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Abstract

Data shows that there has been a five-fold increase in the number of climate-related disasters that the world 
has witnessed over the last fifty years. Just between 2000 and 2019, 7,348 reported disasters caused 1.23 million 
deaths, affecting a population of 4.03 billion and causing economic losses to the tune of USD 2.97 trillion. 
Studies have also shown that quick-onset disasters such as floods, typhoons, and cyclones have resulted in 
more damages and loss of lives in the past two decades in the Asia Pacific region compared to other parts of the 
world (Neef & Pauli, 2021). 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.

Focussing specifically on India, the Emergency Events Database (EM-DAT) pertaining to natural disasters 
and their related damage costs for the period of 1990-2022 shows that the nation was among the worst affected 
countries in the world. The data suggests that floods and storms featured as the top two natural disasters in 
India between 1990 and 2022, comprising 53% and 27% respectively, while also accounting for the highest 
share of damage costs at 63.10% and 31.52% respectively. It is, therefore, critical to understand the havoc that 
each such instance wreaks on the economy and how best to increase the systemic adaptive capacity to meet 
the same. The present paper tries to contribute to the literature by estimating the direct and indirect impacts 
of disasters for certain case studies of floods and cyclone incidences in India. The paper builds the case for 
standardizing disaster reporting frameworks and also expounds on the need for integrating technologies in 
disaster management for constructing climate-resilient infrastructure.

Using the ICRIER Prakriti Disaster Management Model, a regional input-output (RIO) model to study the 
impact of disasters on local businesses and the economy, the paper assesses two disaster-affected states of 
India- Assam (flooding) and Andhra Pradesh (cyclones). The modelling exercise highlighted that even though 
the states differ in terms of the direct impact experienced (with Andhra Pradesh being affected twice as much), 
the indirect impacts were found to be manifold. Three key results emerge from the analysis. First, cyclone 
instances in Andhra Pradesh led to a loss of 1.53% in value of output in 2018-19, which is expected to rise 
in the future, as both the intensity and frequency of cyclones would increase with climate change. Second, 
despite its high direct losses, Assam was relatively much less affected when the loss of assets by private entities 
was accounted for. This may be reflective of the high annual frequency of flooding incidences in the state, 
and the state’s high resilience towards this risk. Third, the analysis of the two states revealed distinct loss 
profiles influenced by their developmental patterns, with Andhra Pradesh experiencing significant losses in 
the chemical sector, whereas Assam’s losses were mainly concentrated in water supply, rubber and plastics, 
and textiles industries. 
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Estimating loss and damage from climate-induced disasters: An 
Evaluation using ICRIER‘Prakriti’ Model
Amrita Goldar1,2, Sajal Jain3 and Diya Dasgupta4

1.	 Introduction

According to the World Meteorological Organization 
(WMO), there has been a five-fold increase in the 
number of climate-related disasters that the world has 
witnessed over the last fifty years.5 This has become 
more pronounced in the recent past, as is evident 
from the series of instances such as the cyclones in 
Myanmar (Mocha) and south east Africa (Freddy); 
floods in China, Libya, and India; wildfires in Greece 
and Hawaii, etc., that took place in 2023 alone! 

A study conducted by UNDDR & CRED (2020) 
provides a comparative analysis between the periods 
of 1980-1999 and 2000-2019 that highlights that there 
has been a marked increase in the number of disasters.6 
In particular, the former period saw 4,212 disasters 
being reported, causing 1.19 million deaths, affecting 
3.25 billion people, and resulting in economic losses 
worth USD 1.63 trillion. The corresponding figures 
for the period of 2000-2019 were 7,348 reported 
disasters, 1.23 million deaths, 4.03 billion affected 
population, and economic losses to the tune of USD 
2.97 trillion. Studies have also shown that quick onset 
disasters such as floods, typhoons, and cyclones have 
resulted in more damages and loss of lives in the past 
two decades in the Asia Pacific region as compared to 
other parts of the world (Neef & Pauli 2021). 

Specifically in the case of India, a report by the Centre 
for Science and Environment reveals that in the first 
nine months of 2022, the country has experienced at 
least one disaster in one or more parts of the country 
in the form of cyclones, floods, landslides, heatwaves 
or cold waves (CSE 2022). 

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. 
This paper aims to estimate the impacts of climate-
induced quick-onset disasters in the case of two 
Indian states. It makes use of both a case study as well 

as a modelling approach to estimate loss and damages 
at the state level. Further, it also elaborates on the role 
of technology in securing benefits resulting from 
climate-resilient infrastructure. 

2.	 Policy relevance & research objective

Policy Relevance

The issue of loss and damage (L&D) is not new 
and international deliberations centred around this 
concept have continued to take place, ever since the 
release of the COP 13 Bali Action Plan, albeit with no 
avail. Discussions gained momentum with the release 
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. 

The funds are expected to be used to deal with both 
economic and non-economic losses associated 
with slow onset as well as extreme weather events. 
Moreover, the decision to set up a Transnational 
Committee that would be tasked with overseeing and 
guiding the operations of the aforementioned fund 
and submit its recommendations to the COP was also 
made (UNFCCC 2022). 

Research Objective

Studies in the past have adopted various approaches 
to examine the impact of climate-induced disasters 
in India. These include geospatial analysis (Tripathi 
et al. (2019); Mishra et al. (2022)), damage cost 
approach (Bahinipati & Venkatachalam (2016); 
Patankar (2019)) econometric modelling (Panwar 
& Sen (2019); Amarasinghe et al. (2020)) and so on. 
While most studies have focused on estimating the 
direct impact of disasters, the current paper adds to 

1 	 Corresponding Author: agoldar@icrier.res.in
2 	 Senior Fellow, Indian Council for Research on International Economic Relations (ICRIER), New Delhi, India
3 	 Fellow, ICRIER, New Delhi, India
4 	 Research Associate, ICRIER, New Delhi, India
5 	 Available at: https://www.bbc.com/news/science-environment-58396975. Accessed on April 14, 2023.
6 	 Includes geophysical, hydrological, meteorological, and climatological disasters
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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.

