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ABSTRACT

Natural resources constitute the foundational capital for rural livelihoods in developing economies, yet their
unsustainable management perpetuates poverty and environmental degradation. This paper examines the critical interface
between natural resource management and rural livelihood transformation in Bahraich district, Uttar Pradesh—a region
endowed with significant water resources yet characterized by developmental challenges. Employing a mixed-methods case
study approach, the research integrates quantitative assessment of water resources using water level fluctuation and curve
number methods with qualitative documentation of community-led resource management initiatives across multiple villages.
Primary data was supplemented with secondary sources including government records and project documentation from
development agencies. The Bahraich experience demonstrates that sustainable natural resource management—combining
technological innovation, institutional strengthening, and community mobilization—can generate transformative outcomes for
rural livelihoods. Policy convergence between MGNREGA, watershed programs, and renewable energy initiatives offers
scalable pathways for climate-resilient rural development aligned with Sustainable Development Goals.

KEYWORDS: Natural Resource Management, Rural Livelihoods, Sustainable Agriculture, Water Resources,
Community Institutions, Bahraich District, Climate Resilience

Natural resources—land, water, forests, and
biodiversity—constitute the foundational capital for rural
livelihoods in developing economies. Approximately 70%
of rural households in India depend directly on natural
resources for their income, making sustainable resource
management central to poverty alleviation and rural
development. However, the nexus between resource
endowments and livelihood outcomes is neither automatic
nor linear; it is mediated by institutions, technologies,
policies, and community dynamics that determine
whether natural capital translates into sustainable
development or environmental degradation. The
imperative for effective natural resource management has
intensified in the context of climate change. India's rural
regions, where over 60% of the population resides, face
increasing precarity from erratic rainfall, groundwater
depletion, rising temperatures, and extreme weather
events. The Intergovernmental Panel on Climate Change
(IPCC) identifies agrarian populations as among the most
vulnerable to climate-induced disruptions, underscoring
the urgency of building climate-resilient rural systems.

THE POLICY CONTEXT

India has evolved a comprehensive policy
architecture for natural resource management and rural
development. The Mahatma Gandhi National Rural
Employment Guarantee Act (MGNREGA), enacted in
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2005, guarantees 100 days of wage employment annually
to rural households while creating durable assets focused
on natural resource conservation—water harvesting
structures, soil conservation works, afforestation, and
irrigation infrastructure
MGNREGA's natural resource management interventions
significantly enhance climate resilience by maintaining
ecosystem balance, reducing soil erosion, and improving
groundwater recharge. Complementing MGNREGA,
watershed development programs have been implemented
across India's rainfed areas for over three decades.

Research demonstrates that

Integrated watershed management approaches, combining
soil and water conservation with agricultural
interventions, have demonstrated impressive outcomes:
increasing soil organic carbon by 22-32%, raising crop
productivity by 30-45%, and reducing runoff by up to
60%. Programs such as the Pradhan Mantri Krishi
Sinchayee Yojana (PMKSY) and Paramparagat Krishi
Vikas Yojana (PKVY) further support sustainable
agricultural practices and water use efficiency. The
Sustainable Development Goals (SDGs) provide an
overarching framework for these efforts, with natural
resource management directly contributing to SDG 1 (No
Poverty), SDG 2 (Zero Hunger), SDG 6 (Clean Water and
Sanitation), SDG 13 (Climate Action), and SDG 15 (Life
on Land).
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Rationale for the Study

Despite this policy architecture, significant gaps
persist between program design and on-ground outcomes.
Critical evaluations of watershed development programs
reveal that in many cases where exogenous technologies
were introduced with high external funding, farmers
reverted to earlier practices after project withdrawal. This
highlights the importance of understanding context-
specific factors—institutional arrangements, community
dynamics, and local ecological conditions—that
determine the sustainability of natural resource
management interventions. Bahraich district in eastern
Uttar Pradesh presents a compelling case for examining
these dynamics. Located in the Terai region at the
foothills of the Himalayas, Bahraich possesses significant
natural resource endowments—shallow groundwater
tables (20-30 feet depth), perennial rivers, and fertile
alluvial soils. Yet the district faces persistent
developmental  challenges:  high  poverty rates,
dependence on rainfed agriculture, and vulnerability to
climate variability. Recent initiatives by development
agencies, particularly the Aga Khan Foundation's Low
Carbon Agriculture Programme and community-led
transformations such as Kailashnagar village's organic
farming revolution, offer valuable insights into the
processes through which natural resource management
can catalyze rural transformation.

