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Background

The increasing frequency of climate-induced 
disasters and the rising magnitude of accompanying 
damages worldwide underlines the need to focus on 
disaster risk reduction and management responses. 
The issue of loss and damage (L&D) is not new, 
and international deliberations centered around 
this concept have continued to take place ever 
since the release of the COP 13 Bali Action Plan, 
albeit to no avail. Discussions gained momentum 
with the introduction of the Warsaw International 
Mechanism for Loss and Damage (2013) and 
the inclusion of L&D under Article 8 of the Paris 
Agreement (2015). However, it was only during the 
COP discussions in 2022 that countries successfully 
reached an agreement for establishing a new 
funding arrangement that would aid developing 

countries that are vulnerable to climate change 
impacts.

Research Objective

Studies in the past have adopted various approaches 
(such as geospatial analysis, damage cost approach, 
econometric modelling, etc.) to examine the 
impact of climate-induced disasters in India. While 
a majority of these have focused on estimating the 
direct impact of disasters, the current paper adds 
to the existing body of literature by adopting a 
regional input-output (IO) modelling framework 
that captures both direct and indirect impacts of 
climate-induced disasters, particularly floods, and 
cyclones in select Indian states. Specifically, the 
model helps examine how losses in one sector have 
ripple effects across sectors.
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Figure 1: Affected districts during Assam Floods

Further, this paper provides an illustrative 
example of one such methodology that may be 
used for estimating needs as far as economic 
losses are considered. Given that countries such 
as India comprise varied climatological units, a 
more granular analysis at the sub-national level is 
needed. The current paper focuses on the two states 
of Assam and Andhra Pradesh for estimating and 
analyzing the economic losses and costs incurred 
in situations of unplanned climate impacts like 
disasters.

Disaster Case Studies: Storms and Floods 

Based on the data collected from the Emergency 
Events Database (EMDAT), an extensive analysis 
was undertaken to study the impact of disasters in 
select regions of India and quantify their direct and 
indirect monetary impact. The numbers obtained 
were validated through grey literature and other 
secondary sources and delved into details spanning 
the broad headers of (a) state disaster vulnerability, 
(b) origin and damage caused, (c) relief measures 
and rescue operations, and (d) financial assistance 
provided.

Source: Authors’ construction; generated in ArcGIS 10.6 software 
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Modelling Framework

The detailed case study analysis brought to the fore 
two critical gaps with respect to disaster reporting:

1. 	 Details about losses to industrial production 
processes are either missing or scanty. As 
information is collated largely from government 
sources and grey literature, it revolves around 
people affected, lives lost, damages to crops, 
livestock, and public infrastructure.

2. 	 The focus is inordinately on direct damages, but 
there is a loss transmission across the supply 
chain as an industry gets hit by a natural calamity. 
Deriving information on such consequent effects 
is difficult as it spans over a longer time period 
and also affects regions other than the one struck 
by disaster.

The present paper employs a Regional Input Output 
(RIO) model like Lenzen et al. (2019) and Steenge and 
Bockarjova (2007), as disasters leave a localized impact, 

and it is incorrect to estimate it at a national level. 
The state-level model takes into account the impact 
of disasters on local businesses. However, the caveat 
is that the model looks into the backward effects of 
disasters, and the forward effects are not enumerated 
due to the unavailability of data. The methodology 
for building the state IO table is the same as is used 
for constructing the Regional Environmental General 
Equilibrium Model for India (REGEMI) in Bussolo et 
al. (2003). The RIOs are constructed for the base year 
2018-19 for the two disaster-affected states of Assam 
and Andhra Pradesh. 

To compute new lowered consumption possibility, the 
new (and lower) economic output is pre-multiplied by 
the input-output technology coefficient matrix called 
A, i.e. 

x̃=(I - Γ)Ay0

where A is the technology coefficient matrix derived 
from the RIO.

Figure 2: Affected districts of Andhra Pradesh during Cyclone Titli

Source: Authors’ construction; generated in ArcGIS 10.6 software 
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Transmitting this reduction through the economy, 
i.e., as losses in value added and employment: ∆Q = 
q(I - A) -1 ∆x, and ∆E = e(I- A) -1 ∆x  where q and e are 
coefficient matrices of value added and employment.  

Modelling Results

The modelling exercise highlighted that even 
though the states differ in terms of the direct impact 
experienced on account of the disasters (with Andhra 
Pradesh being affected twice as much), the indirect 
impacts were found to be manifold. Thus, studying 
the transmission mechanisms of disaster impact and 
welfare-inducing strategies for redevelopment post-
disaster is essential. 