Further, while identifying sources to finance L&D 
is critical, it is equally important to formulate 
methodologies for explaining ‘needs’ and to recognize 
areas where the said funds would be channelized. This 
paper provides an illustrative example of one such 
methodology that may be used for estimating needs 
as far as economic losses are considered. Moreover, 
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 in India for estimating and analyzing the 
economic losses and costs incurred in situations of 
unplanned climate impacts like disasters. The same 
approach may also be undertaken for other states 
within the country. 

The structure of the paper is as follows. While 
Sections I and II provide the background and 
highlight the policy relevance & research objective, 
damage cost estimates and the case study analysis are 

presented in Section III. Section IV expounds on the 
modelling framework and the results, followed by the 
recommendations and conclusion in Sections V and 
VI, respectively.

3. 	 Damage costs and case study analysis

EM-DAT Data Analysis

The Emergency Events Database (EM-DAT), 
developed by the Centre for Research on 
Epidemiology of Disasters (CRED), was relied upon 
to collate data pertaining to natural disasters and 
their related damage costs for the period of 1990-
2022.7 For the purpose of this paper, climatological, 
hydrological, and meteorological disasters have been 
included, and the disaster subtypes subsumed within 
the aforementioned categories have been presented 
in Annexure I Table A.1. 

The EM-DAT database has been used to identify the 
disasters, regions, and instances on which the present 
study focuses on. With respect to the share of damage 
costs by disasters in India, floods and storms stand 
out with a share of 63.10% and 31.52%, respectively. 
Likewise, in terms of frequency of occurrences, 
floods, and storms feature as the top most recurrent 
disasters in the country.

7 	 Based on data as on September 8, 2022.

Table 1: Adjusted Damage Costs due to Natural Disasters in India between 1990-2022 (in ‘000 USD)

Source: Adapted from Goldar et al. (2023)
 

Having circled in on the disaster for the analysis, the 
next step was identifying the region and the exact 
instance that would be dealt with in detail. For doing 
the same, the period of focus was narrowed down 
to 2010-2020, with the understanding that disaster 
impact data would not be available for the selected 
regions if the year was too far back. Thus, within 

this specified time period, the year recording the 
maximum frequency of floods and storms in India 
was identified. These have been indicated in Figure 
1. This was followed by identifying regions in India 
that have experienced the maximum number of 
occurrences of the said disasters. 
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Figure 1: Frequency of occurrences of floods and storms in India

Source: Authors’ construction using EMDAT (2022)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

India Floods Frequency (2010-2022)

 
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

India Storms Frequency (2010-2022)

At the country level, a general rule of thumb for 
selecting the region for analysis was that (a) it should 
feature within the list of top two/three to have 
experienced the maximum episodes of the disaster 
in question between 1990-2022 and (b) in 2010-
2022, it should have recorded the maximum number 
of occurrences as well. For example, in the case of 
floods, Assam recorded a total of 57 episodes between 
1990-2022, and in 2015, out of the 10 occurrences in 
India in that year, 4 were in Assam itself. Details of 
this region and instance selection exercise have been 

presented in Table A.2 in Annexure I.

Disaster Case Studies: Storms and Floods

Based on the data collected from the EMDAT 
database, an extensive analysis was undertaken to 
study the impact of disasters in select regions of India 
(refer to Table 2) and quantify their direct and indirect 
monetary impact. The numbers obtained were 
validated through grey literature and other secondary 
sources.

Table 2: Selected regions for case study analysis

Source: Authors’ construction using EM-DAT Data
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(a)	 Floods

•	 Assam, India (2015)

State disaster vulnerability: The state of Assam 
represents a unique problem with respect to flooding 
and erosion, both in terms of the duration and extent 
of flood damages and the magnitude of erosion. 
According to the assessment carried out by the 
Rashtriya Barh Ayog, roughly 39.58% of the total land 
in Assam is flood-prone, which translates into 9.4% of 
India’s flood-prone area (10.2% of the total land area 
of the country) (Government of Assam n.d.). Both 
natural and anthropogenic factors contribute to the 
state’s flood risk. Similarly, high population growth 
rates resulting from both immigration and high birth 
rates have led to the creation of unplanned settlements, 
increased deforestation, urban development activities 
in low-lying areas, etc., which negatively impacts the 
state’s vulnerability to floods (ASDMA 2011). 

Origin and damage caused: Torrential rains of 2015 
led to an increase in the water levels beyond the danger 
mark at Brahmaputra and its tributaries, which in 
turn resulted in the breaching of embankments, 
followed by flash floods. The state of Assam witnessed 
five waves of floods in the period of June-September, 
wrecking-havoc across 25 districts, causing damages 
to property, crops, loss of human lives and livestock. 
Figure 2 depicts the affected districts in the state. 
The map was generated using ArcGIS 10.6 software, 
representing the affected districts in blue. Close to 
36.67 lakh individuals spread across 4763 villages 
were recorded to have been affected, along with 66 
deaths being reported. Moreover, 3.388 lakh hectares 
of cropped area suffered damages, approximately 
6058 mix of pucca and kutcha houses were severely 
damaged, while 57,429 houses (including huts) 
withstood partial destruction. Additionally, the state 
witnessed embankment breaches, damage to roads, 
bridges, culverts, anganwadi centres, irrigation 
canals, school buildings, etc. Details of the same have 
been presented in Table 3.  

Figure 2: Affected districts during Assam Floods

Source: Authors’ construction; generated in ArcGIS 10.6 software 
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Table 3: Damages to Infrastructure and Livestock in Assam floods, 2015

Source: Adapted from Flood Memorandum Report (2015), Government of Assam

Relief measures and rescue operations: Search 
and rescue operations were carried out by the State 
Disaster Response Force (SDRF), National Disaster 
Response Force (NDRF), and the army. 984 relief 
camps across 20 districts were set up, serving 
6,76,205 inmates. Relief items distributed by the 
government included rice, dal, mustard oil, salt, 
gur, baby food, animal fodder, tarpaulin candles, 
blankets, mosquito nets, etc. With respect to the 
role of Non-Governmental Organizations (NGOs), 
charitable organizations, and civil society, there was 
active participation by humanitarian agencies such 
as Oxfam India, Christian Aid, Caritas India, Dan 
Church, Doctors For You, Adventist Development 
& Relief Agency (ADRA), etc. to name a few. 
Interventions carried out by them were coordinated 
by IAG Assam and Sphere India. These included 
but were not limited to setting up health camps, 
distribution of medicines, chlorine tablets, hygiene 
kits, dignity kits, provisioning of water filters, WASH 
promotion and awareness, and so on (Inter-Agency 
Group Assam 2015).

