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ABSTRACT

	India has a diverse range of climates and agro-ecosystems, making it necessary to identify the country's most vulnerable states to the climate change. This study analyses the Climate Vulnerability Index (CVI) comprising both crop and dairy indicators for 18 states of India. The computation of index was based on the Intergovernmental Panel on Climate Change (IPCC) approach. The state-wise vulnerability indices were calculated and categorized as Exposure Index (EI), Sensitivity Index (SI), Adaptive Capacity Index (ACI) and overall Climate Vulnerability Index (CVI). The states were classified as high, moderate and less vulnerable on the basis of magnitude of the index. Tamil Nadu has the highest exposure Index to climate (0.84) and the lowest was in Odisha (0.26). In case of sensitivity, the highest was in Bihar (0.79), while the lowest was in Punjab (0.17). The highest adaptive capacity was observed in West Bengal (0.52) and the lowest was in Odisha (0.20). Overall, CVI was highest in Tamil Nadu (0.71) and lowest in Punjab (0.42).
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1. INTRODUCTION 

The footmark of climate change seen in every corner of the globe. The Intergovernmental Panel on Climate Change (IPCC) in 2014, Identifying the significant signal of ongoing climate change and its adversative effects on biophysical and socio-economic systems. It is crucial to note that the impact of climate change is not uniform across regions and time. Unpredictable weather patterns, escalating sea levels and melting glaciers are major events due to climate change. 
The German Watch Global Climate Risk Index for 2019, which positioned India as the 7th most vulnerable out of 181 countries, stresses the country's high exposure and vulnerability to extreme weather events, based on quantified impacts in terms of fatalities and economic losses from 2000 to 2019 (Eckstein et al., 2021). The growing frequency and intensity of climate change-related events, such as heatwaves, floods, and monsoons, coupled with the depletion of groundwater reserves etc. are imposing substantial challenges on India's natural environment, economy, and society.  During 2023, 09 cyclonic disturbances, developed over the North Indian Ocean (NIO) against the normal of 11.2 per year during 1965- 2022. (IMD, 2023). And in 2022, 15 states in India grappled with the multifaceted consequences of heatwaves, underscoring the risks posed to well-being and GDP (IMD, 2022). The adverse impacts, including health crises, agricultural setbacks, and water scarcity, highlight the urgent need for comprehensive climate action. India’s first-ever climate change assessment report carried out in 2020, has revealed that the country’s average temperature is expected to rise by 4.4 degree Celsius by the end of the year 2100 (Krishnan et al., 2020). Floods, which have already incurred a cost of US$26.3 billion, have further stressed the economic toll, exceedingly approximately 0.5% of the country's GDP (World Meteorological Organization, 2021). Many scientists analyse the potential impact on financial and social ramifications of climate-related vulnerability in India, projecting a staggering cost of US$35 trillion over the next 50 years, particularly impacting critical sectors like health and agricultural (Anonymous, 2021). 	Comment by Dr. Sunil Kumar: Correct it 	Comment by Dr. Sunil Kumar: analyzed
This non-uniform impact across globe demands a systematic assessment of vulnerability for agro-ecosystems, economic factors, social groups etc. serving as a critical step to identify appropriate adaptation measures for combating climate change and coping with current climate risks, as emphasized by O'Brien et al. (2008). 
This study's primary goal is to conduct a climate change impact through the Climate Vulnerability Index in India, employing the contextual approach of vulnerability, which will be helpful in the developing of mitigating and also identify the adaptation strategies for the region. 
1. How can the Climate Vulnerability Index (CVI) be effectively utilized to identify and categorize the most vulnerable states and regions in India?
2. What is the significance of the prioritizing investments for climate adaptation in the country? 
3. In what ways does the research contribute to enhancing decision-making processes related to climate resilience by employing the Climate Vulnerability Index.
2. methodology
2.1 Study Area and Sources of Data 
India, identified as the 7th most vulnerable country to climate extremes, serves as the focal point of this study. Among the 29 states in India as of 2023, nine were excluded due to a lack of climate-related data from the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). Post this exclusion, the study focuses on the remaining 20 states, excluding Telangana due to its formation in 2014, leading to unavailability of rural population density and literacy data, while Jharkhand was excluded due to limitations related to its crop diversification index. Consequently, this study focuses on an in-depth analysis of the climate vulnerability index for the remaining 18 states in India.
The study retrieved a comprehensive dataset covering various climate variables, as well as crops and animal husbandry production for the 18 selected states in India. The climate data, including state-level rainfall and temperature records spanning 57 years (1958-2015), were sourced from ICRISAT. Concurrently, state-level crop production data, covering aspects such as area, yield of major crops, net sown area, and gross cropped area for the agricultural years 2017–19, were gathered from published report by respective state governments. Additionally, state-level dairy production data for the same period were obtained from the Department of Animal Husbandry and Veterinary Sciences report of India, alongside insights from the Livestock Census and other official reports.
2.2 Vulnerability Estimation 
Vulnerability is the function of the character, magnitude and rate of climate variation to which a system is exposed, the sensitivity and adaptive capacity. According to Local Government Division (2023), calculation of CVI was calculated with the given formula:

