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ABSTRACT

The semi-arid parts of Telangana were under heightened livelihood stress due to climate instability,
significant agricultural reliance, and ongoing socioeconomic constraints. This research investigates
household-level livelihood risk in Wanaparthy district through the application of an integrated Household
Livelihood Vulnerability Index (HLVI) and Principal Component Analysis (PCA). Primary data were
obtained from 120 households across ten villages in the Peddamandadi and Pangalmandals using a
multistage sampling methodology. The HLVI was established by consolidating seven essential dimensions:
socioeconomic-demographic profile, livelihood methods, social networks, health, water, food, and drought
exposure. The findings indicate a significant degree of livelihood vulnerability with an aggregate HLVI
value of 0.538 suggesting that the vulnerability was deeply ingrained rather than transitory. PCA identified
twelve vulnerability dimensions that account for over 76 percent of the total variance, with predominant
factors linked to agro-climatic production risk, food insecurity, institutional access limitations, restricted
asset and livelihood diversification, demographic pressure, and health-related shocks. The strong correlation
between HLVI components and PCA-derived dimensions highlights the complex and interdependent nature
of vulnerability in semi-arid agricultural systems. The research underscores the necessity for cohesive,
localized climate adaptation strategies and illustrates the effectiveness of merging composite index evaluation
with latent factor analysis to guide district-level climate adaptation and rural development planning in
semi-arid India.
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Introduction

Telangana was mostly situated in the semi-arid
tropics of the Deccan Plateau, marked by low and
very variable precipitation, elevated temperatures,
and recurrent drought conditions. A large part of the
cultivated land in Telangana still depends on the
monsoon, so farmers’ livelihoods were very sensi-
tive to changes in rainfall and dry spells in this semi-
arid area (Kadiyala et al., 2021). Long-term climate

studies show that temperatures were rising and
rainfall patterns were becoming more variable in
southern Telangana. This makes agricultural regions
more risky and less stable for people who depend
on farming for their livelihoods (Rao et al., 2013;
Kadiyala et al., 2021; Mannepalli et al., 2025). In these
circumstances, climate change functions not merely
as an environmental stressor but also as an
exacerbator of pre-existing socioeconomic vulner-
abilities particularly among small and marginal
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farming households. The Wanaparthy district
formed from the former combined Mahabubnagar
district (often referred to as Palamuru) exemplifies
one of the most susceptible semi-arid livelihood sys-
tems in Telangana. The Mahabubnagar (Palamur)
region has long been recognised as migration-prone,
shaped by chronic drought conditions, large
unirrigated tracts, and limited local employment
opportunities, which together make seasonal and
circular migration an important livelihood response
for many rural households (Deshingkar and Akter,
2009). Empirical evidence from village-level field
research in Mahabubnagar documents the depth of
This dependence on mobility: in Korra’s study vil-
lage in Achampetmandal, 57 percent of households
reported participation in migration, underscoring
migration as a central component of household sur-
vival strategies in drought-prone settings. (Korra,
2014).

Climatic stress exacerbates the link between mi-
gration and vulnerability. The India Meteorological
Department’s assessments of rainfall show that
southern Telangana had increasing degrees of ad-
verse rainfall departures and greater variability
from year to year. This has made the area more vul-
nerable to drought and increased the risk of crop
failures in rainfed districts like Wanaparthy (Pai et
al., 2014). These climate shocks make farming less
profitable, make people hungry, force them to use
borrowed money and make them move, all of which
make households more vulnerable. Sam et al. (2016)
argue that climate exposure alone doesn’t make
people vulnerable in semi-arid India. Instead, it’s the
combination of climate stress with factors like rely-
ing on labor, population pressure, limited access to
institutions and limited assets that makes individu-
als susceptible. Although there was growing recog-
nition of these challenges, empirical research at the
household level that systematically quantifies liveli-
hood risk in Telangana’s semi-arid regions remains
limited. Most current assessments were either large-
scale or focus on just one aspect, like migration or
exposure to drought. Because of this, there needs to
be comprehensive strategies at the household level
that take into account all of the various elements of
vulnerability. The Household Livelihood Vulnerabil-
ity Index (HLVI) offers a comprehensive framework
for quantifying vulnerability by incorporating socio-
economic, livelihood, environmental and institu-
tional factors (IPCC, 2014; Sam et al., 2016). This re-
search combines HLVI with Principal Component
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Analysis (PCA) to evaluate the level of vulnerability
in the Wanaparthy district and to determine the
main underlying factors affecting livelihood fragil-
ity in semi-arid Telangana.