Financial Assistance: As per the proceedings of 
the State Executive Committee of the State Disaster 
Management Authority (SDMA) of Assam, a total 
requirement of INR 1523.79 crore was sought from 
the centre and subsequently approved for submission 
to the Ministry of Home Affairs (ASDMA 2015). The 
financial assistance requested covered a multitude 
of elements, such as providing gratuitous relief, 
agricultural assistance, replacement of animals, 
conducting search & and rescue operations, and 
repairing & restoring houses and infrastructure. 
Details of the same have been presented in Annexure 
I in Table A.3. It is pertinent to mention here that the 
amount is likely to be an underestimate of the actual 
expenditure involved as it does not clearly specify the 
state’s own spending towards relief measures.8

(b)	Storms

•	 Andhra Pradesh, India: Cyclones (2018)

State disaster vulnerability: It was estimated that 
between 1891 and 2020, India witnessed over 130 
severe category cyclonic storms, with 313 cyclones 

8 	 This conclusion is drawn based on the understanding that each state in India has a designated State Disaster Relief Fund (SDRF) for which funds are allocated by the centre 
and the state in the ratio of 90:10. In the event that the said fund is exhausted, states can seek additional financial assistance from the centre following a formal submission 
of memorandum and assessment conducted by an inter-ministerial central team. While the total SDRF of Assam for 2015-16 was INR 460 crore, since the funds are not 
allocated calamity wise, it is difficult to ascertain what portion of the same was directed towards flood relief. Moreover, SDRF funds can only be used for providing relief 
measures and not for compensation of losses suffered or claimed (Ministry of Home Affairs 2018). 
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crossing the eastern and western coasts of the 
country. Of these, within the eastern coast, the state 
of Andhra Pradesh was witness to the second-highest 
number of cyclones in the said period (Parida, 
Chowdhury and Sahoo 2021). According to the 
Andhra Pradesh SDMA, on average the state is at 
risk of at least one cyclone each year, with moderate 
to severe intensity cyclones occurring every two 
to three years. A significant portion of the state’s 
population, approximately 2.9 million, is at risk from 
cyclones, given that 3.3 million of the population is 
located within a distance of 5 km from the coastline. 
This therefore, increases the damage probability of 
any disaster surging from the sea for the state. 

Origin and damage caused: In 2018, Andhra 
Pradesh witnessed two major cyclones, namely, Titli 
and Phethai, the former being categorized as a ‘very 
severe’ cyclone, causing significant damage to life, 

infrastructure, and crops. As per the Andhra Pradesh 
SDMA (2020), the cyclone extended to 8 districts, 
causing considerable damage in the two districts 
of Srikakulam and Vizianagaram, as depicted in 
Figure 3 (map was generated using the ArcGIS 
10.6 software, and the affected districts have been 
represented in red). Having made landfall near Palasa 
in the Srikakulam district, Cyclone Titli affected a 
population of 16.83 lakh, with the death toll standing 
at 14 human and 62,913 livestock losses (AP SDMA 
2020). It disrupted road and telecommunication 
networks and water supply, while also uprooting 
several electrical poles. The floodwaters inundated 
homes, forcing inhabitants to live without food and 
drinking water for more than 48 hours (Sphere India 
2018). A detailed summary of damages is provided 
in Table 4. The total estimated loss for the state due 
to the cyclone stood at INR 539.52 crores (AP SDMA 
2020). 

 

Figure 3:Affected districts of Andhra Pradesh during Cyclone Titli

Source: Authors’ construction; generated in ArcGIS 10.6 software
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Table 4: Loss and damage in Andhra Pradesh due to Cyclone Titli

Source: Authors’ compilation from different grey literature and secondary sources

In comparison, Cyclone Phethai resulted in 
considerably lesser damage. It occurred in December 
2018, making landfall near Katrenikona, East Godavri 
district of the state. The cyclone affected over 7.96 
lakh persons spanning six districts, namely, East 
Godavri, West Godavri, Krishna, Visakhapatnam, 
Vijayanagaram, and Guntur (AP SDMA 2020), as 
shown in Figure 4 (affected districts are represented 
in red).

Although it was classified as a ‘severe’ category 
cyclonic storm, the reported damages were relatively 
limited. Very heavy rainfall in the range of 200 mm, 

168 mm, and 166 mm across different affected districts 
was reported (Rao and Mohammed 2018). About 
205 houses were reported to have incurred damages, 
in addition to damages or disruption to electricity, 
road, rail, and air infrastructure services (AP SDMA 
2020; Teja 2018). A detailed summary of damages is 
provided in Table 5. The total estimated loss for the 
state due to the cyclone stood at INR 94.38 crores 
(AP SDMA 2020). It is worth mentioning that the 
data available on damages caused by the two storms 
in the state (as provided in Tables 4 and 5) does not 
cover the same factors due to a lack of consistent 
information from official government sources. 
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Figure 4: Affected districts of Andhra Pradesh during Cyclone Phethai

Source: Authors’ construction; generated in ArcGIS 10.6 software 
 

Table 5: Loss and damage in Andhra Pradesh due to Cyclone Phethai

Source: Authors’ compilation from different grey literature and secondary sources
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Relief measures and rescue operations: During 
Cyclone Titli, the state government reacted promptly, 
with 47 relief camps being set up housing about 
5,700 people. In addition, 100 medical camps with 
medical officers and paramedics were also put in 
place to attend to the affected people (Sphere India 
2018). The state government ensured that food and 
drinking water, civil supplies were distributed and 
also worked towards the restoration of electricity 
supply and communication networks (Reliefweb 
2018). Further, rescue operations were initiated by 
both, the SDRF and the NDRF, with support from the 
AP Fire Services department. The SDRF deployed 401 
personnel and 5 boats, along with 2 satellite phones, 
and distributed 157 life jackets. Similarly, the NDRF 
deployed 6 teams, with 185 personnel and, 18 rubber 
boats, and 2 satellite phones, and distributed 300 life 
jackets. 