The amalgamation of exposure and sensitivity in Equation (1) is referred to as 'potential impact', and a high index score in this context can signify significant harm, if the region or production system has a high degree of index score. Consequently, the vulnerability level of a region is determined by the magnitude of potential impact relative to the adaptive capacity of that region or production system, as elucidated by Sendhil et al. (2018) and Balaganesh et al. (2020).
2.2.1 Steps in vulnerability assessment
The following steps have been used to assess the state level climate vulnerability index.
Step 1: Identification of suitable indicators
The selection of indicators holds an importance in vulnerability assessment studies. Therefore, meticulous attention has been devoted to finalizing the total 28 variables, out of which 9 for exposure index, 8 sensitivity and 11 for adaptive index were selected through a comprehensive review of published literature, ensuring a well-informed understanding of the prior functional relationships, as detailed in Tables 1.
Table 1.	Identification of suitable indicators 

	Sr. No
	Variables
	Unit
	Variable label
	Functional relationship

	
	Exposure

	1
	Trend in kharif minimum temperature
	Coefficient of trend
	K_Min_T
	+

	2
	Trend in rabi minimum temperature
	Coefficient of trend
	R_Min_T
	+

	3
	Trend in summer minimum temperature
	Coefficient of trend
	S_Min_T
	+

	4
	Trend in kharif maximum temperature
	Coefficient of trend
	K_Max_T
	+

	5
	Trend in rabi maximum temperature
	Coefficient of trend
	R_Max_T
	+

	6
	Trend in summer maximum temperature
	Coefficient of trend
	S_Max_T
	+

	7
	Trend in kharif precipitation
	Coefficient of trend
	K_Pre
	+

	8
	Trend in rabi precipitation
	Coefficient of trend
	R_Pre
	+

	9
	Trend in summer precipitation
	Coefficient of trend
	S_Pre
	+

	
	Sensitivity

	1
	Area of major crops to the total cropped area
	%
	AMC/TCA
	+

	2
	Yield of major crops
	kg/ha
	YMC
	-

	3
	Share of gross unirrigated area to gross sown area
	%
	GUA/GSA
	+

	4
	Milk production
	000 tonnes
	MP
	-

	5
	Stage of ground water extraction 
	%
	GWE
	-

	6
	Average farm size
	Ha
	AFS
	-

	7
	Rural population density
	No. of persons/km2
	RPD
	+

	8
	Share of small & marginal farmers to total farmers
	%
	SMF/TF
	+

	
	Adaptive Capacity

	1
	Crop diversification
	
	CD
	+

	2
	Cropping intensity
	%
	CI
	+

	3
	Irrigation intensity
	%
	II
	+

	4
	Literacy rate
	%
	LR
	+

	5
	Share of area under pasture & grazing land to gross sown area
	%
	P&G/GSA
	+

	6
	Density of dairy animals
	No. of animal/km2
	DDA
	+

	7
	Proportion of area insured to gross sown area
	%
	AI/GSA
	+

	8
	Share of GSVA of agriculture sector to its GSDP
	%
	GSVA_A/GSDP
	+

	9
	Share of indigenous population per 1000 bovine population
	Number
	IP/1000_BP
	+

	10
	Number of Veterinary Institutions per 1000 bovine population
	Number
	VI/1000_BP
	+

	11
	Number of Artificial Insemination (AI) centres per 1000 female bovine
	Number
	AI/1000_BP
	+


Step 2: Normalization of the indicators
To ensure comparability among indicators measured on different scales, normalization is imperative, as emphasized by Vincent (2004), Varadan and Kumar (2015), Kale et al. (2016), Kumar et al. (2016), Ponnusamy et al. (2016), Mahida and Sendhil (2017), Sendhil et al. (2018) and Balaganesh et al. (2020). In instances where indicators exhibit a positive functional relationship with their respective index, the normalization process involves applying the following equation.

Conversely, in cases where a negative functional relationship is observed, the normalization process employs the following equation.

Step 3: Assignment of weights to indicators
Subsequent to the normalization of indicators, weights were allocated based on their influence on vulnerability. Among the available methods for weight assignment, such as equal weights, inverse of variance, expert opinion and principal component analysis (PCA), each presenting its own set of advantages and disadvantages (Varadan and Kumar, 2015; Sendhil et al., 2018; Balaganesh et al., 2020), PCA emerged as the preferred technique in this study. The functional formulation is outlined as follows:

Where, Xt indicates the N -dimensional vector of variables influencing vulnerability; t represents the r × 1 common factor; Ft represents the factor loading; et represents the associated idiosyncratic error-term of order N × 1.
The weights from the PCA were calculated with the following equation.

Where, Wi represents the weight of the ith variable; Ej represents the Eigen value of the jth factor; Lij represents the loading value of the ith variable on jth factor.
Step 4: Climate Vulnerability Index (CVI)
Subsequently, the Exposure, Sensitivity, and Adaptive Capacity indices were computed individually, incorporating their respective indicators and calculated weights, as per the formulation provided by Sendhil et al. (2018) and Balaganesh et al. (2020).

