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ABSTRACT - The impacts of climate change, such as floods, droughts, windstorms, and others are 

evident, and the surrounding issues, have been discussed all over around the world. However, the big 

challenge still on how to recover from those impacts, it means, the resilience of the systems. On the 

other hand, there is a consensus that the solution has to come from a long-term plan, which includes 

the improving of the assessment tools for climate vulnerability and reinforcement of the role of 

management institutions of climate change issues. Here, the Climate Vulnerability Index will be 

assessed, taking into account four main components; Exposure, Sensitivity, Adaptive Capacity, and 

Governance, the latter as a new component. The expected result shows that systems with a strong 

Governance component, become less vulnerable. This remark, as a scientific contribution, brings a 

new approach to Climate Vulnerability Index definition. 

 

RESUMO - Os impactos da mudança climática, como inundações, secas, tempestades de vento e 

outros, são evidentes, e as questões a sua volta têm sido discutidas um pouco por todo o mundo. No 

entanto, o grande desafio continua sendo o processo de recuperação desses impactos, ou seja, a 

resiliência dos sistemas. Por outro lado, há um consenso de que a solução tem que vir de um plano 

de longo prazo, que passa pela melhoria das ferramentas de avaliação da vulnerabilidade climática e 

pelo fortalecimento do papel das instituições de gestão de assuntos relacionados a mudança climática. 

Neste trabalho, será avaliado o Índice de Vulnerabilidade Climática, tomando em consideração quatro 

componentes principais; Exposição, Sensibilidade, Capacidade Adaptativa e Governança, este último 

como uma nova componente. O resultado esperado mostra que sistemas que investem fortemente na 

componente de Governança, se tornam menos vulneráveis. Essa observação, como contribuição  

científica, traz uma nova abordagem para a definição do Índice de Vulnerabilidade Climática. 
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INTRODUCTION 

 

Recently, the special report on global warming of 1.5 0C released by the Intergovernmental 

Panel on Climate Change (IPCC), showed that parties need to increase their efforts more than they 

expected to keep the temperature well below 2 0C (IPCC, 2018). They also show that different systems 

with the same risk exposure can have a different sensitivity according to their adaptive capacity. 

These statements reinforce the previous reports IPCC (2007), which showed that the impact of climate 

change can be more severe, mainly in the least developed countries. These means that even knowing 

the impacts of climate change on different levels, the frequency and magnitude of extreme events 

such as floods, droughts, windstorms, and others, still increase, and the recovery process still very 

complex (UNDP, 2007), requiring a huge structure of risk management (BANK, 2010). 

As a solution, to better understand the systems affected by climate change, researchers have 

been using different approaches combining sensitivity, exposure, and adaptive capacity indicators to 

assess vulnerability in the context of adaptation to climate change (Majeed et al., 2015). However, 

the question remains: how systems can adapt to climate change? To address this issue, we suggest a 

different approach to assess the impact of climate change, through the introduction of the new 

component (Governance) in climate vulnerability function. Therefore, the objective of this paper is 

to propose a method to build a Climate Vulnerability Index that explicitly considers the Governance 

component. Hereupon, in the following sections are introduced the necessary definitions. 

 

Climate Vulnerability, Exposure, Sensitivity, and Adaptive Capacity 

 

Based on the principle that these concepts have being defined by many researchers, for this 

study, by definition, climate vulnerability is the degree to which a system is susceptible to, or unable 

to cope with, adverse effects of climate change (IPCC, 2001). As a function, Climate Vulnerability 

(CV) can be expressed as CV = f(E, S, AC), where E is the exposure, S is sensitivity, and AC the 

adaptive capacity (IPCC, 2001; Brooks et al., 2005; Mendoza et al., 2012; KC et al., 2015). 

According to IPCC (2001), the Exposure is the nature and degree to which a system is exposed to 

significant climatic variations; Sensitivity is the degree to which a system is affected, either adversely 

or beneficially, by climate-related stimuli; and Adaptive Capacity, the flexibility of the system to 

adjust to climate change and cope with the consequences. 

However, as an indicator, vulnerability is an aggregate measure which does not just depend 

on interactions between robustness of ecosystems and economic dynamism, but also, on response 
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capacity of the people and authorities (Bogardi, 2004). On the other hand, the suggested approaches 

support that there is no single definition of vulnerability that could cover all the contexts (Fussel, 

2007). They support the idea that the concept is the consequence of a variety of policy contexts for 

different systems exposed to different hazards (Table 01). Thus, there are two largely independent 

dimensions to conceptualize vulnerability: (i) distinguishing internal from external factors and (ii) 

distinguishing socio-economic from biophysical factors. 