During Cyclone Phethai, 533 relief centres were 
setup (Real Time Governance Society (RTGS) 2018), 
housing about 57,892 persons (Rao and Mohammed 
2018) across the affected districts. In addition, 
878 health centres were set up, which recorded 28 
cases of diarrhea in Visakhapatnam (Real Time 
Governance Society (RTGS) 2018). The state 
responded swiftly and deployed 16 teams of Andhra 
Pradesh Disaster Response and Fire Services in and 
around Rajamahendravaram (Express Web Desk 
2018), while another 9 teams (of 5 members each) 
in West Godavari district (Express Web Desk 2018) 
and 47 teams in East Godavri district (Teja 2018), 
for road clearance. Additionally, as part of disaster 
preparedness, NDRF, SDRF, and naval helicopters 
were kept on standby along with 10,000 government 
employees (Teja 2018).

Financial Assistance: The state government had 
submitted a memorandum to the Ministry of Home 
Affairs seeking financial assistance of INR 1330.67 
crore following the aftermath of Cyclone Titli. After 
the evaluation of spot damages conducted by the 
Inter-Ministerial Central Team (IMCT), an amount 
of INR 539.52 crore was released from the NDRF. 
In addition, the Indian government also provided 
the state with INR 458.1 crore as a Central share of 
SDRF for relief management necessitated by natural 
disasters during 2018 (Ministry of Home Affairs 
2018). Further, the state government announced 
several financial relief measures, as depicted in Table 
A.4 in Annexure I.  
 

4. 	 Modelling

Disaster dismantles the economic system. Its effect 
is not just limited to the havoc caused directly but 
disrupts the functioning of the economy as a by-
product of the event. While previous sections have 
delved into the known impacts of disasters, there are 
two critical gaps:

1.	 Details about losses to industrial production 
processes is 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 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.

Past papers like Hallegatte (2008; 2015), Ranger 
et al. (2011), Lenzen et al. (2019) have discussed 
that in order to get a closer estimate of adaptation 
finance required after a disaster, it is crucial to take 
into account the indirect effects such as impacts on 
the supply chain, the employment structure, the 
taxation system, the housing services and industrial 
production. The present paper attempts to contribute 
to literature by presenting a case study where direct 
and indirect (backward-linkages) impacts of disasters 
are estimated for the aforementioned flooding and 
cyclone incidences in India.

(a) Literature review 

Literature shows these indirect effects and the pace with 
which the economy reaches its pre-disaster state can 
be estimated using modelling tools. Different models 
like IO, Supply-Use Table (SUT) and Computable 
General Equilibrium (CGE) modelling are usually 
employed to fulfil these objectives. Haimes and Jiang 
(2001), Bockarjova et al. (2004), Cochrane (2004), 
Okuyama et al. (2004) assess the impact of disasters 
using different forms of IO models. However, these 
studies could not track the supply-side shocks of the 
event. While Rose et al. (1997) and Okuyama et al. 
(2004) estimated the backward effects of the disaster 
using the final demand changes, Galbusera and 
Giannopoulos (2018) discussed two static “demand-
driven” and “supply-driven” IO models with regard 
to post-disaster recovery. Li et al. (2022) using CGE 
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modelling allowed flexibility in the economic system 
through changes in responses from the producer’s 
and consumer’s side. 

Hallegatte (2015) discusses the incongruity in the 
economic losses deduced from IO and CGE modelling 
owing to the differences in the dynamic setting which 
restricts the adjustment of variable factors. The paper 
studies the immediate and the dynamic adaptive 
capacity of the economy after a disaster, taking into 
account the interest rate, reconstruction duration 
and the spill-over effects and concludes that the ideal 
management is possible only if indirect losses and the 
adaptive capacity are incorporated in the analysis. Li 
et al. (2022) use a dynamic model and study various 
recovery factors such as the reconstruction funds, 
Government Relief funds and Insurance schemes 
prevailing for the damages caused due to typhoons. 
However, using insurance claims and tracking the 
data for insurance is challenging for a developing 
country like India as insurance diffusion is less than 
1% (Patankar 2019) for disasters and this might not 
account for the total direct and indirect loss and 
damages caused by the event.

Oosterhaven and Többen (2017) compare the pre 
and post-disaster scenarios and evaluate the indirect 
losses of the economy when hit by floods in Germany 
in 2013 using a multi-regional supply-use model. 
Hallegatte (2008), Wu et al. (2012) and Ranger et 
al. (2011) using Adaptive Regional Input-Output 
(ARIO) model estimated the disaster-related indirect 
losses in production, backward and forward effects 
within the economic system and the span over which 
the economic actors adapt to the changes so that they 
behave as in the pre-disaster state.

The present paper employs a RIO model and modifies 
it like Lenzen et al. (2019) and Steenge and Bockarjova 
(2007), as it is believed that 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. Future 
iterations of the present model will try to incorporate 
both backward as well as forward linkages of direct 
disaster impacts, making it similar to the ARIO model 
discussed above. The methodology for the state IO 
table follows the methodology used for constructing 
the Regional Environmental General Equilibrium 
Model for India (REGEMI) as used in Bussolo et al. 
(2003). The RIOs are constructed for the base year 

2018-19 for two disaster-affected states of India - 
Assam and Andhra Pradesh. 

They are created using the national input-output 
transactions table (IOTT) prepared by Chaudhuri, 
Pratap, & Pohit (2024), with modifications made 
in the sectoral classification (37 sectors) and 
disaggregation based on available state parameters 
(refer to Annexure III for sectoral classification used 
in the model).

(b) Modelling Framework

As mentioned previously, the framework of the 
model adopted in this paper is based on the lines 
as discussed in Lenzen et al. (2019). The present 
model estimates the indirect impact of disasters on 
reductions in industry output and thus, consumption 
possibilities. This reduction is estimated by the 
creation of a gamma matrix, which is a diagonal 
matrix of fractions Γ_i  indicating a reduction in 
production possibilities following a disaster. Using 
the methodology as suggested by Lenzen et al. (2019), 
data for the annualized value of infrastructure losses 
have been collated: (a) from statements on public 
infrastructure losses (Annexure IV), and (b) from 
losses in value of capital (specifically, plant and 
machinery, and building) following the flood or 
cyclone incidence computed using Annual Survey 
of Industries (ASI). The reduction in output is then 
translated into reduction in consumption following a 
linear optimization framework. 

