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A Framework to Estimate Loss and Damage (L&D) to Floods in a Changing Climate, using 1 

Capital-based Approach 2 

1. Introduction 3 

Floods are one of the frequent hydrological disasters, which have been becoming a severe menace to the mankind 4 

and environment (Wallemacq, 2018). According to (IPCC, 2012a) and EM-Dat, the International Disaster Database 5 

by Centre for Research on the Epidemiology of Disasters (CRED), flood is defined as the flow of water from a 6 

stream channel, or any other water bodies, in excess, of the normal, resulting in submerging of areas, which are dry 7 

otherwise. They are mainly caused by climate change, antecedent soil moisture, deforestation, and urbanization 8 

(Chang & Franczyk, 2008). Floods can be of various types- river (fluvial) floods, flash floods and surface water 9 

(pluvial) floods, coastal floods, urban floods, sewer floods, and glacial lake outburst floods (GLOF). With 43% of 10 

the disasters, globally, from 1998 to 2017, being floods, they have affected two billion people, and around 23% of 11 

the economic losses, world-wide, due to disasters, have been attributed to floods (Wallemacq, 2018).  12 

Floods are associated with mortality and morbidity effects like deaths due to drowning, physical trauma, 13 

electrocution, etc, and incidence of water and vector-borne diseases like diarrhoea, cholera, typhoid, dengue, 14 

malaria, etc. (Jonkman & Kelman, 2005; Doocy et al., 2013;World Health Organization, NA); mental health effects; 15 

disruption in provision of health care facilities, due to damage inflicted on physical infrastructure; and injuries 16 

during evacuation process (IPCC, 2007; World Health Organization, NA). Besides, they impact personal security 17 

through income losses; and inflict damage to their physical capital stock (H. Dewan, 2015; Tripathi, 2015; Paavola, 18 

2017). Such flooding risks will exacerbate with the rising frequency and intensity of pluvial and river floods, in a 19 

changing climate (IPCC, 2012b; IPCC, 2021).  20 

Climate model simulations provide empirical evidences that climate change influences the frequency and intensity 21 

of floods, and is also projected to increase with increase in greenhouse warming, in future (Balica et al., 2012; 22 

Andersen & Shepherd, 2013; Cai et al., 2014). Besides, advective effects, indicated by changes in sea level pressure, 23 

due to changes in global air circulation also contribute to increased rainfall in northwestern and northeastern North 24 

America, northern Europe, northern Asia, east coast of Asia, southeastern Australia, and south-central South 25 

America (Meehl et al., 2005); and flooding risk increases especially in the mid-to-high latitudes (Trenberth, 2011). 26 

The relationship between an increase in sea surface temperature over tropical Indian Ocean and an increase in 27 

extreme rainfall events in a global warming scenario suggests an increase in flood risks in central India (Goswami et 28 

al., 2006; Rajeevan et al., 2008). A relatively greater increase in flood frequency is projected in the Indian sub-29 

continent basins, under the low emission scenario of Representative Concentration Pathway (RCP) 2.6, as compared 30 

to RCP 8.5 (Al et al., 2019). Such increase in flood risks although, can be dealt with flood protection measures 31 

(Mishra et al., 2012), but, a shift has been suggested from flood protection to flood risk management approach 32 

(Garrote et al., 2019). However, such an approach will yet leave some residual flood losses, known as loss and 33 

damage to floods. 34 

This paper is organized as follows: Section 2 introduces the concept of loss and damage, its evolution, and its 35 

relevance in the context of floods. The existing methodologies for quantification of loss and damage, across 36 

literature, are discussed briefly in Section 3. Section 4  provides a  proposed framework on estimation of residual 37 

“loss and damage (L&D)” to floods on the livelihood assets through the lens of the vulnerability context and the 38 

capital assets. 39 

2. Loss and Damage- concept, history, and relevance in floods 40 

Climate extremes and disasters can neither be used interchangeably, nor there exist any one-to-one relationship 41 

between them (IPCC, 2012b). In other words, extreme events like floods pose serious threats to livelihoods,and alter 42 

the normal functioning of the prevailing physical, geographical and social conditions of the communities, if their 43 

occurrence is accompanied by exposure of communities to floods, and a high degree of vulnerability. It has been 44 

suggested that that even though binding mitigation actions can reduce greenhouse gases, yet, there are some residual 45 

impacts to which the world is already committed, viz. the sea level rise, frequent and intense cyclones, storm surges, 46 

etc., resulting in flooding; hence it is imperative to include adaptation along with mitigation in climate policy actions 47 

(IPCC, 2001; Stern, 2007). A host of adaptation measures aimed at reducing vulnerability play an important role in 48 

transforming climate extremes to disasters. However, there is a wide array of factors that impede implementation of 49 
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adaptation options, viz. lack of knowledge about climate change, non climatic physical, biological, economic, 50 

financial, human resource, social and cultural, and institutional constraints (IPCC, 2014). This leads to soft and hard 51 

adaptation limits, resulting in some impacts of climate change that cannot be addressed by adaptation or mitigation. 52 

Such impacts are known as residual L&D. Hence, at the UNFCCC level, there are three pillars of climate action- 53 

mitigation, adaptation and loss and damage (Wallimann-Helmer et al., 2019) (Fig. 1) 54 

