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Introduction

The state of Bihar provides one of the most conspicuous examples of the geographic
determinants of socioeconomic development. Geographically situated at the crossroads of
northern and eastern India, Bihar enjoys a location that should make it naturally the hub of
trade and commerce for the eastern region of the country. However, despite being the third
largest state of India, accounting for 5.8 percent of its total area and the twelfth largest in
terms of population (the state accounts for 8.6 percent of the total population), Bihar's level of
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gross domestic product (GDP) at current prices is only ten percent of the total GDP of the
country, thereby making it the third least developed state of India. Human development
indicators reveal a similar story; life expectancy at birth is below forty years and the literacy
rate also one of the lowest in the country. Prominent factors among several that account for

this low level of development are the nature of the economy, dependence on agriculture—
specifically on the kharif rice crop—and the high level of out-migration from Bihar (Kumar
etal., 2014).

Given these observations, it is not surprising that the linkages or the relationships
between geography and development have received considerable attention by many eminent
scholars. Given this backdrop of concern, this analysis focuses on the geographic
determinants of development in Bihar. In particular, the analysis explores how geography
affects the socio-economic development of the state, including regional aspects of the state.
More specifically, how geographical factors act either as catalysts or break the development
in the state is the primary intent of this analysis. Bihar is selected for analysis since it not only
exhibits sharp contrasts in development levels within itself, but also engages and stimulates
research on geographical factors that effect development. Consequently, the study attempts to
investigate the role of geography on development in Bihar, while specifying the theoretical
underpinnings of such a role (Sinha, 2025).

Geographical Context of Bihar

Bihar is a state in Indian Union located between latitudes 24°13' to 30°-10'N and
longitudes 78°45' to 87°53'E. It shares the boundaries with Nepal in north, West Bengal in
east, Jharkhand in south and Uttar Pradesh in west. Physiographically, the state occupies part
of the eastern alluvial plains of India and is bounded by the Himalayas in north and different
sub-regions of peninsular Indian Shield in south. The Bodhgaya Plateau region, Chotanagpur
Plateau region and Bengal Basin are the salient physical features present in this state. The
plains are further divided into three sub-regions - North Bihar Plains, South Bihar Plains and
Patna Plains. The Ganga is the principal river of Bihar which traverses the state in western-
east direction and serves as an important natural drainage artery with many tributaries
draining directly or indirectly into it. These rivers and their tributaries form basin with flood
regime, fertile soil, alluvial and loamy sediment characteristics for farming and riverine
transport. Kosi, Gandak and Mahananda are important rivers with major tributaries. Kosi is
marked by steeper slope, erratic behaviour and characterised by devastating floods.
Temperature ranges from 9°C in winter to 45°C in summer. Magnitude and intensity of
monsoon vary - north Bihar received more rainfall than south Bihar. The plains are covered
with fertile soil and support agriculture as the mainstay of economy.
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Climate and weather conditions affect agricultural productivity in terms of timing,
type of crops grown, irrigation, energy requirements and human health. Compared to
monsoon, winter rain is irregular. Nevertheless, Bihar depends mainly on monsoon rainfall
for agricultural operations. The majority of the rainfall occurs in a short spell, which causes
soil erosion. Death and diseases caused by extreme temperature in both summer and winter
seasons are a regular feature. Water plays a vital role in production and productivity of all
enterprises. Distribution of rainwater and rivers is not uniform. Northern sections are
endowed with more floodwater while southern are facing drought. Groundwater is the second
source, however, its quality and quantity is deteriorating. Carnivores and herbivores are
ruining the forests.

Riverine Systems and Agricultural Productivity

Bihar is endowed with numerous sub-river basins created by the Ganga and its
tributaries. The river system exhibits flash floods and reliable surface flows, influencing
cropping pattern and productivity. The comprehensive irrigation infrastructure, tube wells,
kerosene and diesel pumps, canal networks, and check dams foster water accessibility.
Agriculture rests on surface water and groundwater interdependence; low groundwater
pressure sustains even after monsoon rains cease. Organised irrigation expansion lies within
minor irrigation schemes, lagging behind neighbouring states.
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Crops with short durations prior to the flood period include pulse, oilseed, and
vegetables; before winter crops, the system permits as many as three crops annually (Singh et
al., 2015). Agricultural practices still depend on flood, rainfall, and reproductive-phase
moisture. Deteriorating water bodies, declining canals, wallowing water logging, soil salinity,
tube-well proliferation, and unplanned earth-filling erode minor irrigation socio-economic
returns. Rice and wheat concentrate on alluvial plain flats or soil recharge predominantly
below 25 mm; productivity is >30 % below economic threshold (Kannan & Pohit, 2021).

