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1. Introduction to Vulnerability Assessment
Vulnerability assessment in population health refers to a 
systematic approach for identifying individuals, households, 
or population groups that are at increased risk of adverse health 
outcomes due to a combination of social, economic, demographic, 
environmental, and health system related factors. Unlike 
conventional health indicators that focus primarily on disease 
prevalence or mortality rates, vulnerability assessment seeks to 
explain why certain populations are more likely to experience ill 
health and why they are less able to prevent, cope with, or recover 
from health shocks. In public health, vulnerability is increasingly 
understood as a multidimensional and dynamic condition. It 
reflects not only exposure to risks such as poverty, air pollution, 
extreme temperatures, floods, droughts, or infectious disease 
outbreaks, but also the sensitivity of populations to these risks and 
their capacity to adapt through access to health services, social 
protection, infrastructure, and institutional support. Consequently, 
populations exposed to similar climate or environmental hazards 
may experience markedly different health outcomes depending on 
their underlying socioeconomic and health system resilience.

The importance of vulnerability assessment has intensified in 
the context of climate change, which acts as a risk multiplier 
for existing health inequities. Climate-related stressors such as 
heatwaves, deteriorating air quality, erratic rainfall, flooding, 
and water scarcity disproportionately affect populations already 
facing poverty, poor housing, informal employment, limited 
healthcare access, and weak social safety nets. Vulnerability 
assessment enables public health systems to identify those most 
likely to experience compounded health impacts from climate and 
environmental change. From a planning and policy perspective, 
vulnerability assessment provides a structured evidence base to 
guide equitable resource allocation, climate adaptation strategies, 
disaster preparedness, and health system strengthening. By moving 
beyond average indicators and explicitly accounting for differential 
exposure, sensitivity, and adaptive capacity, vulnerability 
assessment supports targeted interventions for populations most 
at risk, thereby advancing health equity and resilience in an era of 
increasing climatic and socioeconomic uncertainty.
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1.1. Conceptual Foundations of Vulnerability
The conceptual foundations of vulnerability in population health 
are rooted in the understanding that health outcomes are shaped 
not only by biological factors or direct disease exposure, but by 
a complex interaction of social, economic, environmental, and 
institutional conditions. Vulnerability, in this context, describes 
the propensity of individuals or populations to experience adverse 
health effects when exposed to external stresses and shocks, and 
their limited ability to anticipate, cope with, resist, or recover 
from these impacts. A widely accepted conceptualization of 
vulnerability is based on three interrelated components: exposure, 
sensitivity, and adaptive capacity. Exposure refers to the degree 
to which populations come into contact with health-related 
hazards. In population health, these hazards may include climatic 
stressors such as heatwaves, floods, droughts, air pollution, and 
vector proliferation, as well as non-climatic risks such as poverty, 
overcrowding, unsafe housing, and occupational hazards. Exposure 
is often shaped by geographic location, livelihood patterns, urban 
form, and environmental conditions, making certain populations 
consistently more exposed than others. 

Sensitivity reflects the extent to which a population is affected by 
a given exposure. It captures underlying biological, demographic, 
and social characteristics that influence how severely exposure 
translates into adverse health outcomes. High proportions of young 
children, older adults, pregnant women, individuals with chronic 
diseases, or malnourished populations increase sensitivity to 
environmental and health shocks. Sensitivity is also influenced by 
baseline health status, nutritional levels, and pre-existing disease 
burden, which can amplify the health impacts of climate and 
environmental stressors. Adaptive capacity represents the ability 

of individuals, households, communities, and systems to adjust 
to potential damage, take advantage of opportunities, or respond 
effectively to adverse conditions. In population health, adaptive 
capacity is closely linked to access to healthcare services, health 
system readiness, income security, education, social protection 
mechanisms, early warning systems, and governance effectiveness. 
Populations with stronger adaptive capacity may withstand similar 
levels of exposure and sensitivity with fewer adverse health 
outcomes, while those with limited adaptive capacity experience 
disproportionate harm. 

These three components do not operate in isolation. Vulnerability 
emerges from their combined and often reinforcing effects. For 
example, populations living in informal urban settlements may 
experience high exposure to heat and air pollution, high sensitivity 
due to poor nutrition and disease burden, and low adaptive capacity 
because of limited healthcare access and weak social safety nets. 
Climate change further intensifies this interaction by increasing 
the frequency and severity of environmental hazards, thereby 
magnifying existing vulnerabilities rather than creating entirely 
new ones. Understanding vulnerability through this conceptual 
lens allows population health researchers and policymakers to 
move beyond single-indicator assessments and towards integrated 
frameworks that capture structural inequities. It provides a 
theoretical basis for composite vulnerability indices and supports 
the identification of intervention points, whether by reducing 
exposure, lowering sensitivity, or strengthening adaptive capacity. 
This conceptual clarity is essential before translating vulnerability 
into measurable indicators and mathematical formulations, which 
are addressed in subsequent sections.
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1.2. Rationale for Conducting Vulnerability Assessments
The rationale for conducting vulnerability assessments in 
population health lies in the recognition that health risks and 
outcomes are not evenly distributed across populations. Social 
position, economic status, demographic structure, environmental 
context, and health system capacity collectively determine who 
becomes ill, who experiences severe outcomes, and who is able 
to recover. Traditional health indicators, while essential for 
monitoring disease burden and service coverage, often fail to 
capture these underlying disparities, particularly when they are 
reported as averages at national or state levels. Vulnerability 
assessment provides a structured approach to uncovering these 
hidden inequities by explicitly examining differential exposure 
to hazards, varying levels of sensitivity, and unequal adaptive 
capacity among population groups. In the context of climate 
change, this becomes especially critical, as climate-related 
hazards such as heat stress, flooding, air pollution, water scarcity, 
and vector-borne diseases do not affect all populations uniformly. 
Communities with poor housing, informal livelihoods, limited 
access to healthcare, and weak social protection are more likely 
to experience compounded and cascading health impacts from the 
same climatic event. 

To operationalize this rationale analytically, vulnerability in 
population health is commonly expressed as a function of 
exposure, sensitivity, and adaptive capacity. At a conceptual level, 
population vulnerability can be represented using the following 
formulation:

V = (E × S)/AC

where V represents the vulnerability index for a given population 
or geographic unit, E denotes exposure to health-related hazards, 

S denotes sensitivity of the population to those hazards, and AC 
represents adaptive capacity. Exposure and sensitivity increase 
vulnerability, while adaptive capacity reduces it. This formulation 
reflects the intuitive and empirical understanding that populations 
facing high exposure and high sensitivity will experience greater 
health vulnerability unless sufficient adaptive capacity is present 
to buffer these risks.