Based on the modelling analysis, the impact of 
disasters on the production capabilities of Andhra 
Pradesh and Assam differed significantly. In the case 
of the former, cyclones caused a substantial loss of 
1.53% in production value (INR 23,18,220 lakh) in 

2018-19, with the potential for even greater losses 
in the future due to increasing cyclone intensity 
and frequency driven by climate change. On the 
other hand, Assam experienced direct losses to the 
tune of INR 68,488 lakh when accounting for public 
and private sector asset losses. The specific sectors 
affected also varied between the two states, with 
Andhra Pradesh’s chemical sector hit hardest and 
Assam experiencing adverse effects in water supply, 
rubber and plastics, and textiles.

When translating the loss in production capacity 
into a reduction in intermediate consumption, a 
similar pattern emerged, albeit with varying degrees 
of impact (Table 1). This reduction mirrored the 
sectoral patterns observed for production losses. 
Furthermore, while there was a notable difference in 
value-added impacts between the two states, the gap 
considerably narrowed when assessing employment 
impacts.

Table 1: Total Impact of Disasters on VA and Employment in Assam and Andhra Pradesh (INR Lakh)

 
Source: Authors’ Computation

Recommendations 

The EM-DAT database analysis highlights some of 
the many existing gaps in disaster impact reporting. 
A few recommendations that could be adopted to 
facilitate the process include: 

1.	 A standardised framework for disaster reporting

a.	 Standardisation in reporting of post-disaster 
impacts across disasters, countries as well as 
sub-national regions

i.	 An internationally accepted uniform 
structure of reporting post-disaster 
impacts will help to homogenise the 
criteria for collection of information.

ii.	 While the Post-Disaster Needs Assessment 
(PDNA) framework does exist to make 
post-disaster reporting of damages, losses, 
etc., a uniform application of the same 
is not observed. Proper implementation 

of the same will facilitate effective 
investigation and analysis to formulate 
recovery plans for the country as well as in 
drawing comparisons across sub-national 
regions and other countries. 

iii.	 Comparable disclosures would also 
provide the added benefits of speeding 
up relief measures from international 
sources, settlement of claims from 
insurance companies, and encouraging 
greater uptake of risk management 
financial instruments like insurance by 
private entities. 

b.	 Constitution of a committee for designing 
the framework 

i.	 Thorough analysis and understanding of 
all aspects of post-disaster reporting as 
well as management, while maintaining 
proper sensitivity of the subject matter is 
required. 
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ii.	 A committee constituting of international 
organizations such as the Coalition for 
Disaster Resilient Infrastructure (CDRI), 
to look after and design the essential 
parameters for post-disaster reporting, 
working in close coordination with 
member countries, sub-national disaster 
management authorities etc, would be 
critical. 

c.	 Encourage greater role of insurance 
companies and the private sector in post-
disaster impact reporting.

i.	 Much of the reported damages numbers 
publicly available are restricted to a few 
sectors, and given that the data is primarily 
provided by government sources, there 
tends to be considerable underestimation 
of the damages incurred. 

ii.	 Under-reporting was noted in the case 
of two components namely, damages to 
physical capital in local industries, and 
damage to houses and other amenities 
for the residential sector. While this 
information can potentially be collated 
through claims made to insurance 
companies, the same is not readily 
available in the public domain.

2.	 Role of technologies in building climate-resilient 
infrastructure

a.	 It is critical to focus on resilient infrastructure 
that is able to withstand similar disaster 
occurrences in the future. This is particularly 
true for regions that experience disasters or 

disaster-like situations rather frequently or 
seasonally due to the locational factor. 

b.	 Traditional solutions for improving 
resiliency may include utilizing alternative 
materials, constructing deeper foundations 
for assets, flood protection structures to 
prevent inundation, elevating the height 
of assets, increasing capacity of culverts to 
handle higher precipitation levels, using 
pavement mixtures that can withstand high 
temperatures and so on. Such foresight is 
required in redevelopment plans in order to 
be better equipped to manage disasters and 
to accordingly apportion necessary funds to 
reach the desired outcomes. 

c.	 The integration of technologies in disaster 
management can facilitate automated and 
efficient assessments to ensure adaptive 
management of infrastructure systems, 
leading to reduction of operational and 
maintenance costs through predictive 
maintenance strategies. Further, technological 
solutions expediate the establishment of 
interconnections and interdependencies 
to help in the integration of nature-based 
solutions. 

d.	 Digital solutions like the Internet of Things 
(IoT), artificial intelligence (AI), building 
information modeling (BIM), etc., through 
means of data collection, processing, and 
communication, as well as generation of 
actionable intelligence like early warning 
systems, have immense potential to elevate 
climate resilience of infrastructure.