 

Table 1 – Vulnerability conceptualization 

 

Source: Adapted from Fussel (2007). 

 

Governance and Vulnerability 

 

By definition, Governance is the means that power is exercised to manage the socio-economic 

resources of a country (Jubeh and Mimi, 2012). Therefore, Governance could be a political issue or 

a simple act of organization with abilities to pursuit for solutions. On the other hand, vulnerability is 

composed of a suite of environmental, socio-economic, and institutional or political variables. 

However, the factors which make vulnerable a rural community in developing countries, will not be 

the same which make vulnerable industrial countries. The difference remains on the efforts of the 

quality of infrastructures and the efficacy of the long-term planning, including Governance (Brooks 

et al., 2005).  

Thereby, to reinforce the role of management institutions (Governance), as a function, we 

advocate that climate vulnerability should take into account four main components: Exposure (E), 

Sensitivity (S), Adaptive Capacity (AC) and Governance (G): CV = f(E, S, AC, G). This approach is 

also supported by Luers et al. (2003); Dasgupta et al. (2006); Oculi and Stephenson (2018); Weiler 
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et al. (2018). However, in these studies, governance is considered implicitly by means of Governance 

indicators as part of the Adaptive Capacity component.  

Therefore, this proposal aims to introduce a different approach to assess climate vulnerability 

and assist decision-makers in identifying the needs in terms of more efforts to cope with the impacts 

of climate change. 

 

BUILDING THE CLIMATE VARIABILITY INDEX 

 

There are two more concepts which are considered to build Climate Variability Index (CVI), 

index and indicators. The indexes are an empirical tool used to quantify something which cannot be 

measured directly (e.g., how water-stressed a household is) or to measure changes (e.g., the impacts 

of economic growth). They provide information in an indirect way, giving a quantity or state that 

allows for comparison over time. However, some issues have to be addressed to construct any index: 

(1) choice of components, (2) sources of data, (3) choice of formula, and (4) choice of the base period 

(Sullivan, 2002; Mazziotta and Pareto, 2013). On the other hand, an indicator is a variable which 

indicates the magnitude (e.g., mean seasonal temperature) or variability (e.g., standard deviation 

seasonal rainfall) of a parameter, or the statistical relationship among variables (Anandhi and Kannan, 

2018). 

Therefore, knowing that vulnerability is a theoretical phenomenon that cannot be measured 

directly, here, it will be built according to the main goal, taking into account the four components: 

Exposure, Sensitivity, Adaptive Capacity, and Governance. To do that, are proposed the econometric 

and the indicator methods as suggested by different researchers, as the most common tools to assess 

vulnerability to climate change. The econometric method assesses the level of vulnerability in 

different social groups using socioeconomic survey data at household-level. On the other hand, the 

indicator method assesses the levels of vulnerability based on the combination of some selected 

indicators from the set of potential indicators (Hinkel, 2011; Maiti et al., 2017). Thus, based on the 

same approach of the Human Development Index and Water Poverty Index Hahn; Riederer and Foster 

(2009), will be used the indicator method following the steps are given below: 

 

I. Selection of Indicators 

 

The indicators should be selected based on knowledge over elements which contribute to 

vulnerability such as exposure, sensitivity and adaptive capacity (Vincent, 2004; UNITED 
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NATIONS, 2007). Exposure measures how much the system is close and affected by extreme events, 

and Sensitivity, is the magnitude of the impact of the extreme events (Krishnamurthy et al., 2014; 

Koutroulis et al., 2018). The adaptive capacity component is the existence and the quality of the 

resilient infrastructures to extreme events. Therefore, focus on adjustments and institutional capacity 

(Marília et al., 2018). Governance is the existing structure of institution management, on the affected 

area, measured by the number of existent organizations or policies approved and ongoing 

(Krishnamurthy et al., 2014; Koutroulis et al., 2018).  

Finally, based on qualitative and quantitative criteria, to determinate the best indicators, we 

suggest the use of Analytic Hierarchy Process, a multi-criteria analysis based on a par comparison 

method which enables all combination of the criteria and indicators to choose the best alternatives 

(Saaty, 1989; Saaty, 1990). 

 

II. Value Normalization 

 

Indicators come in different scales or units. Therefore, they may be normalized to put on the 

dimensionless way and allow comparisons between them, avoiding disproportionalities when 

multiple indicators are combined (Anandhi and Kannan, 2018). First, it is very important to know the 

relationship between indicator and vulnerability index to ensure that the indicator values are always 

in positive correlation with vulnerability. Thus, if the indicator increase and the vulnerability also 

increase Pandey and Jha, (2012), is suggested the equation (01) (Kumar et al., 2017). But, if the 

indicator increase and vulnerability decrease, should use equation (02) (Pandey et al., 2017). 

