
Volume 2 :: Issue 3 :: September 2025 :: e-ISSN No. 3048-9555 :: Impact Factor: 3.8 Page: 292 
Vivekananda Guidance & Counselling Educational Trust All rights reserved. ©2025    
 

 

 
 
 

Website: https://penandprosperity.vgcet.com 

Volume 2 :: Issue 3 :: September 2025 :: e-ISSN- 3048-9555 :: DOI Link : https://doi.org/10.70798/PP/020300040 

 

Integrating Livelihood Capitals and Geospatial Determinants: A Multi-Method 
Analysis of Household Occupational Choices and Spatial Clustering in Ajodhya Hill, 

West Bengal, India 

Asad Ali Sarkar 

Corresponding Author, Research Scholar, Centre for Adivasi Studies and Museum, Vidyasagar University, 
West Bengal, India, Email ID: hiasadsarkar@gmail.com 

Sebak Kumar Jana 

Professor, Department of Economics, Vidyasagar University, West Bengal, India 

Email ID: sebakjana@mail.vidyasagar.ac.in 
 

Abstract: 

This research investigates the socio-spatial determinants and 
distribution patterns of rural livelihood strategies in the tribal 
mountainous region of Ajodhya hill, West Bengal, India. The primary 
objective is to evaluate how capital endowments and geospatial 
constraints influence household choices among five distinct livelihood 
pathways: Labour-Dependent (45.19%), Cultivated (28.61%), 
Ecotourism (18.99%), Service (4.81%), and Business (2.40%). The 
methodology integrates the Entropy Weighting Method for objective 
capital evaluation with Multinomial Logistic Regression and multi-
scale spatial techniques, including Global Moran’s I, Nearest 
Neighbour Index, and the Geographical Detector method. 

Major findings reveal a profound economic divide, where Service-
based households earn an average annual income of Rs. 360,735, more 
than ten times the income of Labour-dependent households. Regression 
results indicate that Natural capital serves as a significant anchor for agricultural stability, while Human 
and Financial capitals are the critical drivers for transitioning into high-return sectors. Geospatial analysis 
confirms significant clustering (Global Moran’s I = 0.0688), particularly for tourism and service strategies 
near infrastructure. Crucially, Topographic Roughness emerged as the dominant deterrent to 
diversification, reducing the odds of non-agricultural adoption by 51% to 81% per unit increase. 
Geographical Detector results further demonstrate that individual factors like slope and elevation have 
limited independent explanatory power (q-statistics < 0.02), suggesting spatial heterogeneity is driven by 
complex interactions rather than solitary environmental constraints. These results highlight how geographic 
barriers and capital deficiencies hinder tribal participation in the tourism economy, underscoring the need 
for targeted infrastructure and educational support to promote resilient rural revitalization.  

Keywords: Livelihood Strategies; Multinomial Logistic Regression; Spatial Clustering; Geographical 
Detector. 
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1. Introduction: 

Ecotourism has emerged since the 1980s as a response to the dual imperatives of environmental 
conservation and the socio-economic development of local communities(Huang et al., 2021). Initially 
conceptualized by conservationists and formalized by Hector Ceballos-Lascurain,(Scheyvens, 1999) it has 
evolved into a form of nature-based tourism that minimizes ecological impact, promotes cultural integrity, 
and generates inclusive economic benefits—distinguishing it from mass tourism through an ethical 
framework emphasizing conservation, education, and community participation(Patil & Pattanshetti, 2024). 
This approach integrates conservation with the empowerment of indigenous and rural communities, aligning 
with global sustainable development objectives(Carr et al., 2016). 

Livelihood means of securing the necessities of life, encompassing not just income but also social, human, 
natural, and physical capital, which are all vital for sustainable existence and well-being within a community 
(Samal & Dash, 2022). Households typically mobilize and diversify these capitals to sustain their livelihood 
strategies and ensure survival(Huang et al., 2021). Residents of impoverished regions rely on diverse 
alternative activities as primary income sources alongside ecotourism(Sun et al., 2023); for instance, animal 
husbandry predominates in Georgia’s Upper Svaneti(Huang et al., 2021), while agriculture constitutes the 
primary activity in India’s Upper Brahmaputra River Basin, Assam(Roy et al., 2024). Livelihood pursuits 
depend on capital endowments and access to assets, the enhancement of which creates opportunities for 
impoverished populations(Rahman & Siddik, 2019)—thereby underscoring the need to examine how these 
factors influence choices such as the adoption of ecotourism(Huang et al., 2021).  

Tourism as a livelihood strategy has received considerable scholarly attention. Empirical studies on tourism-
based livelihoods across diverse countries and regions highlight its critical role in poverty alleviation and 
community well-being enhancement(Hahury et al., 2023). However, rural households’ livelihood strategy 
choices—and the factors influencing them—vary substantially due to differences in national development 
priorities, economic capacities, and tourism endowments(Huang et al., 2021).The UK Department for 
International Development’s Sustainable Livelihoods Framework advocates context-specific analyses 
tailored to unique national contexts(Huang et al., 2021). 

The Ajodhya hillis situated in the southwestern part of West Bengal, specifically within Purulia district—a 
prominent ecotourism destination in the state. Extant literature on ecotourism and livelihoods in West 
Bengal’s Ajodhya hill region furnishes foundational insights into the area’s intricate socio-economic 
dynamics and the effects of tourism development(Paul & Ganguly, 2021). Prior studies have mainly utilized 
GIS-based spatial analysis, the Analytic Hierarchy Process, ethnographic surveys, and socio-economic 
assessments to evaluate ecotourism potential and outcomes(Paul & Ganguly, 2021). For example, GIS 
analyses identified sites such as Banduan and Ghatihuli as promising yet hindered by infrastructural 
deficits(Dolui & Chakraborty, 2022; Ghosh et al., 2023); AHP and accessibility-attraction models further 
exposed barriers including poor road networks, inadequate accommodation, and rugged terrain(Dolui & 
Chakraborty, 2022; Ghosh et al., 2023). 

These studies document rapid infrastructure growth—such as sixteen resorts established in Baranti within 
five years—while underscoring challenges like tribal community marginalization, erosion of traditional 
knowledge due to forest degradation, and shifts to non-farm livelihoods(Chakrabarty et al., 2019; Hazari et 
al., 2025). Although state-led ecotourism initiatives create employment, benefits accrue unevenly, with 
outsiders dominating high-value roles amid tensions between cultural preservation and conservation 
priorities(Ghosh et al., 2024; Mondal, 2020; Paul & Ganguly, 2021).  

Existing research on Ayodhya Hills and Purulia district has employed a range of methodologies—including 
GIS-based spatial analysis, the Analytic Hierarchy Process, ethnographic surveys, and socio-economic 
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assessments—to evaluate ecotourism potential(Paul & Ganguly, 2021). GIS-based analyses have identified 
sites such as Banduan and Ghatihuli, which are constrained by inadequate infrastructure(Dolui & 
Chakraborty, 2022; Ghosh et al., 2023). Applications of the Analytic Hierarchy Process and accessibility-
attraction models have revealed barriers, including insufficient roads, lack of accommodation facilities, and 
rugged terrain—particularly for visitors with disabilities(Dolui & Chakraborty, 2022; Ghosh et al., 2023). 
Field surveys have documented rapid development—such as the establishment of sixteen resorts in Baranti 
within five years—but have also observed the marginalization of tribal communities, the erosion of 
traditional knowledge amid forest degradation, and a shift toward non-farm livelihood activities(Chakrabarty 
et al., 2019; Paul & Ganguly, 2021). Socio-economic analyses have identified a paradox in state-led 
initiatives: although they generate employment, benefits are distributed unevenly, with outsiders capturing 
most high-value positions amid conflicts between cultural preservation and conservation imperatives(Ghosh 
et al., 2024; Mondal, 2020). Nevertheless, the livelihood capitals of the indigenous peoples of Ayodhya Hills 
have not been examined in these studies, thereby leaving a significant gap in understanding their socio-
economic resilience and adaptive strategies amid ecotourism development. Moreover, previous research has 
neither employed multinomial logistic regression nor incorporated spatial factors. 