Sustainable Livelihoods Framework

The  sustainable livelihoods  framework,
developed by the Department for International
Development (DFID), conceptualizes livelihoods as
comprising five capital assets: natural, physical, human,
social, and financial. Natural capital—the resource base
upon which this study focuses—interacts with other
capitals through institutional structures and processes to
produce livelihood outcomes. This framework
emphasizes that asset endowments alone do not
determine outcomes; rather, the ability to transform assets
into positive livelihoods depends on access to institutions,
technologies, and markets.

Common Property Resource Theory

Ostrom's institutional analysis and development
framework informs our understanding of how
communities govern common pool resources such as
water, forests, and grazing lands. Key design principles
for sustainable common property institutions include
clearly defined boundaries, collective-choice
arrangements, monitoring mechanisms, graduated
sanctions, and conflict-resolution mechanisms. The
emergence of farmer collectives such as the Unnat Sichai
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Solar Vikas Samiti in Bahraich illustrates these principles
in practice.

Agroecological Transitions

The agroecology framework emphasizes the
integration of ecological principles into agricultural
systems to enhance sustainability, resilience, and equity.
Key dimensions include recycling of nutrients, input
reduction, soil health enhancement, biodiversity
conservation, synergy among farm components,
economic diversification, and co-creation of knowledge.
Recent research from similar contexts demonstrates that
agroecological transitions can simultaneously improve
ecological outcomes and farmer incomes when supported
by appropriate institutions and policies.

Integrated Watershed Management

Integrated watershed management (IWM)
provides a spatial framework for natural resource
management at the hydrological unit level. Evidence from
across India demonstrates that IWM interventions—
combining soil conservation structures, water harvesting,
afforestation, and agricultural practices—generate
multiple benefits: groundwater recharge, reduced soil
erosion, increased crop productivity, and diversified
livelihoods. The '"ridge-to-valley" approach, treating
upper catchments before downstream areas, ensures that

interventions address the source of hydrological
problems.

SYNTHESIS: A MULTI LEVEL FRAME
WORK FOR ANALYSIS

Synthesizing these theoretical perspectives, this
study employs a multi-level analytical framework
examining:

Resource Endowments: The quantity, quality, and
spatial distribution of natural resources (particularly
water) in Bahraich district

Institutional arrangements: The formal and informal
rules, organizations, and governance mechanisms shaping
resource access and management

Technological interventions: The innovations—solar
irrigation, organic farming practices, water harvesting
structures—that mediate resource use efficiency

Livelihood outcomes: The impacts on agricultural
productivity, income diversification, food security, and
household well-being

Sustainability and resilience: The durability of
outcomes in the context of climate variability and
environmental change

Indian J.Sci.Res. 17 (1): 179-189, 2026
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This framework recognizes that transformation
emerges from the interaction of these levels rather than
from any single intervention.

STUDY AREA AND METHODOLOGY

Description of the Study Area

Bahraich district is located in the Devipatan
division of Uttar Pradesh, India, between latitudes 27°20'
and 28°25' North and longitudes 81°05' and 82°40" East.
The district shares international borders with Nepal to the
north and is bounded by Barabanki, Gonda, Shravasti,
and Lakhimpur Kheri districts of Uttar Pradesh. (Figure

)
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Figure 1: Location of Study Area
(source — https://www.jetir.org/papers/JETIR2406A66.pdf )

Physiography and Climate

The district forms part of the Terai region—a
transitional zone between the Himalayan foothills and the
Gangetic plain characterized by shallow groundwater
tables, numerous rivers and streams, and fertile alluvial
soils. The climate is sub-humid with average annual
rainfall ranging from 1000-1200 mm, concentrated in the
southwest monsoon months (June-September).
Temperatures range from 5°C in winter to 45°C in
summer.

Administrative Divisions

The district comprises seven tehsils (Bahraich,
Kaiserganj, Mahsi, Nanpara, Payagpur, Risia, and Balha)
and 15 community development blocks. For water
resource assessment, this study focuses on key blocks
including Mihipurwa, Mabhsi, Chittaura, Nawabganj,
Risia, Jarwal, Balha, Huzoorpur, and Kaisarganj.

Indian J.Sci.Res. 17 (1): 179-189, 2026

Demographic and Socioeconomic Profile

According to the 2011 Census, Bahraich district
has a population of 3,487,731 persons, with 93.5%
residing in rural areas. The district is characterized by
high proportions of Scheduled Castes (22.1%) and
Scheduled Tribes (1.8%), significant Muslim population,
and below-average literacy rates (49.3% against state
average of 69.7%). Agriculture is the primary livelihood
source, with paddy, wheat, sugarcane, and pulses as major
crops. The district includes forest areas under the
Katarniaghat Wildlife Division, home to significant
biodiversity including tigers, elephants, and gharials.

