=1	 Total	

P(Departure=1)<=Constant	 15	 13	 28	 0	 0	 0	
P(Departure=1)>Constant	 93	 166	 259	 108	 179	 287	
Total	 108	 179	 287	 108	 179	 287	
Correct	 15	 166	 181	 0	 179	 179	
%	Correct	 13.89	 92.74	 63.07	 0.00	 100.00	 62.37	
%	Incorrect	 86.11	 7.26	 36.93	 100.00	 0.00	 37.63	
Total	Gain*	 13.89	 -7.26	 0.70	 	 	 	
Percent	Gain**	 13.89	 NA	 1.85	 	 	 	
E(Departure=0)	 43.10	 64.90	 108.00	 40.64	 67.36	 108.00	
E(Departure=1)	 64.90	 114.10	 179.00	 67.36	 111.64	 179.00	
Total	 108.00	 179.00	 287.00	 108.00	 179.00	 287.00	
Correct	 43.10	 114.10	 157.20	 40.64	 111.64	 152.28	
%	Correct	 39.91	 63.74	 54.77	 37.63	 62.37	 53.06	
%	Incorrect	 60.09	 36.26	 45.23	 62.37	 37.63	 46.94	
Total	Gain	 2.28	 1.37	 1.71	 	 	 	
Percent	Gain	 3.65	 3.65	 3.65	 	 	 	
Note:	‘*’	measures	absolute	improvement	and	“**’	measures	relative	improvement.	Success	cut-off:	Constant	=	0.5	
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Table	6:	Hosmer-Lemeshow	Tests	for	Goodness	of	Fit	(Awareness-practice	Gap	Binary	Specification)	
	 Quantile	of	Risk	 Departure=0	 Departure=1	 Total	 H-L	

	 Low	 High	 Actual	 Expect	 Actual	 Expect	 Observations	 Value	
	 0.4249	 0.4996	 15	 15.0271	 13	 12.9729	 28	 0.00011	
	 0.5023	 0.5437	 11	 13.5763	 18	 15.4237	 29	 0.91924	
	 0.5437	 0.5711	 16	 12.8486	 13	 16.1514	 29	 1.38780	
	 0.5713	 0.5883	 15	 11.7626	 13	 16.2374	 28	 1.53647	
	 0.5883	 0.6163	 8	 11.5261	 21	 17.4739	 29	 1.79025	
	 0.6191	 0.6442	 9	 10.6794	 20	 18.3206	 29	 0.41804	
	 0.6464	 0.6728	 10	 9.48423	 18	 18.5158	 28	 0.04242	
	 0.6728	 0.6983	 11	 9.10221	 18	 19.8978	 29	 0.57669	
	 0.7041	 0.7572	 7	 7.74999	 22	 21.2500	 29	 0.09905	
	 0.7607	 0.8303	 6	 6.24339	 23	 22.7566	 29	 0.01209	
	 	 Total	 108	 108.000	 179	 179.000	 287	 6.78216	

H-L	Statistic	 6.7822	 	 Prob.	Chi-Square(8)	 0.5603	 	
Andrews	Statistic	 7.4277	 	 Prob.	Chi-Square(10)	 0.6845	 	

Note:	 Goodness-of-Fit	 Evaluation	 for	 Binary	 Specification,	 Andrews	 and	 Hosmer-Lemeshow	 (H-L)	 Tests,	 Grouping	 based	 upon	
predicted	risk	(randomize	ties)	
	

In	 Table	 5,	 the	 model	 on	 expectation	 prediction	
deviation	offers	better	prediction	for	departure	=	1	
and	not	for	departure	=	0	at	cut-off	0.5.	The	total	
percent	gain	is	13.89	and	with	expectation	at	3.65	
for	departure	0.			
From	Table	6,	the	Hosmer-Lemeshow	Test	divides	
observations	 into	 risk	 quantiles	 for	 awareness-
practice	gap	analysis	from	observed	and	expected	
frequencies	 (departures	 0	 and	 1).	 The	 binary	
specification	 fits	 the	 model	 deployed	 with	 H-L	
statistic	 at	 6.78	 (chi-square	 p=0.56,	 df=8)	 and	
Andrews	 statistic	 at	 7.43	 (chi-square	 p=0.68,	
df=10).		
	