In applied settings, exposure may include indicators such as 
frequency of heatwaves, flood incidence, air pollution levels, 
or climate variability; sensitivity may include demographic 
dependency ratios, prevalence of chronic disease, malnutrition, 
or baseline mortality, and adaptive capacity may include health 
service availability, insurance coverage, education levels, income 
security, and governance effectiveness. While the specific 
indicators and weights vary by context, this functional relationship 
provides a consistent and transparent logic for vulnerability 
assessment across diverse population health settings. From a public 
health planning perspective, the ability to quantify vulnerability 
using such a framework enables prioritization in settings where 
resources are constrained. Rather than responding uniformly across 
populations, policymakers can identify locations or groups where 
high exposure and sensitivity coincide with low adaptive capacity, 
signalling urgent need for intervention. Vulnerability assessment 
thus supports a shift from reactive responses to anticipatory and 
preventive strategies, particularly in climate-sensitive regions. 
Vulnerability assessment is also central to advancing health 
equity. By embedding structural determinants into a measurable 
framework, it shifts attention away from individual-level 
outcomes towards systemic drivers of disadvantage. Furthermore, 
when repeated over time, vulnerability indices allow monitoring 
of whether investments in health systems, social protection, 
and climate adaptation are effectively reducing vulnerability 
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or whether new risks are emerging. In this way, vulnerability 
assessment functions both as a diagnostic and a monitoring tool 

within population health and development frameworks.
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Translating the conceptual understanding of vulnerability into 
a measurable and policy-relevant metric requires a structured 
analytical framework. In population health, this is commonly 
achieved through the construction of a composite vulnerability 
index that integrates multiple indicators representing exposure, 
sensitivity, and adaptive capacity into a single summary measure. 
The purpose of such an index is not to oversimplify complexity, 
but to provide a coherent and comparable representation of 
multidimensional vulnerability across populations or geographic 
units. The analytical framework for the vulnerability index is built 
on the principle that no single indicator can adequately capture 
population vulnerability. Instead, vulnerability emerges from the 
combined influence of environmental hazards, demographic and 
health-related susceptibilities, and the capacity of individuals and 
systems to respond. Accordingly, indicators are first organised 
into three broad domains corresponding to exposure, sensitivity, 
and adaptive capacity. Each domain represents a distinct 
but interrelated dimension of vulnerability, ensuring that the 
index reflects both risk and resilience. Within this framework, 
individual indicators are selected based on their relevance to 
population health, data availability, and interpretability for policy 
use. Exposure indicators typically represent the magnitude and 
frequency of climate- or environment-related hazards affecting 
a population, such as extreme temperatures, air pollution levels, 
flooding events, or rainfall variability. Sensitivity indicators 
capture population characteristics that influence the severity of 

health impacts when exposure occurs, including age structure, 
nutritional status, prevalence of chronic disease, and baseline 
mortality patterns. Adaptive capacity indicators reflect the 
resources and systems that enable populations to cope with and 
recover from health shocks, such as healthcare availability, service 
coverage, education, income security, and social protection. The 
structure of the vulnerability index follows a sequential process. 
Raw indicator values are first standardized to ensure comparability 
across different units of measurement. Standardised indicators are 
then aggregated within each domain to generate domain-specific 
scores for exposure, sensitivity, and adaptive capacity. These 
domain scores are subsequently combined using a mathematically 
defined relationship, consistent with the conceptual formulation of 
vulnerability, to produce an overall vulnerability index score for 
each population or geographic unit.

Excel serves as a practical and transparent platform for 
implementing this framework. It allows systematic organisation 
of indicators, application of standardisation formulas, calculation 
of domain scores, and generation of final vulnerability indices. 
The use of Excel also facilitates reproducibility and adaptability, 
enabling the framework to be applied at national, state, district, 
or community levels using routinely available secondary data. 
Importantly, the analytical framework is designed to be flexible 
rather than prescriptive. Indicator selection, weighting schemes, 
and aggregation methods can be adapted to reflect local contexts, 
data constraints, and policy priorities. This flexibility allows the 
vulnerability index to remain methodologically robust while 
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being responsive to diverse population health realities, including 
those shaped by climate change, urbanization, and socioeconomic 
transition. By establishing this analytical structure, the vulnerability 
index creates a clear bridge between conceptual understanding 
and quantitative measurement. It lays the foundation for the 

mathematical formulation, data standardisation techniques, and 
worked examples that follow in subsequent sections, ensuring that 
vulnerability assessment remains both theoretically grounded and 
operationally feasible.
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The mathematical formulation of the vulnerability index provides 
the operational core of vulnerability assessment in population 
health. It translates abstract concepts of exposure, sensitivity, 
and adaptive capacity into a quantifiable metric that can be 
applied consistently across populations and geographic units. 
The formulation is intentionally designed to balance conceptual 
validity, mathematical simplicity, and practical feasibility using 
routinely available secondary data. Vulnerability is expressed as 
a composite function of three domain-level scores representing 
exposure, sensitivity, and adaptive capacity. The functional 
relationship between these domains is defined as:

V = (E × S)/AC

where V denotes the overall vulnerability index for a given 
population unit, E represents the composite exposure score, S 
represents the composite sensitivity score, and AC represents 
the composite adaptive capacity score. This formulation reflects 
a fundamental principle of population health vulnerability: 

vulnerability increases when populations experience high exposure 
to hazards and high sensitivity to their impacts, and decreases 
when adaptive capacity is strong. By placing adaptive capacity 
in the denominator, the equation explicitly models its protective 
and mitigating role. Each component of the equation is itself a 
composite measure derived from multiple indicators. Exposure 
captures the magnitude and frequency of external stressors affecting 
population health, particularly climate- and environment-related 
hazards. Sensitivity reflects intrinsic population characteristics 
that influence how severely exposure translates into adverse health 
outcomes. Adaptive capacity represents the ability of individuals, 
communities, and health systems to anticipate, cope with, and 
recover from health shocks.