This information on direct damages from the 
cyclone and flood incidences was then translated 
into annualized values assuming different asset 
lives and no salvage value (refer to Annexure IV for 
more detail). This was followed by computing what 
Lenzen et al. (2019) call, productivity of capital (or 
π), and multiplying these with the annualised asset 
losses, annual production loss values were calculated. 
Thereafter the gamma matrix, or the matrix 
containing production loss coefficients for each of the 
affected sectors, is calculated by dividing the derived 
production losses in each RIO sector by the value of 
output in the baseline period.

In matrix notation, the new reduced value of output 
of sector I for sectors 1,…,N can be noted as: 
The total economic output is taken as a function of 
output of individual sectors:

ỹ = (I - Γ) y0
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where y0 is the original economic output value. Here 
Γ is a diagonal matrix of sectoral loss coefficients 
following the disaster and I is the identity matrix.

This reduction in production is then mirrored in the 
economy as a reduction in consumption possibilities 
post-disaster. The methodology used from this point 
onwards marks a departure from what is suggested by 
Lenzen et al. (2019) and the framework suggested by 
Steenge and Bockarjova (2007) instead. To compute 
new lowered consumption possibility, the new (and 
lower) economic output is pre-multiplied by the IO 
technology coefficient matrix called A, i.e.

x̃=(I-Γ) Ay0

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

Consumption levels lowered due to disasters can 
be seen as: x1=x0-∆x. 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. This will have 
subsequent backward effects on the economy starting 
from immediate job and value-added losses borne by 
producers, subsequent losses of suppliers, suppliers 
of suppliers, and so on for upstream production 
streams.

(c) 	 Modelling results

Based on the modelling analysis conducted, it was 
found that the loss in output following cyclones 
in Andhra Pradesh cost the state 1.53% loss in 
production capabilities. The corresponding figures 
for Assam showed a loss of just 0.11% in production 
value. It is noteworthy that the magnitude of 
difference between the official statements released by 
the governments of Andhra Pradesh and Assam was 
not that high. However, once the private sector losses 
were accounted for, this difference was amplified to 

a great extent. Three clear results emerge from this:

(a)	 While the cyclone instances in Andhra Pradesh 
led to a loss of 1.53% in value of output in 2018-
19, it is expected to rise in the future, as both 
the intensity and frequency of cyclones would 
increase with climate change.

(b)	Assam, despite its high direct losses, was 
relatively much less affected when the loss of 
assets by private entities was accounted for. This 
may be reflective of the high annual frequency 
of flooding incidences in the state, and the state’s 
high resilience towards this risk. 

(c)	 The two states analysed showed a very different 
profile of losses, mostly due to their different 
developmental patterns. For Andhra Pradesh, 
while the chemical sector was the hardest hit, 
similar losses for the state of Assam were not 
observed. In Assam, the sectors most adversely 
affected included water supply, rubber and 
plastics, and textiles.

Converting this loss in production capacity into 
reduction in intermediate consumption also shows a 
similar picture, though the extent of impact varies. 
The reduction in intermediate consumption in 
Assam is to the extent of 56754 lakh or 0.18% of the 
total. The figure for Andhra Pradesh is much higher 
at 20,77,912 lakh or a reduction of 2.91% of the total. 
By its very design, the sectoral storylines for this 
variable remain the same as that of production losses 
(Annexure V). 

Amplifying the contractionary impacts of input 
reduction and transmitting it through the economy by 
multiplying the Leontief Inverse with the contraction 
shows the magnitude of changes that could potentially 
result from the calamity. Our results indicate that 
while there remains a similar wide variance between 
the states when value added impacts are looked at, 
the difference shrinks considerably in the case of 
employment impacts.

Table 6: Total Impact of Disasters on VA and Employment in Assam and Andhra Pradesh (INR Lakhs)

Source: Authors’ Computation
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It however needs to be flagged here that in the normal 
course of events, such a stark reaction would be an 
exception rather than the norm. A contraction in 
input availability would more often than not be met 
by importing from the rest of the state, country, or the 
world. There is also rationing that could happen that 
controls production, final demand from households 
and industries, and short-term prices. Thus, in future 
iterations of the model, all of these rational decision-
making elements of economic agents would be 
introduced to make the model as realistic as possible. 

Another important takeaway from the model is that 
even with a similar magnitude of climate- induced 
disasters, states may be affected very differently 
depending largely on their own in-built resiliency 
mechanisms, nature and status of development, 
governance models, etc. This is worth investigating 
and would be attempted in future iterations of the 
model as well. 

5. 	 Recommendations 

1. 	 The need for a standardised framework for 
disaster reporting

The EM-DAT database analysis highlights some of the 
many existing gaps in disaster impact reporting. The 
issues of limited data availability, or lack of uniform 
standards followed in reporting damage/loss numbers 
were observed to remain common across countries. 
The availability of fragmented information will make 
it difficult to conduct any in-depth further impact 
analysis. Moreover, the lack of coherence in reporting 
formats, both within and across countries, can make 
claims for relief measures or loss and damage finance 
difficult to assess. This would have a direct bearing on 
the challenges to channelise adaptation funds. A few 
recommendations that could be adopted to facilitate 
the process have been elaborated upon below:

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

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

determining physical damages, economic losses, and 
expenses required to address recovery requirements 
following a natural calamity, through a government-
led procedure. It helps in planning recovery and re-
construction, and allocation of government aid for 
the same (NDMA 2022). A well-executed strategy for 
implementation will enable thorough investigation 
and analysis to formulate recovery plans for the 
country as well as in drawing comparisons across sub-
national regions and other countries. Furthermore, 
the comparisons will aid in learning from the 
experiences of other countries and understanding 
what might have worked in one region/country, etc. 
in better management of a disaster.