Research Design

This study employs a mixed-methods case study
design, combining quantitative assessment of water
resources with qualitative documentation of community-
led initiatives. The case study approach is particularly
suited to examining complex phenomena within their
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real-world contexts, where boundaries between
phenomenon and context are not clearly evident.
QUANTITATIVE METHODS: WATER
RESOURCE ASSESSMENT

Data Sources

The water resource assessment draws on primary
and secondary data collected during 2018-2022. Primary
data includes groundwater level measurements from
observation wells, rainfall data from meteorological
stations, and canal flow measurements. Secondary
sources include government records, remote sensing data,
and published reports.

Groundwater Estimation

Groundwater quantity was estimated using the
water level fluctuation (WLF) method, which computes
changes in groundwater storage based on pre- and post-
monsoon water level measurements and specific yield of
aquifer materials. The formula employed is:

AGW = (h2-h)) x AXx S y

Where:

- AGW = change in groundwater storage

- hi, h2 = pre- and post-monsoon groundwater levels
- A = area of assessment unit

- S_y = specific yield

Runoff Estimation

Surface runoff was estimated using the curve
number method integrated with Geographic Information
Systems (GIS). The Soil Conservation Service (SCS)
curve number method estimates runoff depth based on
rainfall depth, land use, soil type, and antecedent
moisture conditions. The formula is:

Q=(P-1a?/(P-1 a+S)

Where:

- Q = runoff depth

- P =rainfall depth

-1 a=initial abstraction (typically 0.2S)

- S = potential maximum retention, related to curve
number (CN) by S = (25400/CN) - 254

Canal Water Estimation

Canal water availability was estimated using the
equivalent length factor method, which computes water
volume based on canal dimensions, flow velocity, and
operational duration.
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QUALITATIVE METHODS: COMMUNITY
INITIATIVES DOCUMENTATION

Site Selection

Villages were selected purposively based on
documented initiatives in natural resource management
and livelihood transformation. Key sites included:

Imamnagar village (Bhalbhadrapur block): Site of
Unnat Sichai Solar Vikas Samiti and solar irrigation
initiative

Kailashnagar village (forest village): Site of organic
farming and SRI transformation

Bichhala village (Chittaura block): Site of women's
SHG organic input production

Nibiya Begumpur village (Risia block): Site of
women's SHG bio-enterprise

Data Collection Methods:
collected through

Qualitative data was

e Semi-structured interviews with key informants
(farmer group leaders, SHG members, development
agency staff, government officials)

e  Focus group discussions with community members

e Direct observation of farming practices, irrigation
systems, and community institutions

e Review of project documents, records, and reports

Key Informant Interviews

Interviews were conducted with Athar Husain
(President, Unnat Sichai Solar Vikas Samiti), Sahjad Ali
(farmer, Unnat Samiti member), Praveen (woman
farmer), Geeta Prasad farmer,
Kailashnagar), Dwarika Prasad (award-winning farmer),
Babu Ram (organic farmer), and Jitendra Chaturvedi
(Chief Executive, DEHAT).

(award-winning

Data Analysis

Quantitative data was analyzed using descriptive
statistics (means, ranges, percentages) and spatial analysis
(mapping of block-level variations). Qualitative data was
analyzed using thematic analysis, identifying recurring
themes, patterns, and narratives related to resource
management, institutional arrangements, and livelihood
impacts. Triangulation across data sources and methods
enhanced the validity of findings.

Ethical Considerations

The study adhered to ethical research principles:
informed consent was obtained from all participants;
confidentiality was maintained; and findings were shared
with participating communities for validation. The
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research received approval from the institutional ethics

committee.
RESULTS
Water Resources Assessment: Overall Water
Availability
The comprehensive assessment of water

resources in Bahraich district revealed total available
water of 1,437.5 million cubic meters (MCM) across the
study period. Groundwater constituted the largest
component at 754.8 MCM (52.5% of total), followed by
runoff at 655.7 MCM (45.61%), and canal water at 27.0
MCM (1.89%) . This distribution underscores the critical
importance of groundwater for agricultural and domestic
uses in the district. (Table 1)

Table 1: Water Resources in Bahraich District by

Component
Component Percentage
Water Resource |\ ime (MCM) |  of Total
Groundwater 754.8 52.50%
Runoff 655.7 45.61%
Canal Water 27.0 1.89%
Total 1,437.5 100%

Source: Adapted from Chaudhari et al., 2024

Block-Level Variations

Significant spatial variation exists in water
availability across different blocks of the district,
reflecting differences in geology, land use, vegetation
cover, and anthropogenic pressures.

