Multi-Dimensional Relative Vulnerability Assessment of Santhal Pargana, Jharkhand
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Rainfall was declining at Santhal Pargana, Jharkhand from 1900 to 2020. The study on
vulnerability assessment indicated that Sahibganj exhibits the lowest vulnerability while the
highest at Godd. The calculated value of Area Under Curve (AUC) was 84.3, indicating
accuracy of the model forirelative vulnerability assessment.
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Santhal Pargana, a division in the northeastern part of Jharkhand state, presents a microcosms«--
of the broader challenges facing India's rural and tribal regions. This area, predominantly
inhabited by the Santhal tribe and other indigenous communities, is characterized by its
unique cultural heritage, rich biodiversity, and challenging socio-economic conditions. The
meteorological scenario in Santhal Pargana reflects the broader trends observed across India,
with some region-specific variations. Local climate data indicate a gradual increase in
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average temperatures and greater unpredictability in rainfall patterns over the past few
decades. The region, which primarily relies on the southwest monsoon for agricultural
activities, has experienced more frequent instances of delayed monsoon onset, prolonged dry
spells, and intense rainfall events. Agriculture in Santhal Pargana is predominantly rain-fed
and subsistence-oriented, making it highly vulnerable to climatic variations. The main crops
cultivated include rice, maize, and various pulses. Traditional agricultural practices, while
well-adapted to historical climate patterns, are increasingly challenged by the changing
environmental conditions. Crop yields in the region have shown greater fluctuations in recent
years, with some studies suggesting a decline in productivity for certain staple crops. The
socio-economic landscape of Santhal Pargana is characterized by high poverty rates, low
literacy levels, and limited access to modern agricultural technologies and market linkages.
According to state government reports, a significant proportion of the:population.in this
region lives below the poverty line, with tribal communities being particularly vulnerable.
The heavy reliance on agriculture and forest resources for livelihoods-makes the local
economy highly sensitive to environmental changes.

Numerous studies have explored vulnerability by .considering multiple dimensions<—- :
and employing various methodologies. For instance, Goto et al. (2022).developed the Socia
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Vulnerability Index (SoVI) using socioeconomic and:demographic factors. Muleia et al. { Formatted: Font color: Auto, Pattern: Clear

(2023) assessed climate change vulnerability in Mozambigue, incorporating socio-economic,
demographic, and health indicators. Williams et “al. (2018) examined agricultural

vulnerability in South Africa, combining bigphysical and:socio-economic factors. Pandey
(2021) used a composite index approach to assess:social and ecological vulnerability in
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vulnerability assessment framework in the ltalian coast, integrating meteorological,
agricultural, and socio-economic. factors:;Sahoo & Bhaskaran (2018) used spatial multi-
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criteria analysis to assess-coastal vulnerability in Odisha. Yang, & Pan (2021) have tri
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measure the rural vulnerability of China. Williams et al. (2020) used a livelihood
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vulnerability index to examine. climate variability impacts on smallholder farming
communities in_Ghana. Lastly, Sathyan et al. (2018) have tried to measure a Climate .-
vulnerability dn rainfed farming. Keeping the above in view, an attempt has been made to
examine the relative, vulnerability of Santhal Pargana, Jharkhand by considering

meteorological, agricultural, and socio-economic factors.
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Santhal Pargana, a division in the northeastern part of Jharkhand, India. It consists of 6*
districts. They are Sahibganj, Godda, Pakur, Dumka, Deoghar, Jamtara (Fig. 1). It [ Formatted: Fort: Not Bold J
experiences a subtropical climate characterized by hot summers and mild winters. The region
typically sees temperatures ranging from about 10°C in winter to over 40°C in summer, with

monsoon rains occurring between June and September. This climate pattern significantly
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influences agricultural practices in the area. The soil composition in Santhal Pargana varies,
but it predominantly consists of red and laterite soils, which are generally less fertile and
require careful management for productive agriculture. Some areas also feature alluvial soils
near river basins, offering better cultivation prospects. Demographically, Santhal Pargana is
known for its diverse population, with a significant presence of tribal communities,
particularly the Santhals, after whom the region is named. The area has a predominantly rural
population, with agriculture and forest-based activities being the primary sources of
livelihood. The region faces challenges related to literacy, healthcare access, and economic
development, which are common to many rural areas in Jharkhand. Despite these challenges,
Santhal Pargana's unique cultural heritage and natural resources present opportunities for

sustainable development and cultural preservation. { Formatted: Font: Not Bold
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3. 3. Materials and Methods
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I Meteorological Factors

i Rainfall

I Temperature

! Sen's slope of monsoon rainfall

Sen's slope of annual rainfall

No. of successive extreme drought year
| No. of Excessive Rainfall Year
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| Agricultural Factors