The concept of L&D has emerged as an evolving issue in climate policy discourse, and literature has put forward 55 

multiple definitions of it, from time to time. Some studies distinguish between losses - impacts that are permanent 56 

and irrecoverable, and damages - reversible and repairable impacts (McNamara & Jackson, 2019; Doelle & Seck, 57 

2020; Geest & Warner, 2020).  (Okuyama, 2008) also defines damages as the physical destruction to human and 58 

physical capital stock, whereas, losses refer to the indirect or secondary effects of a disaster, that lead to changes in 59 

production and consumption flows of goods and services. Losses can be economic or non-economic (Fankhauser et 60 

al., 2014; McNamara & Jackson, 2019); and damages can also be direct or indirect, each of which can be tangible 61 

(economic) and intangible (social and environmental) (Gajanayake et al., 2020).However, in the emerging literature 62 

on L&D, its definition by (Bouwer, 2011) is limited to damage from sudden or discrete events, and does not include 63 

slow onset processes. On the other hand, some studies have attributed L&D to insufficient adaptation solely, (Action 64 

Aid, 2010; Huq et al., 2013; Warner & Geest, 2013). (UNFCCC, 2012a) also defines L&D as actual and/or potential 65 

manifestation of climate change impacts in developing countries that adversely affect human and natural systems. 66 

However, (Geest & Warner, 2020) defines it as the impacts of climate change that have not been, or cannot be, 67 

avoided through mitigation and adaptation efforts.  68 

L&D can be classified into four categories (Mechler et al., 2019): 69 

a. Avoided L&D: Avoidable L&D that can or will be avoided by mitigation and/or adaptation; 70 

b. Unavoided L&D: Avoidable L&D that will not be avoided by mitigation and/or adaptation; and 71 

c. Unavoidable L&D: L&D that cannot be avoided by mitigation and/or adaptation. 72 

 The concept of L&D is further explained with the help of Fig. 2. With no adaptation and no mitigation, costs of 73 

climate change will increase at an increasing rate. When policy response is only adaptation or only mitigation, the 74 

costs increase at a decreasing rate, but only adaptation leads to relatively higher costs than only mitigation (IPCC, 75 

2007). Although a policy mix of adaptation and mitigation reduce costs of climate change, there are still some 76 

residual impacts, known as L&D.  77 

A household’s potential for L&D depends on his/her mitigation efforts, livelihood context, in forms of capital 78 

(social, economic, natural, human, and political), his/her vulnerability profile, and a household’s coping and 79 

adaptive capacity (Warner & Geest, 2013). It occurs due to potential four reasons (Warner & Geest, 2013): 80 

1. Insufficient adaptation or coping measures to avoid loss and damage: Although households adopt 81 

adaptation measures to slow onset events or coping measures to extreme events, they fall short of avoiding 82 

the impacts of climate change and make them more vulnerable to the adverse effects (Haile et al., 2013; 83 

Rabbani et al., 2013; Yaffa, 2013). This results in residual L&D to the households. 84 

2. Irrecoverable costs (monetary and non-monetary) of adaptation or coping measures: Adaptation or 85 

coping measures adopted by households have costs involved, which can be monetary, viz. decline in crop 86 

yields due to migration or material losses due to occupational diversification; or can be non-monetary, viz. 87 

high opportunity costs involved in migration or loss of occupational and cultural identity due to changing 88 

occupation (Brida et al., 2013; Traore & Owiyo, 2013). 89 

3. Erosive coping measures: Households who are exposed to areas prone to climate risks often employ 90 

coping measures which are “erosive” in nature, if the adopted proactive adaptation measures to avoid the 91 

adverse effects are not successful. They are erosive, in the sense, that they may prove advantageous in the 92 

short term by avoiding the adverse effects, but they eventually pose detrimental effects to their future 93 

livelihoods and can impair resilience to climatic stressors in the long run (Haile et al., 2013; Opondo, 2013; 94 

Yaffa, 2013) 95 

4. Measures not adopted: There are also many households, who in-spite of being vulnerable to the adverse 96 

effects of sudden or slow onset events, do not employ adaptation or coping measures, due tomainly: lack of 97 

knowledge required for adaptation or are devoid of skills; too expensive measures for the households to 98 

adopt, as they are constrained by financial resources and means (Monnereau & Abraham, 2013); or do not 99 

feel it to be their task to adopt measures to avoid effects; or do not prioritize adaptation or coping. 100 
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Being an uncertain event, it is assumed that the flood loss is also a random variable with a normal distribution, as 101 

shown in Fig. 3. The mean and variance of this distribution of flood losses are the expected value, and the cost of 102 

risk taken by the residents in floodplains (Thampapillai & Musgrave, 1985). To minimize the likelihood of 103 

occurrence of floods, and their consequences, individuals are endowed with a wide portfolio of adaptation and 104 

mitigation measures. Some of these measures are structural (or hard) and non-structural (or soft) measures, where 105 

the former includes reservoirs, levees, flood walls, channel improvements, sea dikes, storm-surge barriers, and 106 

floodways; and the latter includes land-use planning of flood plains, warning and evacuation, wet proofing, dry 107 

flooding, and flood insurance policies (Thampapillai & Musgrave, 1985; Haque et al., 2010; Garrote et al., 2019; 108 

Dua et al., 2020). Although these measures can reduce the expected value of flood losses from μ0 to μ1 (μ1< μ0), and 109 

variance from σ02 to σ12 (σ12< σ02), there are still some residual flood losses, which is termed as L&D, the estimation 110 

of which is pertinent, to identify the potential room for recovery interventions.  111 