Table 2: Block-Wise Total Available Water (MCM)

Block Groundwater Runoff Canal Water Total
Mihipurwa 165.8 132.5 7.0 305.3
Mahsi 112.4 92.4 6.8 211.6
Chittaura 98.7 84.2 6.4 189.3
Nawabganj 92.3 86.1 6.0 184.4
Huzoorpur 76.5 64.2 6.1 146.8
Kaisarganj 68.9 52.4 11.6 132.9
Jarwal 58.2 42.8 5.8 106.8
Risia 48.6 44.2 3.7 96.5
Balha 334 57.1 0.1 90.6

Source: Adapted from Chaudhari et al., 2024

The highest total water availability was observed
in Mihipurwa block (305.3 MCM), followed by Mahsi
(211.6 MCM), Chittaura (189.3 MCM), and Nawabganj
(1844 MCM). These blocks benefit from denser
vegetation cover and moderate to low curve number
values, which enhance infiltration and groundwater
recharge. The lowest water availability was recorded in
Risia (96.5 MCM) and Balha (90.6 MCM) blocks. (Table
2)

Groundwater Dynamics

Groundwater levels show distinct seasonal
fluctuations. Pre-monsoon water levels range from 5 to
12 meters below ground level (mbgl), while post-
monsoon levels rise to 2-6 mbgl. The average water level
fluctuation ranges from 2-4 meters across the district,
indicating significant recharge potential. The shallow
groundwater table (20-30 feet depth) in much of the
district facilitates low-lift irrigation. The low groundwater
availability in Risia block (48.6 MCM) is attributed to
high industrial draft, greater decline in post-monsoon
groundwater levels, and minimal canal water irrigation.
This underscores the importance of balancing extraction
with recharge and diversifying irrigation sources.

Indian J.Sci.Res. 17 (1): 179-189, 2026

Runoff Characteristics

Annual runoff varies substantially across blocks,
ranging from 359.84 mm in Nawabganj to 117.54 mm in
Jarwal. The runoff ratio (runoff as percentage of rainfall)
ranges from 27.74% in Nawabganj to 14.89% in

Mihipurwa.

Table 3: Runoff Depth and Runoff Ratio by Block

Block Annual Runoff Runoff Ratio
Nawabganj 359.84 27.74%
Balha 342.60 23.06%
Huzoorpur 312.50 22.80%
Mabhsi 256.30 19.50%
Chittaura 218.40 14.91%
Mihipurwa 198.20 14.89%
Risia 16.20% 16.20%
Kaisarganj 152.60 18.40%
Jarwal 117.54 17.30%

Source: Adapted from Chaudhari et al., 2024

Higher runoff in Nawabganj,
to higher

Huzoorpur is

attributed

Balha,
elevation and

and

topography. The substantial runoff volumes (655.7 MCM
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district total) represent significant potential for rainwater
harvesting and groundwater recharge—opportunities
being tapped through pond rejuvenation and watershed
interventions. (Table 3)

Canal Water Resources

Canal water constitutes a modest but locally
significant component of water resources. Kaisarganj
block has the highest canal water availability (11.6
MCM), followed by Mahsi (6.8 MCM) and Huzoorpur
(6.1 MCM). Balha and Nawabganj have minimal canal
water resources (0.1 MCM each) . The limited extent of
canal irrigation highlights the critical importance of
groundwater and local water harvesting for agricultural
water security.

COMMUNITY-LED NATURAL RESOURCE
MANAGEMENT INITIATIVES

Solar Irrigation Collectives

The Aga Khan Foundation's Low Carbon
Agriculture Programme, initiated in 2020-2021, has
established 97 solar irrigation systems across Bahraich
district, benefiting 8,700 farmers and irrigating 1,872
acres . These systems operate on a collective model, with
farmers forming groups, sharing infrastructure, and
contributing to operation and maintenance costs. The
Unnat Sichai Solar Vikas Samiti in Imamnagar village
(Bhalbhadrapur  block) exemplifies this  model.
Comprising 17 small farmers managing 83 bighas
(approximately 16.6 acres), the collective installed five
solar irrigation units and a network of underground pipes.
The transition from diesel pumps to solar irrigation
generated immediate savings of X5 lakhs in farming costs,
while eliminating the environmental pollution and
maintenance challenges associated with diesel pumps.

