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ABSTRACT 

Effective climate change adaptation requires accurate data to inform and shape the 

production of effective assessments and reports. Yet, the lack of reliable information to 

support intervention presents a significant obstacle to producing useful and reliable 

assessments—particularly in the global South. To address these issues, and to more 

effectively respond to the challenges of climate change in this context and beyond, 

additional strategies and mechanisms to augment the collection and synthesis of data are 

needed. The following research evaluates a groundbreaking regional-level vulnerability 

assessment project conducted for the Indian Himalayan Region (IHR), to identify how a 

variety of nascent methodologies, technologies, and strategies demonstrate the potential to 

help bridge the key information gaps of the vulnerability assessment process. It also aims to 

arm practitioners with an array of tools, techniques, and possibilities given the increasingly 

devastating effects of climate change, on both the people of India and the world. 
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EXECUTIVE SUMMARY 

Effective climate change adaptation requires accurate data to inform and shape the 

production of effective assessments and reports. Yet, the lack of readily available and 

reliable information to support intervention presents a significant obstacle to producing 

useful and reliable assessments—particularly in the context of the global South. The 

inconsistency of metrics and standards across administrative boundaries also make 

comparison across geographies difficult. Uncertainty about the appropriate scale at which to 

collect data for effective policy-making also continues to hinder the success of assessment 

projects throughout the world. 

To address these issues, and to more effectively respond to the challenges of climate 

change in this kind of context, additional strategies and mechanisms to augment the 

collection and synthesis of data are needed. The following research evaluates a 

groundbreaking regional-level vulnerability assessment project conducted for the Indian 

Himalayan Region (IHR) (DST & SDC, 2019). While the IHR Report demonstrates 

significant promise for future projects through its novel approach to vulnerability 

assessment, this research has also identified a number of key limitations in its approach. 

First, this project engages with a relatively simplified conceptualization of vulnerability—it 

fails to some of the more indirect and contextual factors that influence vulnerability. Second, 

the lack of reliable granular data and the issues inherent to aggregating that data have 

negatively affected the selection of key indicators. And finally, even with a set of commonly 

derived indicators chosen, the project has not effectively integrated them at different spatial 

scales.  

In an attempt to address these shortfalls, and propose potential solutions for future 

assessment efforts, this research references relevant academic and professional literature on 

vulnerability to climate change, and reviews assessment projects conducted both within 

India and beyond. This is done to identify how a variety of nascent methodologies, 
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technologies, and strategies demonstrate the potential to help bridge the key information 

gaps of the assessment process. Some of these potential solutions include the deployment of 

disruptive technologies such as unmanned aerial vehicles (UAVs), as well as so-called 

“smart city” distributed sensor networks to increase the collection of reliable micro-level 

data. Decentralized data collection modes that utilize open- and crowd-sourced platforms are 

another interesting trend in data development that offers particular promise in supporting 

data development where resources are limited. Other potential solutions are found within 

alternative methodologies that incorporate unconventional indicators and indigenous 

knowledge practices to more accurately identify and assess local vulnerability.  

And while these examples provide potential solutions to the key shortfalls of the IHR 

Assessment Report, future assessment efforts in other contexts must first acknowledge that 

no single intervention will enable a project to overcome all of its limitations. For example, 

certain interventions can provide accurate data at a low cost, but the kind of data they are 

able to produce is largely limited to biophysical or orthographic imagery. Others can provide 

nuanced socioeconomic data to inform indicators, yet the scale at which this can be done is 

limited by the availability of resources. This means that a successful assessment approach is 

one that effectively incorporates multiple complementary tools and techniques to achieve its 

goals; an appropriate mix of solutions will allow for the best possible results given the 

inherent limitations of each intervention. Alternatively, projects that seek to achieve certain 

outcomes above others can lean on the particular tools or techniques best suited to those 

aims. These prescriptions also go well beyond their current region. They can also be applied 

to other geographies, which may be experiencing a shared set of obstacles in the 

development of accurate assessments. They can also offer an expanded view of data and its 

role within the development of tools and assessment strategies more broadly. 

In addition to its implications within data development more broadly, plans to 

implement the Common Framework used in the IHR Assessment Report within future 

climate change vulnerability assessments throughout India make the following 
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recommendations even more necessary. Efforts should be made to overcome the shortfalls 

of this prototypical report by increasing the availability of granular, local-level data to 

inform indicators. Using the participatory indicator development process of the Common 

Framework, stakeholders should first identify those aspects of their shared region that are 

most important when considering vulnerability, regardless of data availability. Once these 

have been identified, appropriate tools, techniques, and resources can be made available to 

help bridge the most pressing data gaps that prevent the inclusion of indicators in the final 

report. 

In fact, given that this framework will be implemented at a much larger spatial scale, 

developing reliable granular data is even more necessary. Data quality will not only affect 

the overall accuracy of assessment, but make assessment goals more aligned with addressing 

on-the-ground vulnerabilities. And while a variety of institutional, technical, and political 

obstacles continue to present challenges, this report aims to arm practitioners with an array 

of tools, techniques, and possibilities. This is especially urgent given the impending negative 

effects of climate change, fixed to produce increasingly devastating effects on the people of 

India and the world.  
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1. INTRODUCTION 

Climate change adaptation requires accurate data to inform the production of 

effective assessments and reports. Data is not only essential for its role in informing 

assessments, but in its ability to shape the nature and scope of the entire assessment process. 

Yet, the lack of readily available and reliable information to support intervention presents a 

significant obstacle to producing useful and reliable assessments. The inconsistency of 

metrics and standards across administrative boundaries that ultimately make comparison 

difficult, also exacerbate this problem. Uncertainty about the appropriate scale at which to 

collect data for effective policy-making is also a significant obstacle affecting 

implementation. Though such obstacles are present in almost all assessment projects, the 

context of the global South context magnifies these issues. There, nascent technical 

infrastructures, political uncertainty, decentralized governance, and the informality of most 

urbanization can all hinder the process of data collection. To address these issues and more 

effectively respond to the challenges of climate change in this kind of context, there is 

urgent need for additional strategies and mechanisms to augment the collection and 

synthesis of data.  

Faced with ongoing challenges in the development of data to guide assessments, 

practitioners look to answer the following. What are some of the tools and techniques that 

can help eliminate or reduce the negative impact of these issues? To what extent can 

alternative technologies and methodologies help redress data gaps? And most importantly, 

what are the different trade-offs of each approach? In an effort to help address these 

questions, the following research evaluates a recent state-led regional-level vulnerability 

assessment project conducted for the Indian Himalayan Region (IHR) to identify and 

propose recommendations for improving future assessment efforts (DST & SDC, 2019). 

This assessment is a critical case as a vulnerability assessment of a region that supplies most 
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of India’s freshwater, yet is politically volatile, impoverished, and highly vulnerable to 

climate change. 

 

 

The assessment is the first of its kind in India to utilize a “common framework” 

toward the creation of relevant assessment methodologies and indicators. Investment in the 

development of this pioneering approach has largely been in response to ongoing efforts to 

protect the strategic socioeconomic and political value of the region to the larger Indian 

state. Consensus building at the state-level used to produce part of this report has also 

resulted in the development of a set of best practices for future vulnerability assessments 

efforts throughout India. This process, bringing together twelve diverse states to produce 

this report, has also produced benefits in the form of capacity building, as those involved 

have gained training and education as to how best to address climate change in their 

communities. Reflecting the importance of this pilot effort, the national government has 

recently announced plans to work towards reproducing it at a national-scale. Current efforts 

Figure 1 – Map indicating the IHR assessment focus area within India 
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are underway to utilize this framework within an upcoming state-wise, national-level 

vulnerability assessment project (D. C. Sharma, 2019).  

Yet, despite the impact of these successes, the report has not fully grappled with the 

varied definitions of vulnerability, the tensions inherent to scale, and the political 

implications of certain assessment approaches. The indicators chosen to represent 

vulnerability are subject to widespread data availability and reliability issues. As a result, the 

project uses only a small number of indicators, despite stakeholders identifying additional 

metrics with significant importance in the region. The scale of assessment has also presented 

significant challenges to data availability. With the IHR assessment undertaken at the 

regional-level, indicators use socioeconomic and biophysical data aggregated from smaller 

spatial scales. Sourcing data at this magnitude using deficient methods and technologies 

calls in to question whether there is enough accurate micro-level data currently available or 

accessible to reliably inform overall project indicators. These issues led a number of 

previously identified socioeconomic indicators to be excluded from the final project report 

(Centre for Media Studies, 2019b). 

These limitations, compounded by the lack of robust spatial data infrastructure (SDI) 

in India more widely, lead to concerns regarding the data used to inform the overall IHR 

assessment project. To identify potential solutions and their trade-offs, this project first 

examines the strategies and concepts employed in the development of the final IHR 

assessment report. Second, it explores relevant academic and professional literature on 

vulnerability to climate change and reviews assessment projects both within India and 

beyond. Understanding the core concepts at play in contemporary assessment practices will 

help clarify the gaps and limitations present within the IHR assessment project. Finally, it 

identifies a variety of nascent methodologies, technologies, and strategies that have potential 

to help bridge information gaps. These include the deployment of disruptive technologies to 

increase the collection of reliable micro-level data, alternative methodologies that 

incorporate community-based or indigenous knowledge practices, as well as a range of 
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strategies for synthesizing successful techniques developing in previous projects into the 

development of future assessments in India.  

The alternative methodologies and technologies chosen for analysis in this report 

seek to address a central issue within climate change adaptation—what is the best way to 

develop accurate granular data to inform subsequent planning and intervention? Each 

example has therefore been chosen based upon the following criteria: that the example is a 

novel approach, in that it represents a paradigm shift in how data can be developed now and 

into the future; or that the example is popular, in that it is currently the subject of concerted 

focus and inquiry; or that the example chosen demonstrates a cost-effective and reliable way 

to produce data in a context where funding and institutional support might be limited. 

Despite their impact on future assessment efforts within India, the potential solutions 

outlined in this report go beyond the current region. They can be applied to other 

geographies, which may be experiencing a shared set of issues. Through a critical 

examination of their inherent strengths and weaknesses, as well as the particular aspect of 

data they are meant to support, these solutions can also offer an expanded view of data and 

its role within the development of tools and assessment strategies more broadly. 
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2. VULNERABILITY ASSESSMENT AND DATA DEVELOPMENT 

Confronted with the institutional, political, and technical challenges of developing 

vulnerability assessments in India, the IHR project faces further challenges that arise out of 

the complex and multi-scalar nature of climate change phenomena. The climate system is 

one of the most complex, interactive ecological systems that support life on our planet. As 

such, the data required to address its impacts must be equally complex. The effective 

collection and integration of large-scale and dynamic data regarding current biophysical and 

socioeconomic conditions is especially challenging. The interaction of multiple physical 

processes, at varied spatial scales, across multiple systems, makes the task of capturing that 

complexity through data even more difficult. Responding to this, as well as the urgency of 

climate change response, projects such as the IHR assessment seek to understand the exact 

scale, nature, and location of negative impacts. Meeting the challenges of a changing 

environment requires a thorough understanding of the nature of impacts, where they will 

occur, as well as who will experience them most acutely. 

a. Data Needs in Climate Mitigation vs. Adaptation 

To date, the Indian government has focused on climate mitigation efforts, where the 

relevant data is often already being collected, more widely available (whether domestically 

or internationally), comparable across geographies and scales, and accurate. These are often 

measurements of the biophysical environment that employ scientific methods backed by 

theoretical models, using easily standardized metrics, and at large spatial scales. Because of 

this, the costs of developing this kind of data can remain relatively low in comparison to 

socioeconomic data. Utilizing better technology and theory to develop more accurate 

modeling has been a top priority (Cutter et al., 2003, 2008). The natural and technical 

sciences that primarily utilize biophysical information have also received a vast majority of 

available climate change related funding to develop extremely robust datasets (Overland & 

Sovacool, 2020). This trend seems logical when considering that the insights provided by 
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this kind of information prove most useful in developing the larger-scale economic and 

technical responses characteristic of a mitigation approach. 

Like many other nation-state currently facing the direct impacts of climate change, 

only recently has India has taken steps to address the need to adapt to the significant impacts 

of climate change on the social, economic, and ecological systems (Lu & Flavelle, 2019; 

Shetty, 2019; USAID, 2018). However, in contrast to data for climate mitigation, data to 

inform adaptation is less accessible because of the type of data being recorded and the scale 

at which measurement is needed. Granular socioeconomic data has a key role in the 

development of effective adaptation responses but is notoriously difficult to define and 

measure. Measurements regarding social and economic conditions also varies heavily 

according to location. The standards and metrics used to represent these conditions are often 

varied across space and time, making comparison and aggregation a difficult endeavor. The 

relatively high granularity of this data also makes its development of much more costly in 

comparison to the data used in mitigation. Exacerbating these difficulties, global funding for 

the development of socioeconomic data used in adaptation has been shockingly limited in 

comparison to the biophysical data that is primarily used in mitigation (Overland & 

Sovacool, 2020). 

Following these global trends, inadequate financial, technical, and institutional 

resources devoted to adaptation planning and implementation in India has also challenged 

the development of effective responses. In particular, a lack of adequate resources for data 

development has led to many adaptation needs remaining unmet. Efforts to mainstream 

adaption responses into large-scale development plans and infrastructure development 

projects have sought to address some of these gaps. International NGOs and financial 

institutions have also sought to bridge these resource gaps through a variety of multimodal 

projects. While the Indian government has been one of the top recipients of climate change 

related aid from overseas, much of this funding has gone toward mitigation projects (Patra, 

2016). This is in line with global trends that have seen the vast majority of climate change 
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related funding go toward the development of biophysical data to inform mitigation 

(Overland & Sovacool, 2020). 

Tasked with providing specific solutions for specific impacts, adaptation faces 

significant challenges in providing enough quality data at the local level to meet this need. 

Identifying potential risk is the first step in developing data for this process. To develop an 

effective blueprint for data collection, the key hazards or sectorial challenges that will 

emerge in a given context must first be identified. This means sourcing information about 

who, where, or what is most vulnerable to these anticipated effects. Gathering this data is a 

critical step in initiating the development of specific, context-based solutions to the impacts 

of climate change. 

b. Moving from Risk to Vulnerability 

Traditionally, assessing risk has been central to the adaptation planning process. 