Fig. 4 shows the evolution of L&D, through various decisions taken in Conference of Parties (COPs), from time to 112 

time. The discussion on L&D dates back to as early as 1991, when a need felt by the communities to address the 113 

losses stemming from climate change resulted in the establishment of United Nations Framework Convention on 114 

Climate Change (UNFCCC) in the international climate negotiations. It was during this time that the Association of 115 

Small Island States (AOSIS) proposal for insurance scheme came up as a compensation scheme for the victims of 116 

sea level rise; and this scheme was to be funded by the developed countries, based on their ability to pay and their 117 

historical responsibility to emissions. The term “loss and damage” was used in UNFCCC decision, for the first time, 118 

in the Bali Action Plan, adopted at COP 13 in 2007. This plan launched the consideration of “disaster risk reduction 119 

strategies and means to address loss and damage” due to climate change impacts (UNFCCC, 2008b). AOSIS also 120 

proposed a “Multi-Window Mechanism to address Loss and Damage from Climate Change Impacts” at COP 14 in 121 

2008. This mechanism entails three modules: (a) insurance component to address risks associated with climate 122 

change induced or weather extreme events; (b) rehabilitation or compensatory component to address L&D 123 

associated with the impacts due to slow onset extreme events; and (c) risk management component (UNFCCC, 124 

2008a). At COP 16, 2010, a work programme to address L&D was adopted under the Cancun Adaptation 125 

Framework. This programme was structured under three thematic areas- assessing risks of L&D; identification of a 126 

range of approaches to address L&D; and explaining the role of Convention for implantation of these approaches 127 

(UNFCCC, 2010; UNFCCC, 2011). However, approaches ranging from risk reduction, risk sharing and risk transfer 128 

were recognized in “Doha Gateway” at COP 18, 2012, to address L&D associated with the effects of climate change 129 

in vulnerable countries to augment their adaptive capacity (UNFCCC, 2012b). Following the Doha Gateway, a 130 

mechanism for L&D was established at COP 19 in Warsaw, known as Warsaw International Mechanism (WIM) 131 

under the Cancun Adaptation Framework (UNFCCC, 2014). It recognized that L&D extends beyond what can be 132 

reduced by adaptation. The key functions of WIM are to strengthen knowledge and understanding of the approaches 133 

to address L&D; to foster dialogue among stakeholders; and finally, to enhance support and action in finance, 134 

technology and capacity building, to minimize L&D. The continuation of WIM was further ensured in the Paris 135 

agreement at COP 21, 2015, with a decision to establish a clearing house for risk transfer (UNFCCC, 2016). The 136 

structure and effectiveness of WIM was first reviewed at COP 22, 2016, where it had been also decided to conduct 137 

reviews periodically, within five years and finance to address L&D was discussed very briefly, with no concrete 138 

outcomes (UNFCCC, 2017). However, at COP 23 in 2017, the Fiji Clearing House for Risk Transfer has been 139 

established (UNFCCC, 2018); and the Green Climate Fund Board has been requested to establish an Emergency 140 

Response Window for funding projects related to build infrastructure resilient to climate extremes to address L&D 141 

(UNFCCC, 2019).   142 

3. Methodologies and Frameworks to estimate Loss and Damage to disasters 143 

Section 3 discusses the various methodologies to estimate L&D to disasters: Damage and Loss Assessment, Post 144 

Disaster Needs Assessment, Catastrophic Simulation, and Hazus-MH tool. 145 

3.1.  Damage and Loss Assessment (DaLA) 146 

The Damage and Loss Assessment (DaLA), developed by United Nations- Economic Commission for Latin 147 

America and the Caribbean (UN-ECLAC), is a bottom-up approach, which makes assessment of the disaster effects 148 

by sector to sector, followed by sectoral aggregation to analyse the total disaster effects on the macro-economic 149 

aggregates (economic growth, fiscal position, and the balance of payments). The main objective of this assessment is 150 

to quantitatively define the financial resources, and define the areas or sectors required for post disaster recovery and 151 

reconstruction. The steps involved in this framework (ADB, 2009): (1) develop baseline of physical assets and 152 

performance on production and sales (sector-wise) in the area affected, before the disaster; (2) determine total or 153 
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partial destruction to physical assets, and obtain the repair, replacement and construction costs for the damaged 154 

ones; (3) examine impact of disaster in each sector (infrastructure, productive, cross-cutting, and social) and sub-155 

sector (water and sanitation, electricity, transport and communication, housing, education, health, agriculture, 156 

manufacturing, environment, etc.), based on various indicators, for pre and post disaster comparison; (4)aggregation 157 

of losses and damages across sectors and sub-sectors; and (5) assessing the impact of loss and damage on macro-158 

economic parameters, like  GDP, Balance of Trade, Balance Of Payments, and fiscal budget, for pre-disaster and 159 

post-disaster. Various studies have conducted DaLA frameworks to the natural disasters, such as in Sierra Leone by 160 

landslide 2017 (World Bank Group, 2017), in Indonesia by December 26, 2004 Tsunami (World Bank Group, 161 

2005), in Turks and Caicos Islands by tropical storm Hanna and Hurricane Ike (CDCC, 2008) , etc.  162 