Terrain, Climate, and Resource Distribution

Bihar has an area of 94163 square kilometres, located in the eastern part of India, with
geographical extension between 24°20" N to 30°4' N latitudes and 83°19" E to 88°17" E
longitudes (Sinha et al., 2017). It is bordered by West Bengal (in the east), Uttar Pradesh (in
the west), Jharkhand (in the south), and Nepal (in the north). Based on physiography and
climate, the region is classified into three distinct sub-regions: (i) the northern plain and the
Gangetic plain, (ii) the southern plateau and (iii) the north-eastern hill area. From a river
system point of view, six major river basins can be delineated: the Ganga, the Kosi, the
Gandak, the Ghaghra, the Sone, and the Mahananda. Agriculture remains the mainstay of the
economy, where rain-fed agriculture covers almost 80% of the culturable land and about 90%
of total sown area. The accessibility to canals for irrigation is not satisfactory. The average
annual rainfall is 1071.58 mm, where rainfall during the south-west monsoon accounts for
about 80% of the total annual rainfall. This affects the productivity of agriculture, which is
water intensive for Rabi and Kharif crops. Crop diversification is affected by soil types,
tenure of land, physical infrastructure, availability of agricultural credit, unremunerated price
of crops, illiteracy, and the socio-economic status of the farmers. Major crops are paddy,
wheat, maize, barley, pulse, jute, sugarcane, and oilseeds. The productivity of food crops like
paddy remains one of the lowest in India (Raihan, A., 2011).

Demographic Dynamics and Spatial Development in bihar

Bihar exhibits distinct population geography across its five regions. The North Bihar
Plain, comprising the districts of Madhubani, Darbhanga, Saharsa, Supaul, and Khagaria,
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ranks first in population size, with 12.20 million inhabitants and a share of 20.31% of the
state total. Districts in this region also account for the highest density of 1234 persons per
km2, a significant gap above the state average of 888 persons per km2. The North Bihar Plain
also contains the most densely populated districts, namely, Madhubani (1328) and Darbhanga
(1316).

Migration has influenced the distribution of population across the state (Kumar et al.,
2014). Economic reforms have increased returns to capital, land, and agricultural projections,
thus promoting migration from Bihar to nearby Indian states; additionally, industrial growth
in southern India lures male workers. Out-migrants remit a substantial portion of their
earnings returned to households in Bihar. An extensive study confirms that remittances
generate considerable economic activity among recipient families (Singh et al., 2013). They
are used to finance children’s education, purchase consumer goods, improve housing quality,
procure vehicles, invest in medical treatment, and engage in other productive economic
activities. Households receiving remittances from differently-abled persons prefer to invest in
education and health compared with the remaining households. Indeed, remittances are not
merely employed to meet daily expenditures; instead, migratory income is increasingly spent
on enhancing quality of life and improving socio-economic conditions. The out-migration
and displaced population are found to foster economic development in the survey snapshot of
rural Bihar. Studies at the local level reveal that larger operations and productivity induce
larger outflows of labour migrants. The young-generation male migrants stated that out-
migration has enhanced social and economic status through investments made via
remittances.

Bihar continues to undergo the demographic transition toward lower mortality and
fertility levels, while improving reproductive and child health indicators everywhere.
Consequently, the 0—14 age-group share remains at 41.5% (2006) and is forecast to drop to
28.4% by 2030; nevertheless, the predicted decline remains slower compared to neighbouring
poorer states of Odisha, Assam, and Madhya Pradesh. Connectivity across whole-state and
within-region transport networks shapes the spatial development of Bihar. While an extensive
transportation system already spans across the state, road and energy connections linking
Bihari cities with neighbouring metropolitan areas remain limited.

Infrastructure, Connectivity, and Economic Linkages

Infrastructure investments in transport and energy improve access to markets and
services, while better transport connectivity and supply chain integration enhance value
addition, especially in agricultural produce. Linking economic activity and geography is
essential to identifying spatially targeted development opportunities and informed
policymaking.