To enable aggregation of indicators measured in different units, all 
raw indicator values are standardised prior to index construction. 
Min–max normalisation is commonly used for this purpose and is 
defined as:
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ensuring comparability. Indicators that represent protective factors are inversely scaled so that
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indicators within each domain are aggregated to compute domain- specific scores. In the absence

of strong empirical or normative justification for differential weighting, equal weighting is

applied to all indicators within a domain. Domain scores for exposure, sensitivity, and adaptive

capacity are calculated as the arithmetic mean of their respective normalised indicators. This

approach enhances transparency, reduces subjectivity, and facilitates interpretation by

policymakers and practitioners. The final vulnerability index is obtained by substituting the

domain scores into the vulnerability equation. The resulting index is a continuous measure that

enables relative comparison across population units. Higher index values indicate greater

vulnerability, reflecting a combination of high exposure, high sensitivity, and limited adaptive
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 is the normalized value of indicator i, Xi is the observed 
value, and Xmin and Xmax represent the minimum and maximum 
values of the indicator across all population units included in 
the analysis. This transformation rescales indicators to a uniform 
range between 0 and 1, ensuring comparability. Indicators that 
represent protective factors are inversely scaled so that higher 
values consistently indicate greater vulnerability contribution. 
Following normalisation, indicators within each domain are 
aggregated to compute domain- specific scores. In the absence 
of strong empirical or normative justification for differential 
weighting, equal weighting is applied to all indicators within a 
domain. Domain scores for exposure, sensitivity, and adaptive 
capacity are calculated as the arithmetic mean of their respective 
normalised indicators. This approach enhances transparency, 
reduces subjectivity, and facilitates interpretation by policymakers 
and practitioners. The final vulnerability index is obtained by 
substituting the domain scores into the vulnerability equation. 
The resulting index is a continuous measure that enables relative 
comparison across population units. Higher index values indicate 
greater vulnerability, reflecting a combination of high exposure, 

high sensitivity, and limited adaptive capacity. While the absolute 
value of the index is context-specific, its comparative structure 
makes it particularly useful for prioritization, monitoring, and 
trend analysis. 

Excel provides an effective platform for implementing this mathe-
matical formulation. The computation process is organised across 
sequential columns representing raw indicator values, normalised 
scores, domain-level aggregates, and the final vulnerability index. 
This structured approach ensures full transparency of calculations, 
reproducibility of results, and ease of adaptation to different geo-
graphic scales or indicator sets. The mathematical clarity of the 
formulation also allows for sensitivity analysis, enabling assess-
ment of how changes in individual indicators or domains influ-
ence overall vulnerability. By formalizing vulnerability through 
this mathematical structure, population health assessment moves 
beyond descriptive analysis toward a systematic and replicable 
methodology. This formulation establishes a robust foundation for 
indicator selection, data sourcing, and applied computation, which 
are addressed in subsequent sections.
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1.5. Selection of Indicators and Data Elements
The selection of indicators is a critical step in the construction 
of a vulnerability index, as it determines how accurately the 
index reflects the multidimensional nature of population health 
vulnerability. Indicators serve as measurable proxies for the 
abstract concepts of exposure, sensitivity, and adaptive capacity, 
and their choice must be guided by conceptual relevance, data 
quality, comparability, and policy usefulness. An inappropriate 

or incomplete indicator set can distort vulnerability estimates 
and undermine the credibility of the assessment. In population 
health vulnerability assessment, indicators are selected to capture 
structural rather than transient conditions. Exposure indicators 
are chosen to represent the magnitude and frequency of external 
stressors that populations face, particularly those related to climate 
and environmental change. These include indicators reflecting 
air pollution levels, frequency of extreme temperature events, 
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flood occurrence, rainfall variability, or other location-specific 
environmental hazards. The emphasis is on chronic or recurrent 
exposures that systematically influence health risks rather than 
isolated events. Sensitivity indicators are selected to reflect 
intrinsic population characteristics that determine how severely 
exposure translates into adverse health outcomes. These indicators 
capturedemographic composition, baseline health status, and 
biological susceptibility. Common sensitivity indicators include 
age dependency ratios, proportion of elderly population, under- 
five population share, prevalence of chronic diseases, malnutrition 
levels, and baseline mortality or morbidity indicators. These 
indicators are essential for distinguishing populations that are 
biologically or socially more susceptible to health shocks from 
those that are relatively resilient.

Adaptive capacity indicators represent the resources, systems, and 
institutional mechanisms that enable populations to anticipate, 
cope with, and recover from adverse health impacts. In population 
health analysis, adaptive capacity is closely linked to health system 
strength and broader social development. Indicators commonly 
used include health facility density, health workforce availability, 
insurance or financial protection coverage, literacy or educational 
attainment, access to basic services such as water and sanitation, 
and indicators of income security or poverty reduction. These 
indicators capture the extent to which protective mechanisms are 
in place to mitigate exposure and sensitivity.

Indicator selection also requires careful attention to directionality. 
Indicators that increase vulnerability, such as pollution levels or 
disease prevalence, are coded so that higher values indicate greater 
vulnerability. Conversely, indicators that reduce vulnerability, 
such as healthcare access or insurance coverage, are treated as 

protective and are inversely scaled during normalisation to ensure 
consistent interpretation across the index. This step is crucial for 
maintaining mathematical coherence in the vulnerability formula. 
Data availability and reliability are central considerations in 
indicator selection. Preference is given to indicators derived 
from routinely collected, publicly available, and periodically 
updated data sources. In the Indian context, key sources include 
the Population Census, National Family Health Survey, Sample 
Registration System, National Sample Survey, Health Management 
Information System, and administrative data from the Ministry of 
Health and Family Welfare. Climate and environmental indicators 
are typically sourced from meteorological agencies, pollution 
monitoring systems, and satellite-based datasets. At the global 
level, comparable indicators may be drawn from WHO, World 
Bank, UNDP, and other international agencies. Another important 
consideration is spatial and temporal comparability. Indicators must 
be available at the same geographic scale, such as district, state, or 
national level, and ideally for similar time periods. Where temporal 
mismatches exist, careful justification and documentation are 
required to avoid misleading interpretations. Indicator redundancy 
is also avoided by ensuring that selected indicators capture distinct 
dimensions of vulnerability rather than duplicating the same 
underlying construct. Ultimately, the indicator set is designed to 
balance comprehensiveness with parsimony. While vulnerability 
is inherently complex, an excessively large number of indicators 
can obscure interpretation and reduce usability for policymakers. 
A well-constructed indicator set captures key dimensions of 
exposure, sensitivity, and adaptive capacity without sacrificing 
clarity, transparency, or operational feasibility. This structured 
approach to indicator selection ensures that the vulnerability index 
remains analytically robust, policy-relevant, and adaptable across 
population health contexts.