 

𝑋 =
𝑋𝑣  −  𝑋𝑚𝑖𝑛

𝑋𝑚𝑎𝑥  −  𝑋𝑚𝑖𝑛
                                                                                                       (01)     

 

𝑌 =
𝑋𝑚𝑎𝑥  −  𝑋𝑣

𝑋𝑚𝑎𝑥  −  𝑋𝑚𝑖𝑛
                                                                                                     (02) 

 

where Xv is the value to be normalized, Xmin and Xmax are the minima and maximum values of the 

indicator on the impact area, X and Y are the normalized values. 

 

Once normalized, the values of each component are averaged using equation (03). 

 



   

XXIII Simpósio Brasileiro de Recursos Hídricos (ISSN 2318-0358) 

 

6 

𝐶 =
(∑ 𝑊𝐼𝑖 . 𝑋𝑖

𝑛𝐼
𝑖=1 + ∑ 𝑊𝐼𝑖 . 𝑌𝑖

𝑛𝐼
𝑖=1 )

∑ 𝑊𝐼𝑖
𝑛𝐼
𝑖=1

                                                                                  (03) 

 

where, C is each component value (E, S, AC or G), Xi and Yi are indicators value of the ith indicator 

in the respective component, WIi is the weight per indicator, and nI is the number of indicators per 

component. 

 

III. Weight Determination  

 

Many researchers give equal importance to all indicators/components to have the overall vulnerability 

index (Sullivan, 2002; Mazziotta and Pareto, 2013; Pandey et al., 2017). Others, give specific weight 

for each indicator/component, based on different methods (Iyengar and Sudarshan, 1982; Pandey and 

Jha, 2012; Mazziotta and Pareto, 2013). However, to ensure that the variation of one indicator would 

not incorrectly dominate the contribution of the rest of the indicators is suggest the Iyengar and 

Sudarshan’s Method (equation 04), which is based on uncertainty aggregate on variance. Hence, the 

greater the variance is, the smaller will be the weight (Iyengar and Sudarshan, 1982).  

 

𝑊𝑖 =
𝑁𝐶

√𝑣𝑎𝑟(𝑋𝑖)
 ; (0 < 𝑊𝑖 < 1  𝑎𝑛𝑑 ∑ 𝑊𝑖 = 1

𝑛

𝑖=1

)                                                 (04) 

 

where Wi is the weight, Xi is the normalized score, n (i = 1, 2, …, n) indicators of vulnerability, and 

NC is a normalizing constant, determined by (equation 05): 

 

𝑁𝐶 = [∑
1

√𝑣𝑎𝑟(𝑋𝑖)

𝑖=𝑛

𝑖=1

]

−1

                                                                                                 (05) 

 

IV. Climate Vulnerability Index (CVI) 

 

The overall index (CVI) can be determined by (equation 06): 

 

𝐶𝑉𝐼 =
𝑊𝐸 . 𝐸 + 𝑊𝑆 . 𝑆 + 𝑊𝐴𝐶 . 𝐴𝐶 + 𝑊𝐺 . 𝐺

𝑊𝐸 + 𝑊𝑆 + 𝑊𝐴𝐶 + 𝑊𝐺
                                                                  (06) 
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where, WE, WS, WAC, and WG are the weights determined for each major component, E, S, AC, and G 

are the values of each component. 

The result value of this index (CVI), will give a state of the system such as, very low (0.0 – 

0.3), low (0.0 – 0.4), little low (0.2 – 0.5), medium (0.3 – 0.7), little high (0.5 – 0.8), high (0.6 – 1.0), 

and very high (0.7 – 1.0), based on Fuzzy logic concept (Dasgupta et al., 2006; Eakin and Bojórquez-

Tapia, 2008; Krishnamurthy et al., 2014). 

 

FINAL CONSIDERATIONS  

 

This work aims to suggest a different approach to assess the climate vulnerability and provide 

a strong tool to assist decision-makers on identification of the needs to cope with the impacts of 

climate change. According to previous research, to cope with the impacts of climate change, systems 

need an improvement in adaptive capacity (Pandey et al., 2017). Perhaps, these conclusions might be 

related to different factors such as governance performance Jubeh and Mimi, (2012), which is likely 

to have a strong influence on vulnerability. However, there are more components such as Exposure, 

Sensitivity, and Governance which also defines the level of vulnerability. Therefore, the most 

exposed system is not necessarily the most vulnerable as suggested by logic taking into account the 

average occurrence of extreme events, when we are assuming that the most exposed systems should 

be the most vulnerable. The justification could be a less effort on adaptive capacity, but this does not 

mean that they are not working on adaptive capacity (infrastructure), it means that they are not 

working on governance (capacity building). 