Emerging out of paradigms such as the 2007 United Nations Intergovernmental Panel on 

Climate Change (IPCC) Working Group (WG) II Report, Risk has been defined as being 

comprised of the following categories: i) Exposure; ii) Sensitivity; iii) Adaptive Capacity; 

and iv) Vulnerability (IPCC, 2007). Exposure is determined by the number of potentially 

affected actors or the geographic scale of areas that are susceptible to potential adverse 

impacts from a hazard. It also refers to the potential occurrence of environmental conditions, 

which have the potential to adversely impact both biophysical and socio-economic systems. 

These can take the form of droughts, floods, heat stress, hurricanes, and/or sea-level rise; the 

occurrence of hazards is beyond human control. Sensitivity is the degree to which an actor 

feels the effects of external change. While adaptive capacity refers to the ability of that actor 

to adjust to change. Largely defined in opposition to these other factors, vulnerability is the 

degree to which an actor is susceptible to, or unable to cope with the biophysical and 

socioeconomic impacts that arise from adverse environmental conditions. It is also a 
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function of the character, magnitude, and rate of change to which a system is exposed, as 

well as its sensitivity and adaptive capacity (IPCC, 2007, 2014b).  

 

 

In a paradigm shift from the 2007 report, the 2014 iteration delineates exposure (to 

hazards), sensitivity, and adaptive capacity as core constituents of vulnerability. This change 

also presents vulnerability as a characteristic internal property of a system, independent from 

the other elements of risk—a shift with significant implications for vulnerability assessment 

projects (IPCC, 2014b). This means that although a constellation of other related factors are 

what drive vulnerability, its presence is also an inherent quality of any system. Out of all the 

components that constitute risk to the impacts of climate change, addressing the key drivers 

of vulnerability also means confronting a whole host of preexisting socioeconomic issues 

(Jagmohan Sharma & Ravindranath, 2019). To better respond to the projected effects of 

climate change, recent adaptation planning efforts are therefore primarily concerned with 

addressing vulnerability. This can be accomplished by assessing the level of vulnerability of 

a given region or group, in an effort to reduce the sensitivity and enhance the adaptive 

capacity of those at risk (GIZ, 2014c; IPCC, 2014a). With a focus on who, what, and where 

Figure 2 – The evolution of the concept of vulnerability as presented in the IPCC 

2007 and 2014 reports. 



12 

is most vulnerable, planners and policymakers can work more effectively to minimize future 

negative impacts.  

Identifying exposure to risk and outlining vulnerability as a first step in guiding 

adaptation efforts, therefore establishes a concerted need to develop accurate assessments. 

Armed with information about the risk landscape, interventions can be better targeted to 

achieve optimal adaptation outcomes. Adaptation projects that can incorporate more 

accurate information about risk into their design and scoping phase, seem better prepared to 

overcome challenges during implementation. Identifying those areas or groups that are most 

at risk, can better inform the more equitable and efficient allocation of resources, funding, 

and interventions on the part of states and non-governmental organizations (NGOs). In 

addition to its implications within good governance, accounting for risk during the spatial 

planning and adaptation process is a key component of successful adaptation efforts. It 

allows for projects and plans to better respond to risk by helping determine the kind of 

adaptation that is best suited for a particular context. 

Effective adaptation planning requires the development of comprehensive 

vulnerability and risk assessments to inform action. Yet, variations in the operational 

definition of what constitutes vulnerability, as well as how to measure and quantify it 

present real challenges to effective implementation (O’Brien et al., 2004). Recent shifts have 

moved assessment projects from an exclusive focus on biophysical vulnerability, to the 

wider social and economic drivers of vulnerability that affect people’s ability to respond to 

risk (IPCC, 2014a). This is an important step forward, as it acknowledges the inherent 

complexities of climate change processes and how their impacts play out in each context. 

Changing definitions of what constitute vulnerability, also lead to changing demands for 

data. The growing need for additional metrics raises important questions about how to 

support their development. Determining how to measure, who is measuring, and what is 

being measured, is just as important as the measurement process itself. This is particularly 
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challenging when faced with inadequate spatial data infrastructure (SDI), as developing 

robust SDI is often a lengthy and costly undertaking. 

Despite the renewed focus of contemporary assessment projects, there continues to 

be debate regarding the exact definition of vulnerability as an overall concept. This stems 

from the fact that there are a multitude of other competing definitions that either express 

similar ideas (e.g. risk, sensitivity and fragility), or inversely similar concepts (e.g. 

resilience, adaptability, adaptive capacity, and stability) (Hinkel, 2011). This internal 

confusion has consequences in the development of vulnerability assessments more broadly. 

It presents challenges to those tasked with the process of determining how to structure 

assessments, or in determining which indicators or factors to consider during analysis. 

Project authors must be cognizant of the fact that the exact shape, scope, and scale of an 

assessment is determined, in part, by how these terms are defined. 

c. Conventional Vulnerability Assessment Indicators  

An essential part of defining vulnerability relates to the metrics or variables chosen 

to indicate it. Because of its position within a larger constellation of risk, an exact, scientific 

measurement or observation of vulnerability is impossible to achieve. It can only be inferred 

from the relationship between relevant socioeconomic and biophysical proxies that exist to 

estimate related factors such as exposure, sensitivity, and adaptive capacity (GIZ, 2013). 

The need for information regarding a diverse collection of related issues, means that projects 

require a variety of data sources to develop the indicators used in assessment. The 

characteristics of each indicator are also highly place-based and context specific, and should 

be developed with careful consideration of their relationship to other socioeconomic or 

biophysical systems.  

The diffuse and varied impacts of climate change also affect the exact shape and 

scope of these indicators. Climate change impacts can be varied across regions (e.g. global, 

national, subnational, local), economic sectors (e.g. agriculture, industry, commerce), social 
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groups (e.g. urban/rural populations, coastal communities, nomadic groups), or in the types 

of systems affected (e.g. ecological, social, economic) (GIZ, 2014a). The context of an 

assessment will determine which indicators are the most useful in determining vulnerability. 

Given such a wide variety of potential climate impacts, the development of a single set of 

indicators to assess vulnerability to climate change is problematic (Hinkel, 2011). The 

diffuse, varied, and systemic nature of climate change necessitates that relevant indicators 

are chosen with an understanding of the specific potentials and challenges tied to a particular 

context.  

Given this need, there has been concerted effort to develop a robust set of indicators 

that are able to capture an effective level of local nuance—one that is specific enough to 

inform action, yet also one that can remain broadly applicable across larger geographies. 

While assessments take a variety of forms depending on their context, the indicators used 

typically contain at least one of two major features: a focus on biophysical and/or 

socioeconomic vulnerability (Cutter et al., 2003). Biophysical vulnerability is demonstrated 

through assessments which assign weights to geomorphic, oceanographic, or ecological 

variables in an attempt to quantify and predict risk due to severe weather, flooding, and 

landslides, as well as determine inundation, shoreline retreat, or land-loss rates due to sea-

level rise (NIWA, 2012; Thieler & Hammar-Klose, 1999). Socioeconomic vulnerability is 

outlined through the compilation of various social and economic metrics to determine which 

segments of the population are most vulnerable due to underlying conditions (CDC, 2015; 

Flanagan et al., 2011, 2018; Wu et al., 2016). The prevalent use of both socioeconomic and 

biophysical indicators within recent assessment approaches has also led to the development 

of hybridized forms. Adding another dimension, these work to provide more nuanced 

information regarding vulnerability by assessing biophysical and socioeconomic variables 

together (Boruff et al., 2005; Cutter et al., 2003, 2008; NIWA, 2012; Schiavinato & Payne, 

2015).  
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d. Envisioning Vulnerability as a Start-point 

Even with a common set of indicators established to guide the work of practitioners, 

part of the challenge associated with defining vulnerability from a scientific and policy 

perspective comes from its ubiquitous use in everyday language. Its meaning can change 

depending on individual context or personal history. For example, using the word in our 

everyday lives does not require a precise definition, as each of us knows what it means to 

feel, look, or act vulnerable (O’Brien et al., 2004). Yet, when addressing a topic such as 

“vulnerability to climate change,” it is imperative that others understand precisely what is 

meant by the term “vulnerability.” The underlying assumptions behind our own individual 

definitions of the word therefore demand attention. And while conventions such as the IPCC 

paradigm have resulted in an attempt to develop a consensus around the definition of 

vulnerability vis-à-vis climate change, there continues to be variation in how this definition 

is operationalized in the development of assessment projects (IPCC, 2014b; Jagmohan 

Sharma & Ravindranath, 2019).  

Varied interpretations are an unsurprising outcome given the wide breadth and scope 

of contemporary assessments, as well as the diverse set of actors that are involved in the 

development of these projects. This variation has a profound effect on vital processes of 

measurement and data collection. Capturing the right data to represent vulnerability is 

difficult without agreement on what constitutes vulnerability or the factors used to help 

define it. Each definition of vulnerability carries with it a host of underlying choices 

dictating what to measure. This variability also raises important questions about the scale at 

which a definition of vulnerability is defined. As the spatial scale and extent of a 

vulnerability assessment project increases, the more actors there are that must agree on that 

definition. Beyond its defining characteristics, project stakeholders must also grapple with 

how to broadly conceptualize of vulnerability in a given context. Is vulnerability simply the 

end result of external impacts? Or is it an inherent quality within all biophysical and 
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socioeconomic systems? This question hides two very different conceptualizations of 

vulnerability, and two very different purposes for employing it. 

Viewed as an end point, vulnerability becomes the residual left after implementing 

mitigation and adaptation strategies. It is essentially the net (biophysical or socioeconomic) 

impacts of climate change, minus the benefits of adaptation or mitigation. Also known as 

“outcome” vulnerability, this approach has been used to more clearly define the extent of the 

climate crisis, as well as in the development of the larger policy and governance processes 

that are meant to address it (Kelly & Adger, 2000; O’Brien et al., 2004). Here, 

environmental conditions have a direct effect on the sensitivity and exposure of a given 

context. These impacts, combined with the benefits of adaptation provide a picture of future 

vulnerability (Figure 2). Assessments in this vein begin with emission projections, move 

into climate scenarios, and finally end with the development of impact assessments and the 

identification of adaptation options. Vulnerability can be represented quantitatively (i.e as a 

monetary cost, human mortality rates, or relative ecosystem damage) or qualitatively (i.e. as 

a metric of change from a previous state). A typical response would be the construction of 

something like a seawall or dyke to alleviate the negative impacts of inundation on local 

communities. Viewed as an end point, vulnerability here would be minimized by the 

development of a response to the end results of climate change. 

Viewed as a starting point, vulnerability is seen as the result of multiple, 

interconnected environmental and social problems that are exacerbated by a changing 

climate. In this approach, vulnerability provides a greater understanding of how adverse 

environmental impacts will be distributed, as well as how or where they can be reduced 

(Kelly & Adger, 2000; O’Brien et al., 2004). Also known as “contextual” vulnerability this 

approach takes climate change impacts, alongside a host of biophysical, social, political, 

cultural, and technological conditions, to produce a contextual framework to assess 

vulnerability (Figure 2). This “multidimensional contextual framework” is seen as the 

starting point for analysis. Here, past and present contextual conditions are what determine 
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the ability to cope or adapt to a changing environment (O’Brien et al., 2007). A typical 

response in this conception would be to develop a more livable wage for local residents. 

Viewed as a start point, vulnerability here would be minimized by the development of 

socioeconomic programs or policies that target the underlying factors that directly affect it. 

 

 

These divergent approaches to conceptualizing vulnerability have a significant 

impact on the overall assessment process and, subsequently, the design and implementation 

of adaptation strategies. Most importantly, they determine what kind of data, and therefore 

indicators, are important in analyzing vulnerability. Each limit and allow for the importance 

of different aspects of vulnerability to take precedence. End point vulnerability can result in 

large, publicly visible adaptation solutions that seemingly address immediate impacts. While 

this may be the most politically viable option in most cases, its broad application also limits 

the effectiveness of adaptation at the local level. Conceiving of vulnerability as a start point 

Figure 3 – Comparative frameworks of climate change vulnerability based on 

start- and end-point vulnerability.  

Adapted from (Baigún & Castillo, 2019; O’Brien et al., 2004, 2007) 
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provides the most comprehensive information about a specific context, therefore aiding the 

development of more comprehensive assessments at the local level. By looking toward the 

host of contextual issues that surround a given place or community, more robust assessments 

and adaptation solutions can be developed. 

e. Conventional Assessment Methodologies  

The varied definitions, indicators, and perspectives used to conceptualize 

vulnerability also demonstrate similar variation in the accompanying methodologies used to 

conduct assessments. Given the place-based and context specific nature of the knowledge 

that informs climate change adaptation, there is concerted need to develop assessment 

methodologies that address vulnerability on a case-by-case basis (Hinkel, 2011). This is 

mainly because the suitability and the choice of a particular approach may change according 

to the underlying definition of vulnerability, with the purpose of the assessment, as well as 

the unit or system under evaluation (GIZ, 2014a). And while each project will vary in the 

exact indicators and factors that they address, each sit somewhere along a continuum 

between two categories: bottom-up and top-down approaches. Translated into practice, 

vulnerability assessments are carried out either at the local-level using participatory methods 

and tools, as well locally applicable climate data (bottom-up), or at the state, national or 

global level using large-scale aggregate data, simulation models, and statistical methods 

(top-down assessments) (Dessai & Hulme, 2004).  

Top-down approaches concentrate on the biophysical effects of climate change that 

can be readily quantified, and make use of models to project future impacts. These 

simulations form the basis for assessing vulnerability, by assuming a causal relationship 

between climate variables and biophysical processes (Brooks, 2003). Because this method 

addresses vast, complex systems, they are often deployed at larger spatial scales such as the 

international-, national-, or regional-level. The strength of this approach is that it provides a 

direct relationship linking climate variables to biophysical impacts, supported by robust 
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scientific evidence (GIZ, 2014a). The inclusion of socioeconomic indicators at this level is 

fraught with a variety of challenges in the collection and aggregation of micro-level data. 

These approaches are therefore most useful for addressing large-scale systemic issues to 

inform adaptation policies at an equally large scale.  

However, their power to effectively address vulnerability is limited by several 

factors. The first lies in the inherent uncertainties within any model, whether they are 

focused on predicting the behavior of climate systems or how future development patterns 

will be expressed. Downscaling the results of macro-level modeling to finer spatial scales 

introduces another set of uncertainties during the disaggregation process. The second is that 

top-down assessments generally focus on the biophysical and ecological variables, since the 

most readily accessible models are unable to accurately predict the behavior of social and 

economic systems (GIZ, 2014a). With incomplete information about vulnerability in a given 

context, top-down approaches are therefore limited in their ability to direct local adaptation 

efforts. 