3.2.  Post Disaster and Needs Assessment (PDNA) 163 

Post Disaster and Needs Assessment (PDNA) is a common integrated, multi sectoral approach to estimate the 164 

physical damages, economic losses, and costs of meeting recovery needs after a natural disaster (Jeggle & Boggero, 165 

2018). It was conducted by UNDP and World Bank’s Global Facility for Disaster Reduction and Recovery 166 

(GFDRR) in 2017. It encompasses data collection, analysis, and identifies recovery needs, which helps in resource 167 

mobilization and development of a comprehensive recovery strategy across multiple sectors of production, 168 

infrastructure, human development, cross cutting sectors. The World Bank PDNA is built on the information about 169 

the damage and loss obtained by DaLA methodology, coupled with Human Recovery Needs Assessment (Robinson 170 

& Phillips, 2014). The steps involved in PDNA are (GFDRR, 2017a; GFDRR, 2017b): (1) collection of baseline 171 

information data for sector specific indicators; (2) assessment of the disaster effects (in monetary terms) on physical 172 

infrastructure and assets, governance, production, delivery and access to goods and services, and on risks and 173 

vulnerabilities, based on the pre-disaster replacement, repair and reconstruction costs; (3) assessment of 174 

consequences of disaster effects, with short, medium and long term implications, for macro-economic impacts, 175 

personal or household impacts, and human development impacts; (4) estimation of recovery needs to counter the 176 

disaster effects and impacts, for each sector; (5) sector recovery strategy; (6) share the effects and impacts and the 177 

identified recovery strategies with the stakeholders, within the sector. The enablers for a successful PDNA are: 178 

robust pre and post disaster data sets; partnerships between national and international actors; cooperation among 179 

institutions at national level; and coordination between national and sub-national levels (GFDRR, 2017b). 55 180 

PDNAs have been conducted, as of mid-2017 (Jeggle & Boggero, 2018). It is estimated that total damage and loss 181 

of 2015 Nepal Earthquake, Haiti earthquake, and Fani cyclone at Odisha amount to 1.54 billion USD, 7.804 billion 182 

USD, and 3454 million USD, respectively; and total recovery needs amount to 76.99 billion USD, 11.5 billion USD, 183 

and 4188 million USD, respectively; (World Bank Group, 2010; World Bank Group, 2015; ADB, World Bank, 184 

United Nations India, 2019). 185 

3.3.  Catastrophic Simulation (CatSim)  186 

The government or public authority may face a dearth of funds for financing post disaster relief and recovery, 187 

known as financial vulnerability, which mainly, has two components (Mechler et al., 2006): (a) asset risks from 188 

natural hazards (measured by the hazard frequency and intensity, exposure and sensitivity); (b) financial resilience 189 

or preparedness, i.e. the financial ability of the authority to cope with the disaster losses, with its available resources. 190 

The CatSim tool, by the International Institute for Applied Systems Analysis (IIASA), using Monte-Carlo 191 

simulation of disaster risks in a particular region, is a non-optimization based assessment tool for budget allocation, 192 

and allows the policy makers to test for different alternative scenarios (Hochrainer-Stigler et al., 2015). The stages 193 

involved in the CatSim methodology, are as follows: (1) risk of direct asset losses, derived from hazard, exposure 194 

and physical vulnerability; (2) financial preparedness of the public sector; (3) financial vulnerability, measured in 195 

terms of potential financing gap; (4) illustrating the macroeconomic consequences of the financing gap; and (5) 196 

development of strategies to reduce financial vulnerability and build resilience. The first three steps are a part of 197 

static risk assessment, and the remaining involve dynamic risk assessment, i.e. assessment of costs and benefits of 198 

future disaster risk reduction options and economic impacts, over a given time horizon (Mechler, et al., 2006; 199 

Hochrainer-Stigler et al., 2015). CatSim tool, which was implemented in one of the most cyclone active regions, 200 

Madagascar, provided estimates of the annual expected losses and the financing gap; and evaluated the risk 201 

reduction strategies. It finds that investing in such risk management options can lead to a trade off between 202 

economic growth and financial stability (Hochrainer-Stigler et al., 2015). Similarly, a study by (Cardenas et al., 203 

2007), using CatSim tool to assess financial vulnerability of Mexico to earthquake risks, estimates that if an 204 

earthquake is expected to occur in Mexico, once in every 20 years, 50 years, 100 years, and 500 years will require 205 

relief spending by the government around $40 million, $200 million, $2.0 billion, and $2.9 billion, respectively. 206 
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3.4.   Hazus – MH 207 

The National Institute of Building Sciences (NIBS) has developed a software tool, Hazus-MH to obtain loss 208 

estimates at a regional level for hazards like earthquakes, floods and hurricanes.  Hazus-MH flood modelling 209 

encompasses two parts (Scawthorn et al., 2006a; Scawthorn et al., 2006b): (a) Flood hazard analysis finds the flood 210 

depth and velocity in a given area, for riverine or coastal flooding conditions; (b) Flood loss estimation provides 211 

direct damage estimates to buildings, essential facilities, crops, vehicles, etc.; induced damage like social losses and 212 

the shelter needs of the displaced people; direct losses, viz. the cost of repair or replacement, income loss, crop 213 

damage, casualties, etc.; and the indirect losses, like supply shortages, decline in sales, etc. Various studies have 214 

conducted flood loss assessments, using Hazus-MH flood models (Nastev & Todorov, 2013; Yildirim & Demir, 215 