Figure 6

1.6. Data Sources for Vulnerability Assessment
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reliability, and appropriateness of the data sources used to populate the selected indicators.

Because vulnerability assessment integrates multiple domains of population health, environment,
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essential to ensure transparency, reproducibility, and interpretability of the vulnerability index. In

population health vulnerability assessment, demographic and health-related indicators are

typically drawn from large-scale, nationally representative data systems that provide standardized

and comparable information across geographic units.

In the Indian context, the Population Census serves as the primary source for demographic

structure, age composition, housing characteristics, and basic amenities. Health outcome and
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1.6. Data Sources for Vulnerability Assessment
The robustness and credibility of a vulnerability assessment depend 
fundamentally on the quality, reliability, and appropriateness of 
the data sources used to populate the selected indicators. Because 
vulnerability assessment integrates multiple domains of population 
health, environment, and health system capacity, it necessarily 
relies on a combination of demographic, health, socioeconomic, 
and environmental datasets. Careful documentation of data sources 
is therefore essential to ensure transparency, reproducibility, 
and interpretability of the vulnerability index. In population 
health vulnerability assessment, demographic and health-related 
indicators are typically drawn from large-scale, nationally 
representative data systems that provide standardized and 
comparable information across geographic units. 

In the Indian context, the Population Census serves as the primary 
source for demographic structure, age composition, housing 
characteristics, and basic amenities. Health outcome and service 
coverage indicators are commonly sourced from the National 
Family Health Survey, which provides comprehensive data on 
nutrition, morbidity, mortality, reproductive and child health, and 
healthcare utilization. Mortality-related indicators are supplemented 
by the Sample Registration System, which offers more frequent 
and reliable estimates of birth and death rates. Socioeconomic 
and financial protection indicators are often derived from the 
National Sample Survey and related household consumption and 
employment surveys. These datasets provide critical information 
on poverty status, consumption patterns, out-of-pocket health 
expenditure, insurance coverage, and employment vulnerability, 
all of which directly influence adaptive capacity. Administrative 
health system data, including health facility availability, service 
delivery, and workforce distribution, are obtained from sources 
such as the Health Management Information System, Rural Health 
Statistics, and reports from the Ministry of Health and Family 
Welfare. 

Environmental and climate-related exposure indicators are sourced 
from meteorological, environmental monitoring, and geospatial 
systems. Air quality data are typically obtained from national 
pollution monitoring networks, while temperature, rainfall, 

and extreme weather indicators are drawn from meteorological 
agencies. Satellite-derived datasets are increasingly used to capture 
spatially disaggregated information on land surface temperature, 
vegetation cover, flood extent, and drought conditions, particularly 
where ground-based data are sparse. These sources are essential for 
capturing climate-related exposures that disproportionately affect 
vulnerable populations. At the international level, vulnerability 
assessments often draw on harmonized datasets from global 
agencies to enable cross-country comparison. The World Health 
Organization provides standardized health indicators, while the 
World Bank and United Nations Development Programme supply 
data on poverty, development, governance, and resilience. These 
global datasets are particularly useful for comparative analysis 
across Asian, European, and African regions, although they may 
lack the granularity required for sub-national analysis. An important 
consideration in data sourcing is temporal alignment. Indicators 
included in a vulnerability index should ideally correspond to the 
same or closely aligned reference periods to avoid misrepresenting 
vulnerability patterns. 

Where perfect alignment is not possible, the most recent and 
relevant data are used, and assumptions are explicitly documented. 
Spatial consistency is equally important, as indicators must be 
available at comparable geographic scales to allow meaningful 
aggregation and comparison. Data limitations are an inherent 
challenge in vulnerability assessment. Gaps in environmental 
monitoring, under-reporting in administrative systems, and time 
lags in survey data can introduce uncertainty. Rather than excluding 
such indicators entirely, vulnerability assessment frameworks 
acknowledge these limitations and emphasize triangulation across 
multiple sources where feasible. Transparency in data selection 
and documentation is therefore treated as a methodological 
strength rather than a weakness. By systematically integrating data 
from authoritative national and international sources, vulnerability 
assessment creates a comprehensive empirical foundation for 
understanding population health risk and resilience. The careful 
selection and documentation of data sources ensure that the 
resulting vulnerability index is not only analytically sound but also 
defensible for policy use, research publication, and longitudinal 
monitoring.
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In contrast, indicators that reduce vulnerability, such as healthcare access, insurance coverage,

literacy, or income security, are considered protective. These indicators are inversely transformed

during the normalisation process to ensure that higher normalised values consistently reflect

greater vulnerability contribution across all indicators. Standardisation also facilitates

transparency and reproducibility. By explicitly documenting the normalisation method and

reference values used, vulnerability assessments can be replicated across time and settings. This

is particularly important for monitoring trends in vulnerability and evaluating the impact of

policy interventions. Min–max normalisation is especially well suited for Excel-based
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where Xi is the observed value for a given population unit, and 
Xmin and Xmax represent the minimum and maximum values of 

that indicator across all units included in the analysis. After 
transformation, values closer to one indicate higher contribution 
to vulnerability, while values closer to zero indicate lower 
contribution. An important aspect of normalisation is maintaining 
consistent directionality across indicators. Indicators that increase 
vulnerability, such as pollution levels, disease prevalence, or 
poverty rates, are normalised directly so that higher values 
correspond to higher vulnerability. 

In contrast, indicators that reduce vulnerability, such as healthcare 
access, insurance coverage, literacy, or income security, are 
considered protective. These indicators are inversely transformed 
during the normalisation process to ensure that higher normalised 
values consistently reflect greater vulnerability contribution across 
all indicators. Standardisation also facilitates transparency and 
reproducibility. By explicitly documenting the normalisation 
method and reference values used, vulnerability assessments 
can be replicated across time and settings. This is particularly 
important for monitoring trends in vulnerability and evaluating 
the impact of policy interventions. Min–max normalisation is 
especially well suited for Excel-based implementation, as it is 
computationally simple, easily auditable, and intuitive for both 
analysts and policymakers. 