Table 4: Impact of Solar Irrigation Collective — Unnat Sichai Solar Vikas Samiti

Indicator Before Solar After Solar Change
Annual fuel Cost %5.2 lakhs %0.64 lakhs* 1 88%
Irrigation source Diesel pumps Solar + grid -
Water cost per unit Variable 32/unit Stabilized
Area under irrigation Rainfed dependent Assured irrigation 1
Collective savings None %36,000 (bank deposit) -

Note: Includes operator commission, maintenance, and land rent
Source: Field survey and collective records

The governance structure of the collective
embodies key principles of common property resource
management. Monthly meetings ensure participatory
decision-making. Water is distributed on a first-come,
first-served basis, with flexibility for urgent needs. A paid
pump operator receives 20% commission on water sales,
ensuring technical management. Annual rent of 1,500 is
paid to the landowner hosting solar infrastructure. Over
two years, the collective utilized 64,000 units of solar
power, collected 1,28,000, expended 361,000 on
operations, and deposited 336,000 in the bank. (Table 4)

Water Conservation Practices

To complement irrigation infrastructure and
conserve groundwater, farmers have adopted multiple
water-saving technologies. Laser land leveling, sprinkler
irrigation, and drip irrigation systems are being promoted,
with farmers reporting that "the land remains soft and
productive" under these practices. Under the central
government's Mission Amrit Sarovar scheme, the Aga
Khan Foundation rejuvenated 16 ponds in Bahraich
district. These interventions involve desilting existing
ponds, strengthening percolation, and constructing new
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structures to capture monsoon runoff and recharge
underground aquifers. The rejuvenated ponds serve
multiple functions: groundwater recharge, supplemental
irrigation, and livestock watering.

Organic Farming Transformation in Kailashnagar

The transformation of Kailashnagar, a tiny forest
village in Bahraich district, represents one of the most
dramatic examples of community-led development
through natural resource management. Located near the
Katarniaghat Wildlife Division, Kailashnagar historically
faced severe challenges: high unemployment, widespread
alcohol dependence, and limited land rights as a
"Vanatangiya" (forest) village without revenue village
status. Approximately a decade ago, the Development
Association for Human Advancement (DEHAT), an NGO
working with vulnerable communities, documented that
residents of five surrounding villages spent approximately
%22 lakhs annually on alcohol—resources that could
otherwise support irrigation, education, healthcare, and
marriages. Sharing this information catalyzed collective
action: villagers vowed to abstain from alcohol, liquor
producers voluntarily disbanded their facilities, and the

Indian J.Sci.Res. 17 (1): 179-189, 2026
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community organized a religious ceremony where
members wore kanthis (special necklaces) to symbolize
their commitment. With alcohol consumption eliminated,
the community focused on improving livelihoods through
sustainable agriculture. DEHAT facilitated training in
System of Rice Intensification (SRI)—a low-water

methodology for increasing rice yields—and organic
farming practices. Farmers learned to prepare bio-
fertilizers and bio-pesticides from locally available
materials: cow dung, cow urine, garlic, tobacco, and curd.
(Table 5)

Table 5: Kailashnagar Village — Transformation Indicators

Dimension

Before Transformation

After Transformation

Alcohol dependence

57 men, 40 women, 40 children affected

Alcohol-free village

Primary livelihood

Timber cutting, wage labor

Organic farming

Agricultural practices

Conventional, chemical-dependent

SRI, organic farming

Notable achievements -

State awards for organic rice (118 g/ha) and
organic banana cultivation

Recognition -

Visits from UNDP, American students, farmers
nationwide

Education Minimal

Children pursuing higher education in

Lucknow and local colleges

Source: Adapted from OTV News, 2021

Geeta Prasad, once infamous for alcohol
dependence, became a prosperous farmer and received a
state government award in 2014 for cultivating 118
quintals of organic rice per hectare through SRI methods.
In 2017, Dwarika Prasad received government
recognition for organic banana cultivation. Babu Ram
reports that vegetables from Kailashnagar command 25%
premium in local markets because they are "healthy and
tasty" without chemical inputs.

One village child now pursues higher education
in Lucknow, three girls and two boys study at Kisan
Degree College, Bahraich, and five girls and nine boys
attend Bappa Ji Inter College, Chafariya—remarkable
achievements for a previously marginalized community.

Women's Self-Help Groups and Bio-Enterprise
Development
Women's Self-Help Groups (SHGs) have

emerged as key actors in natural resource management
and livelihood diversification. In Bichhala village
(Chittaura block) and Nibiya Begumpur village (Risia
block), SHGs supported by the Aga Khan Foundation
produce organic fertilizers and pesticides from cow dung
and urine, selling to farmers' groups across Bahraich
district.