As climate-induced disasters become more 
frequent, the importance of disaster management is 
increasingly being recognized in the international 
context as well. However, while it had remained a 
critical point of discussion, a specific focus on the 
same was missing for the longest time. This changed 
with the launch of the Disaster Risk Reduction 
(DRR) Working Group by the Indian G20 Presidency 
in December 2022, to encourage collective action. 
Reflecting the theme of the presidency of ‘Vasudhaiva 
Kutumbakam’ – ‘One Earth, One Family, One Future’, 
the newly formed DRR working group acknowledges 
the importance of collaborative action to help 
prevent hazards from turning into disasters, as well 
as securing significant loss reductions (NDMA n,d.). 
The working groups recognise five priority areas, 
covering Global Coverage of Early Warning Systems, 
Disaster, and Climate Resilient Infrastructure, 
Financing Framework for Disaster Risk Reduction, 
Disaster Response System, and the Ecosystem-based 
Approach to DRR. Among other related avenues, the 
consensus of the group reaffirmed their commitment 
to the Sendai Framework for Disaster Risk Reduction 
2015-2030. In addition, the working group also 
emphasised on strengthening of national and global 
disaster preparedness, recovery, rehabilitation, and 
reconstruction systems (PIB 2023). The establishment 
of the DRR working group can serve as a crucial 
milestone towards development of effective agreed 
upon guidelines for the management and evaluation 
of post-disaster losses and impacts, making such 
reporting a part of a voluntary disclosure mechanism. 

These comparable disclosures could also have 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 
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insurance by private entities. 

b)	 Constitution of a committee for designing of 
the framework 

Effective implementation of a uniform structure 
of post-disaster reporting will not be an easy task. 
This will require proper analysis and thorough 
understanding of all aspects of post-disaster reporting 
as well as management, while maintaining proper 
sensitivity of the subject matter. Similar to various 
committees and institutions that help countries 
or regions to prepare for a disaster, 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, could 
be critical. The consortium may prove to be useful for 
designing the framework based on diverse localised 
factors and could oversee effective implementation 
of the same through the help of local authorities in 
different countries.

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

Based on the in-depth study of grey literature and 
other secondary sources, it was found that much of 
the reported damages numbers publicly available 
were restricted to a few sectors including losses to 
government or public infrastructure. Furthermore, 
as the data was primarily provided by government 
sources, there was a considerable underestimation of 
the damages incurred. Two significant components 
where under-reporting was noted were the following: 
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.

It is important to note that the EMDAT database 
focuses on reporting damages that measure 
immediate direct impacts mostly on human suffering 
and damage to crops, livestock, and property. 
However, due to the long-term impact of losses in 
physical capital on incomes generated in subsequent 
periods, available estimates under-report impacts to 
a large extent. A comprehensive understanding and 

estimation of both direct and indirect impacts of 
disasters is vital to better design, prepare, adapt, and 
build back better. 

2.	 Role of technologies in building climate-
resilient infrastructure 

While estimating financial needs and identifying 
sources of mobilizing funds for the same forms one 
aspect, another related issue is identifying areas where 
the finances will be spent. In order to ‘build back 
better’, 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. 

According to estimates by Fay et al. (2019), low and 
middle-income countries invest approximately 3.4 
to 5% of their Gross Domestic Product (GDP) on 
infrastructure each year. However, the quality of 
infrastructure services provided exhibits significant 
variation across countries. Added to this is the 
complexity brought on by disasters. Hallegatte et al. 
(2019), who examine the resilience of infrastructure 
systems, i.e., power, transport, and water & sanitation, 
find that designs for resilient assets in low and middle-
income countries are likely to result in incremental 
costs of 3%, beyond the overall investment needs (or 
less than 0.1% of their GDP). This, of course, is with 
the caveat that the necessary data, risk models, etc., 
are already available so that efforts are directed toward 
only those regions and assets that are more exposed 
to disasters. Bereft of this information, the study 
found that improving the resiliency of infrastructural 
assets is likely to be ten times more expensive. Future 
climate resilient infrastructure thus needs to be cost-
effective and tolerant to increasing climate-related 
disaster risks, with the design, construction as well 
as the management of the same to be advanced and 
modernised.

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, 
constructing ripraps and dikes, installation of impact 
resistant glass in buildings, installation of emergency 
power backups, and so on (Hallegatte et al. (2019); 
Swanson et al. (2021)). Such foresight is required in 
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redevelopment plans in order to be better equipped 
to manage disasters and to accordingly apportion 
necessary funds to reach the desired outcomes. 

In this process, technologies can play a crucial role in 
building climate-resilient infrastructure. 

The integration of technologies in disaster 
management, particularly in development of 
climate resilient infrastructure provides several 
benefits. Technologies 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. In addition, 
the relatively more accurate and automated decision-
making helps to strike the balance between efficiency 
and resilience of infrastructure, in turn to ensure 
safer infrastructure systems (Lu and Polycarp, 2023). 
Thus, digital solutions like internet of things (IoT), 
artificial intelligence (AI), building information 
modelling (BIM), digital twins (DT), and agent-based 
modelling (ABM), 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. 

While the potential remains vast, the availability 
of such technologies remains limited, specifically 
for emerging markets. The initial access to finance 
for technology developers is difficult to source and 
severely restricted. These technological solutions 
can aid in reducing disaster-related losses, help 
generate greater revenues, as well as save lives and 
livelihoods. Thus, the need is to put in place policy 
frameworks that acknowledge and promote the use 
of such technologies to attract private investments, as 
well as provide public financial support for the early 
development phase to encourage greater innovation 
and deployment of such digital solutions.

6. 	 Conclusion 

The paper used the ICRIER Prakriti Disaster 
Management Model, to study the impact of disasters 
on local businesses and the economy. It assessed 
the impact of floods and cyclones in Assam and 
Andhra Pradesh respectively using information on 

direct damages from disaster incidences. The paper 
estimated annual production losses from the model 
and used it to compute its impact on the GSVA and 
employment. 

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. The paper also highlighted 
the need for uniform standards to report damage/
loss numbers across states to make claims for relief 
measures or to make loss and damage finance less 
cumbersome to assess. Finally, it also delved into the 
role of technology in building infrastructure that can 
withstand the effects of climate-induced disasters. 
Policy structures are required that recognize and 
encourage the adoption of relevant technologies as 
well as attract necessary investments. 