 

Figure 4 – Diagram outlining the positive and negative attributes of both 

top-down and bottom-up vulnerability assessments methodologies 
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Conversely, bottom-up approaches begin their analysis with a focus on the people 

who are directly impacted by climate change. Instead addressing the ecological and physical 

characteristics of the hazard itself, this method seeks to address the underlying that 

contribute to vulnerability in a specific context (van Aalst et al., 2008). These approaches 

also focus on social and economic indicators during analysis, and address the fact that 

different socioeconomic groups have varied levels of vulnerability to climate impacts 

(Blaikie et al., 1994; Brooks, 2003). Because of this method can address socioeconomic 

issues at a finer spatial scale, they most often begin at the local-level, within the scale of the 

household, village, or community. This is often through participatory assessment processes, 

which seek to incorporate local or indigenous knowledge practices into project development 

(Adu et al., 2018; Fischer & Chhatre, 2016; Herlihy, 2003; Kodirekkala, 2018; Olson et al., 

2016). Here local communities are not only the subject of interest, they are also key 

providers of data and assist in analyzing it. The strength of this approach is that place-based 

and context specific can be used to inform vulnerability—at a scale where top-down 

methods cannot make reliable conclusions (GIZ, 2014a). The locally-specific and nuanced 

information developed through this approach is therefore a valuable asset in directing the 

development of local adaptation projects.  

Despite its power support those most affected by climate impacts, there are two 

drawbacks associated with bottom-up approaches to vulnerability. First, as assessments in 

this approach are place-based and context specific, the findings and indicators developed are 

difficult to generalize for use within other contexts or at higher spatial scales. It is equally 

difficult to obtain reliable down-scaled climate information to suit the needs of a 

vulnerability assessment at the local-level (GIZ, 2013). In addition, project boundaries do 

not necessarily conform to established political or administrative ones, making the challenge 

generating useable or accurate assessments all the more difficult. Second, it is difficult to 

use the information gathered in this approach to predict or forecast future vulnerability, 

based on an assessment of conditions in a specific context (GIZ, 2014a). 
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f. Alternative Modes of Data Development 

As conventional approaches demonstrate, the development of an effective 

vulnerability assessment relies on the presence of robust data to inform indicators. While a 

top-down assessment approach may be less resource intensive, it does not provide accurate 

granular data regarding local vulnerabilities. Conversely, while a bottom-up approach is best 

suited for developing local data, developing it is costly, time consuming, and requires a 

baseline level of technical knowledge to develop effectively (GIZ, 2014a). This poses a 

significant challenge to many states throughout the world, who require accurate local-level 

data to inform adaptation responses, yet lack the requisite resources to do so. In response to 

this tension, a host of emergent tools and techniques demonstrate the potential to augment 

data production where other more established modes may be ineffective or out of reach. 

They offer a relatively inexpensive and cost-effective way to source, monitor, and 

disseminate data. Most importantly they also provide unique ways to approach the process 

of data collection and knowledge production, often through decentralized and/or indigenous 

pathways. These are particularly important aspects in the context of the global South, where 

formal funding mechanisms and technical expertise may be limited. And while these 

approaches may demonstrate potential in enhancing current assessment approaches, each has 

its own strengths and weaknesses. These are determined by the nature of tool or technique 

itself, as well as how well it can be implemented in practice. The reality is also that the 

choice or mix of approaches that should be deployed is best determined by the context of a 

particular assessment. The needs and conditions of a particular context should dictate which 

approach is best suited for the context. 

This is mainly because different communities experience varied and uneven levels of 

risk, a fact which necessitates the development of novel and dynamic ways to approach 

vulnerability assessment. And while conventional modes may often be the most accessible, 

they can also demonstrate an inability to develop information in a way that effectively 

incorporates local nuance. Alternative approaches demonstrate the potential to respond to 
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dynamic on-the-ground conditions by incorporating unconventional technologies or 

methodologies. In addition to new tools and techniques, a concerted shift toward envisioning 

vulnerability as a start-point is a first step in the development of more accurate and 

impactful assessments. This paradigm directly addresses the root causes of vulnerability by 

looking at the contextual framework in which a particular society or location is situated. 

Though more meaningful in its engagement with vulnerability, it also requires a large 

amount of data to implement successfully. Reimagining conventional vulnerability 

assessments through these alternative modes has the potential to provide local communities 

and the governance structures that surround them with more powerful tools to address the 

negative impacts of climate change. This is accomplished by augmenting the availability and 

usability of granular geospatial, socioeconomic, and biophysical data. Such support is 

needed to inform assessment strategies more effectively, and to ultimately develop more 

robust adaptation solutions.  
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3. RESEARCH METHODS 

To help understand which technologies and methodologies are most effective in 

supporting assessment and adaptation efforts in the global South, this project looks toward 

current efforts within India. The main case study used in this analysis is the “Climate 

Vulnerability Assessment for the Indian Himalayan Region Using a Common Framework,” 

developed by the Indian Himalayas Climate Adaptation Programme (IHCAP) (DST & SDC, 

2019). Project research combines fieldwork in the form of interviews with a comparative 

analysis of existing vulnerability assessment documents, reports, and maps.   

a. Case Selection 

Examining the efficacy of alternative technologies and methodologies within future 

vulnerability assessment projects, this study examines the IHCAP Report in conjunction 

with relevant literature. The primary case focuses on the Indian Himalayan Region (IHR), an 

area of India that is both highly sensitive and strategically important for its natural resources 

(PMCCC, 2008). In addition to addressing a key region of concern, this case pioneers a 

novel approach to vulnerability assessment in India. It currently stands as a prototypical 

case, and the innovative framework it utilized is currently being implemented at the national 

scale (D. C. Sharma, 2019). Careful analysis of the current report is therefore essential; the 

development of future projects that may use the same methodologies, requires a thorough 

review of project successes and shortfalls. The central case study was also selected because 

it has emerged out of previous efforts to develop a comprehensive vulnerability. It is 

therefore a key indicator of the direction of future trends in vulnerability assessment within 

India (Seawright et al., 2014). Recent news articles have also highlighted upcoming plans 

for the development of future assessment approaches using this pioneering method, 

throughout India. This was corroborated through first-hand interviews with project officials 

in the Indian central government (A. Gupta, personal communication, January 2, 2020).  



24 

To analyze and critique the central case study, this project draws on a diverse set of 

supplementary case studies. These come from India, New Zealand, Africa, and North 

America identified from organizational reports and publications, as well as from previous 

and related academic research on climate change vulnerability assessments. Analysis of 

these cases help form the theoretical basis for analysis and the development of a set of 

recommendations for future projects, by outlining innovative frameworks, epistemologies, 

technologies, and methodologies. In the development of recommendations and their 

limitations, these additional cases have been chosen based upon the following criteria: that 

the example is a novel approach, in that it represents a paradigm shift in how data can be 

developed now and into the future; or that the example is popular, in that it is currently the 

subject of concerted focus and inquiry; or that the example chosen demonstrates a cost-

effective and reliable way to produce data in a context where funding and institutional 

support might be limited. 

Those that propose alternative approaches were also chosen for how well they can be 

implemented, when confronted with existing conditions. Special consideration for the 

technical and financial requirements for each approach is an important factor, as these 

considerations are even more important in the context of the global South. Cases were then 

selected based on how easily they could be implemented given available local capacity and 

political will. In addition, the scale at which aspects of each technology or methodology 

have been previously implemented was an important consideration. In all, an important 

question followed the selection of all supplementary cases: were previous projects 

successful or not? This was critical for understanding how well these strategies might 

perform moving forward, especially given the particular challenges of the IHR. 

b. Data Collection 

To make effective comparison between the central and supplementary case studies, 

document analysis is used to examine the methodological and epistemological frameworks 
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within each case. In-person interviews with state and non-state actors in India, also provides 

crucial information about the social, political, and institutional forces that have shaped the 

development of the IHCAP Report. Analysis of publications and academic research from the 

wider selection of comparative cases provides additional context and theoretical backing, 

helping to situate future recommendations and their limitations. This provides insight into 

exactly what kind of data is included, as well as how it is synthesized and incorporated into 

the assessment process. This includes identifying the sources of information, the metrics and 

standards applied, as well as the scale at which particular mapping and assessment processes 

occur. 

Fieldwork occurred over three weeks, starting in Late December 2019. Inquiries 

began in Delhi through a meeting with Dr. Akhilesh Gupta, the Indian government official 

in the Department of Science and Technology in charge of the main case study. This lengthy 

meeting shed light on the current processes and impetus behind the development the IHR 

assessment report (A. Gupta, personal communication, January 2, 2020). Emerging out of 

this initial visit, Dr. Gupta subsequently coordinated a meeting with a key member of the 

IHR project team, Dr. Mustafa Ali Khan. His partnership with both Indian and international 

project team members from the Swiss Agency for Development and Cooperation (SDC) was 

valuable for providing insight into specific modes at work in the development of the report. 

In particular, he described the mechanisms and function of the “common framework” 

developed through this report was discussed in detail (M. A. Khan, personal communication, 

January 2, 2020). These interviews with officials directly involved in project development 

were complemented by visits to SEEDS, an NGO focused on adaptation and resilience in 

India. Here I learned more about the state of climate change adaptation in India, and where 

this project fit into previous efforts (SEEDS India, 2020). This was important for directing 

future secondary research into the various plans and reports that had been developed 

previously.  
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After these meetings had concluded in Delhi, additional interviews were conducted 

with officials and staff at the Tamil Nadu State Disaster Management Authority (SDMA), 

located in Chennai, Tamil Nadu. Here Dr. E Yuvaraj, a member of the Regional Integrated 

Multi-Hazard Early Warning System for Africa and Asia (RIMES) task force1 offered 

insight into innovative technologies currently being implemented to collect biophysical data 

in support of disaster response and recovery. This included in depth information about the 

mobile device early warning system currently used by the Tamil Nadu SDMA, as well as 

professional-grade UAV/Drone technology at Madras University that is currently being used 

in a nationwide mapping initiative. 

Information gathered through fieldwork further informed existing research on 

climate change vulnerability assessments and adaptation efforts in India. It also informed the 

selection of key methodological and technological interventions present in the 

recommendations of this project. From these interviews, literature was sourced to address 

the technologies and methods with potential to address the key shortfalls of the IHR 

assessment project. Finally, DST and SDC partners provided the proprietary geographic 

information systems (GIS) shapefiles used within the IHCAP Report. This provided 

additional insight into how the project’s vulnerability index was developed as well as how 

indicators were (dis)aggregated from available data. Research using secondary data after 

interviews had concluded, informed much of the discussion regarding overall project 

limitations and possible recommendations. Alongside insights gained from personal 

interviews, analysis of the data itself highlighted the need for additional granular level data 

regarding vulnerability as a key shortfall in the overall project. This was further confirmed 

by the receipt of a manuscript developed by the Centre for Media Studies (CMS), covering 

                                                           
1 The Regional Integrated Multi-Hazard Early Warning System for Africa and Asia (RIMES) is an 

international and intergovernmental institution, that works to maintain a regional early warning system, as well 

as develop capacity building for preparedness and response to trans-boundary hazards in the Indian Ocean 

region. 
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the 10th annual Himalayan Summit on Climate Change event, and further detailed the need 

for granular data to inform indicators (Centre for Media Studies, 2019b, 2019a). 
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4. THE STATE OF ADAPTATION IN INDIA 

India is especially vulnerable to the effects of climate change; certain regions within 

its borders are often prioritized for intervention. Because of its particularly large strategic, 

resource, and cultural value, the Indian Himalayan Region (IHR) is one of those regions. In 

response to impending negative climate impacts more widely, the Indian state has 

commissioned the creation of national and state-level climate change action in an effort to 

address these changes (MoEFCC, 2010; Pandve, 2009; PMCCC, 2008). This includes the 

creation of dispersed State Climate Change Cells/Centers (SCCC) to oversee 

implementation at the state-level (DST, 2017). However, these efforts have met with limited 

success in their ability to address some of the key factors and systems affecting vulnerability 

and resilience, especially at the local level (Kumar, 2018; Rattani, 2018). One of the main 

outcomes of both the state and national-level initiatives has been in inspiring the 

development of the recent IHR assessment project (Shivaranjani, 2015).  

The Himalayan Region assessment project is also important because it provides two 

novel contributions toward the development of future vulnerability assessment projects 

throughout India. First, this project implemented a unique multi-stakeholder development 

process that brought together diverse actors from a highly variegated region. State 

representatives from all corners of the region met to discuss their own particular needs and 

objectives. Second, this participation facilitated the creation of a mutually defined 

framework regarding the development of vulnerability indicators for use in subsequent 

evaluation. Indicators were chosen based on their shared relevance and availability. This 

process and its outcomes also provided key capacity building and educational opportunities; 

project participants gained valuable skills, knowledge, and experience regarding climate 

change adaptation and vulnerability assessment approaches (DST & SDC, 2019; A. Gupta, 

personal communication, January 2, 2020). 
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While these aspects of the project have provided a number of key benefits, as further 

analysis will demonstrate, they are also limited in their ability to support widespread local 

adaptation. The indicators chosen to represent vulnerability are suffer from availability and 

reliability issues. As a result, only a small number of indicators were used, despite 

stakeholders identifying additional metrics with significant importance in the region (Centre 

for Media Studies, 2019b). The scale of assessment has also presented significant 

challenges. Socioeconomic and biophysical data was aggregated from smaller spatial scales, 

calling into question its reliability in informing overall project indicators. Other 

methodological choices further limit its effectiveness as a regional assessment, in that many 

indicators cannot be compared easily across spatial scales or administrative boundaries.  

a. Climate Change and the IHR 

Currently, there are an estimated 600 million2 people at risk to the current and future 

negative impacts of climate change in India (Shetty, 2019). This makes it one of the world’s 

most vulnerable countries. The Indian Himalayan Region (IHR) is especially at risk, due in 

part to the abundant natural resources of the region that are highly sensitive to adverse 

environmental changes. These resources are key, as they support the lives of over 1.5 billion 

people throughout South Asia. Acknowledging this, the Indian government has prioritized 

the protection of critical freshwater resources (Borunda, 2019). These resources include 

glaciers, glacier-fed perennial rivers, highland lakes, springs, and ground-water resources 

that depend on a delicate climatic balance for their continued existence. Recent rises in 

temperatures throughout the region have put them under threat. Glaciers are retreating, 

permafrost is melting, and weather patterns are becoming more erratic throughout the 

region. These are instigating more frequent and destructive natural disasters, as well as 

disrupting the previously reliable water sources of the Himalayas. 