The Product Portfolio Includes

e Mrida Sanjeevani: A biodynamic fertilizer that
enhances soil fertility and crop yield

e Paudh Verdhak: A formulation stimulating plant
growth

e Paudh Rakshak: A bio-pesticide protecting crops
from pests

Indian J.Sci.Res. 17 (1): 179-189, 2026

Enterprises Serve Multiple Functions

They recycle locally available
resources, reduce dependence on chemical inputs,
enhance soil health, create income for women, and
strengthen linkages between livestock-keeping and crop
production. The SHGs represent "baby steps to becoming
entrepreneurs," in the words of project documents, while
contributing to soil fertility and
sustainability. The participation of women in natural
management beyond
development. Praveen, a woman farmer in Imamnagar,
notes that with solar-powered irrigation and tractor
access, farming has become easier for women. Managing
two acres of land (one rented out, one self-cultivated), she
grows wheat, mustard, maize, black gram (urad dal), and
vegetables, demonstrating the crop diversification that
assured irrigation enables.

AGRICULTURAL TRANSFORMATION AND
DIVERSIFICATION

biological

environmental

resource extends enterprise

Crop Diversification

Access to assured irrigation through solar pumps
has enabled significant crop diversification. Farmers who
previously depended on rainfed rice and wheat now
cultivate multiple crops across seasons:

e  Kharif (monsoon) season: Paddy (including SRI
methods), maize, black gram, vegetables

e Rabi (winter) season: Wheat, mustard, vegetables

o  Summer: Vegetables (onions, tomatoes, okra), pulses
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This diversification spreads risk, improves
nutrition, and generates more regular income streams
compared to dependence on one or two annual harvests.

Shift to Less Water-Intensive Crops

The Aga Khan Foundation has actively
promoted shifts away from water-intensive paddy and
sugarcane toward mustard, millets, pulses, and other less
water-demanding crops. In 2022, 30 farmers were
motivated to cultivate millet; by 2023, this number had
grown to 282 farmers . This shift aligns with both
groundwater conservation objectives and climate
adaptation needs, as millets demonstrate greater resilience
to rainfall variability than paddy.

Organic Input Adoption

The combination of women's SHGs producing
bio-inputs and farmer training in organic methods has
accelerated adoption of natural farming practices.
Farmers prepare Jeevamrut (a microbial solution from
cow dung and jaggery) for soil enhancement, use
mulching to retain moisture, and apply botanical extracts
for pest management. These practices reduce input costs
while improving soil health over time.

INSTITUTIONAL ARRANGEMENTS AND
GOVERNANCE

Farmer Collectives

The emergence of formal farmer collectives such
as the Unnat Sichai Solar Vikas Samiti represents a
significant institutional innovation. These collectives
move beyond traditional informal cooperation to
structured organizations with written records, bank
accounts, elected leadership, and formal operational rules.

Key features include:

Membership: Small and marginal farmers, including
women (4 of 17 members in Unnat Samiti are women)

e Governance: Monthly meetings, elected president,
collective decision-making

e Financial management: Transparent accounting, bank
deposits, maintenance funds

e Resource allocation: Rules for water distribution,
cost sharing, conflict resolution

Self-Help Groups

Women's SHGs provide platforms for savings,
credit, enterprise development, and collective action. The
organic input-producing SHGs in Bichhala and Nibiya
Begumpur demonstrate how SHGs can evolve from
savings and credit groups to production and marketing
enterprises, creating livelihoods while advancing
sustainable agriculture.
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Multi-Stakeholder Platforms

The initiatives documented involve multiple
stakeholders working in coordination:

e  Community organizations: Farmer collectives, SHGs

e Development agencies: Aga Khan Foundation,
DEHAT

e Government departments:
development, forestry

Agriculture,  rural

e Research institutions: Krishi Vigyan Kendras
(agricultural science centers)
e Financial institutions: Banks providing credit
linkages
This multi-stakeholder architecture enables

resource mobilization, technical support, and institutional
strengthening that single actors cannot achieve alone.

Challenges in Institutional Sustainability

Despite institutional  challenges

remain. Kailashnagar's status as a forest village (not a

SUCCESSES,

revenue village) means residents lack full land rights,
making them ineligible for many government schemes
and bank loans. No pucca houses, toilets, schools, or
health facilities exist in the village due to construction
restrictions in forest areas. This limits the community's
ability to consolidate gains and access mainstream
development programs.