Methodology

The research utilizes primary household-level data
collected from the Wanaparthy district of Telangana
through a multistage sampling methodology. Ini-
tially two mandals Peddamandadi and Pangal were
deliberately chosen to exemplify the semi-arid,
drought-prone agricultural characteristics character-
istic of the district. These mandals were selected to
reflect diversity in subsistence methods, irrigation
availability and susceptibility to climatic stress. In
the second phase, five villages were randomly cho-
sen from each mandal culminating in a total of 10
research villages. In the final phase, at least twelve
houses were surveyed from each village resulting in
a total sample size of 120 households. Out of total
120 sample 112 sample were finally utilized for the
analysis after removing unresponded samples.

The Household Livelihood Vulnerability Index
(HLVI) was developed in accordance with estab-
lished vulnerability assessment frameworks sug-
gested by the IPCC (2014) and modified for semi-
arid India by Sam et al. (2016). Indicators were cat-
egorized into seven principal components: Socioeco-
nomic Demographic Profile (SDP), Livelihood Strat-
egies (LS), Social Networks (SN), Health (H), Water
(W), Food (F), and Drought (D). Each indicator was
initially standardized by min-max normalization to
a 0-1 scale to enable comparability across varying
units of measurement. Indicators positively corre-
lated with susceptibility were adjusted directly,
whilst those adversely correlated were inversely
normalized. Component indices were calculated as
the arithmetic average of their corresponding nor-
malized indicators. The overall HLVI for each fam-
ily was derived as the unweighted average of the
seven component indices, based on the premise of
equal significance across vulnerability dimensions
(Sam et al., 2016). District-level HLVI values were
derived by calculating the mean of household HLVI
scores. This methodology guarantees transparency,
replicability and comparability with existing vulner-
ability assessments in semi-arid areas.

Principal Component Analysis (PCA) was con-
ducted on the standardized vulnerability indicators
utilizing IBM SPSS to ascertain the primary factors
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influencing family livelihood vulnerability. A corre-
lation matrix with Varimax rotation and Kaiser nor-
malization was used to carry out Principal Compo-
nent Analysis (PCA). The Kaiser-Meyer-Olkin
(KMO) statistic was used to check if the sample size
was adequate, and Bartlett’s Test of Sphericity was
used to check if the factors were likely to be distin-
guished. According to Kaiser’s criterion (Hair et al.,
2019) only components with eigenvalues greater
than one were kept for interpretation.Rotated factor
loadings were analyzed to identify clusters of indi-
cators with robust relationships, and components
were designated based on conceptual coherence and
alignment with HLVI dimensions. The integrated
HLVI-PCA technique facilitates the assessment and
diagnose was of vulnerability, establishing a solid
empirical foundation for pinpointing priority inter-
vention zones and guiding district-level climate ad-
aptation and rural development strategies in semi-
arid Telangana.

Results

Household Livelihood Vulnerability Index (HLVI)
for Wanaparthy district

The Household Livelihood Vulnerability Index
(HLVI) for Wanaparthy district indicates a signifi-
cant degree of livelihood vulnerability, reflected in
an overall index value of 0.538 as shown in the Table
1. This score signifies that households in the study
area occupy a relatively higher position on the vul-
nerability continuum reflecting the cumulative im-
pact of socioeconomic, environmental, institutional
and livelihood-related stresses. The HLVI score sur-
passing the mid-point criterion indicates that liveli-
hood systems in Wanaparthy were structurally vul-
nerable and acutely responsive to climatic and non-
climatic disturbances. The component-wise analysis
of HLVI reveals significant variability in the origins
of vulnerability. Figure 1 shows that the Socioeco-
nomic Demographic Profile (SDP) was the most sig-
nificant element of the seven major components
with a component index value of 0.113. This shows
how important demographic pressure, educational
achievement, housing quality and social stratifica-
tion in deciding how susceptible a household re-
mains. High dependency ratios, household heads
with limited formal education, semi-pucca and
kutcha housing and social marginalization all make
households in the district more vulnerable.