Where, Xi represents the normalized value of ith variable; Wi is the weight of ith variable
Finally, Climate Vulnerability Index (CVI) was calculated as per the IPCC approach, using Eq. (1).

Step 5: Categorization of States
The states in India were classified into high, moderate, and low vulnerability categories based on the computed Climate Vulnerability Index (CVI), employing mean and standard deviation (SD) norm as outlined by Ayyoob et al. (2013), Rana et al. (2015), Kale et al. (2016), Sendhil et al. (2018) and Balaganesh et al. (2020). The categorization is detailed as follows:
· High = Index > (Mean + 0.5 SD) 
· Moderate = (Mean – 0.5 SD) < Index < (Mean + 0.5 SD) 
· Low = Index < (Mean – 0.5 SD)
3. results and discussion

The weightage of nine appropriate exposure index indicators, eight appropriate sensitivity index indicators, and eleven appropriate adaptive capacity index indicators is shown in Fig. 1. In PCA higher the weight of an attribute, the more relevant it is considered.

Fig. 1. Weightage of suitable indicators of exposure, sensitivity and adaptive capacity
Across various states in India, including Andhra Pradesh, Bihar, Chhattisgarh, Gujarat, Karnataka, Madhya Pradesh, Maharashtra, Odisha, Tamil Nadu, and West Bengal, the variable trend in kharif maximum temperature (K_Max_T) was found to have a higher weightage, indicating its greater relevance to the exposure index for these states. Moreover, the variable share of small & marginal farmers to total farmers (SMF/TF) was found to have a higher weightage across a number of Indian states, including West Bengal, Himachal Pradesh, Kerala, Odisha, Tamil Nadu, Uttar Pradesh, and Uttarakhand for sensitivity index. Furthermore, cropping intensity (CI) and proportion of area insured to gross sown area (AI/GSA) have a higher number of states with a high weightage among all adaptive capacity indicators. States like Assam, Haryana, Punjab, Uttar Pradesh, Uttarakhand, and West Bengal are highly weighted CI indicators, whereas Chhattisgarh, Madhya Pradesh, Maharashtra, Odisha, Rajasthan, and Tamil Nadu are highly weighted AI/GSA indicators. It indicated that, the variables with the high weightage are more important in formulating the different mitigating strategies to climate change.  
The Exposure Index of 9 meteorological indicators for the 18 states of India is presented in Table 2, The state with most exposures to climatic factors is Tamil Nadu (0.84), while Odisha had the lowest exposure (0.26) to climatic factors. The states were classified under high exposure to climatic factors follows as Tamil Nadu, Karnataka, Kerala, and Andhra Pradesh.  The states fell into the moderate exposure category follow as Rajasthan, Bihar, Gujarat, Assam, Haryana, Uttar Pradesh, Maharashtra, and Madhya Pradesh; and Punjab, West Bengal, Himachal Pradesh, Uttarakhand, Chhattisgarh, and Odisha were categorized as having low exposure.
The Sensitivity index for the 18 states of India, as presented in Table 2, indicated that Bihar had the highest sensitivity (0.79), while Punjab exhibited the lowest sensitivity (0.17). The mean sensitivity index was calculated to be 0.58.  A high divergence of 0.62 has been found in sensitivity due to its wider range among all the states. The categorization based on sensitivity levels revealed that seven states as Bihar, Assam, Kerala, Odisha, West Bangal, Uttarakhand and Chhattisgarh were classified as highly sensitive to climatic vulnerability of agricultural system, whereas another seven states as moderately sensitive, and four states as less sensitive.
The Adaptive Capacity index for the 18 states of India is illustrated in Table 2. West Bengal exhibited the highest adaptive capacity (0.52), while Odisha showed the lowest adaptive capacity (0.20). The mean adaptive capacity index was calculated to be 0.32, with a standard deviation of 0.08. A divergence of 0.32 has been observed in adaptive capacity. The categorization based on adaptive capacity levels revealed that four states were classified as highly adaptive to climate, seven states as moderately adaptive, and seven states possessed low adaptive capacity.
Table 2.	Exposure, sensitivity, adaptive capacity and climate vulnerability index for the states of India 
	States
	Exposure Index
	Sensitivity Index
	Adaptive Capacity Index
	Climate Vulnerability 