DISCUSSION

Natural Resources as Foundation for Rural

Transformation

The findings from Bahraich district robustly
confirm the central proposition that natural resources
constitute foundational capital for rural livelihoods. The
quantitative assessment revealing 1,437.5 MCM of
available water resources—52.5% from groundwater—
demonstrates that the district possesses substantial natural
capital. However, the significant inter-block variations
(from 305.3 MCM in Mihipurwa to 90.6 MCM in Balha)
underscore that resource endowments are neither uniform
nor static; they are shaped by biophysical factors
(geology, vegetation, topography) and anthropogenic
pressures (groundwater extraction, land use change). The
shallow groundwater table (20-30 feet) across much of
the district creates favorable conditions for low-cost
irrigation, particularly when combined with solar
pumping technology. This biophysical endowment,
mediated by appropriate technology and collective
institutions, has enabled the transformation documented
in Imamnagar and other villages. This finding aligns with
sustainable livelihoods framework emphasis on the
interaction between natural capital and other assets
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(physical capital in the form of solar pumps, social capital
in collective institutions) in producing positive outcomes.

The Critical Role of Institutions

The Bahraich experience powerfully illustrates
Ostrom's insight that resource outcomes depend not only
on physical characteristics but on institutional
arrangements governing access, use, and management .
The Unnat Sichai Solar Vikas Samiti embodies key

design principles for robust common property
institutions:
e C(Clearly defined boundaries: The 17-member

collective has explicit membership criteria and
service area

e Collective-choice arrangements: Monthly meetings
involve all members in operational decisions

e  Monitoring: Transparent recording of water use and
payments

e Graduated sanctions: The queue system with
flexibility for urgent needs represents informal
adaptation

e  Conflict-resolution mechanisms: Monthly meetings
provide forum for addressing disputes

The 36,000 accumulated in bank savings
demonstrates financial sustainability beyond initial
project funding—addressing a key weakness identified in
evaluations of externally funded watershed projects
where farmers reverted to earlier practices after
withdrawal. Similarly, the Kailashnagar transformation
hinged on institutional innovation: the collective decision
to eliminate alcohol, formalized through a religious
ceremony and kanthis, created social norms that sustained
behavior change. This informal institution was then
complemented by formal training and support from
DEHAT, illustrating the complementarity between
community-driven initiatives and external facilitation.

Technology as Enabler, Not Driver

The solar irrigation systems introduced in
Bahraich demonstrate that technology, while essential, is
not sufficient for transformation. The same solar
technology could produce individualistic outcomes
(private wells serving single farms) rather than the
collective benefits documented. The critical factor was
the institutional framework—the farmer collective, cost-
sharing arrangements, transparent governance—within
which technology was embedded. This finding resonates
with research on watershed development showing that
"exogenous technologies" introduced without attention to
local institutions often fail to sustain beyond project
periods . The Bahraich success stems from the Aga Khan
Foundation's approach of strengthening collective
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institutions alongside introducing technology, ensuring
that farmers owned both the infrastructure and the rules
governing its use.

Women's Empowerment Through Natural Resource
Management

The emergence of women's SHGs as producers
of organic inputs represents a significant dimension of
livelihood transformation. Women who previously had
limited economic roles now manage enterprises, handle
accounts, and interact with markets. Praveen's
observation that solar irrigation and mechanization have
made farming '"easier for women" highlights how
appropriate technology can reduce gender barriers in
agriculture. This finding aligns  with
demonstrating that women's participation in natural
management yields multiple dividends:
improved resource outcomes (as women often prioritize
long-term sustainability), enhanced household welfare (as
women's income disproportionately benefits children's
nutrition and education), and strengthened community
institutions. The World Bank and ILO research
confirming that leadership is key to
development success finds concrete validation in the
Bahraich SHGs.

research

resource

women's

CLIMATE RESILIENCE AND ADAPTATION

The interventions documented contribute to
climate resilience across multiple dimensions:

Drought Resilience

Solar irrigation provides insurance against
monsoon failure, as farmers can access groundwater
when rains are inadequate. In Imamnagar, "should the
rains fail, the solar irrigation system floods the fields".

Water Conservation

Sprinklers, drip irrigation, and laser leveling
reduce water consumption per unit area, enabling more
crop per drop. The shift to millets and pulses (from 30 to
282 farmers in one year) reduces exposure to water stress.

Soil Health

Organic practices (Mrida Sanjeevani, Jeevamrut,
mulching) build soil organic matter, enhancing water
holding capacity and resilience to dry spells. Farmers
report land remains "soft and productive".