Eco. Env. & Cons. 32 (January Suppl. Issue) : 2026

Table 1. Household Livelihood Vulnerability Index
(HLVI) in Semi-Arid of Telangana

HLVI Component Component Index Value
Socio Demographic Profile (SDP) 0.113
Livelihood Diversification (LS) 0.097
Social Networking (SN) 0.037
Health (H) 0.045
Water (W) 0.073
Food (F) 0.075
Drought (D) 0.097
HLVI 0.538

The Livelihood Strategies (LS) component attains a
score of 0.097, which means that it was very vulner-
able because it relies heavily on agricultural liveli-
hoods that were sensitive to climate. A significant
number of households depend mostly on rainfed
farming and don’t have many other ways to make
income outside of farming. While certain house-
holds participate in migration, livestock rearing and
asset diversification, the magnitude and reliability
of these methods were inadequate to effectively
mitigate climatic and income shocks. The LS compo-
nent therefore signifies livelihood inflexibility and
limited adaptive capacity within Wanaparthy’s ru-
ral economy. The drought (D) component demon-
strates a significant value of 0.097 equivalent to that
of livelihood strategies highlighting the intensity of
drought-related exposure in the district. This com-
ponent records households” experiences of yield
decline, drought-related illnesses and reported rises
in temperature and rainfall variability. The signifi-
cance of drought-related vulnerability highlights the
district’s semi-arid agro-climatic conditions, where
unpredictable rainfall and increasing temperatures

SDP
0.120

0.

w H

—— Wanaparthy

Fig. 1. Component-wise structure of the Household
Livelihood Vulnerability Index (HLVI) across
semi-arid regions of Telangana.
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directly impact agricultural yield and household
welfare. The food (F) component records a value of
0.075, signifying moderate to high food-related sen-
sitivity. This shows that people don’t have enough
food at certain times of the year, that it takes a long
time to get enough food, and that households don’t
have enough resources to buy food. Although access
to the public distribution system (PDS) offers lim-
ited consumption assistance, dependence on self-
produced food renders households vulnerable to
production disruptions in drought years. The food
component therefore encompasses both access and
availability aspects of vulnerability.

The water (W) part gets a score of 0.073, which
means that it was vulnerable to problems with ac-
cessing and using water. This vulnerability was
made worse by the fact that people and farms de-
pend on natural water sources, that irrigation infra-
structure was limited and that water availability
changes.Households without dependable irrigation
systems have increased production risks, highlight-
ing the connections among water scarcity, agricul-
tural reliance and livelihood susceptibility. The
health (H) part, which was valued at 0.045, doesn’t
add much to the overall HLVI, but it was still a ma-
jor risk factor. Health-related vulnerability comes
from getting sick due to the drought, having to pay
more for healthcare out of pocket and not being able
to access local public health services. Health vulner-
ability was not as big of a factor as others, but it was
a hidden factor that can quickly make a household
more vulnerable during adverse weather or eco-
nomic problems. The social networks (SN) part
shows the least contribution, with a score of 0.037,
which means that people have limited access to sup-
port systems in their communities and institutions.
Reduced interaction with NGOs, self-help groups,
and formal credit institutions, along with extended
travel durations to banks and educational institu-
tions, limits households’ capacity to access external
assistance. The low SN value shows that institutions
aren’t strong enough, rather than that they were re-
silient. This shows that informal safety nets were
getting worse. The HLVI results show that
Wanaparthy was vulnerable in many ways, but
mainly because of socioeconomic and demographic
factors, reliance on livelihoods, exposure to drought,
and shortages of food and water. The very even dis-
tribution of component values shows that vulner-
ability was not caused by one thing, but by the way
that different structural and environmental restric-
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tions work together.