However, previous research has neither employed multinomial logistic regression to analyse indigenous 
livelihood capitals nor incorporated spatial factors to clarify their effects on livelihood strategies within 
ecotourism settings—a critical gap this study addresses by investigating the interplay among capital 
endowments, socio-demographic attributes, and geospatial variables shaping rural households’ choices 
among diverse activities, including ecotourism adoption.The main objective of this study are 

� To categorize rural households in the Ajodhya hill region into distinct livelihood strategy groups 

� To quantitatively evaluate the different types of livelihood capital  

� To analyse the spatial distribution patterns and clustering of livelihood strategies  

� To identify the key determinants of livelihood strategy choices  

2. Study Area: 

The Ayodhya Hills region, located in Purulia district of West Bengal, exemplifies such a landscape where 
environmental features, ethnicity, and underdevelopment converge(Paul & Ganguly, 2021). As the 
easternmost extension of the Chota Nagpur Plateau(Ghosh et al., 2023; Sahoo et al., 2020), the region boasts 
undulating scenic landscapes, numerous waterfalls, diverse flora and fauna in deciduous forests, and tribal 
communities’ profound dependence on natural resources—particularly medicinal plants(Sahoo et al., 2020). 
Despite infrastructural deficits and socio-economic challenges, Purulia has been the focus of state-led 
initiatives to promote ecotourism as a viable development pathway(Dey et al., 2020; Ghosh et al., 2023). 
Nevertheless, the region’s indigenous communities, such as the Santal and Birhor, continue to experience 
marginalization and are often portrayed as disconnected from mainstream society(Kundu & Nag, 2018; Paul 
& Ganguly, 2021).The livelihood structure of tribal residence of Ajodhya hill demonstrates a complex 
interplay of traditional practices and emerging opportunities, where ecotourism initiatives are poised to 
either exacerbate existing inequalities or foster sustainable development (Paul & Ganguly, 2021). The 
livelihood captial of household of tribal people can be significantly impacted by the integration of 
ecotourism, necessitating a closer examination of how various capital forms are leveraged and developed 
within these communities to ensure equitable benefits and sustained well-being (Das & Hussain, 2016; 
Samal & Dash, 2024). This study examines the livelihood assets and geospatial determinants of tribal 
households in the Ajodhya hill ecotourism destination. 
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3. Data Based and Methodology: 

The selection of suitable variables is crucial for the rigorous multinomial logistic regression and spatial 
analyses employed to identify socio-environmental constraints shaping household decision-making 
processes in livelihood category choices within the distinctive landscape of the Chotanagpur Plateau’s 
eastern extension, Ajodhya hill(Santarém et al., 2018). This study employed 10 socio-economic and 6 
geospatial variables. This variables were selected by extensive literature review(Acharya et al., 2022; Das & 
Hussain, 2016; Dash et al., 2016; Guerrero et al., 2020; Huang et al., 2021; Mandal et al., 2022). Primary 
data were collected via household surveys, questionnaires, and focus group discussions. Primary and 
secondary indicators for livelihood categories are presented in Table 1. 

Socio-economic data were gathered from eight villages in the Ajodhya hill region. These are Ajodhya, 
Chhatni, Sonahara, Bhunighara, Hatinada, Barria, Kudna, and Kudlung. These villages were purposively 
selected within a 5 km radius of the Ajodhya Hill top, a prominent tourist attraction in the area. A stratified 
random sample of 416 households was subsequently drawn from these villages employing a mixed-methods 
approach, including structured surveys to quantify socio-economic and livelihood indicators. 

Table 1: Selection of evaluation indicators and descriptions for rural household livelihood capital 

Primary Indicator Secondary Indicator Description Source 

Natural Capital Cultivated Land  Bigha  

Field Survey 

Physical Capital 

Number of Livestock Cow=1-unit, Pig=0.75-unit, Goat=0.50-
unit, Hen=0.10 units 

Durable goods Car=2.50-unit, Motor-bike=1-unit, 
Mobile=0.75 unit, By-cycle=0.25 unit 

Housing Structure Pacca=1-unit, Semi-pacca=0.75-unit, 
Kancha=0.25-unit 

Financial Capital 

Number of Occupation  

Number of civil servants Yes=1, No=0 

Total Income (Rs)  Total annual household income (INR-Rs) 

Human Capital 

Number of family 
member 

Number of family members per household 
(person) 

Education Score  The educational scores were assigned as 
follows: Illiterate = 0.00, Learner = 0.15, 
Primary = 0.35, Madhyamik (secondary 
level) = 0.50, Higher Secondary (H.S.) = 
0.75, Graduate = 1.00, and Postgraduate 
(PG) = 1.25 

 Dependency ratio Percentage 
 

The geospatial data and sources are given into table2. Distance from geo-sites were digitize into Google 
Earth Pro. The geospatial data were further processed into ArcGIS version 10.8 to calculate Euclidean 
distances from each household to key infrastructure, including the nearest major geo-sites, roads. 



Volume 2 :: Issue 3 :: September 2025 :: e-ISSN No. 3048-9555 :: Impact Factor: 3.8 Page: 296 
Vivekananda Guidance & Counselling Educational Trust All rights reserved. ©2025    
 

Table 2: Inventory and data sources of geospatial environmental covariates used in the spatial 
analysis 

Covariates Abbr. Units Source 

Distance from geo-sites GOS Metres Digitization Google Earth Pro 

Elevation ELV Metres https://earthexplorer.usgs.gov/) 

Distance from the road ROD Metres (https://www.openstreetmap.org/#map=9/2 
3.201/86.363) 

Distance from the river RVR Meter (https://www.hydrosheds.org/). 

Slope SLP Degree Minutes 
Seconds 

(https://earthexplorer.usgs.gov/) 

Topographical roughness TGR ---------- (https://earthexplorer.usgs.gov/) 

The research design utilizes a mixed-methods approach to quantify the four core assets—natural, human, 
physical, financial—which determine the capacity of households to navigate different livelihood pathways 
(Pasanchay & Schott, 2020).  

Fig:1 Geographical distribution of sampled households by livelihood type in the Ajodhya Hill 

 

This section first introduces the framework for evaluating rural households’ livelihood capitals, followed by 
the computation of their capital stocks to assess the prevailing livelihood conditions in the Ajodhya hill. 
Spatial analytical methods—including Moran’s I index, Nearest Neighbour Hierarchical Spatial Clustering, 
and Ripley’s K function—were then applied to examine the spatial distribution patterns of households across 
different livelihood types. Then, multinomial logistic regression was employed to investigate the influence 
of livelihood capitals on households’ livelihood choices in the Ajodhya hill. Finally, the geographical 
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detector was employed to evaluate the impacts of geospatial and socioeconomic factors on households’ 
livelihood choices in the Ajodhya hill. 

3.1 Construction of a livelihood capital evaluation system for rural households 

Drawing on the Sustainable Livelihoods Approach framework adapted to the Ajodhya hill, a comprehensive 
livelihood capital evaluation index system was developed [Eq. 1- Eq. 6]. This system encompasses 10 
indicators across the four capital domains: natural, physical, financial, and human. Indicator weights were 
determined by the entropy weighting method, predicated on the ‘difference-driven’ principle. Following data 
standardization, optimal weights were derived directly from the sample data by capturing each indicator’s 
information entropy utility to ensure objectivity, accuracy, and feasibility. For ݉ participating objects and ݊ 
evaluation indicators ܺଵ, ܺଶ, … , ܺ௡, the dimensional discrepancies among indicators necessitated initial data 
standardization as follows: 

ܺ௜௝′ =
ܺ௜௝ − min൫ ௝ܺ൯

max൫ ௝ܺ൯ − min൫ ௝ܺ൯
 

(Eq. 1) 

Where ܺprime_{ij} represents the standardized value for the ݅-th object and ݆-th indicator, and ݉݅݊൫ ௝ܺ൯ and 
൫ݔܽ݉ ௝ܺ൯ denote the minimum and maximum values for the ݆-th indicator, respectively.  

