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Abstract Extreme weather events lead to significant physical, economic and social
impacts with short- and long-term consequences for affected regions. The methodologies
used to assess the impacts often focus on the insured losses associated with private capital
and public infrastructure. However, these estimates do not reflect the losses, monetary and
non-monetary, associated with damage to uninsured assets. In addition, in the absence of
systematic methods for measuring and recording impacts experienced by the informal
sector—both households and small businesses—Ilosses experienced by these segments are
not reported, particularly in the developing world. This paper uses primary data collected
from a survey of households and small businesses to estimate the uninsured losses due to a
major flood event in the city of Mumbai, India. A detailed characterization of the losses is
attempted, by disaggregating losses into monetary damage to property, physical capital,
assets, equipment and inventory as well as loss of income, investment and disruption of
essential services. Aggregate estimates of losses at the city level are computed and com-
pared with the insured private and public losses traditionally reported in the literature. Our
results indicate that the uninsured private losses suffered by individuals and small busi-
nesses significantly exceed the damage to public infrastructure. In the absence of insurance
or government assistance, these costs represent a significant out-of-pocket expenses for the
households and businesses. These findings have significant policy implications in terms of
highlighting the vulnerability of the informal sector to extreme weather events in cities of
the developing world.
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1 Introduction

It is now widely accepted that the impacts of future climate change will often be observed
through changes in the magnitude and frequency of existing climate-related hazards. The
exposure to such hazards is increasing on a global scale with population growth, urban-
ization and increased income and wealth. Climate-related hazards have huge physical,
economic and social impacts and can have long-term negative consequences for devel-
opment and poverty alleviation. Assessing and measuring these impacts are essential for
the formulation of need-based adaptation and disaster risk management policies. Most
impact assessment studies generally focus on economic impacts measured either through
insured losses associated with private capital or through insured and uninsured losses
associated with public infrastructure. Such methods, however, fail to reflect the losses
suffered by the informal sector including households and small commercial establishments
as they are mostly uninsured, and detailed information on impacts is either unavailable or
difficult to obtain. However, such losses are likely to be very significant in developing
countries, particularly given the limited penetration of formal insurance.

As per the insurance industry figures, the number of meteorological, hydrological and
climatological loss events (disasters) between 1980 and 2013 has gone up from an annual
average of 250-800, and the overall estimated losses have increased steadily from US$ 70
billion in 1980 to US$ 400 billion in 2011 (Munich Re 2014). These losses have been
calculated at 2013 values and have been adjusted to inflation based on the consumer price
index for each country. What is significant about the overall losses from the disasters
between 1980 and 2012 worldwide is that a significantly large share of them (about 75 %
or US$ 310 billion) is uninsured (Munich Re 2014). Further, in the poor and inadequately
insured economies, based on the calculations from the Munich Re database, only 7 % of
the overall losses (US$ 13.8 billion) were insured in 19802009 at 2012 values (Munich Re
2013). Therefore, there is a significant insurance deficit among poor and developing
economies that imposes almost the entire burden of the impacts of weather events on their
people.

In the developing world, a major part of the local economy is in the informal sector.
World Development Report 2013 suggests that the percentage of informal non-agricultural
employment is around 83.5 % in India (as per 2005 figures), 42.3 % in Thailand, 68.2 % in
Vietnam, 62 % in Sri Lanka and 70 % in Philippines. With the prevalence of a large
informal economy, the penetration of insurance for life and non-life products including that
for physical assets is minimal or non-existent. For instance, the share of the developing
countries in the world’s non-life insurance market was only 10 %. Further, insurance
density of OECD countries in 2007 was $2517 as against South Asia with the density of
$67.8 (UNCTAD 2007). In India, the insurance density for non-life segment was $10.5 in
2012 and insurance penetration was 0.78 in 2012 (IRDA 2013)." This suggests that the

! Insurance density and penetration are the two indicators of the extent of insurance coverage in any
country. Insurance density is the total premium income per person in a country’s population (UNCTAD
2007), and insurance penetration is the ratio of premium underwritten a given year to the Gross Domestic
Product (GDP) (IRDA 2013).
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absence of or inadequacy of insurance coverage turns most of the losses related to weather
events or disasters into out-of-pocket expenses for the citizens in the developing world.

The damage assessment methods usually capture the insured losses and extrapolate
them using the insurance density of the affected region to arrive at the overall damage
estimate (Munich Re 2011). However, such methods do not capture the uninsured losses
suffered by households and businesses in the absence of adequate data. Yet the uninsured
losses, especially in the developing world, need to be assessed as they form the largest part
of the total losses in case of weather events (Munich Re 2013). It is quite critical to assess
the losses suffered by the largely uninsured communities in the developing world to
understand the full implications of the extreme weather events for them, understand their
vulnerability and help devise suitable adaptation strategies that would minimize such
losses in future.