Principal Component Analysis of vulnerability
determinants

Principal component analysis (PCA) was carried out
on the standardized vulnerability indicators to as-
certain the fundamental determinants influencing
household livelihood vulnerability in Wanaparthy
district. The Kaiser-Meyer-Olkin (KMO) test find-
ings presented in Table 3.1 indicated a level of sam-
pling adequacy of 0.553, signifying good data ap-
propriateness for factor analysis. Bartlett’s Test of
Sphericity yielded a statistically significant result (<2
= 2059.211, p < 0.001), indicating adequate
intercorrelation among variables and justifying the
use of PCA. Twelve principal components were ex-
tracted from the 31 indicators of rotated component
matrix using the Kaiser criterion (eigenvalues ex-
ceeding one), as presented in Table 2, collectively
accounting for 76.19 percent of the total variance in
household vulnerability indicators, illustrated in
Table 3.3, with the corresponding scree plot dis-
played in Figure 2. The considerable cumulative
variance explained indicates that the derived com-
ponents proficiently encapsulate the multidimen-
sional framework of livelihood vulnerability in the
studied area.

The first principal component accounts for 15.97
percent of the total variance and was defined by sig-
nificant loadings on variables associated with irriga-
tion and domestic water access, drought-induced
production decline and indicators of food scarcity.
This component represents an integrated agro-cli-
matic and food insecurity sensitivity aspect, illus-
trating the direct effects of climatic stress on agricul-
tural production and household consumption. The
second component, which accounts for 9.85 percent
of the variance, exhibits a substantial correlation
with measures pertaining to access to formal and
informal credit institutions, proximity to banks, and
availability of public services. This component signi-
fies an institutional access and financial connectivity
aspect, illustrating how constrained institutional
reach exacerbates vulnerability by limiting house-
holds’ ability to stabilize consumption and invest in
adaptive strategies. The third component, which
makes up 7.99 percent of the variance was primarily
influenced by factors like housing structure, asset
diversification and livelihood diversification. This
component includes both a structural and asset-
based aspect of vulnerability, displaying how physi-
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cal assets and a diverse livelihood can affect vulner-
ability outcomes. The fourth component, which
makes up 7.13 percent of the variance had strong
links to health spending, access to public health fa-
cilities and illnesses that arise during droughts. This
component shows a vulnerability dimension related
to health and shock linking climate stress to health
problems and financial problems. The fifth compo-
nent which makes up 6.10 percent of the variance
was mostly related to the head of the family’s level
of education, the number of people who depend on
them and their social class. This part shows an as-
pect of demographic and social vulnerability show-
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ing how human capital and social stratification af-
fect how likely a household was to be affected. The
sixth component which makes up 5.27 percent of the
variance was linked to factors like migration, diver-
sifying livestock and owning assets. This part in-
cludes a mobility and adaptive livelihood response
dimension that focuses on how households deal
with stressors related to economic conditions and
the weather. The other components show smaller
amounts of variance and point to specific ways that
people were vulnerable because of their reliance on
water and natural resources, their access to food and
dependable on government for their consumption

Table 2. Rotated Component Matrix (Varimax) for Household Vulnerability Indicators

Rotated Component Matrix®

Indicator

Component

4 5 6 7 8 9 10 11 12

Dependency Ratio

Gender_HH

Education Level HH

Social Category

Housing Structure

Livelihood Diversification

Dependent on Agriculture

No.of Family members Migrated

Livestock Diversification

Asset Diversification

NGO’s/SHG’s

Informal/formal Credit

Institutions (mins.)

Bank (Mins.)

School (Mins.)