ܺ௜௝′ =
ܺ௜௝ − min൫ ௝ܺ൯

max൫ ௝ܺ൯ − min൫ ௝ܺ൯
 

(Eq.2 ) 

For a negative indicator (like the dependency ratio), the formula is: 

ܺ௜௝′ = ൫ݔܽ݉ܿܽݎ݂ ௝ܺ൯ − ܺ௜௝݉ܽݔ൫ ௝ܺ൯ −݉݅݊൫ ௝ܺ൯ (Eq. 3) 

3.1.1 Entropy Weighting Method 

This method was used to derive objective weights for the 10 socio-economic indicators (Li et al., 2022). 
While the entropy weighting method was used to derive objective weights and mitigate initial subjective 
biases (Nasrnia & Ashktorab, 2021), it remains a strictly data-driven technique that does not account for the 
theoretical hierarchy of capital indicators (Zhou et al., 2018).”. Subsequently, the information entropy for 
each indicator j was computed using the following formulas [Eq. 4-Eq. 6]: 

௜௝݌ =
ܺ௜௝′

∑ ܺ௜௝′௠
௜ୀଵ

 
(Eq. 4) 

௝݁ = −
1

ln݉
෍݌௜௝

௠

௜ୀଵ

ln  ௜௝݌
(Eq. 5) 

௝ݓ =
1− ௝݁

∑ (1 − ݁௞)௡
௞ୀଵ

 
(Eq. 6) 

These calculated weights (ݓ௝) were then applied to the standardized indicator values to derive a composite 
livelihood capital score for each household, thereby quantifying their overall livelihood status within the 
study area. This comprehensive score facilitates comparative analysis of household resilience and adaptive 
capacities (Sun et al., 2025), highlighting critical areas for intervention to enhance sustainable livelihood 
development (Zhang et al., 2022).  
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These derived weights were then applied to the standardized indicator scores to compute the aggregate 
livelihood capital scores for each household, providing a quantitative basis for subsequent analyses (Fang et 
al., 2020). 

Table 3 Livelihood capital indicators and their weights derived from the entropy weighting method 

Indicators Livelihood Capital Weights 

TotalIncomesample 

Financial 

0.2263 

Number of Occupation 0.0761 

service 0.1641 

Number of Family Member 

Human 

0.0796 

Educational Qualification 0.0902 

Dependencyratio 0.0770 

Land (Bigha) Natural 0.0746 

Housing Structure 

Physical 

0.0299 

Livestock 0.0831 

Durable Good 0.0992 
 

3.2 Multinomial logistic regression 

This study employs a multinomial logistic regression model [Eq. 7-Eq.9] to examine the probabilitiesof 
households selecting particular livelihood strategies, predicated on the assumption that individualschoose 
activities to maximize utility given their distinctive capital endowments (Huang et al., 2021).Individual 
scores for each livelihood capital and other influencing factors were designated asindependent variables(X), 
with the four livelihood strategy types set as the dependent variable (Y).Assuming the non-ordinal 
dependent variable comprises K categories (four types of livelihoodcategory)—with the Kth category as the 
reference—the multinomial logistic regression model is expressed as K−1 binomial logistic regression 
models. For a household ith, the probability of choosing category j (j=1,2, … K−1) relative to the reference 
category K[Eq.7] is 

ܲ( ௜ܻ = ݆ ∣∣ ܺ௜ ) =
exp൫ܺ௜்ߚ௝൯

1 + ∑௄ିଵ
௠ୀଵ exp൫ܺ௜்ߚ௠൯

 
(Eq. 7) 

the probability [Eq.8] for the reference category K is: 

ܲ( ௜ܻ = ܭ ∣∣ ܺ௜ ) =
1

1 + ∑௄ିଵ
௠ୀଵ exp൫ܺ௜்ߚ௠൯

, ݆ = 1,2, … , ܭ − 1 (Eq. 8) 

The model is usually expressed in terms of the log-odds (logit) [Eq. 9] For each non-reference category j: 

ln ቆ
ܲ( ௜ܻ = ݆ ∣∣ ܺ௜ )
ܲ( ௜ܻ = ܭ ∣∣ ܺ௜ )ቇ = ܺ௜்ߚ௝ = ଴௝ߚ + ෍ߚ௣௝ܺ௣௜

௉

௣ୀଵ

 
(Eq. 9) 
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3.3 Spatial distribution patterns of rural households 

A series of spatial analysis methods—including spatial autocorrelation analysis (to detect spatial 
autocorrelation), nearest neighbour hierarchical spatial clustering (to identify clustering patterns), and 
Ripley’s K function (to assess multi-scale characteristics)—were employed to investigate the spatial 
distribution patterns of households across different livelihood types. 

3.3.1 Spatial autocorrelation 

Spatial autocorrelation has been extensively used in tourism research, for example, in studies on regional 
tourism disparity in Turkey, tourist recreation flow, Ukraine, and tourism potential in Nízký Jeseník 
Highlands(Khan, 2018; Prudencio‐Vázquez et al., 2023; Rafique et al., 2020; Stankov et al., 2017). Spatial 
autocorrelation analysis was employed to quantify the spatial dependence each livelihood categories. This 
approach not only distinguishes among distribution patterns of point features but also elucidates the spatial 
configurations of rural households in the Ajodhya hill from a correlation standpoint. The global Moran’s ܫ 
index is formulated as follows [Eq. 10]: 

ܫ =
݊∑ ∑ ௜ݕ)௜௝ݓ − ௝ݕത)൫ݕ − ത൯௡ݕ

௝ୀଵ
௡
௜ୀଵ

൫∑ ∑ ௜௝௡ݓ
௝ୀଵ

௡
௜ୀଵ ൯∑ ௜ݕ) − ത)ଶ௡ݕ

௜ୀଵ
 

(Eq. 10) 

where ݊ represents the number of observations; ݕ௜ and ݕ௝ denote the attribute values at locations ݅ and ݆, 
respectively; ݕത is the mean attribute value; and ݓ௜௝  constitutes the spatial weight, determined by contiguity 
or distance criteria. A positive global Moran’s ܫ >  0 signifies positive spatial autocorrelation, manifesting 
as high-high or low-low clustering. Conversely, ܫ <  0 indicates negative spatial autocorrelation, 
characterized by high-low dispersion. 

3.3.2 Nearest neighbour hierarchical spatial clustering 

Nearest neighbourhierarchical clustering were used in tourism geography to delineate the spatial density of 
tourism-related enterprises and to detect specific points of interest that form localized nuclei of economic 
activity within a landscape. This technique facilitates the identification of multi-level clusters by iteratively 
grouping points that meet a predefined probability threshold and minimum cluster size, effectively mapping 
the hierarchical structure of rural settlements (Puebla et al., 2017). Nearest neighbour hierarchical spatial 
clustering employs the nearest neighbour index to evaluate spatial clustering patterns, thereby revealing the 
extent of aggregation among rural households pursuing distinct livelihood strategies. The NNI is computed 
as follows [Eq. 11]: 

ܴ =
݀̅௢௕௦
݀̅௘௫௣

=
∑ ݀௜/௡
௜ୀଵ ݊

1/൫2ඥ݊/ܣ൯
 

(Eq. 11) 

where ܴ (or ܰܰܫ) is the ratio of the observed mean distance between nearest neighbors (ܾܽ݀ݎ௢௕௦) to the 
expected mean distance under a random distribution (ܾܽ݀ݎ௘௫௣), ݊ is the total number of household points in 
the study area; is the distance from any point to its nearest neighbour; and is the total area of the study region 
(Liao et al., 2022). When, it indicates a clustered distribution; when, it indicates dispersion; and signifies a 
random spatial distribution (Liao et al., 2022).” 