                                                           
2 This represents nearly 45% of the current population as of 2020. 
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These negative environmental impacts are exacerbated by the enduring inequality 

and poverty of local inhabitants. The main occupation of the IHR community is agriculture, 

largely based on rain-fed farming practices (Saxena et al., 2005; J Sharma et al., 2018; R. 

Sharma et al., 2007). A large number of Scheduled Tribes (ST) 3 in the region, already 

disadvantaged by underlying socioeconomic conditions, are especially threatened by 

increasingly adverse environmental impacts (Sati, 2015). Communities throughout the 

region have limited livelihood options and access to critical infrastructure. The high rate 

dependence on local natural resources also makes these communities particularly vulnerable 

to climatic shifts. These resource constraints will exacerbate the existing vulnerabilities of 

the Region’s communities under future climate impacts (Barua et al., 2014).  

The availability of key resources such as road or rail transportation, communication 

networks, power supply, and water delivery, are lacking due to the harsh topology and 

remote location. Access to information and support services is also limited, as government 

presence in many parts of the region is relatively small. The combination of these factors 

contribute to local inhabitants’ inability to adopt tools or techniques that could contribute to 

local adaptive capacity and resilience. For the Scheduled Tribes and local farmers of the 

Himalayas, deep and pervasive structural inequalities make this process even more difficult 

(A. Mishra et al., 2019). These critical socioeconomic and development deficiencies, 

combined with the sensitive nature of local resources, make implementing effective 

responses to climate change in the region of the utmost priority. 

Reacting to a growing awareness regarding the threats posed by climate change, both 

within the IHR and beyond, the Government of India developed and released the National 

Action Plan on Climate Change (NAPCC) in 2008 (Pandve, 2009; PMCCC, 2008). This 

national-level plan sought to develop information and strategies to address the key sectors, 

and geographic regions of the country that will be most affected, the IHR being chief among 

                                                           
3 Scheduled Tribes (ST) are officially designated and protected minority tribal groups within India, who have 

been historically discriminated and disadvantaged. As a result, these groups have been legally guaranteed 

political representation, protective legislation, and affirmative action benefits. 
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them. The National Plan also identifies a number of core sectors in which to target future 

action: sustainability, efficiency, water security, reforestation and conservation, and 

developing climate change related knowledge (Beermann et al., 2016). Yet, the approach to 

climate change developed in the NAPCC has been criticizes as too broad and lacking in 

specific implementation pathways. Its limited success has actually been in establishing an 

initial framework for the development of subsequent assessments to address challenges at a 

more local or regional level (Rattani, 2018). 

With the knowledge that sub-national actors would play a critical role in 

incorporating climate change considerations into everyday governance, the subsequent 

development of the State Action Plans on Climate Change (SAPCCs) began in late 2010 

(MoEFCC, 2010). Each state was provided with content guidelines, as to what elements to 

include within state-level reports. Among a variety of important topics, each state was 

expected to conduct an assessment of current and future vulnerability to climate change, 

both temporally and spatially. Successful state plans worked to build upon existing state 

climate change policies by incorporating goals and objectives of the National Plan into their 

initial framework (Kumar, 2018).  

The development of SAPCCs has been limited within states with inadequate funding, 

institutional support, or technical knowledge (Kumar, 2018; Patra, 2016). The central 

government has responded by spearheading a variety of bilateral institutional partnership 

and funding programs, aimed at addressing this disparity. These partnerships have been 

developed exclusively with European International Development Organizations (IDOs) such 

as the German Corporation for International Cooperation (GIZ), the Stockholm Environment 

Institute (SEI), and the Swiss Agency for Development and Cooperation (SDC). The reports 

and assessments developed in this institutional context reflect established assessment 

practices developed in the global North. Though some form of financial assistance is one 

aspect of this relationship, European IDO support has mostly come in the form of technical 

assistance (DST & SDC, 2018; GIZ, 2013, 2014a; Patra, 2016). Projects work to develop 
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local capacity, by communicating and developing assessment strategies and best-practices 

developed in the global North (GIZ, 2014b, 2014c). 

Even with international organizations filling in the gaps left by domestic assessment 

initiatives, there is a dearth of comprehensive climate change vulnerability assessments at 

the local or inter-state level. While robust projects have been conducted by state 

governments with the means to do so, even these projects have their limitations. 

Assessments at this scale tend to aggregate and simplify local nuance, which presents 

problems when focused interventions are necessary. Likewise, due in part to the existing 

state governance structure of India, project coordination at the regional, inter-state level has 

been limited (Kumar, 2018; Rattani, 2018). Recent bilateral partnerships between the 

Government of India and IDOs has sought to address these shortfalls through projects at 

varied spatial scales (DST & SDC, 2019; GIZ, 2013, 2014b; GIZ & EURAC, 2017).  

b. Vulnerability Assessment in the IHR 

While a host of local-level assessments have been conducted at the behest of both 

domestic and international organizations, the central government has made larger-scale 

assessments a priority. Governance in India, envisions effective response to the immediate 

effects of the climate crisis as first emerging out of assessments at the state-, regional-, or 

national-level (Rattani, 2018). This urgency has translated into the development of projects 

that target areas with critical socioeconomic, environmental, and strategic value—the Indian 

Himalayan Region (IHR) chief among them.  

The “Sustainable Indian Himalayan Region” program is one that emblematic of this 

regional focus. As one of the only current projects that focuses exclusively on climate 

adaptation, it highlights the strategic importance of the region’s freshwater resources. In 

addition, the NAPCC identifies the need for additional regional and state-level planning to 

effectively address the impacts of climate change. It rightly recognizes the central role that 

state and local governments have in the implementation of overall climate change response 
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objectives. Given the dynamic, multi-state, trans-boundary nature of the region, approaching 

the specific issues of the IHR appears to be perfectly suited for addressing the impacts of 

climate change at multiple levels and scales. This demonstrates that adaptation and 

mitigation challenges can only be addressed effectively if both state and union territory 

governments play an active role in the planning and implementing of assessment and 

adaptation efforts (Kumar, 2018). This acknowledgement is especially important 

considering the primacy of state-level governance in directing development policies, due to 

the decentralization of governance tied to the 73rd and 74th amendments to India’s 

constitution in 1992 (Beermann et al., 2016; Rao & Bird, 2014; D. Sharma & Tomar, 2010).  

With priority in the development of vulnerability assessment and adaptation 

solutions for this region, the politics surrounding its implementation must be examined. 

Given the varied environmental, social, and economic contexts of the region, definitions of 

vulnerability here are highly varied. Though sharing the same geographic region, rural 

farmers, who reside in remote mountainous areas experience different forms of vulnerability 

than those living in urban settlements. Any analytical framework deployed to define 

vulnerability in this context must work to balance the reality of these divergent contexts.  

Defining vulnerability comes through developing a shared sense of what aspects of 

the environment or society are most at risk. Following with wider processes of participation 

and representation, those with more political or social capital in a given context have a 

greater voice in this process. As the act of gathering spatial knowledge is inherently 

selective and abstractive—it is also a process that can be mobilized toward specific social 

and political aims (Cidell, 2008; Enomoto, 2016; Harris, 2015; Kim, 2015; S. V. Mishra, 

2015; Rose-Redwood, 2015).4 The poorest and most marginalized communities of the IHR 

are often the ones with the largest share of vulnerability. Yet, their participation in the 

development of indicators for the Region’s recent assessment project has been limited. 

                                                           
4 For the sake of brevity, this discussion does not include references to the many connections between 

geospatial knowledge and political power as discussed in greater detail within the substantial body of critical 

cartography literature.  
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These communities are instead relying on local, state, and national governance to properly 

represent them. A goal fraught with ongoing socioeconomic, cultural, and political issues. 

These issues are particularly relevant in a region that has experienced ongoing 

political and social upheaval. The most salient example of which can be found within the 

Indian Union Territory of Jammu and Kashmir. Current territorial disputes, alongside ethnic 

tension have weakened the power of governance in the region. This can be seen in recent 

civil disturbances that have resulted in lockdowns, communications blackouts, and other 

modes of social control. Accessing fair and representative information in a region currently 

the site of sociopolitical warfare is problematic to say the least. Even if properly 

representative definitions and frameworks have been established, sourcing information to 

support indicators faces considerable technical, financial, or institutional challenges—issues 

exacerbated by the ongoing discord of the region. 

Despite these obstacles, included in the development of the NAPCC and subsequent 

SAPCCs was the creation of a program pipeline specifically targeting the Himalayan 

region—the National Mission for Sustaining Himalayan Ecosystem (NMSHE). This 

Mission was envisioned as a way to enhance sustainable development in the region, by 

developing better data and knowledge related to the impacts of climate change, as well as by 

identifying what adaptation strategies may be required (IHCAP, 2018a). Supporting the 

implementation goals of the state action plans, the mission also initiated the creation of 

state-level organizations in each state of the IHR. Dubbed State Climate Change 

Cells/Centers (SCCCs), these entities oversee efforts to improve planning and 

implementation capacity, develop vulnerability assessments, and spread awareness and 

knowledge of climate change and its likely impacts (DST, 2017). Despite some success, 

without strong national support the development of these outcomes has been varied given 

disparities in technology and resource availability among states. 

In contrast to these localized efforts, the development of the Indian Himalayas 

Climate Adaptation Programme (IHCAP) emerged to facilitate the implementation of key 
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Himalayan Mission objectives and to directly address the challenges faced by the Indian 

Himalayan Region (IHR) at a regional scale. The Mission’s flagship project pipeline, 

IHCAP was a highly focused implementation pathway, born out of a partnership between 

the Swiss Agency for Development and Cooperation (SDC), and Department of Science and 

Technology (DST), Government of India. Its primary purpose was to strengthen the data, 

science, and knowledge surrounding climate change and vulnerability in India, to more 

effectively support adaptation planning efforts in the region. Unfortunately, project 

documents do not explicitly outline under which scale these assessment or adaptation 

responses would occur. 

Despite this, one of the most important outcomes of this new program was the 

development of a comprehensive vulnerability assessment for the IHR. This assessment, 

entitled “Climate Vulnerability Assessment for the Indian Himalayan Region Using a 

Common Framework” (IHCAP Report), was designed to fill in information gaps outlined in 

the NAPCC, and help to develop future adaptation responses in the region (DST & SDC, 

2019). This goal was supported by a novel “common framework” for vulnerability 

assessment—developed through consensus building and informed by reliable social and 

environmental science. Meant to bridge the gap between science, practice, and policy, the 

commonly derived framework brought together relevant scientists, planners, and politicians 

during key phases of overall project development (IHCAP, 2018b). 

c. Common Framework of the IHCAP Report 

Background research began in 2012, with social and environmental scientists 

collaborating with technical experts in the fields of sustainability, remote sensing, and 

conservation to develop a preliminary action plan (IHCAP, 2018b). After years of 

development, in early 2018 the IHCAP working group hosted a series of workshops. The 

aim of these meetings was to bring together various stakeholders together to both educate 

local leaders regarding key climate issues, as well as build consensus about which indicators 
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and issues to include in future assessments. These workshops also worked to build capacity 

and foster a coordinated and integrated approach to climate adaptation within and among the 

12 states5 of the IHR. Building the capacity of key stakeholders at the local, district, and 

regional levels was seen as essential for the implementation of adaptation actions at all 

scales. This was to be accomplished by developing a uniform understanding of risk, 

assessing vulnerability based on a commonly derived methodological framework, and in 

communicating results through effective mapmaking (DST & SDC, 2019).  

 

 

                                                           
5 The states included in the IHCAP Report include Assam, Manipur, Meghalaya, Mizoram, Nagaland, Tripura, 

Arunachal Pradesh, Sikkim, and West Bengal, as well as Himachal Pradesh, Uttarakhand and Jammu & 

Kashmir in the northwest.  

Figure 5 – IHCAP Report State-wise vulnerability assessment map 
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Beyond the immediate benefits envisioned by this project for the IHR, overall project 

goals were geared toward benefitting larger, national-scale climate policy and funding 

processes. This included the development of a common framework, alongside improved data 

and knowledge regarding climate change and vulnerability. These were meant to spur the 

creation of a more robust repository of knowledge regarding the impacts of climate change 

throughout India (A. Gupta, personal communication, January 2, 2020). The shared 

analytical framework incorporated a variety of vulnerability indicators sourced from actors 

with diverse interests. The ability to incorporate divergent interests into the assessment 

process makes this approach particularly important. Even more so, when considering that 

when IHR states have previously developed vulnerability assessments they have done so in a 

relatively siloed fashion. As such, the methods used, indicators chosen, and eventual 

conclusions derived from assessment like these are not readily comparable. To avoid the 

pitfalls of this kind of approach, the novel common framework has developed these 

characteristics through consensus building and discussion. 

Looking toward future projects, this approach also has the potential to decrease the 

likelihood that important indicators, metrics, or sectors are excluded from study and 

subsequent intervention. In fact, the methods and strategies used in the IHCAP common 

framework will be referenced in the implementation of future assessment projects. Noted for 

its potential in bringing diverse states and regions of India together in support of common 

goals, this framework is currently being operationalized in a larger context. The national 

government announced plans in late 2019 to model a national-level climate change 

vulnerability assessment after the common framework methodology employed in the 

IHCAP Report (Roy, 2019; D. C. Sharma, 2019). And while this development is promising, 

in that it represents a novel approach to vulnerability assessment in India, careful attention 

must also be paid to the shortfalls and limitations of this approach. 

The workshops conducted by DST and SDC also had the explicit objective of 

training state representatives in the development vulnerability assessments to inform 
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effective adaptation planning. These meetings provided a unique forum in which to 

brainstorm the inclusion of indicators, the availability of data, as well as in fostering 

enhanced cooperation between states in the IHR. They were also aimed at improving 

institutional capacity and local resilience to climate change, since many adaptation 

interventions will most likely require coordinated effort across multiple administrative 

boundaries (J Sharma et al., 2018). With the development of the common framework held in 

concert with multiple stakeholders from diverse areas of the IHR, the choice of indicators 

became a centrally important issue. Table 1 indicates each final indictor used in the 

development of vulnerability assessment indices to support the IHCAP assessment report.  

Indicators are based on two main criteria. First, each fit into the following categories: 

i) socio-economic, demographic status, and health; ii) sensitivity of agricultural production; 

iii) forest dependent livelihoods; and iv) access to information, services, and infrastructure. 