Diseases due to Drought

Health Insurance

Health Expenditure

PHC (Min.) 541

Public Resources

Natural Resources

Water for Household Activities

Water for Irrigation

Insufficient Food Consumption

Avg Months of Struggle to
Obtain Food

Monthly Food Expenditure

Depending on Own Farm for Food

Depending on PDS

Yield Reduction

Variation in Temperature

Variation in Rainfall

-.355
941

944

.937
-.943
.809
925
-.633
-.591

490

-.894

.363

.560

-.663
753
473 -.421
.862

726

.649

526 327 -.447
.846

811

.827

372 342 -437

.749
.333
-719
.680

.554

-514 302

401
468 -.316

.369
.575
-.653

871
765

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization.*

a. Rotation converged in 12 iterations.
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needs like PDS, their access to markets and infra-
structure problems, their perception of climate and
exposure sensitivity, their access to social safety nets
and other factors that make households more vul-
nerable. Even though each component may not have
a big effect on its own, when they work together,
they create a complex picture of how vulnerable
households in Wanaparthy. The PCA results show
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that the research area’s vulnerability to sustaining
their livelihoods was based on how agro-climatic
exposure, institutional access, asset endowment,
demographic traits and adaptive capability were all
linked. The correlation between PCA-derived fea-
tures and HLVI component structure validates the
robustness of the index development process and
underscores the multiple aspect of livelihood vul-

Scree Plot

Eigenvalue

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Component Number

Fig. 2. Scree plot of eigenvalues for household vulnerability principal component analysis.

Table 2. Kaiser-Meyer-Olkin (KMO) and Bartlett’s Test of Sphericity for Vulnerability

KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. KMO 0.553
Bartlett’s Test of Sphericity Approx. Chi-Square 2059.211
df 435
Sig. <0.001

Table 3. Interpreted Vulnerability Components and Share of Explained Variance and Eigen Values

Component Component Name

Variance Cumulative
Explained (%) (%)

Eigenvalue

PC1 Agro-climatic Production & Food Insecurity Vulnerability 4.791 15.97 15.97
PC2 Institutional Access & Financial Connectivity Vulnerability 2.956 9.85 25.82
PC3 Asset & Livelihood Diversification Deficit Vulnerability 2.399 7.99 33.82
PC4 Health & Shock-Induced Economic Vulnerability 2.140 7.13 40.95
PC5 Demographic & Social Stratification Vulnerability 1.829 6.10 47.05
PC6 Adaptive Livelihood Response & Mobility Vulnerability 1.579 5.27 52.31
PC7 Water Access & Natural Resource Dependence Vulnerability 1.471 4.90 57.21
PC8 Food Access & Consumption Stability Vulnerability 1.342 4.47 61.69
PC9 Market Access & Infrastructure Constraint Vulnerability 1.167 3.89 65.58
PC10 Climatic Perception & Exposure Sensitivity Vulnerability 1.102 3.67 69.25
PC11 Social Safety Net & Institutional Support Deficit Vulnerability 1.061 3.54 72.79
PC12 Residual Household-Specific Vulnerability Factors 1.019 3.40 76.19
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nerability in semi-arid Telangana.
Discussion

The Household Livelihood Vulnerability Index
value of 0.538 for Wanaparthy district indicated sig-
nificant livelihood instability in this semi-arid region
of Telangana. This level of vulnerability indicated a
structurally entrenched condition shaped by persis-
tent demographic pressures, climate-sensitive liveli-
hood systems and inequitable access to institutional
and natural resources, rather than merely reflecting
temporary or sporadic stress. Wanaparthy was one
of the more vulnerable agricultural areas in south-
ern semi-arid India. This fits with research that
shows that Telangana’s rainfed areas were very vul-
nerable to climate change (Rao et al., 2013; Mohanty
and Wadhawan, 2021).

Principal Component Analysis elucidated the
fundamental structure of This vulnerability by re-
vealing twelve interconnected dimensions that con-
stitute approximately seventy-five percent of the
total variance. By grouping these components based
on their main loadings and how well they fit with
HLVI dimensions and we can observe a clear set of
vulnerability domains that all affect household out-
comes in Wanaparthy.The paramount dimension,
defined as Agro-climatic Production and Food Inse-
curity Vulnerability, encapsulates the direct impact
of climatic stress on livelihood and consumption re-
sults. Significant impacts on yield reduction attrib-
uted to drought, food scarcity, extended food stress,
irrigation accessibility, and reliance on climate-sen-
sitive agriculture illustrate how fluctuations in rain-
fall and increasing temperatures concurrently jeop-
ardize output and food security. In semi-arid agri-
cultural systems like Wanaparthy, climatic exposure
serves as the principal conduit through which vul-
nerability permeates all livelihood sectors. Compa-
rable dynamics have been extensively recorded in
semi-arid India, where drought-induced production
disruptions swiftly result in income volatility and
food insecurity (Sam et al., 2016; Birthal and
Hazrana, 2019). The second main factor, Institu-
tional Access and Financial Connectivity Vulnerabil-
ity, shows how structural problems may arise when
institutions don’t work together effectively enough.
Significant correlations with distance to banks, ac-
cess to formal and informal credit, and closeness to
public services suggest that institutional exclusion
continues to be a primary factor contributing to vul-
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nerability. Limited financial connections make it
harder for households to stabilize their spending,
invest in technology that can adapt and recover
from climate-related problems. This risk factor was
especially strong in Telangana, where the level of
institutional penetration varies a lot by area and so-
cial class. Research from rural India shows that lack-
ing enough access to institutional credit and public
services makes households much more vulnerable
to economic and climate shocks. This often forces
farm households to rely on informal borrowing, dis-
tress asset sales and other poor coping strategies
(Swain, 2007; Birthal et al., 2014).