3.3.3 Ripley’s K function 

The Ripley’s K function was used in the spatial distribution characteristics and influencing factors of key 
villages in rural tourism in China (Liao et al., 2022). Ripley’s K function enables the analysis of spatial 
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patterns in point data across multiple scales and is among the most widely used methods for identifying 
clustering extents. Its formula is[12]: 

(݀)ܭ =
ܣ
݊ଶ
෍෍ݓ௜௝(݀)

௡

௝ୀଵ

௡

௜ୀଵ

 
(Eq. 12) 

where ݊ is the number of point features; ݓ௜௝(݀) denotes the distance weight between the ݅th and ݆th points 
within distance ݀; and ܣ is the study area size. ܭ(݀) represents the expected number of neighbouring points 
within distance ݀ relative to point density. For comparison against theoretical complete spatial randomness, 
the L(d) index is defined as[13]: 

(݀)ܮ = ඨܭ
(݀)
ߨ

− ݀ 
(Eq. 13) 

Values of ܮ(݀) > 0 suggest clustering at distance ݀, while ܮ(݀) < 0 indicates dispersion, and ܮ(݀) = 0 
corresponds to a random spatial distribution. This function, therefore, provides a robust method for 
discerning whether the observed spatial arrangements of households align with patterns of aggregation, 
dispersion, or randomness at varying geographical scales, which is crucial for understanding the underlying 
socio-economic and ecological drivers.  

Under CSR, ܮ(݀) = 0 indicates randomness; ܮ(݀) > 0 signifies clustering; and ܮ(݀) < 0 denotes 
dispersion. Confidence envelopes are derived from goodness-of-fit tests or simulations. Significant 
clustering is confirmed when observedܮ(݀)exceeds the upper envelope; significant dispersion occurs below 
the lower envelope. Deviations from the expected ܮ(݀) = 0 quantify pattern intensity: positive values 
indicate clustering (peaking at maximum deviation), while negative values reflect dispersion. 

3.4 The geographical detector method 

The Geographical Detector is a statistical method designed to detect spatial stratified heterogeneity, identify 
explanatory factors, and examine interactions among variables(Song et al., 2020). Its core principle posits 
that if the spatial distributions of two variables exhibit consistency within discretised subregions of the study 
area, a statistical correlation exists between them(Guo et al., 2020). Compared to traditional regression 
techniques—which capture spatial patterns along one-dimensional curves—the Geographical Detector 
operates in two-dimensional space, offering superior reliability in discerning spatial causality(Zhang et al., 
2022). 

The method comprises four detectors: risk, factor, interaction, and ecological. In this study, the factor 
detector was applied to quantify the explanatory power of geographical and socioeconomic factors on rural 
households' livelihood strategies in the Ajodhya hill. Relevant variables were input into the R Studio’s “GD” 
library to compute the ݍ-statistic, which measures the proportion of spatial variation in livelihood strategies 
attributable to each factor [14]: 

ݍ = 1 − ௛ୀଵ݉ݑݏܿܽݎ݂
௅

௛ܰܽ݉݃݅ݏ௛ଶܰܽ݉݃݅ݏଶ (Eq. 14) 

Here, ℎ = 1, ,ݏݐ݋݀  refers to the strata of the dependent variable, ௛ܰ and ܰ are the number of units in ܮ
stratum ℎ and the total population, respectively, and ܽ݉݃݅ݏ௛ଶ and ܽ݉݃݅ݏଶ denote the variance of the 
dependent variable in stratum ℎ and the total population, respectively 
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4 Results 

4.1 Basic characteristics of different livelihood strategies 

In the study area, rural households pursue a diverse yet asymmetrical array of livelihood strategies, 
predominantly comprising labour-intensive activities table 4 (45.19% of the sample) followed by cultivated 
livelihoods (28.61%), ecotourism (18.99%), service household (4.81%), and business household (2.40%). 
Service households yield the highest incomes, underpinned by superior education, housing, durable goods, 
and civil servant presence. Ecotourism households follow with balanced assets, moderate land, and income 
diversity. Business households, though fewest, feature concentrated incomes and strong physical capitals. 
Cultivated households command extensive land and livestock yet suffer low education and assets. Labour 
households, most prevalent, endure minimal incomes despite high diversification, large families, and 
livestock for resilience.This pattern of distribution illustrates the enduring dominance of traditional and 
wage-labour strategies within an established tourism destination, while underscoring the emerging 
significance of tourism-oriented livelihood pathways. It also illustrates marked socio-economic disparities 
among these livelihood strategies, mirroring distinct asset endowments and vulnerability patterns that align 
with the Sustainable Livelihoods Framework. 

Table 4: Socio-economic characteristics of rural households by livelihood strategy 

Indicator Labour Cultivated Business Ecotourism Service 

Proportion of sample (%) 45.19 28.61 2.40 18.99 4.81 

Cultivated Land 0.21 6.91 5.50 5.22 9.10 

HousingStructure 0.32 0.37 0.70 0.71 0.81 

Durable Goods 1.94 1.95 3.72 4.13 4.15 

Numberof Family Members 6.45 6.24 6.00 6.01 5.20 

Number of Occupation 6.10 4.87 1.60 4.33 3.55 

Educational Score 0.22 0.20 0.52 0.46 0.76 

DependencyRatio 93.79 107.51 110.17 113.57 87.50 

Number of Livestock 10.07 9.90 5.16 6.22 5.01 

Numberof Civil Servants 0.03 0.05 0.10 0.14 1.10 

TotalIncome (INR) 33,779.26 69,285.29 181,030.00 189,602.53 360,735.00 

Labour-dependent households, the largest group, are characterised by minimal cultivated land (0.21 bigha), 
low durable consumer goods (1.94), and modest housing quality (0.32), yet they maintain the highest income 
diversity (6.10) and relatively large family sizes (6.45 members) and minimum total income (33,779.26 
INR). Their elevated livestock holdings (10.07) and low dependency ratio (93.79) suggest a reliance on 
flexible, multi-activity portfolios—often combining casual wage work with subsistence elements—to buffer 
shocks. In contrast, cultivated households display the highest land endowments (6.91) and livestock (9.90) 
but similarly low physical assets (durable goods 1.95; housing 0.37), low educational attainment (0.20), a 
higher dependency ratio (107.51) and minimum total income (69,285.29 INR), indicating entrenched 
agricultural dependence with limited diversification (income diversity 4.87). These patterns match findings 
from similar ecotourism areas, where natural capital-rich households stay in farming due to barriers to 
higher-return activities. 
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Ecotourism-linked strategies reveal stronger asset bases. Ecotourism households exhibit moderate land (5.22 
bigha), higher durable goods (4.13), improved housing (0.71), and moderately total income (181,030.00 
INR), solid income diversity (4.33), with educational levels (0.46) notably above agricultural baselines. 
Business households, though marginal in share, stand out for concentrated income streams (lowest diversity 
at 1.60), superior durable goods (3.72), and housing quality (0.70), and moderately total income (189,602.53 
INR) (suggesting specialised, capital-intensive operations. Service-oriented households—often anchored in 
civil service or formal employment (1.10 civil servants per household)—emerge as the most advantaged: 
highest educational attainment (0.76), best housing (0.81), largest cultivated land holdings (9.10 bigha), 
lowest family size (5.20), and lowest dependency ratio (87.50). This group’s profile signals upward mobility 
through stable, skill-intensive livelihoods. 

These characteristics have profound implications for sustainable rural development in tourism destinations. 
Labour- and cultivation-dependent strategies, which comprise nearly three-quarters of households, confer 
resilience through diversification and natural capital endowments whilst remaining vulnerable to external 
shocks owing to deficiencies in physical and human capital. Conversely, ecotourism and service strategies 
exhibit superior capital accumulation and lower dependency, presenting scalable models for poverty 
alleviation—yet their limited adoption indicates structural barriers such as education, networks, and location.  