These four categories were thought to broadly represent the shared socioeconomic and 

biophysical vulnerabilities of the Region. This decision follows with established modes of 

developing hybrid risk indices, as demonstrated through projects that assess biophysical and 

socioeconomic indicators together (Boruff et al., 2005; Cutter et al., 2003, 2008; NIWA, 

2012; Schiavinato & Payne, 2015). Second, that all project stakeholders achieved consensus 

on the inclusion of a given indicator by all project stakeholders. This was easier said than 

done, given the diverse biophysical and socioeconomic conditions of the IHR. In addition to 

their exclusion due to a lack of agreement on their shared relevance, many indicators were 

not included in final project based on a lack of reliable data (Centre for Media Studies, 

2019b; DST & SDC, 2019; M. A. Khan, personal communication, January 2, 2020). 

Once the shared set of indicators developed through this process has been 

established, an additional measure was taken to try to ensure that the choice of indicators 

was as representative as possible. Project authors assigned a weight to each indicator, for use 

in the development of an overall vulnerability index for the IHR. The weight of each 

indicator toward overall vulnerability was determined at the state level, with different states 
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giving different weights to each indicator. With the assumption that local stakeholders are 

the best to decide the relative importance of each indicator, state actors were given the 

autonomy to determine the ranking of overall vulnerability indicators. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Table 1 – Indicators chosen to represent vulnerability in the 2019 IHCAP 

Report assessment demonstrate that although diverse, indicator choice was 

limited by data availability 
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d. Report Limitations 

Armed with these powerful tools, the 2019 IHCAP Report demonstrates the 

implementation of a novel form of consensus building to develop a more robust 

understanding of shared risk. Part of this success stems from ability of the Indian national 

government to convene meetings with top-level officials from a variety of states in the IHR. 

Generating a shared set of indicators to address a shared set of issues is also an important 

milestone within climate change adaptation efforts more broadly. It represents a meaningful 

give-and-take on the part of participants from different contexts. Since not all actors 

experience equivalent levels of vulnerability, distilling a set of meaningful indicators that 

can effectively represent all actors is no small achievement. This is part of what makes the 

IHCAP Report such a novel and exciting way to engage with vulnerability—a fact that is 

reflected in the Indian government’s recent plans to operationalize it at a national scale 

(Roy, 2019; D. C. Sharma, 2019). 

Despite this, the IHCAP report also faces obstacles that have the potential to limit its 

contribution to adaptation planning efforts both within India and beyond. First, this project 

engages with a relatively simplified conceptualization of vulnerability. Viewing it 

essentially as an end-point, it does not include many of the underlying contextual factors that 

influence vulnerability. Second, the lack of reliable granular data and the issues inherent to 

aggregating that data have negatively affected the selection of key indicators. Finally, even 

with a set of commonly derived indicators chosen, the project has not effectively integrated 

them at different spatial scales. Even though the self-weighting of vulnerability indicators 

between each state opens up the possibility of a more accurate assessment overall, it also 

limits the comparison of states within the IHR. These limitations are fundamental to the 

methodological and epistemological choices made during initial project development. They 

not only dictate how vulnerability has been imagined or defined, but the information that has 

eventually been collected. Compounding these issues, the technical, financial, and political 

limitations of local institutions within the IHR, come to define the overall potential of the 
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project. The combination of these issues have direct implications on the development of 

adaptation strategies in the IHR. 

Limitation 1: Simplified Conceptualization of Vulnerability 

The first key limitation of the Report occurs in the simplification of complex causes 

of vulnerability to a few select variables. Despite addressing key aspects of vulnerability 

through the creation of a common framework to assess vulnerability, the IHCAP report does 

not address some of the other related factors that comprise risk. Though outlined as part of 

future project goals, the processes and methodologies to address exposure, hazards, risk, and 

adaptive capacity in this context, have not yet been clearly defined or addressed in current 

research (M. A. Khan, personal communication, January 2, 2020).  

This limitation emerges out of the fact that the IHCAP Report is essentially a top-

down mapmaking and assessment project. As such, it relies on specific modes of 

mapmaking, data collection, and knowledge production to aggregate and simplify data for 

effective consumption. Best described as “legibility and simplification,” these processes are 

inherent to the information production systems of a top-down assessment project (Scott, 

1998). Developing the IHCAP Report required a narrowing of vision on the part of project 

authors, in a process that both simplified and made legible an otherwise infinitely complex 

reality. Here, local nuance has either been omitted or aggregated to a higher spatial scale to 

make information more legible to various other processes of state governance and control. 

Though abstractive and selective in its gaze and focus, this perspective also paradoxically 

provides a synoptic view of the totality of what exists within the boundaries of the state—

allowing for more effective modes of state governance and control (Scott, 1998). 

While both these processes may best serve larger administrative and regulatory 

goals, they can obscure information derived from local and context-based nuance. The 

processes of legibility and simplification also runs the risk of being weaponized to reinforce 

existing political and social arrangements. “Seeing like a state” also entails establishing an 
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entire system of data collection, standardization, and dissemination practices (Scott, 1998). 

The authority of certain metrics above others also carries with it a whole host of socio-

political implications, as the deployment of dominant epistemologies can have negative 

consequences for minority or marginalized groups.  

Limitation 2: Dearth of Reliable Granular Data 

The second key limitation of the IHCAP report is the scarcity of accurate granular 

data to inform indicators. Members of the Report’s working group publicly expressed 

difficulties regarding the development of assessment indicators due to a lack of readily 

available local-level data (Centre for Media Studies, 2019b). This scarcity also limits the 

number and kind of indicators used. With final assessment indicators largely determined by 

their availability, even highly relevant indicators were omitted if the data didn’t exist. This, 

combined with the large scale at which the assessment project was conducted, also meant 

that the aggregation of micro-level data to inform indicators would experience reliability 

issues. Aggregation implies simplification and the elimination of local nuance, calling into 

question the Report’s ability to support or target local adaptation efforts.  

Adaptation planning efforts necessitate the presence of robust data management 

technologies and their complimentary analytical techniques. Access to relevant tools and 

reliable data is a sought after resource to researchers and policy makers looking to 

accurately assess the level of potential risk for specific regions and communities. Yet, like 

many communities of the global South who lack a robust spatial data infrastructure, the 

Indian central government has faced a variety of issues in developing reliable geospatial data 

(Stock, 2017). This has significant implications on the Indian state’s ability to produce 

accurate vulnerability assessments that can inform local adaptation. 

As the IHCAP assessment report was developed at the scale of the region, it relies on 

the availability of reliable micro-level geospatial data from a variety of sectors. Sourcing 

disaggregate data to develop local knowledge to inform vulnerability at higher scales is one 
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of the most costly phase of project development (J Sharma et al., 2018). In addition to 

funding challenges, the high initial cost of local-level assessments can pose a challenge to 

countries of the global South, where there can be insufficient technological and institutional 

capacity to collect data at this spatial scale. A lack of expertise regarding both the problem 

and the technological tools used to analyze it also challenges Indian governance in 

producing effective adaptation (Berry et al., 2018).  

As in India more widely, the problems associated with the ability or cost of 

producing data is also exacerbated by the specific socioeconomic characteristics of the IHR. 

Wide socio-political diversity in the ethnic and cultural fabric of the region present issues in 

the accurate standardization of socioeconomic data. While micro-level data is collected by 

the Indian census, the scale at which it is collected certainly has implications on which 

variables are included during the final data collection phase. Those that are collected at the 

local scale face the prospect of aggregation when being considered for analysis at a higher 

spatial scale. The aggregation of data upwards in scale often eliminates important 

information about local nuance. An example of this can be seen in Figure 6; here, the 

nuances of where population density centers are located is lost as the information is 

aggregated upward to a higher spatial scale. This process of simplification also has negative 

implications for the accurate representation of marginalized or minority groups in India. The 

prevalence of informal land use regimes throughout the country adds to this difficulty. 

Collecting data regarding residents who do not possess officially recognized claims to land 

or property is also fraught with a host of social, political, and economic implications (Cidell, 

2008; Crampton & Krygier, 2010; S. V. Mishra, 2015).   



44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The current governance structure of India also adds to the data collection, 

standardization and aggregation challenges faced the IHCAP Report. Most importantly, the 

dearth of city- or municipal-level assessment projects, complicates the development of 

effective adaptation responses at the local level. This is despite a wave of government 

decentralization, vis-à-vis the 73rd and 74th amendments to India’s constitution in 1992, 

which saw greater local governance powers assigned to state and municipal governments. 

These new powers included the right to raise revenues, pursue social justice policies, and 

direct economic development. Yet, the push toward decentralization also left key powers in 

the hand of the national government. The initiation of India’s current long-range urban 

development and environmental management policies (which include those that address 

climate change) is often conducted in a top-down manner, directed by national ministries 

and their politicians (Beermann et al., 2016). In this governance arrangement, the national 

government works to provide scientific and technical guidelines, along with the financial 

resources need to state governments—who are then expected to take the ownership and 

Figure 6 – These maps of India’s population density indicate the loss of specific 

information as data is aggregated upward in scale. 
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responsibility of implementing plans at the state- or municipal-level (Doll et al., 2013; D. 

Sharma & Tomar, 2010). The internal development of climate change-related action is 

limited by a lack of institutional and technical capacity at the state-level, who instead rely on 

the resources and expertise of national ministries, research universities, domestic non-

governmental organizations (NGOs) and international development organizations (IDOs) 

(Kumar, 2018). 

Limitation 3: Lack of Regionally Integrated Indicators for Local Adaptation 

In addition to the specific issues the IHCAP Report has faced being based in the 

global South, it has also relied on participating states to develop indicators. Consensus 

building around the relevance of indicators was certainly a focal point of the new “common 

framework.” This meant that in the development of a set of shared indicators for the region, 

the weight and importance of local indicators was lost. Project authors were to address the 

data availability issues that direct the choice of indicators. They even publicly voiced 

concern over this limited choice of indicators.  

With data availability issues limiting the choice of available indicators, states were 

left to choose among the rest. State agencies were given a degree of autonomy to produce 

and choose indicators for consideration by other project participants. After consensus was 

reached between state officials regarding the scope and nature of those indicators, it then fell 

to the state agencies to source or produce the relevant datasets, and to ensure their reliability 

and accuracy (A. Gupta, personal communication, January 2, 2020). This was the only 

meaningful choice, in light of the lack of robust national spatial data infrastructure in India 

to support effective data development (National Research Council, 1993; Stock, 2017).  

The critical assumption of this project was that states provided a meaningful choice 

of indicators and accurate data to inform them. The IHCAP project relies on the due 

diligence of state-officials to properly collect, aggregate, and sometime analyze a variety of 

data. This meant that even in the event that data quality or availability issues were to arise, 
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they might not have been properly identified or mediated by an inexperienced and 

understaffed state agency. A variety of tools have been made available to project 

participants in the form of resource and training handbooks in response to some of these 

concerns (GIZ, 2014c; J Sharma et al., 2018). However, gauging its effective uptake by state 

institutions is difficult given the host of extraneous social and political factors affecting local 

institutional capacity. In the end, responsibility over the choice of indicators and the 

reliability of data to inform them was left to state agencies. 

 

These issues, surrounding the independent production of data by states in the IHR, 

emerge from the fact that the IHCAP Report has been conducted at the regional-scale, using 

a top-down assessment approach. This also means that it cannot include more detailed 

knowledge regarding certain risks or hazards that are particular to a specific locale (GIZ, 

2014a, 2014c; GIZ & EURAC, 2017). This becomes clear when examining final 

Figure 7 – District level vulnerability assessment map for Uttarakhand State 

demonstrating a lack of granularity 
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vulnerability assessment indices and maps produced through the IHCAP Report. The 

vulnerability assessment map for Uttarakhand State demonstrates a key limitation related to 

the scale at which indicators were developed and sourced (Figure 7). Though generating 

data to inform indicators at the district-level was the most efficient use of resources, it also 

leaves key gaps in the development of information to support local adaptation. One key 

shortfall is that it lacks definition regarding vulnerability at smaller administrative divisions, 

such as the sub-district or block level. The vulnerability assessment map of Uttarakhand 

demonstrates that although vulnerability has been determined at the district-level, it does not 

allow for the incorporation of local nuance, or divergent levels of vulnerability in between 

sub-districts. To effectively direct local adaptation, any future assessment would have to 

develop data and indicators that could be further disaggregated to a smaller spatial scale. 

 

 

Figure 8 – Sub-district (tehsil) level vulnerability assessment map for the 

Darjeeling & Kalimpong Districts of West Bengal State demonstrates a mismatch 

in the spatial scale of data used to inform indicators 
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A similar shortfall can be seen within the vulnerability assessment map of the 

Darjeeling & Kalimpong Districts of West Bengal State (Figure 8). Unlike the Uttarakhand 

vulnerability map, this map was created using data at the level of the sub-district (tehsil). It 

can therefore demonstrate an effective differentiation in the levels of vulnerability in 

between different sub-districts within the same district. The key issue of this particular 

assessment context arises out of the fact that these were the only two districts sampled 

within the State of West Bengal. This was done partly in response to the fact that they are 

the most hilly and mountainous areas of West Bengal, and the only areas of the state 

considered by the IHCAP project to be a part of the IHR (DST & SDC, 2018, 2019). The 

vulnerability of these two relatively small districts was extrapolated upward in scale, to 

define the vulnerability of the entire state. Final project deliverables included West Bengal 

in state ranking, even though the region used to determine vulnerability makes up less than 

4% of the state’s total land area (see Figure 9; Appendix 2 & 3).6 

 

 

Finally, the weights assigned to indicators used in the final vulnerability assessment 

for the region present issues in the comparison of vulnerability across contexts. Because 

                                                           
6 The total land area of West Bengal is 88,752 km2 (34,267 sq mi), while the combined land area of the 

Darjeeling and Kalimpong districts is only 2,092.5 km2 (807.9 sq mi) and 1,053.60 km2 (406.80 sq mi) 

respectively. 

Figure 9 – Chart illustrating the proportion that these two districts comprise of 

total land area in West Bengal State. 
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weights were assigned by each state, the relative magnitude of indicators across the IHR is 

inconsistent. This makes the comparison of a single indicator across multiple scales difficult. 

Figure 10 below illustrates the share of each indicator weight out of the total weight. It 

demonstrates that across the 12 states/UTs of the project area, no two weights are alike. 