2019), which also serves the communities for flood mitigation at the local level. 216 

3.5.  Other Methodologies 217 

Other methodologies used in L&D estimation are the macro-economic models like Input-Output (I-O) model, 218 

Computable General Equilibrium (CGE) model, Social Accounting Matrix (SAM), and econometric models. I-O 219 

model is a popular and simple model used to assess the economic impact of disasters and reflects the economic 220 

interdependencies, within an economy (Galbusera & Giannopoulos, 2018); and is integrated with engineering 221 

models to yield damage estimates of a disaster. The linearity, rigid structure, and lack of responses to price changes 222 

limit the applicability of an I-O model (Okuyama, 2008), an alternative of which used is CGE model. This model 223 

incorporates responses of producers and consumers to price changes, aftermath of a disaster (Rose & Liao, 2005). It 224 

can be related to real world economies, by changing production forms, and key model parameters (Kajitani & 225 

Tatano, 2017).  Various studies have conducted CGE tools to obtain L&D estimates to floods (Carrera et al., 2015; 226 

Nakajima et al., 2015).  SAM models, used to derive damage estimates to disasters are also used in flood impact 227 

studies (Sassi & Sbia, 2010). Unlike CGE, SAM is linear in structure, provides overestimated impacts, and does not 228 

respond to price change (Okuyama, 2008). On the other hand, econometric models which are statistically rigorous 229 

and provide stochastic estimates are also used in assessing impacts of floods (Zhang, 2016; Hu et al., 2019). 230 

(Motschmann et al., 2020) also assessed the L&D in mountains due to glacier retreat, due to climate change, by 231 

considering three dimensions- social impacts of ice loss by perception based survey; glacial hazards by its 232 

likelihood, flood extent and magnitude; and variability of water availability by a water balance model. 233 

3.6.  Limitations in existing methodologies 234 

DaLA and PDNA can capture the full range of disaster impacts till post-disaster,  recognizing that impacts aftermath 235 

of the disaster have developmental and economic implications (Doktycz & Abkowitz, 2019). However, some of the 236 

major limitations of such frameworks are: (i) inadequate data on various indicators, for baseline situation; (ii) 237 

difficulty in replication of social sector assessments, due to their contextual nature; (iii) more attention to 238 

infrastructure losses due to disaster; and (iii) assessments only limited to sudden onset events, rather than slow-onset 239 

ones. CatSim framework is only limited to financial vulnerability, and it lacks L&D assessment through lenses of 240 

other types of vulnerabilities, viz. physical, social, and environmental, that a region is challenged with, after a 241 

disaster. Although Hazus-MH provides us a comprehensive view of L&D, with its physical and social parameters, it 242 

is limited to sudden onset extreme events, and questions the validity of the impact estimation results (Doktycz & 243 

Abkowitz, 2019). Other methodologies, discussed in Section 3.5, assess the impacts of disaster on a macro-244 

economic scale. Hence, all these methodologies could not address the livelihood context, i.e. the livelihood assets 245 

possessed by them, and do not take into account the risk preventive measures and livelihood strategies adopted by 246 

them in the face of already existing climate variability and livelihood vulnerability, respectively. This calls for an 247 

approach which can incorporate the same, as discussed in Section 4. 248 

4. Estimation of Loss and Damage to Floods: Proposed Capital Based approach 249 

One of the approaches that involve disasters and vulnerability in the development goals is the Sustainable 250 

Livelihoods Approach (SLA). The central notion of this framework is the five basic livelihood or capital assets 251 

(human, social, physical, financial, and natural) possessed by the individuals, which are used as inputs to livelihood 252 

strategies to reduce vulnerability by improving the resilience of livelihoods to stressors. However, sudden onset 253 

events like floods inflict L&D on these assets. The proposed methodology for quantification of L&D is thus, an 254 

extension of SLA, the theoretical underpinning of which, is shown in Fig. 5.  255 
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Due to flood, a household is exposed to first order loss and damage, depending on the effectiveness of the risk 256 

reduction preventive measures and livelihood strategies, adopted in the face of normal climatic variability and 257 

livelihood vulnerability, respectively. In order to minimize the effects of first order impacts, household further 258 

engages in coping measures, which involve monetary and non monetary costs, and are erosive in nature. This results 259 

in second order loss and damage, making the household being trapped in vicious circle of vulnerability.  260 

4.1.  Methodology 261 

This section will briefly discuss the framework for estimation of loss and damage to each of the capital asset, by 262 

floods. 263 

4.1.1. Human Capital 264 

Floods have adverse effects on human capital, especially, education, health (physical and mental), nutrition, etc. To 265 

estimate the impacts of floods on human capital, we run random effects regression of individual i, commune j, and 266 

year t, given by equation 1: 267 

ln(HCijt) = β0 + β1Xijt + β2Cjt + β3𝐹jt + β4Djt + β5𝐹jtXijt + β6𝐹jtCjt + θi + δj + ϵijt      …. (1) 268 