	
	Index
	Category
	Index
	Category
	Index
	Category
	Index
	Category

	Andhra Pradesh
	0.68
	H
	0.60
	M
	0.30
	M
	0.66
	H

	Assam
	0.48
	M
	0.74
	H
	0.26
	L
	0.65
	H

	Bihar
	0.53
	M
	0.79
	H
	0.32
	M
	0.66
	H

	Chhattisgarh
	0.36
	L
	0.66
	H
	0.25
	L
	0.59
	M

	Gujarat
	0.49
	M
	0.51
	L
	0.35
	M
	0.55
	M

	Haryana
	0.46
	M
	0.43
	L
	0.41
	H
	0.50
	L

	Himachal Pradesh
	0.39
	L
	0.57
	M
	0.43
	H
	0.51
	L

	Karnataka
	0.71
	H
	0.62
	M
	0.27
	L
	0.69
	H

	Kerala
	0.70
	H
	0.71
	H
	0.32
	M
	0.70
	H

	Madhya Pradesh
	0.45
	M
	0.54
	M
	0.37
	H
	0.54
	L

	Maharashtra
	0.45
	M
	0.62
	M
	0.28
	L
	0.60
	M

	Odisha
	0.26
	L
	0.71
	H
	0.20
	L
	0.59
	M

	Punjab
	0.43
	L
	0.17
	L
	0.33
	M
	0.42
	L

	Rajasthan
	0.55
	M
	0.34
	L
	0.33
	M
	0.52
	L

	Tamil Nadu
	0.84
	H
	0.55
	M
	0.26
	L
	0.71
	H

	Uttar Pradesh
	0.46
	M
	0.60
	M
	0.33
	M
	0.58
	M

	Uttarakhand
	0.36
	L
	0.67
	H
	0.28
	L
	0.58
	M

	West Bengal
	0.42
	L
	0.70
	H
	0.52
	H
	0.53
	L

	Mean
	0.50
	0.58
	0.32
	0.59

	SD
	0.15
	0.15
	0.08
	0.08


Note: H=High, M=Moderate and L=Low

Fig. 2 Radar pictorial of exposure, sensitivity and adaptive capacity indices
The inter-index values of exposure, sensitivity and adaptive capacity revealed substantial variations, as depicted in Fig. 1. Across all states, the sensitivity index exceeded both exposure and adaptive capacity, with the exception of Andhra Pradesh, Haryana, Karnataka, Punjab, Rajasthan, and Tamil Nadu. In these six states, exposure to climate vulnerability surpassed the other two dimensions. States such as Himachal Pradesh and West Bengal exhibited higher adaptive capacity than exposure but lower sensitivity. Conversely, Punjab demonstrated higher adaptive capacity than sensitivity with lower exposure to climate. Notably, among exposure, sensitivity, and adaptive capacity to climate, none of the states registered a higher index with respect to adaptive capacity. In all states, either sensitivity or exposure held the highest position. The analysis of inter-index comparison revealed a consistent trend across all states, indicating lower adaptive capacity coupled with higher sensitivity and exposure. This collective pattern implies that the selected states are more susceptible to climate-related challenges, emphasizing the need for targeted interventions and adaptive strategies to enhance resilience in the face of climate vulnerabilities.
The highest potential impact (sum of exposure and sensitivity) was observed in Kerala (1.41), followed by Tamil Nadu (1.40), Karnataka and Bihar (1.32). It indicated that, these states are coming under the most effected by climate change. The highly vulnerable states, Kerala ranked the highest due to its third-highest sensitivity index (0.71) and third-highest exposure index (0.70), resulting in the highest potential impact (0.71 + 0.70 = 1.41) alongside a moderate adaptive capacity (0.32). This is attributed to the highest exposure weightage for the variable trend in kharif maximum temperature (4.16), followed by trends in summer maximum temperature (4.08) and kharif precipitation (4.01). For the sensitivity indicator in Kerala, the variable stage of ground water extraction influenced the index with a weight of 3.71 points, followed by the share of small & marginal farmers to total farmers (3.57) and average farm size (3.37).
Mapping of states
Following the categorization of states as outlined in Table 2, climate vulnerability mapping was conducted for different states accordingly, as depicted in Fig. 2.

Table 3.	Identification of suitable indicators 
	Agro-climatic zone
	Categories of climate vulnerability

	
	High
	Moderate
	Low

	[bookmark: _Hlk151459590]Central plateau and hills 
	-
	Uttar Pradesh
	Madhya Pradesh, Rajasthan

	East coast plains and hills 
	Andhra Pradesh, Tamil Nadu
	Odisha
	-

	Eastern Himalayan 
	Assam
	-
	West Bengal

	Eastern plateau and hills 
	-
	Chhattisgarh, Maharashtra, Odisha
	Madhya Pradesh, West Bengal