Livelihood Diversification

Multiple crops and enterprises (farming, input
production, wage labor) spread risk compared to
dependence on a single monsoon-dependent crop.
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These multiple resilience dimensions align with
the integrated watershed management evidence base
showing 30-45% productivity increases and 22-32% soil
carbon improvements across Indian rainfed areas.

Policy Convergence and Scalability

The Bahraich experience demonstrates the
potential for convergence among multiple policy streams:

e MGNREGA: Could support pond rejuvenation, soil
conservation, and afforestation that complement
community initiatives

e PMKSY (Per Drop More Crop): Aligns with
sprinkler and drip irrigation adoption

e PKVY (Paramparagat Krishi Vikas Yojana): Supports
organic farming transitions

e National Rural Livelihood Mission: Strengthens
SHG institutions and enterprise development

e  Mission Amrit Sarovar: Funds pond rejuvenation for
water security

The challenge lies in  operationalizing
convergence at the village level, where multiple programs
with different guidelines, funding streams, and
implementing agencies must coordinate. The multi-
stakeholder platforms involving NGOs (AKF, DEHAT),
government departments, and community organizations
in Bahraich offer a model for such convergence.

Scaling the Bahraich successes requires attention
factors that enabled them:
groundwater (not universal across India), presence of
facilitating NGOs, and community leadership. However,
the core principles—collective institutions, appropriate
technology,  participatory
empowerment, and multi-stakeholder partnerships—are
transferable across contexts.

to contextual shallow

governance, women's

Limitations and Future Research

This study has several limitations. The water
resource assessment, while comprehensive, relies on
secondary data that may have measurement errors. The
qualitative documentation of community initiatives, while
rich, cannot establish causal impacts with the precision of
controlled studies. The focus on successful cases may
overstate average outcomes if less successful initiatives
exist undocumented.

Future research should address these limitations
through

(1) longitudinal studies tracking resource
conditions and livelihood outcomes over time; (2)
comparative studies examining factors distinguishing
successful from less successful initiatives; (3) economic
valuation of ecosystem service improvements from
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natural resource management; (4) assessment of trade-
offs and synergies among different resource uses; and (5)
analysis of how to strengthen institutional sustainability
beyond NGO facilitation periods.

CONCLUSION

This study set out to examine the role of natural
resources and their management in the development and
transformation of rural areas and livelihoods, using
Babhraich district as a case study. The evidence presented
demonstrates that natural resources—particularly water—
constitute foundational capital for rural livelihoods, but
their contribution to development depends critically on
how they are managed. The quantitative assessment
revealed substantial water resources (1,437.5 MCM),
predominantly from groundwater (52.5%), with
significant spatial variation across blocks. This natural
capital, when combined with appropriate technology
(solar irrigation), strong institutions (farmer collectives,
women's SHGs), and external facilitation (Aga Khan
Foundation, DEHAT), has generated transformative
outcomes: reduced farming costs, diversified cropping,
improved  food  security,  enhanced
empowerment, and strengthened climate resilience. The

women's

Kailashnagar transformation—from alcohol-dependent
community to organic farming model attracting UNDP
visitors and state awards—illustrates the profound social
transformations possible when communities mobilize
around sustainable resource use. The emergence of
women's SHGs as bio-enterprises demonstrates how
natural resource management can generate new livelihood
pathways while advancing environmental sustainability.
These successes notwithstanding, challenges remain.
Risia block's low water availability (96.5 MCM)
highlights pressures from over-extraction. Kailashnagar's
forest village status limits access to government
programs. Sustaining collective institutions beyond NGO
facilitation periods ongoing attention to
governance, leadership, and financial management. The

requires

overarching conclusion is that sustainable natural
resource management—combining scientific
understanding of resource endowments, appropriate
technology, robust institutions, participatory governance,
and supportive policy frameworks—can indeed drive
rural development and livelihood transformation. The
Bahraich experience offers lessons for similar
agroecological contexts across India and beyond.

Concluding Reflection

The villages of Bahraich district—Imamnagar,
Kailashnagar, Bichhala, Nibiya Begumpur—demonstrate
that rural transformation is possible even in contexts of
poverty and marginalization. The pathway lies not in
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extraction of natural resources for short-term gain, but in
their sustainable management through strong community
institutions, appropriate technology, and supportive
partnerships. As climate change intensifies pressures on
rural livelihoods, the Bahraich experience offers hope and
guidance: that with collective action and sound
management, natural resources can indeed become the
foundation for resilient, prosperous, and dignified rural
lives.
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