, where HCijt is the human capital, proxied by education and health. The indicators of education are enrolment in 269 

primary and secondary education; and that of health is expenditure on physical and mental health. Xijt is a vector of 270 

independent variables, which include household size, gender of children, proportion of elderly aged above 60, 271 

income of parents, attachment to occupational identity, and experience with disaster for determining the impact of 272 

flood on human capital. Cjt is a vector of commune characteristics, comprising of access to educational institutions, 273 

hospital and healthcare facilities, market, road network, community cohesion, etc. The interaction effect between 274 

flood dummy 𝐹jt, and the individual specific and commune characteristics are also included as explanatory variables 275 

in the model. 276 

4.1.2. Social Capital 277 

Social capital refers to social trust, networks, participation in groups, exchanges within and among groups, 278 

community cohesion that enable collective action (Pretty, 2003; Adger, 2003; World Bank, 2004; Piya et al., 2013; 279 

Freduah et al., 2018). Here, we use the following random effects ordered probit model (equation 2):  280 ln(SCijt) = β0 + β1Xijt + β2Cjt + β3 ln(SCijt−1) + β4Fjt + β5Djt + β6FjtXijt + β7FjtCjt + θi + δj + ϵijt    …. (2) 281 

where, the dependent variable is the social capital, proxied by social trust, taking ordinal values. Xijt is a set of 282 

individual specific explanatory variables, like age, education status of the members, gender, occupational dummy, 283 

ethnicity, dummy for geographic location (rural, urban, and semi-urban), prior experience with disaster, 284 

participation in political organizations, dummy for attachment to place and occupation, etc.  The commune 285 

characteristics included in Cjt are access to market, network and groups; climate risk preventive measures taken at 286 

the Government level; access to formal and informal sources of credit; financial independence of the community, 287 

etc. The lagged value of the dependent variable is also included as a covariate. 288 

4.1.3. Physical Capital 289 

Physical capital entails energy, transport and communication, agriculture, water and sanitation, industry. A random 290 

effects regression model, of individual i, commune j, and year t, as given by equation 3 can estimate the impacts of 291 

floods on physical capital: 292 

ln(PCijt) = β0 + β1Xijt + β2Cjt + β3𝐹jt + β4Djt + β5𝐹jtXijt + β6𝐹jtCjt + θi + δj + ϵijt      …. (3) 293 

, where PCijt is the physical capital, the indicators of which are type of houses (bungalow, one-story, detached, etc.), 294 

type of crops, number of livestock, and fishery materials (boats, fishing nets). The explanatory variables in Xijt are 295 

income; land ownership status; size of land holding; education of the household members; location of houses; 296 

housing conditions, type of boats, effective rainfall on crops, expenditure on fertilizers, etc. Cjt is a vector of 297 
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commune characteristics, like access to irrigation facility, electricity and water supply; access to road network; 298 

access to climate information; social capital proxied by community cohesion, etc.  299 

4.1.4. Financial Capital 300 

The direct tangible impacts of floods are the loss in income and wages, whereas, the indirect impacts include the 301 

reduced consumption of goods and services. We can model the impact of floods on financial capital, using the 302 

following random effects regression equation 4, of individual i, commune j, and year t: 303 ln(FCijt) = β0 + β1Xijt + β2Cjt + β3 ln(FCijt−1) + β4Fjt + β5Djt + β6FjtXijt + β7FjtCjt + θi + δj + ϵijt    …. (4) 304 

Here, the dependent variable is the financial capital, proxied by per capita income, per capita expenditure, per capita 305 

savings rate, and private credit per capita. Xijt is a set of individual specific explanatory variables, like age of 306 

household head, household size, education status of the members, per capita living area, occupational dummy, share 307 

of income sources to the total income, ethnicity, and gender of household head. Other explanatory variables 308 

determining impact of disasters on per capita expenditure are marital status of the household members, cash 309 

remittances, and receipt of government programme benefits. Another additional set of covariates for determining 310 

impact on per capita savings include income, expenditure, proportion of aged 65 and above, savings rate of various 311 

financial institutions, and labour force participation rate of household members, with an additional variable of the 312 

cost of credit to assess the impact on per capita private credit. Cjt is a set of variables of characteristics of 313 

community j at year t, which include community physical infrastructure, like access to road network, market, farms, 314 

and other infrastructure which aid in income generation; presence and access to formal (banks in rural and urban 315 

areas, micro-finance institutions, Non-Governmental Organizations offering loans) and informal sources of credit.  316 

4.1.5. Natural Capital 317 

A host of assets in a natural environment, (e.g. land resources, water resources, etc.) (Mayunga, 2007; Dhakal, 2011) 318 

and in a geographical setting (Freduah et al., 2018), which generate valuable flow of goods and services into the 319 

future, is referred to as the natural capital. The impact of floods on natural capital is modeled by using a random 320 

effects panel regression model, given by equation 5: 321 ln(NCijt) = β0 + β1Xijt + β2Cjt + β3 ln(NCijt−1) + β4Fjt + β5Djt + β6FjtXijt + β7FjtCjt + θi + δj + ϵijt    …. (5) 322 

, where NCijt is the natural capital, proxied by availability of agricultural land, water resources, trees and forest 323 

products. Xijt is a vector of explanatory variables, including share of cropland area, ownership of land and boat, 324 

income, etc. The commune characteristics, given by Cjt entail access to irrigation or water facility, access to road 325 

network, soil conditions, number of woodland areas or rainforests, social capital, etc. 326 