Conclusion	
The	 findings	 of	 this	 study	 provide	 an	 analytical	
overview	of	how	institutional	economics	interacts	
with	 climate-resilient	 agriculture	 (CRA)	 and	
integrated	 farming	systems	(IFS)	 in	hydropower-
affected	villages	in	Odisha.	The	results	consistently	
highlight	North’s	uncertainty	reduction	as	the	only	
statistically	 significant	 and	 positive	 contributor	
(Tables	 2–4),	 underscoring	 the	 importance	 of	
institutional	 clarity,	 secure	 land	 rights,	 and	
compensation	mechanisms	 in	 strengthening	 CRA	
engagement.	 While	 Commons	 transaction	 gover-
nance,	 Veblen	 social	 norms,	 and	 Ostrom’s	
collective	action	show	weak	or	insignificant	effects,	
their	directional	trends	suggest	latent	institutional	
influences	 that	 merit	 deeper	 exploration.	 The	
contribution	 of	 IFS	 variables,	 though	 not	
statistically	significant,	indicates	potential	comple-
mentarities	between	awareness	and	practice	that	

could	be	harnessed	through	skill	development	and	
training.	 The	 consequences	 of	 these	 findings	 are	
two-fold.	First,	they	reveal	that	institutional	clarity	
is	pivotal	for	bridging	the	awareness–practice	gap	
in	climate-smart	villages;	second,	they	expose	the	
limitations	 of	 relying	 solely	 on	 traditional	
institutional	 constructs	without	 embedding	 them	
in	 localised	 governance	 frameworks.	 The	 study’s	
constraints	of	 time,	 cost,	 and	a	 limited	 sample	of	
287	households	 restrict	 generalizability,	 yet	 they	
provide	 a	 valuable	 pilot	 for	 policy	 experimen-
tation.	Future	research	should	expand	sample	size,	
integrate	 longitudinal	 data,	 and	 explore	 hybrid	
models	 combining	 institutional	 economics	 with	
socio-ecological	 resilience	 metrics.	 This	 would	
enable	 more	 robust	 policy	 design	 for	 Odisha	
Hydropower	 Corporation	 Limited	 (OHPCL)	 and	
the	Government	of	Odisha,	ensuring	that	CRA	and	
IFS	evolve	into	scalable,	replicable	frameworks	for	
sustainable	rural	transformation.	
Given	the	constraints	of	this	study	and	the	limited	
sample	 of	 287	 households	 through	 purposive	
sampling,	 with	 difficult	 accessibility	 to	 survey	
sites,	especially	during	monsoons,	and	the	absence	
of	external	funding,	the	future	scope	of	work	lies	in	
expanding	 both	 scale	 and	 depth.	 Larger,	
representative	 samples	 across	 diverse	 hydro-
power-affected	regions	would	strengthen	statisti-
cal	 validity	 and	 allow	 comparative	 analysis.	
Longitudinal	 surveys	 could	 capture	 seasonal	 and	
temporal	variations	in	climate-resilient	agriculture	
(CRA)	 and	 integrated	 farming	 systems	 (IFS).	
Incorporating	 mixed	 methods	 quantitative	
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econometric	 modelling	 alongside	 qualitative	
community	 narratives	 would	 enrich	 institutional	
insights.	 Future	 research	 should	 also	 explore	
partnerships	 with	 government	 agencies,	 NGOs,	
and	 hydropower	 management	 bodies	 to	 secure	
funding,	 improve	 logistical	 feasibility,	 and	
translate	 findings	 into	 actionable	 policies	 for	
climate-smart	 village	 development.	 Also,	 with	
funding	 opportunities,	 extensive	 research	 is	
feasible	 using	 the	 Computer-Assisted	 Personal	
Interview	 (CAPI)	 tool	 in	 the	 World	 Bank-
supported	 Survey	 Solutions	 designer	 for	 online	
and	offline	questionnaire	surveys.	
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