Consequently, comparing the impact of indicators across the Region becomes challenging 

given that each indicator has been weighted differently across contexts. 

 

Overall Limitations 

Despite these shortcomings, final vulnerability assessments developed through the 

IHCAP Report provide valuable perspective on the level of vulnerability of states within the 

IHR. Observing vulnerabilities at the macro-scale has made this report a powerful tool for 

national government ministries tasked with addressing climate change. It allows for central 

government institution to identify those states and regions that will require the most support 

as the impacts of climate change intensify. Identification aids allocating resources toward 

Figure 10 – Relative weights of each vulnerability indicator, state-wise distribution 

showing that indicators were not equally weighted across geography 
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those specific geographic areas that are most in need. With assessment conducted at a higher 

spatial scale, critical fiscal and policy objectives that have the potential to address climate 

change can begin to be addressed.  

In addition, the implementation of a state-wise indicator weighting scheme allows 

for a more nuanced understanding of vulnerability across a large and diverse Indian 

Himalayan region. This is produced by each state determining the relative importance of 

each indicator within the overall assessment. The relative weight of each indicator therefore 

reflects its impact toward overall vulnerability, and provides a more nuanced and accurate 

picture of risk in a particular state. This proves useful in helping to determine the relative 

importance of particular sectors or impacts, and can aid in the development more effective 

interventions. 

Yet, in dealing with vulnerability at such large geographic scales, the IHCAP Report 

also addresses vulnerability as an end-point, with little impact on the development of local 

adaptation (GIZ, 2014a; O’Brien et al., 2004; J Sharma et al., 2018). With the explicit 

objective of training stakeholders and developing institutional capacity to address the future 

impacts of climate change, project objectives do not focus on the underlying socioeconomic 

and political causes of present vulnerability. This strictly end-point assessment of 

vulnerability is problematic, since it can do little to address the structural, contextual issues 

that precipitate vulnerability in the first place. This has been done in part because national 

government objectives are focused on developing strategies to help minimize the impacts of 

future climatic impacts, not on addressing local issues. Though this future-oriented approach 

assists governance in targeting adaptation at the regional-or national-level, it does little to 

augment the development of local adaptation solutions per se.  

In a top-down manner, the IHCAP Report demonstrates how local data is aggregated 

upward from the local-level to determine vulnerability for important indicators at larger 

spatial scales (GIZ, 2013, 2014a, 2014c). And while this can aid larger policy and 

development responses, it is not particularly useful in the development of local adaptation 
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responses. Local intervention takes the form of physical infrastructure (e.g. walls, building 

reinforcement, rerouting roads and bridges, water diversion and/or storage) or in the form of 

targeted policy interventions to address immediate local impacts (e.g. aid programs, buyouts, 

subsidies, incentives, zoning, eminent domain). The need for these kind of localized 

adaptation measures is also increasing, as the impacts of climate change spread unequally 

across the globe. This is especially true in the context of the global South, where local 

governance systems often lack adequate resources to initiate or sustain adaptation projects 

without support from national governments.  

Yet, as demonstrated by the limitations of the IHCAP Report, current projects lack a 

focus on the development of robust granular data that can inform context-specific 

vulnerability solutions. Acknowledging this fundamental limitation of the IHCAP Report is 

crucial for improving on-the-ground outcomes of assessment projects throughout India. 

Building upon the tools, techniques, and choices used in the development of this report is 

even more important considering recent plans to implement of its framework on a national 

scale. In particular, the success of current and future projects in addressing the direct 

impacts of climate change is directly related to the reliability, availability, and scale of 

geospatial data. Yet, sourcing that data is fraught with challenges.  

This analysis finds that the most important limitations confronting assessments like 

IHR are data availability, reliability, comparability, and (consequently, most importantly), 

conceptualization of vulnerability. First, with a variety of different assessment frameworks 

and definitions of vulnerability available, choosing the appropriate conceptualization often 

depends on the type of data that is available. Assessments may tend towards end point 

vulnerability due to data availability rather than conceptual relevance. This problem framing 

fundamentally influences the design of adaptation solutions. Second, endemic financial, 

institutional, and political barriers have led to widespread data availability and reliability 

challenges throughout the global South. This is especially true for plague planners and 

policy-makers tasked with the development of vulnerability assessments. This lack of data 
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has a direct impact on what aspects of vulnerability can be identified and studied under a 

particular assessment. Third, integrating data that has been collected across varied 

geographic and spatial scale is also limited under current approaches. With data collected at 

larger spatial scales to inform larger policy decisions and frameworks, its reliability when 

disaggregated downward in scale is questionable. Likewise, aggregating local-level data 

upward is fraught with challenges given the poor access to reliable granular data. Data 

collected from one region is also often not comparable to other regions because of dissimilar 

collection methods, metrics, weights, or indicators.  
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5. POTENTIAL SOLUTIONS AND KEY LIMITATIONS 

Faced with these challenges, the following technological and methodological 

solutions outline potential ways to address ongoing data gaps. Integrated approaches, 

disruptive technologies, decentralized data collection modes, and alternative knowledge 

sources may help to address the challenges associated with a lack of data. In addition to 

being chosen on the basis that it is a novel and emergent method or technology, each 

example was also chosen for its potential to meet certain data development needs. 

Integrated approaches find new ways to utilize existing resources to solve seemingly 

intractable data problems. They are also often less costly or time-intensive than traditional 

bottom-up methods, by combining data collection and assessment strategies from divergent 

spatial scales. This kind of solution can directly address resource gaps in the development of 

vulnerability assessments, by leveraging resources from other areas and at different scales. 

Whether they are state-led or otherwise, a host of emergent technologies also provide 

for new possibilities in the fast, efficient, and cost-effective collection of data. This is 

especially true in areas where traditional technologies have largely been unsuccessful in 

augmenting data collection. Improved remote sensing technology in the form of UAVs 

demonstrates a new and cost-effective way to collect certain forms of data. Distributed 

sensor networks, built into existing transportation and service provision infrastructure also 

has the potential to augment data. 

Decentralized data collection modes that utilize open- and crowd-sourced platforms 

are another interesting trend in data development. These modes shift the onus of collection 

from a central authority into the hands of those who will benefit the most—empowering 

users to develop accurate data about their own socioeconomic and environmental conditions. 

The OpenStreetMap project and the accompanying development of Tasking Managers, has 

paved the way for developing accurate geographic information. These interventions are 

especially effective where resources and expertise with data collection technology is limited. 
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In a similar vein, crowd-sourced data collection using telecommunication systems and 

smartphones demonstrates the ability to collect data on indicators at an unprecedented scale. 

Using established communication infrastructure, this intervention has the ability to improve 

data where centralized modes have had limited success. 

Finally, community-based and indigenous knowledge practices have the potential to 

improve data quality, as these communities can often provide more reliable information 

regarding local conditions than outsiders. These examples include approaches that develop 

additional indicators using unconventional socioeconomic metrics. These metrics can often 

be highly representative of local vulnerabilities, as they are more likely to reflect those 

aspects of vulnerability that are specific to a particular locale. Similarly, indigenous 

knowledge sources can offer alternative modes of defining vulnerability, which may be 

absent in conventional approaches. 

a. Moving Toward an Integrated Approach 

Looking toward an important shift in the development of climate change 

assessments, top-down and bottom-up approaches have the potential to provide 

complementary information. To develop assessments that are robust enough to produce 

effective adaptation at a variety of scales, there is a need for integrated approaches that can 

leverage the benefits of both models. This combination has the capacity to improve 

assessment projects by virtue of the fact that each approach is so different.  

As can be seen in aspects of the current IHCAP Report, a top-down assessment 

approach focus on the biophysical impacts of climate change, often taking vulnerability as 

an end point. They are also limited in their ability to account for how or why people become 

vulnerable in the first place. On the other hand, bottom-up approaches can provide granular 

information about both socioeconomic and biophysical vulnerability. This kind of approach 

treats vulnerability as a start-point, by linking it to host of related context-sensitive factors 

(Hinkel & Bisaro, 2015; O’Brien et al., 2004, 2007). This means that bottom-up approaches 
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are best suited for assessing current vulnerabilities and adaptive capacities, rather in 

addressing the vulnerabilities and impacts to climate change and vulnerabilities at larger 

scales. Conversely, top-down approaches are more appropriate for modeling or predicting 

larger-scale climate change impacts, and struggle to provide certain information at finer 

spatial scales. 

 

An integrated approach would ideally incorporate the best of both worlds. By 

keeping the scale of assessment relatively low compared to a top-down approach, it is less 

costly and time consuming. It also requires less skill and experience to complete 

successfully. Though not the primary drivers of the assessment, local stakeholders continue 

to have a voice. The choice of indicators can also be sourced more easily from the 

community, incorporating valuable local insights into the assessment process. The careful 

balance of these tradeoffs makes it ideal for addressing local vulnerability in a way that still 

acknowledges the larger systemic issues that feed into local issues. It is more holistic 

Figure 11 – Diagram illustrating how the simultaneous deployment of opposing 

approaches leads to conditions under which an integrated approach can be 

developed.  

Adapted from (GIZ, 2014a) 
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because it attempts to bridge the gaps between top-down and bottom-up assessments—

allowing for a more nuanced perspective on vulnerability. 

Developing comprehensive vulnerability assessments to address climate change, 

therefore requires an effective integration of both approaches. This necessity emerges out of 

the fact that vulnerability to climate change is multifaceted, emerging out of the confluence 

of socioeconomic and biophysical contexts (Dessai & Hulme, 2004). The exact mix of 

methods and tools to be used from each approach is best dictated by the nuances of a 

particular context. For example, if a top-down assessment approach seeks to identify the 

core drivers of vulnerability within a particular geographic area, information upscaled from 

a bottom-up assessment at the local-level may provide insight—especially if this 

information concerns socioeconomic factors. Likewise, if a project using a bottom-up 

approach requires clarification on climatic risk to help direct adaptation options, 

downscaling from top-down assessments and larger-scale modeling can provide insight. The 

effective integration of divergent approaches can work to increase the overall success of a 

project; the weaknesses inherent within one approach can be more effectively managed by 

the strengths of the other (Mastrandrea et al., 2010).  
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Developing and adopting an integrated approach promises to provide assessments 

with an appropriate mix of granularity and accuracy—aiding in the development of more 

robust vulnerability assessments. This is mainly because vulnerability is multifaceted, 

emerging out of the confluence of socioeconomic and biophysical contexts (Dessai & 

Hulme, 2004). It is an approach that can also work to increase the overall success of a 

project, as the strengths and weaknesses of its constituent approaches are often 

complimentary (Mastrandrea et al., 2010). It can also develop innovative solutions to 

seemingly intractable information problems, by linking the processes of knowledge 

production from top to bottom. Creative solutions like these are needed most where 

knowledge, skills, and resources are limited. The following approach embodies this 

creativity, and demonstrates an innovative method of inferring population figures in 

locations with limited data. 

Figure 12 – Diagram outlining how different assessment characteristics differ 

across approaches  

Adapted from (J Sharma et al., 2018) 
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Statistically Derived Population Estimates: GRID3 Hybrid Method 

A salient example of an integrated approach in action is currently embodied by 

GRID3 (Geo-Referenced Infrastructure and Demographic Data for Development). This 

International Development Programme7, works with countries to generate, validate, and use 

geospatial data to develop reliable information about population, settlements, infrastructure, 

and boundaries (GRID3, 2020a). Utilizing an integrated approach, GRID3 has developed a 

method for going beyond traditional censuses by producing high resolution population 

estimates in areas with limited data. This “hybrid method” first develops comprehensive 

population totals for small, defined areas, through micro-level surveys. Proprietary statistical 

models are then applied to a collection of these granular samples, to link micro-level data to 

other geospatial datasets with much larger and robust coverage over the regions of interest. 

This is done to predict population totals for areas that currently lack reliable data (GRID3, 

2020b). By aggregating these statistically derived, high-resolution predictions, population 

totals can be produced for countries or territories where the implementation of a traditional 

census is not possible (GRID3, 2020c; Wardrop et al., 2018). 

 

                                                           
7 This program is financed by the Bill and Melinda Gates Foundation and administered through the UK 

Department for International Development. 

Figure 13 – The “hybrid method” workflow for generating statistically derived 

population figures 

Source: (GRID3, 2020c) 
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b. Disruptive Technologies 

Additional technology to support the collection of data would do much to augment 

integrated approaches such as GRID3’s population estimates. It would also allow such a 

platform to engage with other kinds of data. While many countries of the global South face 

persistent issues related to the development of granular data, there are a variety of 

burgeoning technologies, which have the potential to offer some solutions. By no means are 

these tools a panacea; each comes with its own set of limitations and inherent biases. For 

one, thee technologies often require advanced training of the development of costly 

infrastructure to support it. Despite this, the following examples work to develop the kind of 

information most needed in pursuit of more robust vulnerability assessments.  

Improved Remote Sensing Technology: Unmanned Aerial Vehicles (UAVs) 

The Survey of India (SoI), in partnership with the Department of Science and 

Technology (DST), has recently announced plans to map nearly 2.4 million sq km of India 

using unmanned aerial vehicle (UAV)8 technology. This large-scale mapping project will 

utilize professional survey-grade UAVs to generate high-precision and high-accuracy 

photogrammetry, orthographic imagery, and digital elevation models for use in a variety of 

planning and development projects (DST, 2019). This platform is also fundamentally 

different from previous mapmaking technologies, as it is designed to capture a high volume 

of data in relatively short amount of time. Their ease of use and limited operator training 

requirements compared to other platforms also makes them an important development in 

remote sensing technology (Machina, 2019). This combination of technology and innovation 

is meant to support the expanded scope of a variety of civic, commercial and government 

projects (Bhalla, 2019). Considering the ongoing lack of accurate geodetic measurements in 

India, the use of these tools has the potential to radically transform the current geospatial 

information landscape.  

                                                           
8 UAV systems are often known more colloquially as “drones.” 
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However, like all other remote sensing technologies, UAVs are limited in the type of 

information they can collect. While they are perfectly suited to capture accurate biophysical 

data by virtue of being equipped with an array of sensors to measure the natural 

environment, they are not designed to assess on-the-ground socioeconomic conditions. 

Being equipped with high-resolution visible and infrared cameras, lidar and radar devices, as 

well as sensors which measure temperature, humidity, and wind speed, they are only 

designed to assess biophysical conditions (Krishnakumar & Vashist, 2020). Even with 

recent projects such as GRID3 that implement modeling tools to infer socioeconomic 

characteristics from remote sensing data, their widespread applicability is limited. While the 

inability to gather direct socioeconomic data certainly has implications in the development 

of more robust vulnerability assessments, UAV technology does demonstrate its potential to 

radically augment the collection of granular biophysical conditions. 