Based on the modelling analysis, the impact of 
disasters on the production capabilities of Andhra 
Pradesh and Assam differed significantly. In 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. Assam saw a reduction of 0.18% in total 
intermediate consumption, amounting to INR 56,754 
lakh. In contrast, Andhra Pradesh experienced a 
much higher reduction of 2.91% in total intermediate 
consumption, equivalent to INR 20,77,912 lakh. 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.
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It is important to emphasize that the extreme 
reactions seen in the model are uncommon in 
typical situations. Usually, when there is a shortage 
of inputs, the response involves importing resources 
from different regions, be it within the state, country, 
or globally, and sometimes implementing rationing 
measures to control production, demand, and prices. 
Future iterations of the model will incorporate these 
rational decision-making elements to improve upon 
the model outputs. Looking at these direct and 
indirect impacts of disasters would be especially 
useful for India to access loss and damage funds. 
In fact, the recent decisions at COP28 related to 

“operationalization of the new funding arrangements, 
including a fund, for responding to loss and damage 
referred to in paragraphs 2-3 of decisions 2/CP.27 and 
2/CMA.4” also advocate for assisting developing 
countries particularly vulnerable to adverse effects of 
climate change. Additionally, the model underscores 
that even when facing similar climate-induced 
disasters, states can experience vastly different 
impacts due to their unique resilience mechanisms, 
developmental stages, governance models, and other 
factors. Future versions of the model will delve into 
exploring and understanding these variations.
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Annexure

Annexure 1

Table A. 1: Disaster Subgroup, Type and Subtype

Table A. 2: Region and instance selection

Source: Goldar et al. (2023) 

Source: Authors’ construction using EMDAT (2022)

9 	 Between 2010-2022

Table A.3: Financial Assistance sought from the Central Government
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 Source: Adapted from Flood Memorandum Report (2015), Government of Assam

Source: Authors’ compilation; UNDP (n.d). Note on Severe Cyclone Storm Titli’s Impact on the State of Andhra Pradesh & 
Strengthening Local Governance System for Mainstreaming DRR and CCA [GOI-UNDP Rehabilitation Initiatives].

Table A. 4: State Government of Andhra Pradesh: Financial relief measures for cyclone Titli

Annexure II

RIO construction

The present paper follows a similar framework 
like the REGEMI model (Regional Environmental 
General Equilibrium Model for India; Bussolo et al., 
2003) and studies the regional effects of a shock like a 
disaster and the finance required to build its adaptive 
capacity. A disaster occurring in a particular state does 
not only alter that state’s own macroeconomic factors 
like output, household and industrial consumption, 
value added, and employment structure, but also 
affects the value added, production, consumption, 
employment, and the net export and import of 
other states. Thus, regional analysis is the key to best 
determine both, the direct and the spill-over effects 
of a disaster. The national IO serves as a benchmark 
model for the estimation of some of the regional 
components. The construction of a RIO table 

entails the estimation of regional final demand and 
supply, regional intermediate consumption, regional 
household savings, and regional direct tax payments 
and subsidies. Therefore, the present paper adds to 
the literature by constructing two regional (State) 
IO tables with the help of national coefficients as 
provided in the India IO table in Chaudhuri, Pratap, 
& Pohit (2024).

Chaudhuri, Pratap, & Pohit (2024), provide an IO 
table for the base year 2018-19 using the National 
Supply Use Table (SUT) provided by the Ministry of 
Statistics and Programme Implementation (MoSPI), 
Government of India. They provide a symmetric 
65-sector IO. However, for the purposes of the 
current study, these sectors were aggregated to a 
lesser number of 37 sectors for creation of two RIO 
tables for the state of Assam and Andhra Pradesh. 
The key data requirement for input-output tables 
were – sectoral value of output, inputs consumed, 
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value addition by each sector, and final demand 
consumption by households, governments, rest of the 
country and the rest of the world. The RIO tables are 
estimated at purchaser’s price.

Concordances between the selected 37 sectors 
(see Annexure III) and the National Industries 
Classification (NIC) codes-2008 and the National 
Product Classification For Manufacturing Sector 
(NPCMS) codes-2011 was developed to facilitate 
mapping of values across different variables and 
datasets. 

The details of the methodology for the estimation of 
the regional components to prepare the RIO tables 
are as provided below.

Output Structure

Primary Sector: Crops, Livestock, Forestry & 
Logging, Fishing & Aquaculture and Mining and 
Quarrying (M&Q)

The estimates for GSVA for Assam and Andhra 
Pradesh, for the aforementioned primary sectors for 
2018-19 were obtained from MoSPI. With specific 
reference to the M&Q sector, since the state level 
GSVA data does not provide a bifurcation between 
the subcomponents of mining of (a) coal & lignite, 
(b) petroleum & natural gas and (c) iron ore, (d) non-
ferrous metal ores and (e) other mining, national level 
ratios were used to arrive at the same. Similarly, data 
pertaining to the state-wise Gross Value of Output 
(GVO) for the sub-sectors for the states in question, 
was calculated using the national level ratios of GVA/
GVO, obtained from the all-India Supply and Use 
Table.  

Secondary Sector: Food and Beverages, Textile and 
Apparel, Leather, Basic Metals and Metal Products, 
Electric and Electronic Equipment, Machinery 
and Equipment, Transport Equipment, Coke 
and Refined Petroleum Products, Chemical and 
Chemical Products, Pharmaceuticals, Rubber and 
Plastic Products, Non-metallic Mineral Products, 
Wood Products, Paper and Printing, and Other 
Manufacturing

Similar to the primary sectors, the estimates for GSVA 
for Assam and Andhra Pradesh, were obtained from 
MoSPI.  However, they were aggregated under the 
heading ‘manufacturing’. The value-added figure was 
disaggregated into the aforementioned secondary 

sectors using information from Annual Survey of 
Industries (ASI). Relative shares were computed 
using ASI value added totals for each sector and 
were then multiplied with the ‘manufacturing’ value 
added figure from MoSPI. State-wise GVO for the 
secondary sectors for both states was calculated using 
the national level ratios of GVA/GVO, obtained from 
the all-India Supply and Use Table. 

Service Sector: Construction, Electricity, Gas, Water 
Supply, transport services, storage and warehousing, 
communication, trade, hotel and restaurants, financial 
services, real estate and professional services, other 
services and public administration and defence

The estimates for GSVA for Assam and Andhra 
Pradesh, for the aforementioned service sectors for 
2018-19 were obtained from the MoSPI. With specific 
reference to the Electricity, Gas, and Water Supply 
sectors, the state level GSVA data does not provide 
a bifurcation between these sub-components. It 
provides a single value for all three, clubbed into one. 
Therefore, national level ratios were used to arrive at 
the numbers for the three sub-components. Similarly, 
data pertaining to the state-wise GVO for the sub-
sectors for the states in question was calculated using 
the national level ratios of GVA/GVO, obtained from 
the all-India Supply and Use Table.