	Gujarat plains and hills 
	-
	Gujarat
	-

	Island 
	-
	-
	-

	Lower Gangetic plain 
	-
	-
	West Bengal

	Middle Gangetic plain 
	Bihar
	Uttar Pradesh
	-

	Southern plateau and hills 
	Andhra Pradesh, Tamil Nadu, Karnataka
	-
	-

	Trans Gangetic plain 
	-
	-
	Haryana, Punjab, Rajasthan

	Upper Gangetic plain 
	-
	Uttar Pradesh
	-

	West coast plains and ghat 
	Karnataka, Kerala, Tamil Nadu
	Maharashtra
	-

	Western dry 
	-
	-
	Rajasthan

	Western Himalayan 
	-
	Uttarakhand
	Himachal Pradesh

	Western plateau and hills 
	-
	Maharashtra
	Madhya Pradesh


Note: Arunachal Pradesh, Delhi, Goa, Jharkhand, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, Tripura and Telangana are omitted due to lack of data.
[image: ]
Fig. 3 Mapping of climate vulnerability in India
The fifteen agro-climatic zones in India, encompass a diverse range of geographical and climatic conditions, each contributing to the nation's rich agricultural landscape.                 The analysis presented in Fig. 2 and Table 3 highlights that the entire Southern plateau and hills region falls under the highly vulnerable category, signifying elevated exposure and sensitivity to climate-related factors, coupled with a comparatively low adaptive capacity response. In contrast, the Lower Gangetic plain region, Trans Gangetic plain region and Western dry regions are categorized as less vulnerable to climate, indicating lower exposure and sensitivity to climate, along with sufficient adaptive capacity. The moderate vulnerable category encompasses the entire Upper Gangetic plain region and Gujarat plains and hills region.
4. Conclusion

The vulnerability assessment for the 18 states of India, based on exposure, sensitivity, adaptive capacity indices. The categorization of states, such as Punjab's lower vulnerability attributed to low exposure and sensitivity, and Tamil Nadu's higher vulnerability due to elevated exposure and sensitivity, emphasizes the nuanced factors influencing climate vulnerability. Furthermore, the agro-climatic zones in India exhibit a broad spectrum of vulnerability, with the entire Southern plateau and hills region identified as highly vulnerable, emphasizing the need for custom-made adaptation strategies in these areas. On the other hand, regions like the Lower Gangetic plain, Trans Gangetic plain, and Western dry regions demonstrate lower vulnerability, suggesting relatively favourable conditions. In summary, the comprehensive vulnerability assessment serves as a foundation for informed decision-making, enabling policymakers, researchers, and stakeholders to prioritize investment plan and implement targeted measures to enhance climate resilience across different states and agro-climatic zones in India. In light of the identified vulnerabilities and the potential impact of extreme climatic events, it is imperative to develop location-specific contingency planning to effectively address and mitigate the challenges anticipated in the near future.
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APPENDIX
Table A1. Weightage of suitable indicators of exposure, sensitivity and adaptive capacity
	Variables
	Weightage