In practice, normalization is performed separately for each 
indicator column in the dataset. Excel formulas are applied 
uniformly across all population units, ensuring consistency. Care 
is taken to handle missing or extreme values appropriately, as 
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outliers can disproportionately influence minimum and maximum 
reference points. Where necessary, sensitivity analyses may 
be conducted to assess the robustness of results to alternative 
normalisation approaches. By standardising indicators prior to 
aggregation, vulnerability assessment ensures that no single 

indicator dominates the index solely due to scale differences. This 
step is fundamental to the integrity of the vulnerability index and 
provides a mathematically sound foundation for domain score 
calculation and final index construction.
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Weighting and aggregation constitute the final methodological 
steps in translating standardised indicators into domain scores 
and an overall vulnerability index. These steps determine 
how individual indicators and domains contribute to the final 
vulnerability measure and therefore have important implications 
for interpretation, comparability, and policy relevance. A 
transparent and well-justified weighting and aggregation strategy 
is essential to ensure methodological credibility and avoid arbitrary 
influence of selected indicators. In population health vulnerability 
assessment, weighting refers to the relative importance assigned 
to individual indicators within a domain or to domains within the 
overall index. Aggregation refers to the mathematical process by 
which weighted indicators are combined to produce composite 
scores. Together, these steps transform normalised indicator values 
into interpretable measures of exposure, sensitivity, adaptive 
capacity, and overall vulnerability. A commonly adopted approach 
in vulnerability assessment is equal weighting of indicators within 
each domain. Under this approach, all selected indicators are 
assumed to contribute equally to the domain they represent. This 
method is particularly suitable when there is no strong empirical 
evidence or consensus to justify differential weighting. Equal 
weighting enhances transparency, reduces subjectivity, and makes 
the index easier to communicate to policymakers and stakeholders. 
It also aligns well with Excel-based implementation and routine 
monitoring applications.

Using equal weighting, domain scores are calculated as the 
arithmetic mean of the normalised indicators within each domain. 
The exposure score is obtained by averaging all normalised 
exposure indicators, the sensitivity score by averaging sensitivity 
indicators, and the adaptive capacity score by averaging adaptive 
capacity indicators. This approach ensures that no single indicator 
dominates the domain score solely due to scale or arbitrary 
preference. Once domain scores are computed, aggregation across 
domains is performed using the vulnerability equation defined 
earlier. In this framework, exposure and sensitivity are combined 
multiplicatively and then adjusted by adaptive capacity, reflecting 
their interactive influence on vulnerability. The aggregation method 
explicitly models the conceptual understanding that high exposure 
and sensitivity jointly amplify vulnerability, while adaptive 
capacity mitigates these effects. Alternative weighting approaches, 
such as expert-informed weighting, statistical weighting, or policy-
priority weighting, may be considered in specific contexts. 

However, these approaches introduce additional assumptions and 
complexity and may reduce comparability across settings. For 
this reason, equal weighting is often preferred in foundational 
vulnerability assessments, particularly when the objective is to 
support broad policy prioritisation and cross- regional comparison. 
Aggregation methods also influence the interpretability of the 
vulnerability index. Arithmetic aggregation maintains linearity and 
interpretability, while more complex aggregation methods may 
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obscure the contribution of individual components. The chosen 
methodology therefore balances mathematical rigor with usability, 
ensuring that vulnerability scores remain understandable to non-
technical audiences without compromising analytical validity. 
Excel-based implementation of weighting and aggregation 
allows each step of the calculation to be explicitly documented 
and audited. Separate columns are used to calculate weighted 
indicator values, domain-level averages, and final vulnerability 
scores. This structure supports reproducibility, sensitivity analysis, 

and easy adaptation of the framework to alternative weighting 
schemes if required in future analyses. By adopting a clear and 
transparent weighting and aggregation methodology, vulnerability 
assessment ensures that the resulting index faithfully represents 
the underlying conceptual framework. This step completes the 
quantitative construction of vulnerability and prepares the ground 
for interpretation, classification, and comparative analysis in 
subsequent sections.
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1.9. Worked Example of Vulnerability Index Calculation
To demonstrate the practical application of the vulnerability 
assessment framework, this section presents a worked example 
illustrating the step-by-step calculation of the vulnerability index 
for a hypothetical population unit. The objective of this example is 
to translate the conceptual framework, mathematical formulation, 
and methodological choices described in earlier sections into a 
transparent and reproducible computational process. The example 
assumes a single district-level population unit for which a limited 
but representative set of indicators has been selected under each 
vulnerability component. For exposure, indicators may include 
average annual air pollution levels and number of extreme heat 
days. For sensitivity, indicators may include proportion of elderly 
population and prevalence of undernutrition. For adaptive capacity, 
indicators may include health facility density and population 
coverage under health insurance schemes. The selected indicators 
are illustrative and are chosen to demonstrate methodology rather 
than to represent a comprehensive assessment. The calculation 

begins with the compilation of raw indicator values for the 
population unit. These raw values are expressed in different units 
and scales and therefore cannot be aggregated directly. Each 
indicator is first normalised using the min–max normalisation 
technique described earlier. Minimum and maximum reference 
values are defined based on the range observed across all 
population units included in the assessment. The normalised value 
for each indicator is calculated using the standard normalisation 
formula, resulting in values bounded between zero and one. For 
indicators that represent protective factors, such as health facility 
density or insurance coverage, inverse normalisation is applied to 
ensure consistent directionality across the index. After this step, all 
indicators are aligned such that higher normalised values indicate 
greater contribution to vulnerability.

Once normalisation is completed, domain scores are calculated. 
The exposure score is obtained by taking the arithmetic mean 
of the normalised exposure indicators. Similarly, the sensitivity 
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score is calculated as the mean of the normalised sensitivity 
indicators, and the adaptive capacity score is calculated as the 
mean of the normalised adaptive capacity indicators. Equal 
weighting is applied within each domain to maintain transparency 
and avoid introducing subjective bias. The final vulnerability 
index is then computed using the vulnerability equation defined 
earlier, combining exposure and sensitivity multiplicatively and 
adjusting by adaptive capacity. The resulting vulnerability score 
is a continuous value that reflects the relative vulnerability of the 
population unit in relation to others included in the assessment. 
A higher score indicates greater vulnerability due to higher 
exposure and sensitivity coupled with lower adaptive capacity. 
Excel is used as the computational platform for this example. 
Each indicator is represented in a separate column, with rows 