In all the equations, from (1) to (5), 𝐹jt  is a flood dummy, i.e. whether affected households or not; and Djt is a vector 327 

of disaster damages (deaths, injuries; missing, affected, and evacuated population; houses destroyed, damaged, and 328 

submerged; damage to education centres, hospitals, and religious centres; damage to agriculture, fisheries; damage 329 

to roads and bridges; and damage to office buildings, manufacturing facilities). θi and δj are the individual and 330 

commune fixed effects; ϵijt is the error term. To account for the unobserved heterogeneity, a household random 331 

effect is incorporated by substituting ϵijt =  μi + μijt . It is assumed that the unobserved household characteristics 332 

are uncorrelated with the covariates. 333 

Each capital asset is a weighted average of its various indicators. Based on (Arouri et al., 2015), loss of an area K, 334 

due to floods, can be thus measured by the average partial effect (APE) of Fjt and Djt on the log value dependent 335 

variable (Yijt) of area K, with 𝑛𝐾 population, which measure the percentage change in indicators of human and 336 

physical capital; and social and economic capital, for area K, given by equations 6 and 7, respectively: 337 APÊln(Yijt)Human (or Physical) = 1𝑛𝐾 [∑ (β3̂ + β5̂Xij + β6̂Cj)i∈𝐾 + ∑ β4̂]i∈𝐾         …. (6) 338 

APÊln(Yijt)Social (or Financial,   Natural) = 1𝑛𝐾 [∑ (β4̂ + β6̂Xij + β7̂Cj)i∈𝐾 + ∑ β5̂]i∈𝐾        …. (7) 339 
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As discussed earlier, an individual incurs loss and damage in two ways: first order loss and damage and second 340 

order loss and damage.The loss in each capital asset is multiplied by the proportion of households that experienced 341 

impacts, despite adopting adaptation and mitigation measures, plus the proportion of those affected households who 342 

did not adopt measures, in response, to obtain first order loss and damage, in area K, as shown in equation 8 and 343 

second order loss and damage, in equation 9. The households, who adopted or did not adopt climate risk preventive 344 

measures, depend on the individual’s climate risk perception.  345 𝐅𝐢𝐫𝐬𝐭 𝐨𝐫𝐝𝐞𝐫 𝐋𝐨𝐬𝐬 𝐚𝐧𝐝 𝐝𝐚𝐦𝐚𝐠𝐞 to each capital asset by floods in area 𝐾  346 = APÊ ln(Yijt)Capital Asset ∗ [{λ0 ∗ λ1 ∗ λ2} + {(1 − λ0) ∗ λ1 ∗ λ3}]         …. (8) 347 𝐒𝐞𝐜𝐨𝐧𝐝 𝐨𝐫𝐝𝐞𝐫 𝐋𝐨𝐬𝐬 𝐚𝐧𝐝 𝐝𝐚𝐦𝐚𝐠𝐞 to each capital asset by floods in area 𝐾  348 = APÊln(Yijt)Capital Asset ∗ [{λ0 ∗ λ1 ∗ λ2 ∗ λc} + {(1 − λ0) ∗ λ1 ∗ λ3 ∗ λc}]        …. (9) 349 

where,  λ0= % adopted adaptation and mitigation measures to climatic stressors; λ1= % experienced flood;  λ2 = % 350 

faced flood impacts despite measures; λ3 = % experienced flood impacts without measures; and λc = % adopted 351 

coping measures to deal with first order loss and damage.    352 

4.2.   Discussion 353 

Losses to physical capital (infrastructure and social facilities) and economic capital (income generating assets) 354 

induce losses to human capital, by reducing the disposable income and, hence the consumption for goods and 355 

services and investment in “human capital”. Floods can affect the human capital by (a) reduction in disposable 356 

household income, leading to decrease in demand for education; (b) damage to the education infrastructure can 357 

increase the marginal cost of production of human capital, and lead to a decline in demand for education (Mottale et 358 

al., 2013); (c) the health problems due to disaster can reduce stock of heath, and increase in expenditure on health 359 

reduces the demand for education. Attachment to occupational identity acts as a deterrent to the household members 360 

to enrol their children in primary and secondary education. Higher the household size, more is its exposure to the 361 

floods, resulting in reduced enrolment in education. On the other hand, higher percentage of people being affected 362 

by floods can increase the opportunity cost of enrolment in education, thereby increasing human capital (Rush, 363 

2018). Damage to road, education centres, hospitals, etc. can negatively influence human capital.  364 

Higher education and lower age are associated with higher social capital (Kang & Skidmore, 2018). Social capital 365 

also varies across gender and occupation, which is contextual in nature. Unlike the vertical social capital, horizontal 366 

social capital may be higher among ethnic minorities. Studies often find higher social capital in rural and semi-urban 367 

areas (Malakar et al., 2018). Similarly, a positive relationship can be found between social capital, and prior 368 

experience with disaster, participation in political organizations, and attachment to place and occupation. Fiscal 369 

independence of a community can imply that the local government has adequate fiscal capacity to meet flood 370 

recovery needs, which can enhance social trust (Kang & Skidmore, 2018). Floods can positively influence access to 371 

credit from formal sources (banks, micro-banks, NGOs, and other institutions offering loans); and informal sources 372 