: Cultivable area
I | Net sown area
| Net irrigated area
I Cropping intensity
] ! Forestarea

| Socio-economic Factors
I
| | Population density
| I Health Index
Education Index
I Income Index
I ST Population
] ! Main worker (ST)
! Marginal worker (ST)
| : Non worker (ST)
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| The analysis of long-term rainfall trends from 1900 to 2020 across six districts in Table. 2« { Formatted: Line spacing: Multiple 1.08 li }

revealed a consistent pattern of declining precipitation, as indicated by negative Sen's slope
values throughout the region. Jamtara district exhibited the most dramatic decrease with a
Sen's slope of -2.85, signifying a substantial reduction in rainfall over the 120-year period.
This was followed by Godda and Dumka districts, which showed moderate declines with
slopes of -0.316 and -0.264, respectively. Deoghar displayed a similar trend with a slope of -
0.26, while Pakur and Sahibganj demonstrated relatively milder, yet still noteworthy,
decreases with slopes of -0.203 and -0.148, respectively. These findings collectively suggest
a significant shift in the precipitation patterns across the region, with potential implications
for water resources, agriculture, and local ecosystems.

4.2 Meteorological, Agricultural and Socio-economic Vulnerability *{ Formatted: Font: Not Bold }
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| Population-density 8  0.024 Positive
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Figs.

Sahibganj is classified as having very: low vulnerability, while Pakur falls into the low<

vulnerability category. Godda is identified as having moderate vulnerability. Deoghar is
categorized as highly vulnerable. Finally, Dumka and Jamtara are grouped together in the
very high vulnerability class—Fhis-classHicationtkehyreflectsan-assessment-of-each-distriets
susceptibility-to-climate-related-vulnerabiities. (Fig. 7A — Change the Fig. Nos in revised
version)

elasse&rangmgimm-Vew-tew-to#e;y—hqghLSahlbgan] and Jamt ra are |dent|f|ed as havmg

very low agricultural vulnerability, suggesting they may have more resilient agricultural
systems.or favorable conditions. Deoghar is classified as having low vulnerability, while
Dumka fallstinto;the moderate category. Pakur is designated as highly vulnerable, indicating
it. may face significant challenges in its agricultural sector. Finally, Godda is classified as
having very high agricultural vulnerability, implying it could be the most susceptible to
agricultural risks or stresses among the listed districts. (Fig. 7B)

—Deoghar is classified as
having very low vulnerability, while Sahibgan;j is categorized as low. Dumka and Jamtara fall
into the moderate vulnerability class. Godda is classified as having high vulnerability, and
Pakur is identified as the most vulnerable district with a very high classification-_(Fig. 7C). It
provides a snapshot of the relative socio-economic conditions across these districts,
potentially highlighting areas that may require more focused attention or resources to address
underlying vulnerabilities.
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4.3  Relative Vulnerability

Relative Vulnerability
B very High

@ migh
D Moderate
D Low
E Very Low

Kilometers

40 80 120
- ———

very-high-—Sahibganj is id vulnerability, while Deoghar falls into
the low vulnerability category. Jamtara.is classified as moderately vulnerable. Two districts,
Pakur and Dumka, are designated as highly vulnerable. Finally, Godda stands out as the only
district in the very high_vulnerability class: et ; ;

4.4 Validation
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A A value of 84.3% suggests that
the model correctly ranks a randomly chosen vulnerable entity higher than a randomly chosen
non-vulnerable entity 84.3% of theitime. This high AUC value demonstrates the model's
robust discriminatory power in assessing relative vulnerability. It implies that the model
effectively captures the factors contributing.to vulnerability and can reliably identify at-risk
entities. This performance-metric supports the model's validity and potential utility in
vulnerability assessment'and risk management applications.

Section 4 — in one para only - including discussion

5 Conclusion . { Formatted: Font: Not Bold }

This study presents a thorough evaluation of vulnerabilities in Santhal Pargana, offeringe.._
crucial information to guide targeted interventions and inform policy decisions. Our analysis
uncovered notable disparities in vulnerability among the region's six districts. Notably, ( Formated: Line spacing: Multple 108 11|
Godda emerged as an area of urgent concern, exhibiting extremely high vulnerability levels

followed by Pakur. In contrast, Sahibganj demonstrated considerably lower vulnerability,

suggesting greater resilience followed by Deoghar. A concerning trend of decreasing rainfall

over the last hundred years highlights the necessity for region-wide adaptation strategies. The

reliability of our findings is supported by a high Area Under Curve (AUC) value of 84.3%,

validating the effectiveness of our chosen Fuzzy Analytic Hierarchy Process (Fuzzy-AHP)

methodology for assessing vulnerability. To build upon this work, we recommend that future

studies explore temporal changes and incorporate a wider range of socio-economic and

environmental factors to deepen our comprehension of vulnerability patterns in Santhal

Pargana.
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