	Exposure

	Trend in kharif minimum temperature
	3.024

	Trend in rabi minimum temperature
	3.288

	Trend in summer minimum temperature
	2.189

	Trend in kharif maximum temperature
	4.164

	Trend in rabi maximum temperature
	3.975

	Trend in summer maximum temperature
	4.085

	Trend in kharif precipitation
	4.017

	Trend in rabi precipitation
	1.540

	Trend in summer precipitation
	1.998

	Sensitivity

	Area of major crops to the total cropped area
	2.072

	Yield of major crops
	2.358

	Share of gross unirrigated area to gross sown area
	1.927

	Milk production
	1.994

	Stage of ground water extraction 
	3.713

	Average farm size
	3.369

	Rural population density
	2.591

	Share of small & marginal farmers to total farmers
	3.571

	Adaptive Capacity

	Crop diversification
	3.378

	Cropping intensity
	3.586

	Irrigation intensity
	3.125

	Literacy rate
	3.090

	Share of area under pasture & grazing land to gross sown area
	2.167

	Density of dairy animals
	3.424

	Proportion of area insured to gross sown area
	3.547

	Share of GSVA of agriculture sector to its GSDP
	3.023

	Share of indigenous population per 1000 bovine population
	2.921

	Number of Veterinary Institutions per 1000 bovine population
	3.097

	Number of Artificial Insemination (AI) centres per 1000 female bovine
	1.540








Andhra Pradesh	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	7.25167619703522E-2	6.5450551134121793E-2	3.2588037576088628E-2	0.12927443097841188	0.11035644095190404	8.9573747261764994E-2	0.10025993289957102	2.2171342183268852E-2	5.9139952592305013E-2	5.3760355667531373E-2	3.7154620305974474E-2	1.7253154515790257E-2	6.4960854794084852E-2	0.14148255024355327	0.1294395182569365	1.342081293303128E-2	0.13902873920698522	4.5233331980383665E-2	1.1548331023989555E-2	1.9487390755843874E-2	2.094853098672957E-2	1.6200038758059027E-3	0	5.7110845817731425E-2	3.988688222003689E-2	8.8799687438809463E-2	1.4796191407864244E-2	1.9748738401081042E-4	Assam	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	3.493508240907478E-2	1.3229366718599088E-2	6.6048969015822495E-2	7.4957443172356461E-2	6.0089370989518436E-2	4.1318529881689575E-2	0.10925761918542996	1.445957098908838E-2	6.4712410131397585E-2	5.9221711206397763E-2	9.8546270859903307E-2	3.1011432193188318E-2	9.234640982348534E-2	0.17194736237171451	0.12219476910076468	3.1673118521953821E-2	0.13303290968661843	3.5032313710779993E-2	4.7481774251527303E-2	1.942061413674263E-2	2.1788338465039445E-2	2.5073863614601404E-3	5.4376772939295583E-2	1.1282288566417255E-2	3.8824362466148794E-2	3.1564102209565431E-2	1.364538296579803E-3	1.5267574177963338E-5	Bihar	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	5.3461262474493225E-2	7.7983635393847242E-2	7.7396589243210495E-2	0.10122711363855781	5.7778241336075419E-2	4.6445646728322583E-2	5.7520923041741064E-2	4.0968784469083738E-2	1.8335182870562648E-2	7.4595024876259741E-2	6.8417836068649873E-2	9.0313399603426971E-3	6.692424429020491E-2	0.13057387509422635	0.15600359849623316	0.11998206762129965	0.16003477747063469	1.8983086862662982E-3	4.1659888363400344E-2	6.2367919084039172E-2	0	1.0525676130846557E-4	9.5188341622482159E-2	5.9491641839574005E-2	3.3685770248731178E-2	2.7923907937747124E-2	2.1076547579329018E-3	6.5183534981256482E-5	Chhattisgarh	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	4.0228276713480053E-2	4.8739772121154525E-2	1.3093407954678468E-2	0.10952279904893718	4.2467007382015434E-2	2.8651535319419778E-2	1.8638064449279228E-2	2.8919141978176761E-2	2.9480097948747789E-2	6.2373727639288438E-2	0.10693419354033075	2.3027814282671286E-2	9.0564635895590426E-2	0.13400487451266524	0.11446703666751476	5.0999089145518867E-3	0.12401660450536461	2.8770245758400054E-2	9.305473345776711E-3	1.4715127007520198E-2	1.6329589856025287E-2	9.0883248940558849E-3	2.5018517940957101E-2	8.6400995095355676E-2	2.7425303280743041E-2	2.7827907127031939E-2	3.6108971415057889E-3	3.6315701026387094E-5	Gujarat	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	7.4104720261673779E-2	3.2028993108187263E-2	6.8376685985543112E-2	8.5820840733567549E-2	5.1711525995787502E-2	5.5191904878461255E-2	8.8048787225905326E-2	0	3.5232312182649793E-2	4.9519428434895436E-2	4.4180805820695515E-2	4.6460118779935236E-3	5.4063948836218345E-2	0.11916706136701846	0.13571830085895209	9.7971934411128347E-3	8.8305236220542704E-2	7.3065714421266095E-2	2.8966268312238256E-2	4.351416311845499E-2	4.308678923439814E-2	2.7538726078414032E-3	3.0148881067206632E-2	4.9014726408142077E-2	1.8260896468056911E-2	1.7800054630832153E-2	0	4.6823945439186762E-2	Haryana	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	7.4104720261673779E-2	0.10722749866653997	6.9831509091618491E-2	2.6960977583732958E-2	0	0	6.5875917450038651E-2	5.4464384058899563E-2	6.4352896741778715E-2	9.5934570381774845E-2	5.5320572356821274E-3	2.1165790573503224E-2	6.4922280829090809E-2	3.2865952014801185E-2	8.4039090211593115E-2	3.7578276212487584E-2	8.9064950905756335E-2	2.35302029091564E-2	0.10150124003316444	7.2739494400273899E-2	4.1430502263287004E-2	4.6513263954849355E-3	3.5899363185767169E-2	6.8117611995864205E-2	2.2040259022955918E-2	8.6783310596632822E-3	2.6359608216417991E-2	9.1073885098990736E-5	Himachal Pradesh	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	4.9756026461409544E-2	0.10061281530724042	6.284835818245664E-2	1.7480194257585104E-2	1.5889016367420742E-2	1.9603682060655638E-2	5.8163614919302421E-2	2.4099284981813966E-2	4.6017713871216059E-2	6.1818220914871012E-2	6.7008816362467583E-2	2.3654460505877294E-2	9.0800440710043548E-2	0.1158536002647088	6.7617658790936966E-2	0	0.13973453712790687	1.8806588572483653E-2	7.754561121480591E-2	6.2126210544635761E-2	4.1407174277778402E-2	6.5876810325182653E-2	1.5130852537524619E-2	2.1942885590038819E-2	1.3946345949934283E-2	2.3928201000090341E-2	9.4122420171956822E-2	6.5157563413399417E-5	Karnataka	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	7.3575400831233234E-2	5.7791444086511802E-2	4.3935657803476642E-2	0.13026201257488562	0.13462330231305572	0.10947902443104611	8.9976862858589371E-2	1.8797442285814894E-2	4.8893820988167067E-2	7.9083912083315236E-2	9.3874755860882841E-2	1.0614780274015091E-2	7.3965047988190966E-2	0.10940578406561974	0.11833090288413974	1.2212939769058465E-2	0.11859066799215819	4.6056293160176967E-2	1.5747724123622124E-2	4.7446982264697669E-3	3.375559503095512E-2	3.8937383380044013E-3	3.379923084170252E-2	3.7061293562570395E-2	9.9659354368542494E-3	6.0965295148473771E-2	2.0051758071776057E-2	