corresponding to population units. Additional columns are used 
to calculate normalised values, domain-level averages, and the 
final vulnerability index score. This tabular structure ensures that 
each calculation step is visible, traceable, and reproducible. It 
also allows easy modification of indicators, weights, or reference 
values for sensitivity analysis. The worked example illustrates 
how vulnerability assessment moves from abstract concepts to 
actionable metrics. By explicitly documenting each computational 
step, the framework ensures methodological clarity and facilitates 
application by health planners, researchers, and policymakers. 
This approach enables vulnerability assessment to be scaled across 
geographic levels, updated over time, and adapted to different 
population health contexts, making it a practical tool for evidence-
informed decision-making.
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Once the vulnerability index has been calculated, the next critical 
step is the interpretation and classification of vulnerability levels. 
The vulnerability index is a relative, composite measure, and 
its value lies not only in numerical precision but in its ability to 
meaningfully differentiate population units based on their relative 
risk and resilience profiles. Proper interpretation is therefore 
essential for translating analytical results into actionable public 
health insights. The vulnerability index produces a continuous 
score for each population unit, reflecting the combined influence 
of exposure, sensitivity, and adaptive capacity. Higher index 
values indicate greater vulnerability, driven by higher exposure 

to hazards, greater population sensitivity, and lower adaptive 
capacity. Conversely, lower index values indicate comparatively 
lower vulnerability and greater resilience. Because the index is 
relative, interpretation should always be made in comparison to 
other population units within the same analytical frame, rather 
than as an absolute measure of risk. For practical application, 
vulnerability scores are often classified into ordered categories 
such as low, moderate, high, and very high vulnerability. 
Classification facilitates communication with policymakers, 
planners, and non-technical stakeholders by simplifying complex 
numerical outputs into intuitive groupings. These categories 
support prioritisation of interventions, allocation of resources, 



Int J Health Policy Plann, 2026 Volume 5 | Issue 1 | 13

and identification of geographic or demographic clusters requiring 
urgent attention. Several approaches may be used to define 
classification thresholds. A common method involves dividing the 
distribution of vulnerability scores into quantiles, such as tertiles 
orquartiles, ensuring that population units are evenly distributed 
across categories. 

Alternatively, classification may be based on statistically defined 
thresholds such as standard deviations from the mean, which 
highlight extreme vulnerability relative to the overall distribution. 
In some policy contexts, fixed threshold values may be applied to 
enable comparison over time, provided the underlying indicator 
framework remains stable. The choice of classification method 
depends on the intended use of the vulnerability assessment. 
Quantile-based classification is particularly useful for prioritisation 
within a given planning cycle, while fixed thresholds are more 
suitable for monitoring trends and evaluating progress over time. 
Regardless of the method used, transparency in classification criteria 
is essential to avoid misinterpretation or misuse of vulnerability 
categories. Interpretation of vulnerability levels must also consider 
the underlying drivers of vulnerability. Two population units with 
similar overall vulnerability scores may differ substantially in their 

exposure, sensitivity, or adaptive capacity profiles. Disaggregating 
the index into its component scores therefore provides critical 
contextual insight and helps tailor interventions appropriately. For 
example, high vulnerability driven primarily by exposure may 
require environmental or climate adaptation measures, whereas 
vulnerability driven by low adaptive capacity may necessitate 
health system strengthening or social protection interventions.

Importantly, vulnerability classification should be treated as a 
dynamic and context-sensitive process. Vulnerability levels can 
change over time in response to policy interventions, demographic 
transitions, economic shifts, or environmental change. Periodic 
reassessment using consistent methodology allows monitoring of 
vulnerability trajectories and evaluation of whether interventions 
are effectively reducing population vulnerability. By combining 
numerical interpretation with categorical classification, 
vulnerability assessment bridges the gap between quantitative 
analysis and policy action. This step ensures that the vulnerability 
index functions not merely as an analytical output, but as a decision-
support tool for advancing equity, resilience, and population health 
outcomes.
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interpretation with categorical classification, vulnerability assessment bridges the gap between
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1.11. Cross-Regional Comparison of Vulnerability Frameworks
Vulnerability assessment frameworks, while grounded in a common 
conceptual foundation, differ substantially across regions due to 
variations in demographic profiles, socioeconomic conditions, 
health system maturity, governance capacity, and environmental 
exposure. Comparing vulnerability assessment approaches across 
Asian, European, and African contexts highlights how vulnerability 
is shaped not only by hazard exposure but also by structural and 
institutional factors that influence population resilience. In many 
Asian countries, vulnerability assessment places strong emphasis 
on population density, rapid urbanisation, and climate sensitivity. 
High concentrations of population in urban and peri-urban areas 
increase exposure to air pollution, heat stress, flooding, and water 
scarcity. Sensitivity is often shaped by demographic transitions, 
with coexistence of large young populations and rapidly growing 
elderly cohorts. 

Adaptive capacity varies widely across and within countries, 
reflecting disparities in health system access, social protection 
coverage, and infrastructure. As a result, vulnerability frameworks 
in Asia frequently incorporate indicators related to urban slums, 
informal employment, migration, and environmental degradation, 
alongside traditional health and demographic indicators. European 
vulnerability assessment frameworks are shaped by a different 
set of challenges. Overall exposure to extreme climatic hazards 
may be lower or more geographically contained, but sensitivity is 
increasingly driven by population ageing, chronic disease burden, 
and social isolation. Adaptive capacity is generally stronger due to 
well-established health systems, social welfare mechanisms, and 
governance structures. 

Consequently, European vulnerability frameworks often place 
greater weight on indicators related to elderly dependency, long-
term care capacity, social inclusion, and health system resilience. 
Rather than focusing primarily on absolute deprivation, these 
frameworks emphasize differential vulnerability within relatively 
well-resourced systems, such as disparities affecting migrants, 
low-income households, and socially marginalised groups. In 
African contexts, vulnerability assessment frameworks typically 
address compounded and systemic vulnerability arising from 

high exposure, high sensitivity, and limited adaptive capacity. 
Many populations face recurrent exposure to climate extremes 
such as droughts, floods, and heatwaves, combined with food 
insecurity, high infectious disease burden, and fragile health 
systems. Sensitivity is amplified by poverty, malnutrition, and 
high dependency ratios, while adaptive capacity is constrained 
by limited infrastructure, workforce shortages, and weak social 
protection systems. Vulnerability frameworks in Africa therefore 
tend to integrate indicators related to food security, water access, 
conflict, displacement, and health system fragility, reflecting the 
intersection of health, climate, and development challenges. 