The third component asset and livelihood diver-
sification deficit vulnerability discusses the main
causes of unstable livelihoods. Strong links between
housing quality, asset diversification and livelihood
diversification show how important physical and
economic assets were for reducing vulnerability.
Households that don’t have many assets and don’t
have lots of different ways to make a livelihood
have fewer options for adapting and were more vul-
nerable to climate and market shocks.In
Wanaparthy, where small and marginal farmers
predominate, restricted asset ownership exacerbates
reliance on singular livelihood sources, heightening
vulnerability continuity. Indian agricultural litera-
ture has consistently highlighted that asset endow-
ments serve as both buffers and facilitators of adap-
tation, while their absence confines households to
cycles of poverty and vulnerability (Carter and
Barrett, 2006; Ramilan et al., 2022). The Health and
Shock-Induced Economic Vulnerability dimension,
while representing a little numerical portion of the
HLVI, has a crucial catalytic function. Factors asso-
ciated with drought-related diseases, healthcare
cost, and access to public health services suggest
that health crises might swiftly heighten vulnerabil-
ity by imposing unforeseen financial constraints and
diminishing labor availability. In rural India, where
health insurance coverage remains limited and out-
of-pocket health expenditures were high, health
shocks frequently convert short-term stress into
long-term economic decline and impoverishment
(Xu et al., 2003; Garg and Karan, 2009).This under-
scores the significance of acknowledging health as a
fundamental aspect of climate vulnerability rather
than a secondary issue. Another crucial aspect, De-
mographic and Social Stratification Vulnerability,
illustrates the social entrenchment of climate risk.
Robust correlations with dependency ratios, educa-
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tional attainment of family heads, and social classi-
fication illustrate how demographic pressures and
social status systematically influence vulnerability
outcomes. Households with significant dependency
burdens and limited education encounter con-
strained livelihood options and diminished adaptive
capability, whilst socially excluded populations en-
dure exacerbated vulnerability due to historical ex-
clusion from land, credit, and institutions. This cor-
responds with Indian studies highlighting that vul-
nerability was intricately rooted in caste, gender,
and class hierarchies, and that climate change dis-
proportionately impacts already marginalized
populations (Adger, 2006; Jha and Gupta, 2021). The
PCA also delineates Adaptive Livelihood Response
and Mobility Vulnerability, defined by loadings on
migration, livestock diversification, and associated
techniques. This dimension shows how households
were trying to deal with climate and economic stress
by moving around and seeking to discover novel
experiences. However the existence of them within
the vulnerability framework suggests that these re-
sponses were predominantly reactive rather than
transformative. Without favorable circumstances in
institutions and markets, moving and diversifying
livestock may lower short-term risk but not long-
term vulnerability. Similar trends have been ob-
served across semi-arid India, where coping mecha-
nisms mitigate immediate pressures without ad-
dressing underlying structural constraints (Banerjee
et al., 2018).