3.7310537399029857E-4	Kerala	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	6.6694248235506404E-2	6.4057986216374527E-2	3.0260320606368008E-2	0.12907691465911714	0.14054557205000345	0.1305906820348291	0.10218800853225508	4.0004813069811185E-2	0	0	6.7283055097227887E-2	8.9230482855962995E-2	8.7323447467171356E-2	0.12718765217717004	0.10963720389673354	6.0125241939980131E-2	0.16535175296635474	0.1026834037334499	1.775197992117402E-2	1.8256125113711361E-2	9.3918469657653991E-2	1.0833156243577481E-5	1.3985407151881086E-2	3.4828855749804047E-3	1.53655589933863E-3	1.3954170211555018E-2	5.1688934693993709E-2	3.7832251983396063E-5	Madhya Pradesh	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	9.0513622605330121E-2	6.0576573922006341E-2	4.9754950227778177E-2	8.6018357052862288E-2	3.5244727215006003E-2	2.0508467386532052E-2	5.8163614919302421E-2	8.6757425934530282E-3	4.4579660312740556E-2	7.3819270181888594E-2	6.5486318559143109E-2	1.7966496562727887E-2	4.8529321075532615E-2	0.12235738709052608	9.9011571801014872E-2	8.5893202771400185E-3	0.1064996065542187	3.7240087680553125E-3	8.4035582368783543E-2	0	2.0202035450454129E-2	2.8829672695007535E-3	2.8758246088814995E-2	0.10782815929193897	9.1894436949392297E-2	2.5333806388574413E-2	3.1869320691477654E-4	5.4621153997960208E-5	Maharashtra	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	8.3632470009603263E-2	4.8739772121154526E-3	5.1209773333853563E-2	9.2338879270294189E-2	5.3733764442550146E-2	3.6493008143682032E-2	7.6801679368581649E-2	3.3738998974539554E-3	5.230919818954638E-2	5.4643962889655541E-2	0.10696256306461628	2.9124837141074146E-2	6.1753898063265672E-2	0.12346000843707168	0.10963720389673354	1.2749772286379716E-2	0.11936331685428815	3.8369869401580818E-2	1.5270520362300231E-2	3.2599990085155468E-2	5.4167582350986704E-2	3.5961697971112414E-3	2.2450864928067575E-2	6.7262786124520135E-2	7.8725220002666373E-3	2.9798713365753175E-2	1.1393130032195966E-2	6.2621875514350968E-5	Odisha	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	0	4.1776947532418162E-3	0	0.11386815807342161	1.7333472400822625E-3	2.0508467386532052E-2	5.0129966449785512E-2	1.3977585289452102E-2	5.8960195897495578E-2	5.5659103323485747E-2	0.10920375548317469	2.5485756710942137E-2	8.8333667066806718E-2	0.13676982347303851	0.12895653497985837	1.5970767390307224E-2	0.15003738775632283	0	0	6.9022856335242489E-3	2.3327985508607547E-2	1.0661696244272543E-3	2.4833387734613271E-2	6.8216517468581719E-2	1.6753555593600894E-2	3.6460145513469884E-2	2.201742600059289E-2	9.6198011897770722E-5	Punjab	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	3.4405762978634256E-2	0.1134940407964027	5.9647747349090792E-2	0	5.4889329269271654E-3	9.3494483673896116E-3	9.029820879737005E-2	4.386069866690142E-2	7.0644381060109035E-2	7.2689677597526536E-2	0	0	5.875483559017159E-2	0	0	3.3686240461908518E-2	0	6.3589176061942792E-3	0.1077526093064811	7.3127883672674629E-2	3.5925097683255622E-2	2.0421240986594896E-5	3.0875436841185138E-2	0	4.8080842786378489E-2	0	2.5435107146175917E-2	2.0646887351841053E-4	Rajasthan	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	8.5749747731365372E-2	7.9376200311594522E-2	6.9831509091618491E-2	6.7056790400566585E-2	4.015587772857241E-2	2.8953130428045249E-2	9.029820879737005E-2	3.7594884571629787E-2	4.6017713871216059E-2	6.229049275387772E-2	8.4995094759505882E-2	2.0087683643054351E-2	3.0095336211407316E-2	2.2438624255336839E-2	4.2985511659952798E-2	5.6367414318731377E-3	7.2577826812460944E-2	2.8939131322884188E-2	4.3759584913216638E-2	2.0184666778801041E-2	9.3078662179344167E-3	3.6973889372848463E-3	3.7607927570279864E-2	7.5231741354901252E-2	4.222988567827158E-2	5.2108459510475491E-2	1.4159990973794296E-2	6.8187544612591206E-5	Tamil Nadu	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	0.10692252494898645	6.9628245887363605E-2	5.1791702576283717E-2	0.14724841603423383	0.13635664955313798	0.14446405703160078	0.14203490494105894	2.3135313582541409E-2	2.2649343545989152E-2	5.5659103323485747E-2	7.565206476146326E-4	1.5024848945864191E-2	7.1019068092744941E-2	9.3090346374348362E-2	0.13861620052142082	2.8049499030035379E-2	0.14886791407378691	4.1780071581503403E-2	1.4029790582863366E-2	1.2658503060279451E-2	3.1329484538059942E-2	1.0661696244272543E-3	4.3418043055494286E-2	5.2645970192198729E-2	8.3103706776097941E-4	3.8208864428137548E-2	2.0179035152202516E-2	3.4633661313265612E-4	Uttar Pradesh	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	9.5806816909735387E-2	0.11627917063189723	6.2266428940026493E-2	7.0217051509282535E-2	2.8889120668037709E-2	9.9526385846405545E-3	0	3.9522827370174901E-2	3.6850122435934732E-2	6.4494058102878948E-2	5.757122128347484E-2	5.9909050229108984E-3	0	0.10700464417897981	0.13958216707557705	7.4485511778323618E-2	0.14962021512830365	2.391724093058133E-2	6.8669621254218896E-2	3.7361135195964346E-2	2.6710543407355635E-2	1.359394215864023E-4	6.776529479248565E-2	3.5478805999090444E-2	4.6653320626320431E-2	1.8797030674986431E-2	1.7221126304557365E-3	0	Uttarakhand	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	8.4161789440043794E-2	0.10235352145442451	5.9938711970305869E-2	2.9331173415269918E-2	5.4889329269271654E-3	6.0319021725094269E-4	2.2815561653428022E-2	2.8919141978176761E-2	3.0738394812413854E-2	6.9312577633789965E-2	7.9217168313349018E-2	1.6761378453431709E-2	8.9550505441736095E-2	0.12680705191541825	0.1337863677506396	3.0867869745971944E-3	0.14688943171070704	1.4018932008689132E-2	6.3706702136471324E-2	5.3791948985224235E-2	4.2690213480751811E-2	1.1552513434242326E-2	1.6041427532626475E-2	2.2126567182228451E-2	0	2.6765415773716366E-2	2.3153785493191772E-2	2.5062195201921707E-3	West Bengal	K_Min_T	R_Min_T	S_Min_T	K_Max_T	R_Max_T	S_Max_T	K_Pre	R_Pre	S_Pre	AMC/TCA	YMC	GUA/GSA	MP	GWE	AFS	RPD	SMF/TF	CD	CI	II	LR	P	&	G/GSA	DDA	AI/GSA	GSVA_A/GSDP	IP/1000_BP	VI/1000_BP	AI/1000_BP	Exposure indicators	Sensitivity indicators	Adaptive capacity indicators	4.763874873964743E-3	0	5.4701348788434481E-2	9.8066852529841861E-2	3.0044685494759218E-2	2.714355977629242E-2	9.0619554736150715E-2	5.3500412659627003E-2	5.6443602170163455E-2	5.0012119538262075E-2	4.80579741397206E-2	1.194246944002088E-2	7.8626598646228479E-2	0.13488361335229807	0.13813321724434269	8.4953745866088004E-2	0.1581605824754457	5.1758251645564843E-2	0.10899333908591802	9.4985237861563682E-2	3.3778923016463729E-2	0	0.10407409004494722	3.7481641821619754E-2	3.8558151740020578E-2	4.186874059366702E-2	5.9448396833976644E-3	1.1365302376855646E-4	