(friends, relatives, self help groups and networks). Another parameter of social capital is community/group 373 

cohesion, which may be also affected due to disasters, as studied by (Chang, 2010) through a field survey of 2005 374 

flood in Carlisle, UK. There are two competing theories of group cohesion: (i) social identity theory which suggests 375 

that disaster strengthens community cooperation and cohesion, as the individuals understand the relevance of 376 

cooperation in protection of community and private assets from disaster; (ii) social dilemma theory which suggests 377 

that disaster can also weaken community cohesion due to the lack of cooperation from individuals, who aim to 378 

maximize their self-interests out of concerns of free-riding. 379 

Higher income and education can positively influence physical capital. If size of land holding increases, more is the 380 

damage of floods. Floods will increase losses to physical capital, depending on the type of houses (kutcha, pucca, 381 

and semi-pucca), and the type of boats (motorized, mechanized). Floods can also impact the road network, 382 

negatively. Better access to climate information and community cohesion can negate the loss of floods to physical 383 

capital. 384 
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A smaller household size can imply lesser influence of flood on economic capital, like, income, and savings. The 385 

various income sources can be crop income, livestock income, wage income, farm and non-farm income. Floods can 386 

result in switch from farm to non-farm activities, but a lack of skills can ultimately, result in decline in non-farm 387 

income. Floods can relatively affect households with less education. Higher the expenditure of households, lower is 388 

their savings, and more is the effect of floods. Floods cause damage to roads, which negatively influence the 389 

financial capital. Often, floods increase the probability of receiving credit from formal and non-formal sources, 390 

which can improve their financial capital in the short run, but eventually, increase their debt burden. The role of 391 

social trust plays an important role in influencing the impact of floods on financial capital. 392 

Higher is the individual’s share of cropland area, more is the effect of flood on his natural capital endowment. The 393 

number and the type of boats, used during fishing are some of the other individual specific explanatory variables. 394 

Similarly, soil conditions, access to road network and social capital also determine the impact of floods an 395 

individual’s natural capital. On the other hand, the number of reforested areas, and the number of woodland areas 396 

are other relevant covariates. 397 

The lagged values of the dependent variable are also included as covariates in the model. The model may give us 398 

differential impact of floods on each indicator for each capital asset, across different regions, depending on their 399 

exposure and vulnerability. 400 

5. Conclusion 401 

With an increasing frequency and the intensity of the floods, due to climate change, the increasing flood risks have 402 

become an increasing concern, as it has profound adverse effects on the economy. Although, mitigation and 403 

adaptation are the major two climate actions taken to tackle the problem, there is always a residual impact, which is 404 

known as the loss and damage. Section 2 introduces us to the concept of loss and damage, and discusses that L&D 405 

occurs mainly due to four major reasons- insufficient adaptation or coping measures, irrecoverable costs, erosive 406 

coping measures, and measures not being adopted. This section also takes us along the journey of how this concept 407 

of L&D has evolved, through various COPs, followed by an understanding of its relevance in context of floods. 408 

Section 3 discusses the different methodologies for estimation of L&D - Damage and Loss Assessment, Post 409 

Disaster and Needs Assessment, Catastrophic Simulation, Hazus-MH, and other macro-economic models like I-O 410 

model, CGE, SAM, and econometric modelling. Although these frameworks have several advantages, and are all-in-411 

one approaches to assess the full range of disaster impacts, they can not address the livelihood context of the 412 

individuals.They have estimated “loss” and “damage”, separately. However, given that the entire concept of L&D 413 

revolves around the individuals and its starting point being the vulnerability context of the individuals, a need was 414 

felt to understand the quantification of residual“loss and damage”, through the Capital based approach.  415 

The approaches to sustainable development can help in addressing the L&D. The mitigation and adaptation 416 

measures to climate change can be insufficient to maintain sustainable development, which results in L&D. (Boda et 417 

al., 2021) have identified two major theories of sustainable development linked to L&D: (i) Capital theory- maintain 418 

productive capital stock to strengthen the economic capacity for production of goods and services by recovering the 419 

capital stock and maintaining the critical level of natural capital at levels before the extreme events, and understand 420 

the values placed by individuals to place and culture, affected due to extreme events; (ii) Amartya Sen’s Capabilities 421 

Approach- improve full capabilities set and thus achieve desired level of well being, in contrary to standard of 422 

living, from the extreme events scenario to achieve valued states of functioning. This calls for estimation of loss and 423 

damage to five capital assets (human, physical, financial, social, and natural), as mentioned in the Sustainable 424 

Livelihood approach, the methodology of which is discussed in Section 4. It provides us a comprehensive 425 

framework on the estimation of “loss and damage” through the lens of the vulnerability context, livelihood assets, 426 

the inter-linkages between the different capital assets, and most importantly the impacts after insufficient mitigation 427 

and inadequate adaptation measures. In the face of sudden onset events, like floods, this framework can give us 428 

estimates of first order and second order loss and damage to each capital asset.  429 

5.1.  Limitations and future scope of the study 430 

This framework can be used to conduct L&D assessment to various sudden onset meteorological, hydrological, and 431 

climatological disasters; and slow onset events, in the changing climate. However, this methodology has limitations. 432 

Firstly, such a framework, with the interaction between the disaster and the explanatory variables in determining the 433 

losses to the capital assets are contextual in nature, i.e. differential impact of different types of disaster in different 434 
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regions may be observed. Hence, the policies must be tailored according to the type of disaster and the region or 435 

community contexts. Secondly, this framework could not incorporate the role of climate-risk perception of 436 

individuals, which plays a pivotal role. Thirdly, the depth of flooding is not taken into account as a proxy for flood, 437 

in the framework. Finally, it could not distinguish whether the adaptation measures were based on top-down or 438 

bottom-up planning, in view of reducing disparity between adaptation policy needs at national and local level.  439 
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