The combined HLVI and PCA findings indicate
that livelihood vulnerability in Wanaparthy was in-
fluenced by the interplay of various climatic and
structural factors rather than a singular dominant
cause. The widespread occurrence of agro-climatic
production risk, coupled with inadequate institu-
tional access and asset constraints indicated that
vulnerability was both exposure-driven and struc-
turally ingrained. The strong conceptual agreement
between the HLVI components and the PCA-de-
rived dimensions enhances the methodological rigor
of the analysis and confirms that the index accu-
rately represents the fundamental vulnerability pro-
cesses at the household level.From a theoretical
standpoint, the integration of HLVI with PCA-based
factor identification enhances vulnerability research
by connecting composite index measurement with
latent structure analysis. Although vulnerability in-
dices were often criticized for being too simple, the
fact that the HLVI components and PCA-derived

5421

dimensions in This work line up shows that care-
fully constructed indices can accurately show com-
plex vulnerability processes.This integration aligns
closely with the IPCC’s definition of vulnerability as
a product of exposure, sensitivity, and adaptive ca-
pacity (IPCC, 2014). Agro-climatic production and
food insecurity vulnerability include exposure and
sensitivity while institutional access, asset endow-
ment, and social stratification show restrictions on
adaptive capability. These factors were significantly
interdependent leading to cumulative vulnerability
effects. The results show that semi-arid areas like
Wanaparthy need adaptation measures that involve
many sectors and were specific to the
area.Mitigating livelihood vulnerability necessitates
synchronized interventions in agriculture, water
management, financial inclusion, health, education,
and social protection. Climate adaptation planning
must transcend sector-specific strategies and inte-
grate agricultural development initiatives with insti-
tutional enhancement and social policy interven-
tions. Interventions that focus exclusively on crop
yield or insurance coverage were unlikely to result
in lasting vulnerability reduction without simulta-
neous investments in assets, institutions, and human
capital.

Conclusion

This research provides a comprehensive assessment
of household livelihood vulnerability in the semi-
arid region of Wanaparthy, Telangana by employ-
ing an integrated HLVI and PCA methodology. The
HLVI value of 0.538 shows that there was an el-
evated level of vulnerability in the livelihoods of
individuals. This was an ongoing challenge caused
by climate change, economic reliance, population
pressures and limited access to institutions. The re-
sults show that agro-climatic production hazards,
persistent drought, food insecurity, limited access to
institutions and problems with asset and livelihood
diversification were the primary factors that make
households in Wanaparthy vulnerable. Socioeco-
nomic and demographic factors, including high de-
pendency ratios and inadequate educational attain-
ment, increase household vulnerability while
health-related crises and weak social networks act as
risk amplifiers. The PCA results support these find-
ings by showing that susceptibility comes from a
number of interconnected factors rather than just
one major one. This highlights how climatic and
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structural stresses build on each other and make cir-
cumstances worse. These findings underscore that
livelihood vulnerability in semi-arid Telangana was
influenced by exposure and structurally persistent,
necessitating integrated and context-specific inter-
ventions. This study enhances vulnerability research
by empirically connecting composite index results
with latent factor structures, providing a solid ana-
lytical framework for identifying key susceptibility
areas and guiding focused climate adaption strate-
gies in semi-arid locations.

Policy Recommendations

In the short term policy interventions must focus on
alleviating immediate livelihood stress by enhanc-
ing drought risk management which includes
prompt weather advisories, broadening crop and
animal insurance coverage and ensuring access to
food and health services during climatic distur-
bances. Enhancing last-mile institutional connected-
ness through improved access to loans, extension
services and public health facilities was crucial for
enabling households to manage short-term shocks
without resorting to distress methods. Emphas was
should be placed on targeted assistance for vulner-
able populations, specifically small and marginal
farmers and socially disadvantaged households.
Long-term sustainable vulnerability reduction ne-
cessitates a structural transformation of livelihood
systems in Wanaparthy. This include the promotion
of diversified and climate-resilient livelihoods, in-
vestment in irrigation and water-harvesting infra-
structure, enhancement of rural asset bases, and ex-
pansion of non-farm job options. Prolonged invest-
ments in education, skill enhancement and inclusive
institutions were essential for improving adaptive
capacity and dismantling enduring vulnerability
traps. Incorporating these strategies into district-
level climate adaptation and rural development
planning would be essential for fostering resilient
livelihoods in semi-arid Telangana.
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