 

Figure 2: Standardized average scores of the four livelihood capitals across rural household strategy 
types in Ajodhya Hill 

4.2 Evaluation of Different Types of Livelihood Capital 

The stacked bar chart (Figure 2) illustrates the average standardized livelihood capital scores across five 
rural household strategy types in a tourism destination: Business (BS), Cultivated (CS, agricultural-
dominant), Ecotourism (ES, tourism-dominant), Labour (LS, working-dominant), and Service (SS, service-
dominant). Scores are disaggregated by capital type—financial (cyan), human (pink), natural (green), and 
physical (yellow)—with bar widths proportional to sample sizes, highlighting the dominance of labour 
(45.19%) and cultivated (28.61%) strategies (Table 4). 
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Overall, tourism enhances livelihood capital overall, though it varies substantially across strategies. Service 
households exhibit the highest total score (~0.9), driven by strong financial (~0.6) and balanced 
human/physical contributions, reflecting superior education (0.76), housing (0.81), and durable goods (4.15). 
Ecotourism and labour households follow with moderate scores (~0.2–0.3), bolstered by financial capital in 
labour (diverse income 6.10) and mixed assets in ecotourism (goods 4.13). Cultivated and business 
households score near or below zero, constrained by low financial/human capital despite natural strengths 
(land 6.91/5.50; livestock 9.90/5.16). 

4.2 Factors Influencing Livelihood Strategy Choices: Multinomial Logistic Regression Analysis 

Multinomial logistic regression was employed to examine how standardised livelihood capital scores—
financial capital, human capital, natural capital and physical capital determine the primary livelihood 
strategy choices of rural households in this tourism-influenced destination, Ajodhya Hill, Purulia. Two 
models were estimated for robustness, one with cultivated households as the reference category and the 
other with labour-dependent households as the reference. Both models were statistically significant overall 
(p < 0.001) and demonstrated strong explanatory power, with coefficients indicating the change in log-odds 
of selecting a given strategy (relative to the base) for a one-unit increase in each capital score. 

4.2.1 Model with Cultivated (Agricultural) Households as Reference Category 

When agricultural households serve as the reference (table 5), natural capital exhibits the strongest 
anchoring effect, likely because abundant natural resources (such as larger cultivated land holdings and 
livestock) tie households closely to farming activities, making exit costly or unnecessary due to high 
opportunity costs of abandoning productive land. A one-unit increase in natural capital score decreases the 
log-odds of choosing labour by 76.21 (z = −7.19, p < 0.001), ecotourism by 9.08 (z = −3.79, p < 0.001), and 
service by 11.08 (z = −2.79, p < 0.01). The negative effect on business (−6.81) is directionally consistent but 
insignificant (p = 0.135). 

Financial capital acts as the main driver of escape from agriculture, probably due to its role in providing 
liquidity for investments in non-farm activities, such as starting tourism services, acquiring equipment, or 
covering training costs. A one-unit increase raises the log-odds of ecotourism by 3.60 (z = 4.03, p < 0.001) 
and service by 5.79 (z = 5.52, p < 0.001). 

Human capital strongly favours skill-intensive and higher-return pathways, as better educational 
qualification, and household labour quality lower entry barriers to knowledge-based or tourism-related work 
requiring qualifications or expertise. Higher human capital increases the log-odds of business by 6.68 (z = 
2.58, p < 0.01), ecotourism by 5.67 (z = 4.13, p < 0.001), and service by 6.78 (z = 3.07, p < 0.01).  

Table 5: Multinomial Logistic Regression results for the determinants of livelihood strategy choice 
(Reference Category: Cultivated Households) 

Cultivated Type as a Base Family 

Level term estimate std.error z p.value lower_CI upper_CI significant 

Labour Type (Intercept) -1.53 0.45 -3.38 0.00 -2.42 -0.64 TRUE 

F 1.39 1.10 1.26 0.21 -0.78 3.55 FALSE 

H 2.17 1.32 1.64 0.10 -0.42 4.76 FALSE 

N -76.21 10.60 -7.19 0.00 -96.99 -55.44 TRUE 

P -1.66 1.31 -1.27 0.21 -4.24 0.91 FALSE 
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Business 
Type 

(Intercept) -2.33 0.40 -5.88 0.00 -3.10 -1.55 TRUE 

F 1.76 1.81 0.97 0.33 -1.79 5.31 FALSE 

H 6.68 2.59 2.58 0.01 1.60 11.76 TRUE 

N -6.81 4.56 -1.49 0.14 -15.75 2.13 FALSE 

P 1.96 2.77 0.71 0.48 -3.46 7.38 FALSE 

Ecotourism 
Type 

(Intercept) -0.29 0.19 -1.54 0.12 -0.65 0.08 FALSE 

F 3.60 0.89 4.03 0.00 1.85 5.35 TRUE 

H 5.67 1.37 4.13 0.00 2.98 8.35 TRUE 

N -9.08 2.40 -3.79 0.00 -13.78 -4.39 TRUE 

P 4.17 1.31 3.18 0.00 1.60 6.74 TRUE 

Service Type (Intercept) -2.25 0.38 -5.94 0.00 -2.99 -1.51 TRUE 

F 5.79 1.05 5.52 0.00 3.73 7.84 TRUE 

H 6.78 2.21 3.07 0.00 2.46 11.11 TRUE 

N -11.08 3.97 -2.79 0.01 -18.85 -3.30 TRUE 

P 2.05 2.13 0.96 0.34 -2.13 6.23 FALSE 
 

Physical capital shows a targeted positive effect only on ecotourism (coefficient 4.17, z = 3.18, p < 0.01), 
most likely because tangible assets like improved housing quality and durable consumer goods are essential 
for practical tourism operations, such as homestays, guiding equipment like motor bike, or visitor facilities 
(Fig. 3). 

 
Figure 3: Coefficients of the Multinomial Logistic Regression for livelihood determinants (Reference 

Category: Cultivated Households) 
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4.2.2 Model with Labour-Dependent Households as Reference Category 

With labour households as the reference (table 6), natural capital dominates by pulling households away 
from the precarious wage-labour default, as even small land access enables self-provisioning, farming, or 
livestock rearing, reducing reliance on unstable casual work and providing a buffer against shocks. A one-
unit increase dramatically raises the log-odds of cultivated agriculture by 76.21 (z = 7.19, p < 0.001), 
business by 69.40 (z = 6.13, p < 0.001), ecotourism by 67.13 (z = 6.32, p < 0.001), and service by 65.13 (z = 
5.91, p < 0.001). 

Financial capital continues to facilitate shifts to tourism and service strategies, likely by overcoming initial 
capital requirements for tourism entry (e.g., startup costs, marketing, or seasonal income gaps) and enabling 
greater income stability beyond wages. It increases the log-odds of ecotourism by 2.21 (z = 2.61, p < 0.01) 
and service by 4.40 (z = 4.60, p < 0.001) relative to labour. 

Human capital supports upward mobility into skilled or formal activities, as higher education, skills, and 
labour quality open doors to better-paid or less physically demanding options with lower vulnerability. It 
positively affects ecotourism (coefficient 3.50, z = 2.97, p < 0.01) and service (coefficient 4.61, z = 2.23, p < 
0.05), with a marginally positive effect on business (coefficient 4.51, z = 1.79, p = 0.074). 