In generating high-resolution data these technologies have the potential to accurately 

inform local assessment and adaptation responses. The flexibility and portability of the 

system also means that it can be deployed in an ad hoc manner—in response to critical 

Figure 14 – Example of the type of professional survey-grade UAV platforms 

currently in use by the Indian Government 

Source: (Skyfront, 2020) 
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needs or changing conditions. And while not able to address all indicators, this platform 

does provide additional information to support the conceptualization of vulnerability as 

start-point. Accurate measurement of local biophysical conditions goes a long way in the 

development of assessment that can address underlying contextual factors more effectively. 

Used effectively in conjunction with local knowledge sources, this technology can also 

pinpoint areas for more careful observation. 

 

 

Despite these benefits, there are also significant implications in the collection and 

use of data collected by a centralized entity. Because the initiative currently under 

development by the Survey of India is a wholly state-led measure, the primary purpose of 

the data it generates will be to serve the needs of the state. This has political implications, as 

where the technology is deployed and what kind of information it collects can certainly have 

impacts on local communities. Particularly in locations where politically marginalized or 

impoverished groups reside, or where collecting accurate information about the biophysical 

vulnerabilities of region is a politically inconvenient truth. Yet, despite this apparent state 

monopoly, even professional grade UAV technology is available for public use. This means 

Figure 15 – Increase in granularity between typical satellite imagery (left) and 

UAV imagery (right)  

Source: (HOT, 2020b) 
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that there is potential for non-state actors to utilize the same technology to fill in important 

gaps.9 

Distributed Sensor Networks: “Smart Cities” 

Following the political implications of centralized UAV data collection technology, 

this next form intervention has been developed to support more effective state governance. 

The tools used by so-called “smart cities,” have the potential to revolutionize the scale, 

speed, and kind of socioeconomic data able to be collected. The capture and integration of 

live real-world data on this platform occurs through the use of sensors, meters, appliances, 

and personal devices, all part of the so-called “internet of things” (Khatoun & Zeadally, 

2016). This system allows for the collection and use of information on to occur on an 

unprecedented scale. Data is subsequently mobilized into various computing platforms to 

coordinate city services, or develop “complex analytics, modelling, optimization, and 

visualization services to make better operational decisions” (Albino et al., 2015). 

This dynamic platform has the potential to augment assessment efforts by providing 

a wide range of constantly updating information nearly instantaneously. The devices and 

sensors that make up this system’s information gathering array are widely distributed across 

space. This makes them able to collect highly-granular socioeconomic and biophysical 

information for a variety of different vantage points. In addition to these high levels of 

granularity, smart city sensors provide a large amount of data over longer periods of time, 

further adding to the reliability of trends and analysis derived from this data. Finally, as 

sensor networks provide live information, they can provide up to date information for use 

during impact response efforts. These provide a distributed network with key benefits over 

traditional data collection methods that use a single sensor or source. Distributed sensor 

networks are therefore an optimal choice for the development of key socioeconomic and 

biophysical data to support adaptation. In providing up to date information regarding 

                                                           
9 Considering the legal and security ramifications of using drone technology to collect data in the current 

political climate, its widespread use by the public sector in India seems unlikely. 
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dynamic on-the-ground conditions, they work to inform the contextual causes of 

vulnerability, further enhancing efforts to approach vulnerability as a start-point. 

And while this approach demonstrates an unparalleled ability to collect and 

coordinate information—it is not without significant limitations. The largest limitations in 

its effectiveness as a data collection tool is that it relies on the development of costly 

infrastructure and technology to support data collection. In areas of the world with limited 

technological infrastructure, developing an “internet of things” is easier said than done. This 

contributes to another important limitation of this approach vis-à-vis vulnerability 

assessment efforts, that this method is largely limited to urban areas where infrastructure 

investment is more prevalent. Areas outside of these zones would not benefit from this 

approach, calling into question its applicability toward the development of vulnerability 

assessments more widely. In addition, ensuring the security and privacy of data and the 

information networks through which it is collected remains a significant challenge, one that 

demands proactive solutions (Khatoun & Zeadally, 2016).  

c. Decentralized Data Collection  

In contrast to forms of technology that rely on a central state or civil society 

organization to collect, synthesize, and analyze data, there are technological modes which 

instead rely on the power of distributed or decentralized networks. These platforms do not 

rely exclusively on a single entity to develop data, which at times may be more costly or 

time intensive. Instead, they look toward developing the capacity to collect data within 

existing technology infrastructures. Telecommunications platforms such as wireless cellular 

networks and the internet, provide a conduit for some of the most promising solutions. 

These platforms offer assessment approaches additional insight into vulnerability, by giving 

members of the community the power to directly engage with the creation of data, with 

limited training and from almost anywhere. This not only opens the door for incorporating 
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local nuance, but for the development of assessments that attempt to address the underlying 

contextual issues influencing vulnerability as a start point. 

Despite the risks inherent to the use of technology, the inclusion of crowd-sourced 

and community-based data collection strategies promise to improve the accuracy and 

reliability of vulnerability assessments. One example of this kind of technology would be 

sourcing socioeconomic data via smartphone applications to augment conventional 

collection methods. This kind of platform could potentially offer time- and place-specific 

information about a multitude of factors—alleviating some of the functional issues related to 

conventional, synoptic state-led information gathering regimes. The inclusion of the 

community in the production of data would also allow for a more equitable distribution of 

potential benefits and risks (Lemos & Agrawal, 2006). This would work to ensure a more 

accurate assessment of risk, one that is more reflective of actual on-the-ground conditions. 

Developing this kind of resource is also a crucial tool for states that lack robust institutional 

and technical resources, such as those in the global South. In the end, the inclusion of 

crowd-sourced data has the potential to provide a wealth of granular data on a variety of 

biophysical and socioeconomic indicators. This in turn will benefit the production of more 

nuanced vulnerability assessments that can develop more effective local adaptation 

solutions.  

Though seemingly novel in the context of vulnerability assessment projects, this kind 

of information production has in fact been part of ongoing trends in the expansion of 

geographic and spatial information development into new sectors. With most states having 

some form of national mapping agency that works to produce and update cartographic 

representations, as well as the large number of observation satellites and geodetic 

technologies currently in operation, it is easy to believe that the world is already well-

mapped. In reality, national mapping enterprises have been in decline throughout the globe 

for several decades (Estes & Mooneyhan, 1994; Goodchild, 2007). Many countries no 

longer sustain national mapping enterprises due to their large financial and technical 
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requirements. The increased pace of urbanization and changing spatial development 

processes also quickly renders existing maps obsolete (Goodchild, 2007). These factors can 

render conventional mapping enterprises unable to develop accurate and granular data. 

In this new landscape of decentralized mapmaking and cartographic authority, the 

notion of Spatial Data Infrastructure (SDI) is paramount. Here, an SDI is imagined as the 

“aggregate of all agencies, technologies, people, and data that together constitute a nation’s 

mapping enterprise” (National Research Council, 1993). Though this kind of infrastructure 

is conventionally thought to come under the purview of the state, distributed mapping and 

data collection processes are beginning to take a more active role in its development. The 

“patchwork” model of information production offered by decentralized platforms, casts 

aside the notion that national mapping agencies should be the single arbiters of geographic 

information. Instead, the state’s role is reimagined as that which will provide the standards 

and methodologies under which other actors might work to create composite maps, indices, 

or data repositories that would vary in scale and focus, depending on changing needs 

(Goodchild, 2007).  

Though the concepts integral to the development of an SDI seek to democratize a 

host of mapmaking processes, the state can continue to enforce a central role. State 

institutions can work to develop and enforce the standards related to geodetic datums and 

metrics, as well as the administration of place-names (Goodchild, 2007). They also promote 

distinct methodologies under which accurate assessments and analyses should take place, 

and outline how data should be employed to assess risk (J Sharma et al., 2018). Volunteered 

Geographic Information (VGI) is one theory, which has emerged to challenge established 

modes of information production—particularly those that have been developed by 

centralized state institutions (Falco & Kleinhans, 2018; Goodchild, 2007; Irwin, 2018; Jiang 

& Thill, 2015; Sui et al., 2012). In this approach the increased use of and access to the 

internet, as well as the prevalence of mobile smartphone ownership, has the potential to lead 

an emergent decentralization of mapmaking processes. In a reversal of traditional top-down 
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approaches in the creation and dissemination of geographic information, the “citizen sensor” 

emerges. This new actor fits neatly within ongoing trends of data production more widely. 

The decline in centralized spatial information production has coincided with a rise in 

aggregating of data from individual users (Goodchild, 2007; Jiang & Thill, 2015).  

In this new mode of information production, each human being (and their 

accompanying technological apparatus) constitute a mobile geographic data sensorium. 

Perpetually dynamic, each sensor has the potential to provide information at a level of 

precision and scale that would otherwise be unfeasible to traditional top-down modes of data 

collection. And while there continues to be debate about the reliability of crowd-sourced 

geographic data, its potential benefits within certain contexts have largely outweighed these 

concerns (Sui et al., 2012). In addition, a number of quality control and assessment methods 

have been developed to help ensure the accuracy and reliability of VGI (Degrossi et al., 

2016). These features are what demonstrate its potential to augment data development. The 

following examples demonstrate current applications of VGI, and their potential in 

supporting the development of more robust vulnerability assessment projects. 

An Open Source Platform: OpenStreetMap 

Currently, open-source data platforms exist with the potential to augment the 

distribution of data collection efforts. The defining feature of these platforms is that they 

source information not from a central authority, but from within the wider public domain. 

This crowd-sourcing of socioeconomic and biophysical information has the potential to 

generate and collect data in a faster and more cost-effective manner over more traditional, 

top-down methods. In the realm of geospatial data, the community-based data collection and 

mapping entity OpenStreetMap (OSM) is currently one of the most visible platforms 

facilitating this kind of information production.  

The premier example of effective crowd-sourcing and VGI, the OSM Project is a 

worldwide mapping effort that includes more than a million volunteers based around the 
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globe (OSM, 2020a). OSM turns traditional geospatial data collection on its head, bringing 

together a user interface that includes data like satellite imagery, topography, and other 

layers measured using traditional geodetic tools, with a user interface that allows laypeople 

to transform and interact with it. Contributors can geocode things like roads, houses, 

businesses, or transit infrastructure. They can also develop maps and assessments on specific 

socioeconomic conditions, depending on need. A number of so-called “tasking managers” 

have also been developed to dynamically guide the work of users toward specific 

humanitarian, health-service, or planning/development goals (HOT, 2020; OSM, 2020b). An 

example seen in Figure 16 demonstrates how contributors can be directed toward generating 

these specific datasets in areas that currently lack reliable data. 

OSM is not the only crowd sourced VGI project, but it is one of the most well-

known. Some of the main benefits of OSM include the fact that all information developed 

on the platform is made available to the public without cost. It is often the only freely 

available source of high-quality and high-resolution data; in some places, it may be the only 

source of data. Because OSM allows users to add any type of feature, this platform allows 

for the inclusion of a richer and more socially valuable set of features than what commercial 

or government maps can provide. This platform is also extremely flexible, able to be 

updated quickly in response to changing on-the-ground conditions, especially during times 

of crisis. In contrast, conventional commercial and government maps tend to be updated on 

fixed cycles, when the requisite financial and technical resources are available (Quinn, 

2018).  
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These aspects make this kind of approach especially appealing in a place like India. 

Here, the lack of technical infrastructure, a shortage of human and monetary capital, civil 

restrictions, and other factors that have caused many locations throughout the country to 

remain unmapped and unassessed. With OSM having been used effectively as a way to give 

a presence to communities that have previously been left in the dark, it has the potential to 

augment data collection efforts in India (Graham, 2010).  

A State-led Platform: TN-SMART 

Following the trend of VGI and the crowd-sourcing of important local data, the 

Indian State of Tamil Nadu is currently implementing an internet-based tool to support 

disaster governance. With the majority of people in India accessing the internet from their 

mobile devices rather than from a computer, the importance of focusing on mobile-based 

Figure 16 – Example of an OSM Tasking Manager used to direct crowd-sourced 

data development projects toward specific goals 

Source: (HOT, 2020) 
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technologies has significant implications for disaster management and response efforts 

(Sukhwani & Shaw, 2020). Following this trend, the Tamil Nadu - System for Multi-hazard 

potential impact Assessment and Emergency Response Tracking (TN-SMART) platform has 

been developed to aid disaster management through the crowd-sourcing of information from 

local participants. Once active on a user’s smartphone, this application provides a host of 

important services. Functioning as an early warning system for its users, disaster alerts 

would be pushed out to registered users in the form of messages and alarms. Users seeking 

emergency assistance would also be routed directly to local emergency volunteer responders 

for aid (Tamilan, 2018). A dynamic conditions reporting feature not only aids in immediate 

response efforts, but is also being utilized to further the development of weather modeling 

and spatial data infrastructure goals set out by state disaster management agencies (Tamil 

Nadu SDMA, 2018). The crowd-sourcing of the immediate and lasting effects of a particular 

disaster are currently aiding the development of local adaptation solutions, particularly 

within the rural communities of the state (E. Yuvaraj, personal communication, January 9, 

2020). 
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While this technology was developed primarily to address gaps in information to 

support disaster management, it can easily be tailored to address the development of 

vulnerability assessments. This tool provides users with a streamlined interface to record 

condition on a single database. This information is readily accessible to other users, who can 

observe current and past conditions. The development of data regarding key vulnerabilities 

would therefore be simple enough for a user. While the platform currently only allows users 

to record biophysical conditions related to disaster events, software changes could easily 

facilitate the recording of socioeconomic data as well. This would allow for users to directly 

record their own socioeconomic conditions, further facilitating the development of granular 

data. Though this opens up an interesting possibility, there are of course a variety of issues 

Figure 17 – Administrator-side view of crowd-sourced vulnerability data developed 

through the TN-SMART mobile application 

Source: (Tamil Nadu SDMA, 2018) 
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related with self-reporting socioeconomic data. Mechanisms could be developed to limit the 

kind of bias and inaccuracies that result from this kind of data collection.10  

d. Alternative Indicators and Indigenous Knowledge  

Complimenting those data collection methods, which turn to the community as a 

valuable source of information, the development of alternative indicators and indigenous 

knowledge sources offer addition benefits. Indigenous modes look toward historically 

marginalized or underrepresented segments of society to develop additional indicators. 