Despite these contextual differences, common methodological 
principles underpin vulnerability assessment across regions. All 
frameworks rely on multidimensional indicator sets, standardisation 
of heterogeneous data, and composite index construction to 
capture relative vulnerability. However, the choice of indicators, 
weighting schemes, and policy applications vary according to 
regional priorities and data availability. Asian frameworks often 
prioritise climate–urban linkages, European frameworks focus on 
ageing and social cohesion, and African frameworks emphasise 
structural vulnerability and resilience deficits. Cross-regional 
comparison underscores the importance of contextual adaptation 
in vulnerability assessment. 

A framework developed for one region cannot be applied 
wholesale to another without modification, as doing so risks 
misrepresenting vulnerability drivers and policy needs. At the same 
time, comparative analysis offers valuable insights by highlighting 
how different societies manage risk, reduce sensitivity, and 
strengthen adaptive capacity. Such comparisons inform global 
learning, support international cooperation, and contribute to the 
development of more equitable and resilient population health 
systems. By situating vulnerability assessment within a global 
comparative perspective, this section reinforces the argument 
that vulnerability is not merely a function of hazard exposure, 
but a reflection of broader social, economic, and institutional 
arrangements. Understanding these regional differences is 
essential for designing vulnerability assessments that are both 
methodologically sound and contextually meaningful.
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Figure 12
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Vulnerability assessment offers a powerful and integrative approach for understanding population

health risks, particularly in contexts characterised by social inequality, environmental stress, and

health system variability. One of the primary strengths of this approach lies in its ability to

synthesise diverse dimensions of risk and resilience into a single analytical framework. By

explicitly incorporating exposure, sensitivity, and adaptive capacity, vulnerability assessment

moves beyond narrow disease-centric analysis and captures the structural determinants that shape

health outcomes across populations. Another key strength of vulnerability assessment is its

flexibility and scalability. The framework can be applied at multiple geographic levels, including

national, state, district, or community scales, and can be adapted to different thematic priorities
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Vulnerability assessment offers a powerful and integrative 
approach for understanding population health risks, particularly in 
contexts characterised by social inequality, environmental stress, 
and health system variability. One of the primary strengths of 
this approach lies in its ability to synthesise diverse dimensions 
of risk and resilience into a single analytical framework. By 
explicitly incorporating exposure, sensitivity, and adaptive 
capacity, vulnerability assessment moves beyond narrow disease-
centric analysis and captures the structural determinants that 
shape health outcomes across populations. Another key strength 
of vulnerability assessment is its flexibility and scalability. The 
framework can be applied at multiple geographic levels, including 
national, state, district, or community scales, and can be adapted to 
different thematic priorities such as climate change, urban health, 
disaster preparedness, or health system resilience. The use of 
routinely available secondary data enhances feasibility, while the 
transparency of index construction supports reproducibility and 
policy uptake. When implemented using simple computational 
platforms such as Excel, vulnerability assessment remains 
accessible to health planners and programme managers without 
requiring advanced technical infrastructure. 

Despite these strengths, vulnerability assessment also has inherent 
limitations that must be acknowledged. The construction of a 
composite index inevitably involves methodological choices 

related to indicator selection, normalisation, weighting, and 
aggregation. While equal weighting enhances transparency, it may 
oversimplify complex relationships among indicators. Conversely, 
more sophisticated weighting approaches can introduce subjectivity 
and reduce interpretability. The vulnerability index therefore 
represents an approximation rather than an absolute measure of 
risk, and results should be interpreted with caution. Data limitations 
constitute another important constraint. Many indicators relevant to 
vulnerability, particularly those related to environmental exposure, 
informal employment, migration, or social exclusion, are either 
poorly measured or infrequently updated. Temporal mismatches 
between datasets, spatial aggregation issues, and under-reporting in 
administrative systems can introduce uncertainty into vulnerability 
estimates. While triangulation across multiple data sources can 
mitigate some of these challenges, residual data gaps remain an 
unavoidable feature of population-level vulnerability assessment. 
Ethical considerations are central to the responsible use of 
vulnerability assessment. Labeling populations or geographic areas 
as “highly vulnerable” carries the risk of stigma, misinterpretation, 
or political misuse. Vulnerability indices must therefore be framed 
as tools for prioritisation and support rather than as definitive 
judgments about communities. Clear communication of the 
index’s purpose, limitations, and contextual drivers is essential to 
prevent unintended consequences. Equity and inclusion are also 
ethical imperatives in vulnerability assessment. The selection 
of indicators should reflect the lived realities of marginalised 
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populations rather than the convenience of available data alone. 
Exclusion of hard-to-measure dimensions such as gender- based 
vulnerability, disability, informal work conditions, or social 
exclusion can lead to systematic underestimation of vulnerability 
among already disadvantaged groups. Continuous refinement of 
indicator frameworks is therefore necessary to ensure ethical and 
inclusive representation. 

Finally, ethical vulnerability assessment requires transparency 
and accountability. All methodological decisions, including data 
sources, assumptions, and classification thresholds, must be clearly 
documented and openly communicated. This transparency allows 
stakeholders to critically engage with the findings and fosters trust 
in the assessment process. When used responsibly, vulnerability 
assessment serves not only as an analytical instrument but as a 
normative tool that reinforces commitments to equity, social 
justice, and resilience in population health policy.

Figure 13

1.13. Policy and Programmatic Applications of Vulnerability Assessment

Vulnerability assessment serves as a critical bridge between population health analysis and

evidence-informed policy action. By systematically identifying populations and geographic areas

facing heightened exposure, sensitivity, and constrained adaptive capacity, vulnerability

assessment enables policymakers and programme managers to move beyond uniform

interventions toward targeted, equity-oriented strategies. Its greatest value lies not merely in

measuring vulnerability, but in informing decisions about where, how, and for whom
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Assessment
Vulnerability assessment serves as a critical bridge between 
population health analysis and evidence-informed policy action. 
By systematically identifying populations and geographic areas 
facing heightened exposure, sensitivity, and constrained adaptive 
capacity, vulnerability assessment enables policymakers and 
programme managers to move beyond uniform interventions 
toward targeted, equity-oriented strategies. Its greatest value 
lies not merely in measuring vulnerability, but in informing 
decisions about where, how, and for whom interventions should 
be prioritised. In public health planning, vulnerability assessment 
supports strategic prioritisation of resources in contexts of fiscal 
and operational constraints. Health systems often operate with 

limited capacity to address all needs simultaneously. 