Exposure	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Punjab	Rajasthan	Tamil Nadu	Uttar Pradesh	Uttarakhand	West Bengal	0.68133119754778848	0.47900836249297674	0.53111737919589419	0.3597401029158892	0.49051577037177552	0.46281790385428212	0.39447070640910054	0.70733496817278052	0.70341854540426496	0.45403571623501104	0.45476664986768056	0.26335541509001092	0.42718922094282497	0.54503406293197854	0.84423115810119587	0.45978417704972957	0.36435041786824079	0.41528389102923396	Sensitivity	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Punjab	Rajasthan	Tamil Nadu	Uttar Pradesh	Uttarakhand	West Bengal	0.59650060592388721	0.73997398376402623	0.78556276387785096	0.66048879595797749	0.50539798685742898	0.43110296836468925	0.56648773467681213	0.61607879091738027	0.70613883640060071	0.54225929210219193	0.61769556263308467	0.71041679618393616	0.16513075364960664	0.34110731152746898	0.55108350100930092	0.59874872257044887	0.6654112681936688	0.70477032070240653	Adaptivity	Andhra Pradesh	Assam	Bihar	Chhattisgarh	Gujarat	Haryana	Himachal Pradesh	Karnataka	Kerala	Madhya Pradesh	Maharashtra	Odisha	Punjab	Rajasthan	Tamil Nadu	Uttar Pradesh	Uttarakhand	West Bengal	0.29962868289120542	0.2636577589777343	0.32449387283646292	0.24852869714839804	0.35343531170762343	0.40503901336713416	0.43489825774784469	0.26641466731459568	0.31730659736596517	0.36503255693642717	0.28284477032345229	0.1996736710893155	0.32778278515685011	0.32729483080245614	0.25649330589606018	0.32721104493304531	0.27635372554733401	0.51755686851693106	
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