Hence, if results show a high score in governance component, more effort is needed in 

capacity building to coping to extreme events, but not exactly less effort in adaptive capacity, likely 

related to resilient infrastructures. Therefore, systems with less adaptive capacity might be highly 

vulnerable. 

According to above mentioned, adaptive capacity component (Governance), is strongly 

related to climate vulnerability index. Thus, improving in adaptive capacity component introducing 

additional indicators related to governance, which involves approved and implemented specific 

policy, could reduce the climate vulnerability forcing a better organization of the institution to cope 

the impact of climate change. On the other hand, the introduction of governance component gives 

more sensitive to the climate vulnerability assessment tool and provide additional information to 

decision-makers in addressing the issues about climate change resilience. Thus, we could conclude 
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that governance is likely becoming the most important factor in adaptive capacity, mainly to provide 

more information about which part of adaptive capacity needs more improvement. 

However, there is a slight inconvenience on this process related to subjectivity on some steps, 

due to human judgment. But this does not invalidate the contribution of this proposal to climate 

change issues, mainly to the Sustainable Development Goals (SDG), simplifying the method of 

evaluation climate vulnerability and became easily applied by any system or decision-makers. 

In conclusion, taking into account the main goals, the following results are expected: 

 Systems with less adaptive capacity might be highly vulnerable (infrastructure and 

capacity building).  

 Governance is likely the most important factor on climate vulnerability index. 

 

ACKNOWLEDGMENTS 

 

The first author thanks the Coordination of Higher Level Personnel Improvement - CAPES 

(Brazil) for the scholarship grant, and the Graduate Program in Water and Environmental Resources 

Engineering (PPGERHA) at Federal University of Paraná (UFPR) for all support on the development 

of the Ph.D. on Engineer of Water Resource and Environmental. 

 

REFERENCES 

 

ANANDHI, A.; KANNAN, N. (2018). "Vulnerability assessment of water resources – Translating a 

theoretical concept to an operational framework using systems thinking approach in a changing 

climate: Case study in Ogallala Aquifer". Journal of Hydrology, v. 557, pp. 460–474. 

BANK, W. (2010). Development and Climate Change. World Development Report, 35p. 

BOGARDI, J. J. (2004). "Hazards, risks and vulnerabilities in a changing environment : the 

unexpected onslaught on human security? Global Environmental Change, v. 14, pp. 361–3654. 

BROOKS, N.; ADGER, W. N.; KELLY, P. M. (2005). "The determinants of vulnerability and 

adaptive capacity at the national level and the implications for adaptation". Global Environmental 

Change, v. 15, pp. 151–163. 

DASGUPTA, S.; HAMILTON, K.; PANDEY, K. D.; WHEELER, D.; BANK, W. (2006). 

"Environment During Growth: Accounting for Governance and Vulnerability". World Development, 

v. 34, n. 9, pp. 1597–1611. 

EAKIN, H.; BOJÓRQUEZ-TAPIA, L. A. (2008). "Insights into the composition of household 



   

XXIII Simpósio Brasileiro de Recursos Hídricos (ISSN 2318-0358) 

 

9 

vulnerability from multicriteria decision analysis". Global Environmental Change, v. 18, n. 1, pp. 

112–127. 

FUSSEL, H. (2007). "Vulnerability: A generally applicable conceptual framework for climate change 

research". Global Environmental Change, v. 17, p. 155–167. 

HAHN, M. B.; RIEDERER, A. M.; FOSTER, S. O. (2009). The Livelihood Vulnerability Index: A 

pragmatic approach to assessing risks from climate variability and change — A case study in 

Mozambique. v. 19, p. 74–88. 

HINKEL, J. (2011). “Indicators of vulnerability and adaptive capacity”: Towards a clarification of 

the science–policy interface". Global Environmental Change, v. 21, n. 1, pp. 198–208. 

IPCC. (2001). CLIMATE CHANGE 2001: IMPACTS, ADAPTATION, AND VULNERABILITY. 

1042p. 

IPCC. (2007). Climate Change 2007: impacts, adaptation and vulnerability: contribution of Working 

Group II to the fourth assessment report of the Intergovernmental Panel. 987p. 

IPCC. (2018). Global Warming of 1.5 °C - SR15. 32p. 