Table 6: Multinomial Logistic Regression results for the determinants of livelihood strategy choice 
(Reference Category: Labour-Dependent Households) 

Multinominal Logistic Regression Based Labour Type 

Level term estimate std.error z p.value lower_CI upper_CI significant 

Business Type 

(Intercept) -0.8 0.57 -1.39 0.16 -1.92 0.33 FALSE 

F 0.38 1.82 0.21 0.84 -3.19 3.94 FALSE 

H 4.51 2.52 1.79 0.07 -0.43 9.44 FALSE 

N 69.4 11.32 6.13 0 47.2 91.59 TRUE 

P 3.63 2.77 1.31 0.19 -1.81 9.06 FALSE 

Cultivated Type 

(Intercept) 1.53 0.45 3.38 0 0.64 2.42 TRUE 

F -1.39 1.1 -1.26 0.21 -3.55 0.78 FALSE 

H -2.17 1.32 -1.64 0.1 -4.76 0.42 FALSE 

N 76.21 10.6 7.19 0 55.43 96.98 TRUE 

P 1.66 1.31 1.27 0.21 -0.91 4.23 FALSE 

Ecotourism Type 

(Intercept) 1.24 0.46 2.72 0.01 0.35 2.13 TRUE 

F 2.21 0.85 2.61 0.01 0.55 3.88 TRUE 

H 3.5 1.18 2.97 0 1.19 5.81 TRUE 

N 67.13 10.62 6.32 0 46.31 87.95 TRUE 

P 5.83 1.28 4.57 0 3.33 8.33 TRUE 
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Service Type 

 

(Intercept) -0.72 0.56 -1.28 0.2 -1.82 0.38 FALSE 

F 4.4 0.96 4.6 0 2.52 6.27 TRUE 

H 4.61 2.07 2.23 0.03 0.56 8.66 TRUE 

N 65.13 11.03 5.91 0 43.51 86.75 TRUE 

P 3.71 2.09 1.77 0.08 -0.39 7.81 FALSE 

Physical capital has a particularly strong link to ecotourism (coefficient 5.83, z = 4.57, p < 0.001), probably 
because labour households often lack suitable infrastructure or assets for tourism hosting or services, making 
physical improvements a key enabler for participation (Fig.4). 

The dual-reference models yield highly consistent directional effects, magnitudes, and significance levels 
(all major coefficients p < 0.05 or lower, except marginal cases), confirming robustness. The results reveal a 
clear capital hierarchy: high natural capital with low financial and human capital leads to agricultural lock-in 
(due to land dependence and high exit costs); low natural capital with limited financial and human resources 
results in labour dependence (asset-poor trap with few alternatives); while high financial and human 
capital—often with physical capital support for ecotourism—enables transitions to ecotourism, service, or 
business (facilitated by investment capacity, educational qualification, and infrastructure). 

 

Figure 4: Coefficients of the Multinomial Logistic Regression for livelihood determinants (Reference 
Category: Labour-Dependent Households) 

4.3 Spatial distribution patterns of rural households  

The Global Moran’s I test confirms statistically significant positive spatial autocorrelation in livelihood 
types. (Moran’s I = 0.0688, z = 3.0749, p = 0.0021; expected value = –0.0057, variance = 0.00059). The 
results indicate that households engaged in similar livelihood strategies display statistically significant 
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spatial clustering, surpassing expectations under complete spatial randomness. These patterns highlight the 
effects of proximity to GOS, to rivers, and to roads, along with shared social networks, resource access, and 
collective learning, on livelihood choices. Such clusters constitute the spatial manifestation of underlying 
social and economic dynamics. To delineate these localised concentrations more precisely, the nearest 
neighbour hierarchical clustering method was applied to identify high-density hotspots dominated by 
specific livelihood strategies. 

Strategy-specific clustering intensity was quantified using the Nearest Neighbour Index (NNI) (Table 7). 
NNI values below 1 with p < 0.05 denote statistically significant clustering, while values near 1 with p > 
0.05 indicate random distribution.(Walelign & Jiao, 2017). 

Table 7. Nearest Neighbour Index statistics for each livelihood strategy” 

Livelihood Type NNI Z-score p-value 

Business Type 0.963 0.963 0.8615 

Cultivated Type 0.213 0.213 0.0000 

Ecotourism Type 0.550 0.550 0.0000 

Labour Type 0.858 0.858 0.3096 

Service Type 0.590 0.590 0.0047 

All 0.218 0.218 0.0000 

Cultivated households showed the strongest clustering (NNI = 0.213, p < 0.001), followed by Ecotourism 
(NNI = 0.550, p < 0.001) and Service (NNI = 0.590, p = 0.0047). Labour (NNI = 0.858, p = 0.3096) and 
Business (NNI = 0.963, p = 0.8615) households exhibited patterns consistent with complete spatial 
randomness. The overall pattern (All) confirmed strong clustering (NNI = 0.218, p < 0.001). 

To examine these patterns at multiple scales, Ripley’s L-function (transformed K-function) was applied to 
five livelihood-type subsamples (Business, Labour, Ecotourism, Cultivated, and Service). In all cases the 
observed L           ̂ _iso(r) curve lies above the expected L_pois(r) reference line (complete spatial randomness), 
confirming clustering rather than dispersion or regularity across distances from near-zero to ~1,750 m. 
However, the shape, timing, and intensity of departure from randomness differ markedly between livelihood 
types, revealing distinct ecological and social signatures (Fig. 5). 

● Cultivated households exhibit the strongest, most consistent clustering above ܮ௣௢௜௦, with continuous 
upward curvature. This reflects attachment to fertile land, water sources, and traditional knowledge, 
offering mutual support but heightening vulnerability to climate shocks, degradation, or market 
fluctuations. 

● Business households show an abrupt, stepped ܮప௦௢෢  profile: rapid rises at short-to-medium distances 
followed by a plateau. This indicates discrete agglomerations near markets, roads, or tourist points, 

forming entrepreneurial micro-economies with mutual support yet potential competition. 
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Figure 5: Ripley’s L-function analysis of multi-scale spatial clustering for different livelihood strategy 
types in Ajodhya Hill 

● Service households display gradual stepped ascent, approaching but not exceeding the business 
plateau. This suggests initial clustering near tourist zones, expanding along accessibility corridors. 

● Labour households feature staircase progression with plateaus and steps at larger distances, 
mirroring hierarchical migration networks linking local to regional and distant opportunities. 
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● Ecotourism households show smooth, continuous upward deviation above ܮ௣௢௜௦, indicating self-
organization around dispersed natural assets responsive to environmental cues. 

Taken together, the ranking of clustering intensity—from strongest in cultivated households to near-random 
in business and labour—mirrors findings from comparable tourism destinations(Huang et al., 2021) and 
underscores a critical livelihood-diversification gradient. This spatial differentiation carries direct humanistic 
consequences: tightly clustered agricultural communities enjoy strong bonding social capital and cultural 
continuity but face higher systemic vulnerability to shocks; more flexible tourism-oriented, service, 
business, and labour-migratory clusters access broader opportunities yet experience weaker local cohesion 
and greater dependence on external markets. 

Table 7: Factor detector results (q-statistic and p-value) of the geographical detector for geospatial 
determinants of livelihood strategies 

Result of Geodetector 

Variable SLP GOS ELV ROD RVR TGR 

q-statistic 0.011 0.008 0.003 0.003 0.002 0.001 

p-value 0.21 0.599 0.713 0.889 0.922 0.966 

The factor detector results of the Geographical Detector analysis (table 7) reveal that individual geospatial 
environmental variables possess limited independent explanatory power regarding the spatial distribution of 
livelihood strategies in Ajodhya hill. None of the tested variables, including SLP (ݍ = = ݌ ,0.011   0.21) 
and Elevation (ݍ = = ݌0.003   0.713), achieved statistical significance (݌ <  0.05). Consequently, the 
spatial patterns of livelihoods in this region appear to be primarily influenced by intricate socio-economic 
capital endowments or interactions among multiple geospatial factors, rather than any solitary environmental 
constraint 

From a sustainable-livelihoods perspective, these patterns highlight opportunities and policy imperatives. 
Positive spatial autocorrelation and livelihood-specific clustering show households already leveraging 
proximity and social capital—assets policies should reinforce—yet pronounced clustering in tourism-
dependent households signals over-reliance on volatile sectors. Interventions fostering “balanced” livelihood 
clusters—mixing cultivation, services, and ecotourism—could enhance resilience while preserving the social 
fabric revealed by Moran’s I and Ripley’s L-function, alongside strengthening cooperatives in agricultural 
and tourism clusters, improving connectivity for dispersed households, and addressing multi-scale dynamics 
for more equitable, resilient rural livelihoods. 