Physical connectivity affects accessibility at inter- and intra-regional levels. At the
regional scale, Bihar’s principal connectivity routes mostly radiate from Patna, with limited
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corridor access alongside principal road and rail routes. Critical gaps, particularly on road and
energy corridors, restrict connectivity and logistics efficiency (Raihan, 2011). Within regions,
rural access to market towns is more limited than urban access to surrounding areas,
dampening economic linkages with urban centres and between rural producers and larger

markets. Improving rural access to market towns fosters development opportunities and eases
the flow of farm and non-farm products to larger markets (Majumder & Mukherjee, 2005).

Health, Education, and Human Capital within a Geographical Frame

Bihar scores poorly on socio-economic and health indicators concerning health and
healthcare delivery owing to systemic lack of attention to these fundamental issues integral to
human capital and consequently economic development. To explore the geo-spatial structure
of socio-economic development and human well-being through wider theoretical and
empirical lenses, four broad aspects are thus relevant: (i) An understanding of health and
educational outcomes, differential skill formations across space, and their geospatial
determinants; (ii) An examination of healthcare and schooling facilities, their access, and
spatial inequalities obstructing human-capital formation; (iii) Interrogation of governance,
administrative quality, and institutional contexts supporting wider physical and social
infrastructure development; (iv) Identification of specific interventions to improve education
and health coordination, human-capital development, and the nature of the workforce
considering Bihar’s geography.

Bihar ranks among the bottom four states throughout India on most health indicators,
revealing stark differences in key statistics between states and subsequently between the
districts. For instance, during 2015-16 to 2019-20, around 81 percent of married women aged
15-49 years in Bihar experienced at least one of three reproductive health problems; of these,
almost 60 percent faced two or more complications, indicating susceptibility to serious health
issues (Wasini Pandey et al., 2024). Only 74 percent of people aged 15 years and above
possess minimum literacy know-how despite being a national leader in advance-stage
demographic transition, resulting in severe shortages of trained and skilled workers
preconditions for a sound economic future hindering states capacity to access or utilise socio-
economic opportunities. Health and educational status or facilities are thus pivotal
determinants of overall economic development, formulating extensive development policies
as complementary strategic considerations demand equal planning attention.

Agriculture, Industry, and Services: Policy Implications

Bihar’s first and foremost challenge is to raise agricultural productivity to more
sustainable levels. Substantial progress has been made over the last fifteen years, but per-
hectare output remains lower than in neighbouring States. Cropping intensity is rising, but
diversification has not yet occurred—the major kharif crop is still rice—but there is still
considerable scope to increase value added through processing rather than just production.
Traditional and modern infrastructure also restrict the provision of agriculture-related
services (Kannan & Pohit, 2021).
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The foundation of industrialisation in Bihar is also weak. Compared to other States,
industry is concentrated in a small number of districts, and most of the industries are small-
scale, scattered, informal, and highly tied to the agricultural sector. The low level of industrial
output is partly the result of an inadequate exit system, incomplete integration into the service
sector, and infrastructure issues. Manufacturing, services, and logistics activities also depend
on high accessibility and proximity to major markets and skilled human resources. Districts
with higher accessibility see better concentration, clustering, and integration of industry and
services.

Environmental Constraints and Sustainable Growth

Because of its location as a riparian state in the Indo-Gangetic Plain, Bihar is
endowed with a rich hydrographic network. The numerous rivers that criss-cross the state, as
well as their tributaries, have created extensive alluvial plains that provide fertile land for
agriculture. Rivers not only interface with economic development via irrigation but also
through their natural phenomena of floods, bank erosion and sediment deposition (Kannan &
Pohit, 2021). The intensity of water accessibility from rivers interplays with other climatic
influences to condition agricultural and cropping systems. Fluctuating ground water levels
and poor water management practices pose a persistent challenge for adequate irrigation
provision (Sinha et al., 2017). Nevertheless, groundwater is the preferred water source for
irrigation due to the limited coverage of surface irrigation canals. Inadequate capacity of the
canal system affects the timely supply of irrigation water to the land, ultimately impacting
agricultural productivity. Groundwater extraction is intense and, thus, unsustainable; existing
levels of groundwater extraction are more than what is replenished annually. Bihar remains
vulnerable to frequent floods that adversely impact economic growth, especially in the
agriculture and animal husbandry sectors. Annual rainfall in the rainy season is
approximately 885 mm, accounting for over 95% of the total rainfall in the state. The
monsoon starts in June and continues until September, with July and August being the peak
months when over 75% of rainfall is observed (Mukherjee & Chakraborty, 2007). The state
receives sufficient precipitation to cultivate two crops.