Vulnerability indices provide a transparent basis for identifying 
districts, communities, or population groups where health risks 
are most concentrated and where marginal gains from intervention 
are likely to be highest. This prioritisation is particularly relevant 
for climate-sensitive health programmes, where exposure to heat, 
air pollution, flooding, or vector proliferation varies substantially 
across regions. Vulnerability assessment also plays a central role in 
the design and targeting of preventive and adaptive interventions. 
Populations identified as highly vulnerable due to elevated 
exposure may benefit from environmental and infrastructural 
measures such as heat action plans, improved housing, water and 
sanitation interventions, or strengthened early warning systems. 
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Where vulnerability is driven primarily by sensitivity, interventions 
may focus on nutrition, chronic disease management, maternal and 
child health services, or protection of elderly populations. 

In settings where low adaptive capacity is the dominant driver, policy 
responses may prioritise health system strengthening, workforce 
deployment, financial protection mechanisms, and expansion of 
social safety nets. In programme implementation, vulnerability 
assessment supports geographic targeting and differential intensity 
of interventions. Rather than applying uniform programme 
designs across all areas, vulnerability-informed planning allows 
for tailoring of intervention packages based on local vulnerability 
profiles. This approach enhances efficiency and effectiveness by 
aligning programme inputs with underlying drivers of risk. It also 
facilitates intersectoral coordination by highlighting the need for 
action beyond the health sector, including housing, urban planning, 
water resources, social welfare, and disaster management.

Vulnerability assessment is also a valuable tool for monitoring and 
evaluation. Repeated assessment using consistent methodology 
enables tracking of changes in vulnerability over time, providing 
insight into whether policy interventions are effectively reducing 
exposure, sensitivity, or adaptive capacity gaps. This dynamic 
application transforms vulnerability assessment from a one-time 

diagnostic exercise into a longitudinal monitoring instrument 
that supports accountability and adaptive policy learning. At the 
national and subnational levels, vulnerability assessment can 
inform the allocation of funds, development of priority districts 
or blocks, and integration of equity considerations into routine 
planning processes. In decentralised systems, vulnerability 
indices empower local governments with evidence to advocate for 
resources and tailor interventions to local needs. 

At the international level, vulnerability assessment supports 
comparative analysis, donor prioritisation, and alignment of global 
health and climate financing with population needs. Importantly, 
the policy application of vulnerability assessment must remain 
context-sensitive and participatory. Quantitative vulnerability 
indices should be complemented by qualitative insights and 
stakeholder engagement to ensure that interventions are culturally 
appropriate and socially acceptable. Vulnerability assessment 
should inform, rather than replace, deliberative decision-making 
processes. By embedding vulnerability assessment into planning, 
implementation, and evaluation cycles, population health systems 
can better anticipate risks, reduce inequities, and strengthen 
resilience. When applied responsibly, vulnerability assessment 
becomes a powerful decision- support tool that aligns public health 
action with principles of equity, efficiency, and sustainability.

Figure 14

2. Conclusion – Vulnerability Assessment as a Strategic Tool

Vulnerability assessment has emerged as a critical analytical and decision-support tool in

population health, offering a structured approach to understanding how exposure to hazards,

population sensitivity, and adaptive capacity interact to shape health outcomes. By moving

beyond single indicators or average health measures, vulnerability assessment captures the

underlying structural drivers of inequity and provides a more nuanced understanding of why

certain populations experience disproportionate health risks. Throughout this chapter,

vulnerability assessment has been presented as both a conceptual framework and an operational

methodology. The integration of exposure, sensitivity, and adaptive capacity into a composite

index allows for systematic comparison across populations and geographic units, while the use of

Figure 14
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2. Conclusion – Vulnerability Assessment as a Strategic Tool
Vulnerability assessment has emerged as a critical analytical and 
decision-support tool in population health, offering a structured 
approach to understanding how exposure to hazards, population 
sensitivity, and adaptive capacity interact to shape health outcomes. 
By moving beyond single indicators or average health measures, 
vulnerability assessment captures the underlying structural 
drivers of inequity and provides a more nuanced understanding 
of why certain populations experience disproportionate health 
risks. Throughout this chapter, vulnerability assessment has been 
presented as both a conceptual framework and an operational 
methodology. The integration of exposure, sensitivity, and 
adaptive capacity into a composite index allows for systematic 
comparison across populations and geographic units, while the use 
of standardised indicators and transparent computation methods 
ensures reproducibility and policy relevance. When implemented 
using routinely available data and accessible analytical platforms, 
vulnerability assessment remains both rigorous and feasible for 
real-world application. 

A key strength of vulnerability assessment lies in its adaptability. 
The framework can be tailored to different contexts, scales, 
and policy priorities, including climate change adaptation, 
urban health planning, disaster preparedness, and health system 
strengthening. Cross-regional comparison demonstrates that while 
the conceptual foundation of vulnerability remains consistent, 
its operationalisation must be sensitive to demographic, 
socioeconomic, environmental, and institutional realities. This 
contextual flexibility is essential for ensuring that vulnerability 
assessment informs meaningful and appropriate interventions. 
At the same time, the chapter has highlighted important 
methodological and ethical considerations. Vulnerability indices 
are inherently relative and approximate, shaped by choices in 
indicator selection, normalisation, and aggregation. Responsible 
use therefore requires transparency, careful interpretation, and 
avoidance of stigmatizing labels. Vulnerability assessment should 
be viewed as a tool for prioritisation and support rather than 
categorisation or judgment. 

When embedded within planning, implementation, and monitoring 
cycles, vulnerability assessment strengthens the capacity of health 
systems to anticipate risks, allocate resources equitably, and track 

progress toward resilience. In an era characterised by climate 
change, demographic transition, and widening health inequities, 
vulnerability assessment provides a strategic lens through which 
population health policy can be aligned with principles of equity, 
efficiency, and sustainability. Ultimately, vulnerability assessment 
is not an end in itself but a means to inform action. Its true value 
lies in its ability to guide targeted interventions, foster intersectoral 
collaboration, and support evidence-informed decision-making 
that prioritises the needs of the most at-risk populations. When 
applied with methodological rigor and ethical sensitivity, 
vulnerability assessment becomes a powerful instrument for 
advancing population health and social justice [1-10].
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