Other projects look toward underrepresented aspects of local livelihood. Though not 

dominant in current assessment paradigms, these can be found throughout the globe. In one 

example, the inclusion of additional metrics to quantify and measure “livelihood conditions” 

was developed in Sub-Saharan Africa and India to help develop a more nuanced and 

multifaceted understanding of vulnerability. These incorporate descriptive information about 

livelihood conditions, which include things like social networks, non-monetary assets, as 

well as metrics to measure access to healthcare, food sources, and water security (Adu et al., 

2018; Fischer & Chhatre, 2016; Hahn et al., 2009). Other approaches have turned to 

indigenous knowledge sources in the determination of additional indicators of vulnerability. 

This can be seen through the inclusion of local cultural knowledge in the development of a 

framework to measure “cultural health” in New Zealand. This approach incorporates 

indigenous Maori beliefs and practices into its assessment of environmental conditions (New 

Zealand Ministry for the Environment, 2006; Tipa & Teirney, 2006). 

Like the potential of VGI to augment vulnerability assessment approaches, 

community-based and indigenous knowledge production processes provide unique benefits. 

Contrasting more mainstream conventional assessments, these approaches also utilize 

decentralized, qualitative, local-level information. The goal of these approaches is to 

improve data availability and reliability in regions where reliable granular information is 

                                                           
10 One example of a preventative mechanism might be that all socioeconomic data being recorded is privatized 

or anonymized to prevent the misuse of that data. 
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scarce or difficult to collect using centralized modes of production. They also have the 

potential to offer special insight to the contextual, place-based issues that might otherwise be 

missed by more top-down modes. Faced with a lack of granular data, the following 

examples have been developed using these unconventional approaches. 

Alternative Indicators of Vulnerability: The Profile Approach 

A salient example of an alternative framework for developing indicators is found in 

applied research that has utilized a so-called “profile approach” to vulnerability assessment 

(Fischer & Chhatre, 2016). First developed in the Indian Himalayan state of Himachal 

Pradesh, this approach works to combat the lack of data exacerbated by the remote and 

treacherous topography this Himalayan state. The strength of conventional vulnerability 

indicators strategies here are confronted by a variety of obstacles—most critically that this 

region faces specific problems, which may or may not be captured by conventional 

indicators. A lack of formal state governance structures also leads to a lack support for 

vulnerability assessment projects, making the development of the right indicators even more 

challenging. 

The profile approach aims to incorporate complex local conditions in the 

development of key indicators, mainly through the development of individual household 

“profiles.” These household profiles include important metrics regarding non-monetary 

assets, social networks, access to healthcare, food availability, and water security. Sourcing 

this kind of granular data about what kinds of social and economic conditions contribute to 

vulnerability, is especially useful in the remote, mountainous, and data-poor environment of 

Himachal Pradesh and the IHR. In addition, this approach strives to incorporate the multi-

dimensionality of households’ experiences of vulnerability into its framework. The focus on 

each household is a means to tease apart the causes and conditions that place certain 

individuals or families at risk. It also works to explore the ways in which multiple different 

factors converge to shape the vulnerability of households in a given region. This can provide 
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a more nuanced understanding of vulnerability, and is what separates the profile approach 

from conventional vulnerability assessments. Embodying vulnerability as a start point, this 

strategy looks beyond the immediate causes of vulnerability to trace back the larger causal 

structures that have placed certain groups within harm’s way (Fischer & Chhatre, 2016). 

This is not a simple social vulnerability assessment approach—the profile approach seeks to 

measure and quantify intangible issues such as: social stratification, economic 

marginalization, and political disempowerment. A focus on these characteristics 

demonstrates the potential of this approach to augment conventional vulnerability 

assessment strategies. 

Indigenous Knowledge Sources: Maori Cultural Health Index 

Another key source of information to support more dynamic vulnerability 

assessments emerges out of strategies that include indigenous cultural knowledge in the 

development of frameworks and indicators. These approaches turn to the distinct 

worldviews that shape indigenous cultural identities, to inform assessments of vulnerability. 

As indigenous groups are particularly sensitive to the local use and development of 

resources, engaging directly with native epistemologies can yield valuable information about 

the local factors influencing vulnerability (Kassam, 2009; Pearce & Louis, 2008).  

A salient example of this process can be found within the Cultural Opportunities 

Framework, developed to engage with indigenous Maori environmental knowledge in New 

Zealand. This project’s aim is to create responsive environmental resource management 

strategies and development plans that can deliver optimal cultural outcomes, especially for a 

marginalized indigenous group such as the Maori. As such, it engages with intangible 

concepts that have significant local cultural importance that would otherwise not appear in a 

conventional assessment strategy. These include measuring aspects of “mauri”11 and 

                                                           
11 mauri 1. (noun) life principle, life force, vital essence, special nature, a material symbol of a life principle, 

source of emotions - the essential quality and vitality of a being or entity. 2. (noun) also used to reference the 

physical object, individual, ecosystem or social group in which this essence is located. 
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“mahinga kai,”12 indigenous terms that reference different aspects of human interaction with 

the land. These also employed as a way for the Maori to measure the health and vitality of 

the local environment using indigenous indicators (Tipa & Nelson, 2008; Tipa & Teirney, 

2006). 

 

 

And despite its apparent lack of significance outside of Maori epistemologies, the 

concepts within this framework have been used to develop a Cultural Health Index, 

currently in use by the New Zealand Government (New Zealand Ministry for the 

Environment, 2006). The main objective of this project is to identify geographic areas with 

high cultural significance that are potentially under threat by adverse environmental 

conditions. While this framework was developed primarily for resource conservation efforts, 

it has the potential to improve the sourcing of indicators and data to inform vulnerability 

assessments more broadly. They are especially relevant in efforts to develop assessments 

                                                           
12 mahinga kai 1. (noun) a broad concept that includes species, natural habitats, materials traditionally used for 

harvesting food and places where food or resources are gathered.  

2. (verb) the act of gathering food with traditional methods and techniques 

Figure 18 – Interactive web map developed to highlight the Maori Cultural Health 

Index case study 

Source: (Stats NZ, 2017) 
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that address vulnerability as a start-point. Much like community-based indicators, these 

indicators are sourced from those who are experiencing vulnerability firsthand. The 

difference in this case is that this framework suspends assumptions about the relevance of 

indicators. Instead, it looks to the indigenous community to define its own vulnerability, 

using its own terms, definitions, and ways of knowing. 
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6. CONCLUSION 

Effective climate change adaptation responses require accurate data. Information is 

essential in shaping the development of indicators to inform vulnerability assessments and 

subsequent adaptation intervention. Like many other assessment projects sited in the global 

South, the overall impact of the IHCAP Report is limited by a lack of readily available and 

reliable information to support it. The information problems associated with as yet under-

developed technical infrastructure, ongoing political uncertainty, decentralized governance 

structure, and the prevalence of informal social arrangements are exacerbated by the 

tradeoffs inherent to scale, boundaries, and selection of metrics and indicators. This research 

has attempted to address the implications of these issues within climate change adaptation, 

by first analyzing the limitations of a prototypical report and then considering a variety of 

potential solutions with the potential to bridge data gaps.  

The first assessment of its kind to utilize a “common framework” toward the creation 

of relevant assessment methodologies and indicators, the IHCAP Report has inspired the 

development of future assessments that will attempt to utilize the same approach. While 

investment in this particular report has largely been in response to ongoing efforts to protect 

the strategic value of the IHR, it has also been adopted because of a genuine need to develop 

more robust vulnerability assessments in India. The Report also functions as a form of 

capacity building, as project participants are trained and educated as to how best to address 

climate change in their communities. It demonstrates a novel approach toward assessing 

vulnerability through the inclusion of self-determined indicator weights—allowing for each 

state to generate a picture of vulnerability that is more representative of a specific context 

and its challenges. 
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Yet, despite the impact of these successes, the report also demonstrates a limited 

relationship with the varied definitions of vulnerability and tensions inherent to scale that 

challenge the efficacy of vulnerability assessment more widely. These limitations, 

compounded by the lack of robust data throughout India, have led to questions about the 

applicability of this report in developing real, effective adaptation solutions—especially in 

the local context. Missing key information about local vulnerability not only has 

implications for adaptation at the local level, it also brings into question how reliably each 

Table 2 – Comparison of the strengths and weaknesses of potential solutions 
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locality can be compared with one another within the scope of a regional assessment. This 

key challenge necessitates the development of technologies and methodologies that work to 

improve data quality and granularity.  

In response to this need, the diverse interventions presented in this report highlight a 

range of tools and techniques with the potential augment current vulnerability assessment 

modes, especially within a context like the Indian Himalayan Region. Each intervention 

offers its own set of unique solutions: from alternative frameworks to guide the development 

of indicators, to utilizing innovative decentralized information-gathering platforms to fill in 

data gaps. While promising for its potential to support some of the key shortfalls of 

assessment approaches as identified in the IHCAP Report, each solution has its own set of 

tradeoffs and limitations (Table 2).  

Some approaches, like UAV technology and statistical interpolation modeling offer 

increased data reliability and granularity, but are limited in the type of data they can engage 

with. Others, like the OSM and TN-SMART decentralized data collection platforms 

demonstrate the potential to easily source data from the community—but come with a host 

of reliability and quality control issues. Finally, indigenous and community-based 

knowledge sources offer unique data to inform highly relevant indicators, yet their 

applicability across geography is severely limited. Table 3 outlines the relationship between 

each tool or technique and the key limitations of the IHCAP Report. 

  



79 

 

And while these examples provide potential solutions to the key shortfalls of the IHR 

Assessment Report, future assessment efforts in other contexts must first acknowledge that 

no single intervention will enable a project to overcome all of its limitations. For example, 

certain interventions can provide accurate data at a low cost, but the kind of data they are 

able to produce is largely limited to biophysical or orthographic imagery. Others can provide 

nuanced socioeconomic data to inform indicators, yet the scale at which this can be done is 

limited by the availability of resources. This means that a successful assessment approach is 

one that effectively incorporates multiple complementary tools and techniques to achieve its 

goals; an appropriate mix of solutions will allow for the best possible results given the 

Table 3 – Comparison of how each potential solution interacts with the 

fundamental IHCAP Report limitations 
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inherent limitations of each intervention. Alternatively, projects that seek to achieve certain 

outcomes above others can lean on the particular tools or techniques best suited to those 

aims. These prescriptions also go well beyond their current region. They can also be applied 

to other geographies, which may be experiencing a shared set of obstacles in the 

development of accurate assessments. Through a critical examination of the inherent 

strengths and weaknesses of each intervention, as well as the particular aspect of data they 

are meant to support, these solutions can also offer an expanded view of data and its role 

within the development of tools and assessment strategies more broadly. 

In addition to its implications within data development more broadly, the 

implementation of the Common Framework used in the IHR Assessment Report within 

future climate change vulnerability assessments in India gives these interventions particular 

importance moving forward. To overcome the shortfalls of the prototypical IHR Report, 

concerted effort should be made to increase the availability of granular, local-level data to 

inform indicators. Using the participatory indicator development process, stakeholders 

should first identify those aspects of their shared region that are most important when 

considering vulnerability, regardless of data availability. Once these have been identified, 

appropriate tools, techniques, and resources can be made available to help bridge the most 

pressing data gaps that prevent the inclusion of indicators in the final report.  

In fact, given that this framework will be implemented at a much larger spatial scale, 

developing reliable granular data is even more necessary. This will not only affect the 

overall accuracy of assessment, but make assessment goals more aligned with addressing 

on-the-ground vulnerabilities. And while a variety of institutional, technical, and political 

obstacles will likely hinder these efforts, this report aims to provide practitioners with a 

topical overview of the kinds of tools, techniques, and possibilities that exist. With the 

impending negative effects of climate change, fixed to produce increasingly devastating 

effects on the people of India and the world—this pursuit seems even more urgent. 
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POSTSCRIPT 

Upon further reflection and discussion, there are aspects of this report that would 

benefit greatly from continued research and revision. One area is concerned with the 

information used to develop the diagrams that interrogate vulnerability. Another is 

concerned with the organization of potential solutions into distinct categories based on their 

technical or theoretical origins. And finally, though background about the Indian Himalayan 

Region (IHR) that was relevant in the formation of the IHCAP Report has been presented, 

this section lacks information regarding the shared aspects of the Himalayan Region. While 

these are not fatal shortfalls, revisiting these aspects of the report would do much to improve 

its eventual implementation or uptake by practitioners currently engaged in the development 

of climate change vulnerability assessments. 

The most striking example of diagrams that might benefit from additional 

consideration are Figure 2 & 3. These diagrams are currently used to explain how the 

concept of vulnerability has evolved, as well as to chart the major difference between start- 

and end-point vulnerability. Given that these concepts are complex, effective visual aids 

would do much to convey the most important aspects of each concept that have relevance in 

the later sections of this report. In addition, the limited number of maps in this report 

demonstrate certain aspects of scale or aggregation that are relevant in the pursuit of 

improving assessment efforts. However, to generate a more thorough understanding of 

vulnerability in the IHR, additional maps depicting various indicators would prove useful. 

These contextual maps would further illustrate the varying scales at which data is available 

in the region, as well as how well it can be aggregated to serve the needs of a regional 

report. 

The current grouping of proposed interventions is successful in that it collects them 

based on the kind of technology or methodology being used. However, this organization 

does not readily assist in the direct implementation of each tool or technique. A 
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reorganization of the proposed solutions into thematic groups would be preferable. With a 

grouping reoriented toward the operationalization of each proposed solution, this scheme 

would see those tools and techniques that are able to accomplish similar outcomes grouped 

together. This would more readily facilitate their implementation, and make it easier for the 

erstwhile practitioner to engage with specific technologies or methodologies depending on 

the particular issue at hand. 

Finally, additional information regarding the socioeconomic and political context of 

the IHR would aid this report in situating the subsequent vulnerability assessment efforts. 

Providing for a more thorough understanding of the Region’s shared identity would also 

provide for a more thorough understanding of the risks that it faces—beyond the most 

immediate biophysical changes of climate change. This could include aspects of the 

emergent socioeconomic and political developments of the region, which are undoubtedly 

shaping its future. 
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APPENDIX 1 

 

Basic administrative structure of India 
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APPENDIX 2 

 

Land area of each district within West Bengal State  
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APPENDIX 3 

 

Population density of each district within West Bengal State 
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