Conceptual Framework for Analyzing Spatial Development

Bihar is located in the eastern part of India. The state is bordered by Nepal to the
north, West Bengal to the east, Jharkhand to the south, and Uttar Pradesh to the west.
Covering a geographical area of 94,163 sq. km., Bihar occupies 2.83 per cent of the total
geographical area of the country. The state has 3 main physiographic regions— the northern
plain region, the southern plain region, and the plateau (Ballinger, 2017). The Population is
(Census 2011) 104,099,452; which is 14.29% of the total population of India. As per reports
of the various socio-economic surveys, the status of socio-economic development of the state
continues to be poor in terms of economic prosperity, social well-being, and environmental
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conditions. In order to provide other state governments and the country an economic boost,
government development plans and policies needs to be formulated with special emphasis on
improvement in the various socio-economic parameters. Geographical factors have an impact
on the spatial development of the economy of a region (Soundararajan, 2013). Therefore, it is
of utmost importance to have a considerable study of the geographical features of the state
while suggesting policy measures for its development. The socio-economic development of
Bihar is being studied through geographical features of the state. A conceptual framework
models the interaction of geographical factors with socio-economic parameters affecting the
development of the state. Information leads to effective design of government policies for
enhancement of socio-economic development of Bihar as it has become an essential tool for
evaluating the status of the economy of a state. Finite variable mathematical soft computing
models assess and estimate fate or future of the feature under study of the region. Therefore it
is critically important to have an accurate framework modelling temporal widening of

parameters that affect a region as it also assists in predicting the extent of the process in
future. According to literature survey three consecutive models are analysed for delineation
of spatial-temporal analysis of rhythmic patterns of socio-economic development of Bihar.

Policy Recommendations for Inclusive Growth

Bihar’s geography poses both opportunities and constraints for inclusive
development. Interventions targeting agriculture, infrastructure, health, and education should
take spatial variation into account (Kannan & Pohit, 2021). The irrigation network, for
example, has yet to be extended to large tracts that could support intensive agriculture
(Meena et al., 2012) ; investing in such areas would be likely to have a greater impact on
productivity than in locations with already higher coverage. Among education-related issues,
districts with well-functioning schools attract qualified teachers, while those without are at a
comparative disadvantage: measures to improve the incentives in these places could be
expected to yield higher returns.

Taking spatial disparities into account in both governance and the nature of
investments is critical for spreading the benefits of growth. Activities that can productively
engage labour, such as those in education and provision of infrastructure in unserved or
underserved areas, are likely to receive higher priority. Priority across districts and regions
could also be determined by means of a geographically applicable framework whose
constituent parameters determine where the most leverage can be exerted. Tracking area-
specific parameters in human and physical capital could yield a measure of progress towards
more equitable development over time.

Conclusion

Geography plays a central role in shaping human and economic development.
Distance from markets, natural resources, and climate defines the location's prospects.
Similarly, topography, river systems, and population density determine access to resources
and markets, productivity, and government performance. In Bihar, geographical factors—
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location, topography, climate, river systems, and resource distribution—distinctly affect
socio-economic development. Bihar is located in north-eastern India, sharing a 726 km (451
mi) border with Nepal and surrounded by the Indian states of Jharkhand, West Bengal, Uttar
Pradesh, and Sikkim. The state covers 94,163 km? (36,357 sq mi)—about 3% of India's
geographical area—and is thus one of the smallest states in the country. The population is
over 124.8 million (2011), ranking third among all Indian states and accounting for 8.64% of
India's population. Urban areas comprise about 11% of the total population. Politically, Bihar
operates under the multiparty system. The key decision makers are elected to the State
Assembly which works through its 73 departments, The state government also has several
regulatory commissions to look after the consumer interests.
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