These statistically robust patterns illustrate livelihood strategies as spatially patterned outcomes shaped by 
differential access to capitals, calling for nuanced, people-centred policies. 

4.3.1 Impact of geospatial factors on livelihood strategy 

Multinomial logistic regression models were fitted to examine the effects of six geospatial predictors— SLP 
(Degree, Minutes, second), ELV (metres), ROD (metres), RVR (metres), distance to nearest GOS (metres), 
and the TGR — on the categorical livelihood strategy outcome (Business, Cultivated, Ecotourism, Labour, 
Service). Two separate models were estimated for robustness, using Cultivated (Table 8) and Labour (table 
9) as alternative reference categories. All models were estimated via maximum likelihood; coefficients (β) 
represent changes in log-odds, with standard errors (SE), z-statistics, p-values, and 95% confidence intervals 
reported. Odds ratios (OR = e^β) are provided for significant terms. 
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Table 8: Multinomial logistic regression results for the influence of geospatial factors on the choice of 
livelihood strategy (Reference Category: Cultivated Households) 

Multinominal Logistic Regression of Geospatial Variable (Cultivated Based) 

Level term estimate std.error z p.value lower_CI upper_CI significant 

Business 
Type 

(Intercept) 3.476 0 1184584.293 0 3.476 3.476 TRUE 

SLP -0.02 0.004 -4.923 0 -0.028 -0.012 TRUE 

ELV -0.007 0.005 -1.544 0.123 -0.017 0.002 FALSE 

ROD 0 0 0.78 0.435 0 0.001 FALSE 

River 0 0 -1.459 0.144 0 0 FALSE 

RVR 0 0 -1.347 0.178 -0.001 0 FALSE 

TGR -0.714 0 -93053.101 0 -0.714 -0.714 TRUE 

Ecotourism 
Type 

(Intercept) -4.7 0 -72842.558 0 -4.7 -4.7 TRUE 

SLP 0.12 0.047 2.571 0.01 0.029 0.212 TRUE 

ELV -0.007 0.002 -3.035 0.002 -0.012 -0.003 TRUE 

ROD 0.001 0 4.738 0 0 0.001 TRUE 

River 0.001 0 8.024 0 0 0.001 TRUE 

RVR -0.001 0 -5.29 0 -0.001 -0.001 TRUE 

TGR -1.642 0 -87551.293 0 -1.642 -1.642 TRUE 

Labour 
Type 

(Intercept) -1.082 0 -14170.312 0 -1.082 -1.082 TRUE 

SLP -0.074 0.038 -1.979 0.048 -0.148 -0.001 TRUE 

ELV -0.001 0.002 -0.69 0.49 -0.004 0.002 FALSE 

ROD 0 0 0.804 0.421 0 0 FALSE 

River 0 0 3.167 0.002 0 0 TRUE 

RVR 0 0 0.992 0.321 0 0 FALSE 

TGR -0.029 0 -232.854 0 -0.029 -0.028 TRUE 

Service 
Type 

(Intercept) -5.952 0 -1468494.321 0 -5.952 -5.952 TRUE 

SLP -0.072 0.016 -4.438 0 -0.104 -0.04 TRUE 

ELV -0.004 0.003 -1.376 0.169 -0.01 0.002 FALSE 

ROD 0.001 0 3.412 0.001 0 0.001 TRUE 

River 0 0 3.835 0 0 0 TRUE 

RVR 0 0 -0.773 0.44 -0.001 0 FALSE 

TGR -0.158 0 -49152.964 0 -0.158 -0.158 TRUE 

 

Geospatial factors exerted statistically significant and substantively important influences on livelihood 
strategy selection, with effects highly consistent across both reference models. In the Cultivated-reference 
model, a one-unit increase in SLP significantly reduced the log-odds of choosing Business (β = –0.020, SE = 
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0.004, z = –4.923, p < 0.001; OR = 0.980), Ecotourism (β = 0.120, p = 0.010; OR = 1.128), Labour (β = –
0.074, p = 0.048; OR = 0.929), and Service (β = –0.072, p < 0.001; OR = 0.931). ELV negatively affected 
Ecotourism (β = –0.007, p = 0.002; OR = 0.993) and, to a lesser extent, other non-agricultural strategies. 
Proximity to ROD and RVR consistently increased the log-odds of Ecotourism (Road: β = 0.001, p < 0.001; 
River: β = 0.001, p < 0.001), Service (Road: β = 0.001, p = 0.001; River: p < 0.001), and several Labour 
comparisons. GOS distance showed small but significant negative effects, particularly for Ecotourism (β = –
0.001, p < 0.001). Most strikingly, TGR emerged as the dominant deterrent across all non-agricultural 
strategies (Business: β = –0.714, p < 0.001; Ecotourism: β = –1.642, p < 0.001; Labour: β = –0.029, p < 
0.001; Service: β = –0.158, p < 0.001), with odds reductions ranging from 51% to 81% per unit increase in 
TGR. 

The Labour-reference model confirmed identical directional effects and significance levels. SLP positively 
influenced Business (β = 0.054, p < 0.001; OR = 1.056) and Ecotourism (β = 0.195, p < 0.001; OR = 1.215), 
while TGR again exerted strong negative effects (Business: β = –0.686, p < 0.001; Ecotourism: β = –1.614, 
p < 0.001; Service: β = –0.130, p < 0.001). ROD and RVR proximity remained positive and significant 
enablers for tourism- and service-oriented strategies. 

Table 9: Multinomial logistic regression results for the influence of geospatial factors on the choice of 
livelihood strategy (Reference Category: Labour-Dependent Households) 

Multinominal Logistic regression of Geospatial variables (Labour Family as Based 

Level term estimate std.error z p.value lower_CI upper_CI significant 

Business 
Type 

(Intercept) 4.56 0.00 2753257.46 0.00 4.56 4.56 TRUE 

SLP 0.05 0.00 14.30 0.00 0.05 0.06 TRUE 

ELV -0.01 0.01 -1.32 0.19 -0.02 0.00 FALSE 

ROD 0.00 0.00 0.44 0.66 0.00 0.00 FALSE 

RVR 0.00 0.00 -2.61 0.01 0.00 0.00 TRUE 

GOS 0.00 0.00 -1.74 0.08 0.00 0.00 FALSE 

TGR -0.69 0.00 -128762.67 0.00 -0.69 -0.69 TRUE 

Cultivated Type 

(Intercept) 1.09 0.00 20275.02 0.00 1.08 1.09 TRUE 

SLP 0.07 0.04 1.94 0.05 0.00 0.15 FALSE 

ELV 0.00 0.00 0.69 0.49 0.00 0.00 FALSE 

ROD 0.00 0.00 -0.80 0.42 0.00 0.00 FALSE 

RVR 0.00 0.00 -3.17 0.00 0.00 0.00 TRUE 

GOS 0.00 0.00 -0.99 0.32 0.00 0.00 FALSE 

TGR 0.03 0.00 210.23 0.00 0.03 0.03 TRUE 

Ecotourism Type 

(Intercept) -3.62 0.00 -57058.85 0.00 -3.62 -3.62 TRUE 

SLP 0.20 0.05 4.14 0.00 0.10 0.29 TRUE 

ELV -0.01 0.00 -2.66 0.01 -0.01 0.00 TRUE 

ROD 0.00 0.00 4.19 0.00 0.00 0.00 TRUE 

RVR 0.00 0.00 6.16 0.00 0.00 0.00 TRUE 

GOS 0.00 0.00 -6.04 0.00 0.00 0.00 TRUE 

TGR -1.61 0.00 -162578.42 0.00 -1.61 -1.61 TRUE 
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Service Type 