IYENGAR, N. S.; SUDARSHAN, P. A. (1982). "Method of Classifying Regions from Multivariate 

Data". Economic and Political Weekly, pp. 2048–52. 

JUBEH, G.; MIMI, Z. (2012). "Governance and Climate Vulnerability Index. Water Resource 

Managemen. 

KC, B.; SHEPHERD, J. M.; JOHNSON, C. (2015). "Climate change vulnerability assessment in 

Georgia". Applied Geography, v. 62, pp. 62–74. 

KOUTROULIS, A. G.; PAPADIMITRIOU, L. V; GRILLAKIS, M. G.; et al. (2018). Freshwater 

vulnerability under high end climate change . A pan-European assessment. Science of the Total 

Environment, v. 614, pp. 271–286. 

KRISHNAMURTHY, P. K.; LEWIS, K.; CHOULARTON, R. J. (2014). "A methodological 

framework for rapidly assessing the impacts of climate risk on national-level food security through a 

vulnerability index". Global Environmental Change, v. 25, pp. 121–132. 

KUMAR, S.; MISHRA, S.; SINHA, B.; ALATALO, J. M.; PANDEY, R. (2017). "Rural 

development program in tribal region: A protocol for adaptation and addressing climate change 

vulnerability". Journal of Rural Studies journal, v. 51, pp. 151–157. 

LUERS, A. L.; LOBELL, D. B.; SKLAR, L. S.; ADDAMS, C. L.; MATSON, P. A. (2003). "A 

method for quantifying vulnerability, applied to the agricultural system of the Yaqui Valley, Mexico". 

Global Environmental Change, v. 13, pp. 255–267. 

MAITI, S.; KUMAR, S.; GARAI, S.; et al. (2017). "An assessment of social vulnerability to climate 



   

XXIII Simpósio Brasileiro de Recursos Hídricos (ISSN 2318-0358) 

 

10 

change among the districts of Arunachal Pradesh, India". Ecological Indicators, v. 77, pp. 105–113. 

MAJEED, K.; JAHANGIR, S.; ZAHDI, Z. (2015). "Climate change vulnerability and adaptation 

options for the coastal communities of Pakistan". Ocean and Coastal Management, v. 112, pp. 61–

73. 

MARÍLIA, M.; ANDRADE, N. DE; FABIAN, C. (2018). "Vulnerability assessment including 

tangible and intangible components in the index composition: An Amazon case study of flooding and 

flash flooding". Science of the Total Environment, v. 630, pp. 903–912. 

MAZZIOTTA, M.; PARETO, A. (2013). "Methods for constructing composite indices: One for all 

or all for one?" Rivista Italiana di Economia Demografia e Statistica, v. LXVII, n. 2, pp. 67-80. 

MENDOZA, M. E. T.; THE, B. D.; NARET, H.; BALLARAN, V. G.; ARIAS, K. B. (2014). 

"Assessing Vulnerability to Climate Change Impacts in Cambodia, the Philippines and Vietnam: An 

Analysis at the Commune and Household Level". Journal of Environmental Science and 

Management, v. 2, pp. 78-91. 

OCULI, N.; STEPHENSON, S. R. (2018). "Conceptualizing climate vulnerability : Understanding 

the negotiating strategies of Small Island Developing States". Environmental Science and Policy, n. 

85, pp. 72-80. 

PANDEY, R.; KUMAR, S.; ALATALO, J. M.; ARCHIE, K. M.; GUPTA, A. K. (2017). "Sustainable 

livelihood framework-based indicators for assessing climate change vulnerability and adaptation for 

Himalayan communities". Ecological Economics, v. 79, pp. 338–346. 

SAATY, R. W. (1987). "The analytic hierarchy process-what it is and how it is used". Mathematical 

Modelling, v. 9, n. 3–5, pp. 161–176. 

SAATY TL. (1990). "How to Make a Decision The AHP". European Journal of Operational 

Research, v. 48, pp. 9-26. 

SULLIVAN, C. (2002). "Calculating a Water Poverty Index". World Development, v. 30, n. 7, pp. 

1195–1210. 

UNDP. (2007). Human Development Report 2007/2008. 384p. 

UNITED NATIONS (2007). Indicators of Sustainable Development: Guidelines and Methodologies. 

New York, 99p. 

VINCENT, K. (2004). Creating an index of social vulnerability to climate change for Africa. Norwich 

- England, n. 56, 50p . 

WEILER, F.; KLÖCK, C.; DORNAN, M. (2018). ”Vulnerability, good governance, or donor 

interests? The allocation of aid for climate change adaptation". World Development journal, v. 104, 

pp. 65–77.  