Input Structure

Primary Sector: Crops, Livestock, Forestry & 
Logging, Fishing & Aquaculture and Mining and 
Quarrying (M&Q)

Secondary Sector: Food and Beverages, Textile and 
Apparel, Leather, Basic Metals and Metal Products, 
Electric and Electronic Equipment, Machinery 
and Equipment, Transport Equipment, Coke 
and Refined Petroleum Products, Chemical and 
Chemical Products, Pharmaceuticals, Rubber and 
Plastic Products, Non-metallic Mineral Products, 
Wood Products, Paper and Printing, and Other 
Manufacturing

Service Sector: Construction, Electricity, Gas, Water 
Supply, transport services, storage and warehousing, 
communication, trade, hotel and restaurants, financial 
services, real estate and professional services, other 
services and public administration and defence

The value of inputs was calculated by subtracting 
GVA from GVO and the input structure that was 



23

used followed the same proportions as adopted by 
Chaudhuri, Pratap, & Pohit (2024), for the all India 
IO for 2018-19.

Final Demand

Gross Fixed Capital Formation (GFCF)

The data for GFCF for the states in question was 
obtained from the Handbook of Statistics on Indian 
States published by the Reserve Bank of India. The 
estimates so found were then distributed across 
sectors in the same proportion as adopted by 
Chaudhuri, Pratap, & Pohit (2024).

Government Final Consumption Expenditure 
(GFCE)

Estimates of GFCE were not available for the two 
states in question. Therefore, the ratio of sum of 
GFCE to sum of GSDP for the states of Uttarakhand, 
Maharashtra, Karnataka, Chhattisgarh, Himachal 
Pradesh, Haryana, Madhya Pradesh, Tripura, 
Rajasthan and Punjab was calculated10 and used to 
arrive at the respective figures for Assam and Andhra 
Pradesh.

Private Final Consumption Expenditure (PFCE)

For the calculation of item-wise PFCE, data from 
National Sample Survey Office (NSSO) 68th Round 
Household Consumption Expenditure Survey (2011-
12) has been used. As a first step in the process, a 
concordance was developed between the selected 
37 sectors and the items of consumption in the 
NSS consumer expenditure survey. Each item code 
pertaining to diverse consumer categories in various 
blocks of the 68th NSS consumer expenditure survey 
was mapped with the 37 sectors of the SAM. The 
previously developed concordance between the 37 
sectors and the NIC codes under the study was further 
utilised to aid the classification of consumer items as 

well as to clear any discrepancies in the classification 
hence developed. The state totals have been used to 
calculate relative shares and distribute the figures 
for PFCE computed by Chaudhuri, Pratap, & Pohit 
(2024).

Taxes

The data for tax revenue collected by Assam and 
Andhra Pradesh was sourced from the State Finances 
Audit Report of the Controller and Auditor General 
of India (2022) and the Annual Financial Statement 
and Explanatory Memorandum on Budget 2020-
21 respectively. The data so obtained was further 
bifurcated into direct and indirect taxes. 

Subsidies

The data for subsidies provided by Assam and Andhra 
Pradesh was collated from the State Finances Audit 
Report of the Controller and Auditor General of India 
2022 of the two states. 

Disaster induced infrastructure damages

Expenditure incurred by the government for post-
disaster repair/restoration of infrastructure has been 
used as a proxy for the monetary value of damages 
induced by floods and storms in Assam and Andhra 
Pradesh, respectively. The data for the same was 
collated via extensive review of grey literature and 
other secondary sources. The figures so obtained were 
subsequently concorded with the relevant sectors in 
the IO model. For instance, expenditure incurred 
on providing medical and health services has been 
included as a negative entry against the Real estate, 
ownership of dwelling & professional services sector. 
Similarly, costs of repairing damage to drinking water 
sources etc. have been recorded against the Water 
Supply sector. Details of this concordance exercise 
has been provided in Table A.6 below.

10 	 4.52 % of GSDP  
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Source: Authors’ construction

Table A. 5: Concordance of expenditure head with IO sector

 

Net Exports (Rest of the World and Rest of India)

The data for net exports of goods has been computed 
using data from state-wise principal exports and 
imports available on web-based platform, India Stats. 
The exported and imported commodities as found in 
the state trade data were concorded with the NPCMS 
codes-2011. It facilitated the mapping exercise of 
trade data with the 37 sectors, utilising the previously 
developed concordance between the sectors and the 
NPCMS codes. The products thus concorded were 
then aggregated as per the 37 sectors, mentioned in 
Annexure III. The data for net exports of services 
has been computed using the Prowess database and 
the India IO table from Chaudhuri, Pratap, & Pohit 
(2024). It is constructed using state-wise and product-
wise shares of exports and imports of companies in 
the service sector available in Prowess data. The state 
export and import proportions in all-India are then 
estimated for Andhra Pradesh and Assam and then 

multiplied with product-wise export and import 
data of services provided in the India IO table. Net 
exports are derived as the difference between exports 
and imports. If the value of net exports is negative, 
this implies that the state is a net importer, and if it is 
positive, the state is a net exporter. 

The present paper does not separately compute inter-
state goods and services movement because of the 
unavailability of reliable data. Directorate General 
of Commercial Intelligence and Statistics (DGCI&S) 
provides data on state-wise and product-wise 
movement of few goods (not services), that too only 
by road. There are many caveats of using this data and 
will be attempted to be incorporated in subsequent 
iterations (following Saluja, 2014). For the present 
analysis’ purpose, the difference between production 
values and demand totals have been taken to represent 
inter-state trade of goods and services.
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Annexure III

List of 37 sectors being used in the input-output table for 2018-19
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Annexure IV: Disaster Impacts (values in INR lakhs)
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Source: Authors’ construction using data obtained from Annual Survey of Industries (ASI), government sources and other literature; 

Note: Capital-Output Ratio for Andhra Pradesh and Assam taken as: 0.28 and 0.16
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Annexure V: Reductions in Production and Intermediate Consumption in Assam and Andhra Pradesh (INR Lakhs)

Source: Authors’ computation
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