(Intercept) -4.87 0.00 -888973.20 0.00 -4.87 -4.87 TRUE 

SLP 0.00 0.02 0.15 0.88 -0.03 0.03 FALSE 

ELV 0.00 0.00 -1.04 0.30 -0.01 0.00 FALSE 

ROD 0.00 0.00 2.96 0.00 0.00 0.00 TRUE 

RVR 0.00 0.00 2.29 0.02 0.00 0.00 TRUE 

GOS 0.00 0.00 -1.35 0.18 0.00 0.00 FALSE 

TGR -0.13 0.00 -64492.84 0.00 -0.13 -0.13 TRUE 
 
These regression results integrate directly with the point pattern analyses. The strongest spatial clustering of 
cultivated households—evident as continuous upward deviation above ܮ௣௢௜௦ in Ripley’s L-function across 
all scales—is consistent with the negative Slope and TGR effects on non-agricultural strategies, coupled 
with minimal proximity requirements, favouring flatter, low-TGR zones that enable tight aggregation around 
contiguous farmland. Conversely, the moderate clustering of ecotourism (smooth continuous deviation) and 
service households (gradual stepped ܮప௦௢෢  profiles) aligns with positive ROD/RVR proximity effects and 
negative elevation/TGR coefficients, concentrating these strategies along accessible tourism corridors. The 
near-random patterns of business (abrupt plateau after short-range rise) and labour households (staircase 
progression at larger scales) reflect weaker geospatial constraints, permitting greater dispersion and 
mobility. 

Collectively, the multinomial logit coefficients—interpreted alongside Ripley’s L-functions—demonstrate 
that livelihood choices are spatially structured by topographic accessibility (SLP, ELV, TGR), hydrological 
proximity (RVR), and transport infrastructure (ROD). Households in steeper, higher-elevation, high-TGR 
areas are directed toward agriculture or mobile wage labour, whereas those near roads/rivers with favourable 
TGR adopt clustered ecotourism/service strategies. These findings offer evidence for targeted interventions, 
including road upgrades, slope-terracing in agricultural clusters, and TGR optimisation at tourism nodes, to 
foster resilient diversification. 

5. Discussion: 

This study provides a robust analysis of rural livelihood strategies in the Ajodhya hill region, demonstrating 
that households adopt an asymmetrical array of five distinct strategies: Labour type, Cultivated type, 
Ecotourism type, Service type, and Business type. Our findings clarify how specific capital endowments and 
geospatial factors interact to shape these choices. 

5.1 Livelihood Strategy Characteristics 

The results indicate that Labour households constitute the largest group (45.19%), characterized by high 
income diversity and livestock holdings, which serve as a buffer against shocks despite minimal land and 
physical assets. Cultivated households (28.61%) remain anchored in traditional agriculture due to high 
natural capital endowments (mean land = 6.91), yet they face constraints in educational attainment and 
physical assets. In contrast, Ecotourism households (18.99%) demonstrate stronger asset bases, with higher 
durable goods and educational levels compared to agricultural baselines. Service households emerge as the 
most socio-economically advantaged, boasting the highest educational attainment and housing quality, while 
Business households exhibit concentrated income streams and specialized, capital-intensive operations. 

5.2 Determinants of Livelihood Choices 

The multinomial logistic regression confirms that capital endowments are the primary drivers of these 
strategies. Natural capital functions as the central anchor for “agricultural lock-in,” as households with 
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higher natural assets are significantly less likely to diversify into non-farm or tourism activities, a finding 
that corroborates existing theories on land-based dependence (Huang et al., 2021). Conversely, Financial 
capital is the key enabler for transitioning to higher-return strategies like Service and Ecotourism, providing 
the necessary liquidity to overcome entry barriers (Huang et al., 2021). Human capital (education and skills) 
significantly facilitates participation in skill-intensive pathways such as Business, Service, and Ecotourism 
(Daud et al., 2018), while Physical capital—including improved housing and durable goods—is a targeted 
driver specifically for Ecotourism participation. 

5.3 Spatial Patterns and Geospatial Influences 

Spatial analysis reveals that these strategies are not randomly distributed but exhibit significant clustering 
(Moran’s I = 0.0688, p = 0.0021). Cultivated households show the strongest clustering (NNI = 0.213), 
reflecting their tight bond to contiguous fertile land. Ecotourism and Service households demonstrate 
moderate clustering around accessible tourism corridors, driven by proximity to roads and rivers and 
influenced by slope and elevation. The near-random distribution of Business and Labour households 
suggests greater spatial mobility and a lack of restrictive geospatial constraints. Notably, the Tourism-
Geospatial Resilience index emerged as a dominant deterrent for non-agricultural strategies, significantly 
favouring agricultural retention in specific zones. 

6. Conclusion: 

This study provides a robust empirical analysis of rural livelihood strategies in the Ajodhya hill region, 
identifying a diverse yet asymmetrical distribution of five distinct household types: Labour (45.19%), 
Cultivated (28.61%), Ecotourism (18.99%), Service (4.81%), and Business (2.40%) [doc:4.1]. The findings 
demonstrate a profound socio-economic divide; while Service households achieve the highest annual total 
income (Rs. 360,735.00), the numerically dominant Labour households remain the most economically 
vulnerable with a total income of only Rs. 33,779.26. 

The research concludes that livelihood choices are systematically dictated by an interplay of capital 
endowments and geospatial constraints. Natural capital acts as a powerful anchor, creating an “agricultural 
lock-in” effect where households with high land and livestock holdings are significantly less likely to 
transition into non-farm sectors. Conversely, Financial and Human capital (education) are the critical 
enablers for upward mobility into high-return Service and Ecotourism strategies. 

Spatial analysis further reveals that these strategies are not random but significantly clustered (Moran’s I = 
0.0688, p = 0.0021), with Cultivated households showing the highest spatial aggregation (NNI = 0.213). The 
strong influence of geospatial factors—specifically the deterrent effect of Topographic Roughness and the 
enabling effect of road/river proximity—suggests that geography itself pre-determines much of the 
livelihood potential in the Ajodhya hill. Ultimately, while tourism offers a pathway for diversification, 
structural barriers related to capital deficits and rugged terrain must be addressed through spatially targeted 
policies to ensure equitable and sustainable rural development. 

7. Policy Recommendations: 

Policy interventions should prioritize facilitating the conversion of livelihood capitals by augmenting 
financial access and delivering targeted skills training to Labour and Cultivated households. This would 
enable transitions toward higher-return Ecotourism or Service-oriented activities while preserving natural 
capital for those remaining in agriculture. Strategic investments in infrastructure—such as improving 
accessibility to roads and rivers—can channel tourism benefits more equitably (Huang et al., 2021). 
Furthermore, promoting community-based ecotourism models that ensure local ownership, especially for 
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indigenous populations, is vital to prevent marginalization and ensure the sustainability of the region’s 
cultural and natural heritage (Ghosh et al., 2024; Patil & Pattanshetti, 2024; Scheyvens, 1999). 

“Limitations of the Weighting Approach” 

“While the entropy weighting method was selected to eliminate subjective biases inherent in expert-driven 
schemes, it is important to acknowledge its inherent limitations. Because EWM derives weights solely from 
the mathematical dispersion of the data, it is highly sensitive to sample-specific variation and data quality; 
an indicator with high variance receives a larger weight even if its theoretical importance to livelihood 
sustainability is secondary (Gao et al., 2023; Zhou et al., 2018). Consequently, the derived weights reflect 
the specific socio-economic profile of the Ajodhya hill sample and may not be universally generalizable to 
other mountainous or tribal contexts (Li et al., 2024). To mitigate this, future research should consider 
triangulating objective entropy weights with subjective methods such as the Analytic Hierarchy Process or 
the Delphi method(Jia et al., 2024; Liu et al., 2024). Such a hybrid approach would allow for a ‘subjective-
objective’ synthesis, ensuring that the final indices reflect both the empirical reality of the data and the 
established theoretical priorities of the Sustainable Livelihoods Framework (Liu et al., 2024; Zhou et al., 
2018).” 
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