One such impact assessment study carried out in Mumbai, India, to capture the unin-
sured losses suffered by the households and small businesses resulting from the extreme
precipitation event on 26 July 2005 has been discussed in this paper. The study uses
primary data collected from a random sample of households and small businesses and
secondary data collected from government institutions to measure the economic impacts of
the unprecedented floods. The impacts include damage to property and infrastructure,
physical assets and equipments as well as loss of income, investment and inventory. The
study seeks to understand the policy implications of the findings for informal sector vul-
nerability, adaptation efforts, development planning and poverty alleviation for the city.

The outline of the paper is as follows: the next section creates the context for the study
by describing the city profile and the catastrophic event of July 2005, which caused
unprecedented rainfall and flooding. Section Three outlines the methodology and data
sources used in the study to identify and measure the impacts of this event on households
and small commercial and industrial establishments. The results of the study are discussed
in Section Four. Section Five summarizes the overall findings and their policy
implications.

2 Context

Mumbai (formerly known as Bombay) is a large megacity supporting more than 11.9
million people on 437.71 km* of landmass with population density of 27,209 per km?
(MCGM 2013). The city is the financial capital of India with a large commercial and
trading base. It is also an important international sea port and strategic for the country from
defence perspective. The city map, with administrative zones known as wards, can be seen
in Fig. 1 below. Coastal location of Mumbai, however, makes it acutely vulnerable to the
risks of heavy precipitation, flooding, high winds, cyclones, sea-level rise and coastal
erosion. Most parts of the city are built on reclaimed land. It is estimated that about half of
the island city and one-fifth to one-fourth of the suburban area have been reclaimed from
the sea to build the present day city (MCGM 2006). Also, parts of the city are barely
6—10 m above sea level, for instance the international airport area, which is only 6 m above
mean sea level (Government of Maharashtra 2007; MCGM 2006). Major commercial and
residential areas such as Bandra Kurla Complex, Wadala and Worli are low lying and
barely above the mean sea level. In addition, 55.67 % population lives in informal housing
known as slums, which are often located in dangerous zones such as hill slopes, coastal or
creek-side locations, low-lying areas, marshy zones, along footpaths and so on (MCGM

@ Springer



288

Nat Hazards (2016) 80:285-310

7 X
N\ -
% 16%/:} N Mumbai
o -
4 ot % B City Map
! \ Y
|| \99\\.__'—-" B DS
{ Bhayandar 7 N N
\ Thane H A
Uttan i West L%
f - 4 N
\ ; =
Danigar Dahisar Easl‘,
A, ¢ West ' |
Betivay iBorivali East %,g o Patlipada
i \ Thane
Essel . ali L 27,
World s Borivali, Sanjay Gandhi 2% West
& West Rigj jay 2
“@o National Park %.
o | %
Kandivali.. | Kandvali 2 2 $
Manori West @ H “é‘as‘{ ) Thane West _,.%“
Sal Nagar S Tulsi Lake ' 7 \‘4}’&, o
€ ¥ ol Enal . oL — * o
Marve Malad West £ g ers Nt vl - Kalyan
| 2 @/ Thane Fast
\ 23 >
1 -3 p 4 lund
> | '
Erangal & i GGty / East
Goregaoh & Goregaor M
& Vet ©s [z East Nk “0d Ajro o
V\h G @/ Bhandup ! R
'ersova Jogeshwart / East P
Waest f
f Jogeshwari i
Ancheri Wesl@?" ogEas\ m&' { g.’
K/E)
Vile Parle!  Andheri East Powai S Kopar Khairane
West | Vikhroli wiét o
! .
ARABIAN SEA 4 { Vile Parie East /' /\vikhroli B
Juha - L Alrport.4. Gha;gfe{ _/ East '
Santacruz i Santacruz /W L '
West | f East i) aﬁé@ Ghatkopar East | Vashi
Khar W ot ¢ e
i Bandra Easy?™ oe— " — S~
BandraV\k%' 'é"é? m/.w>,\(30van({|”v/ i X
Mahirv\w’ N [ Svetbu fivey i
/ Sion b Al kti '
M?I:/b ‘\’L"‘/ \_\ - r“xas;:r ; o Navi Mumboai
vohastn >
|3 | Nagar Trombay Ei
p) P
P ; s‘/ Dadar ! S
Pail F) —§(  Easi ! 05?’\‘*
Worli—4 | rs) ) B
4V '
ol (G /
/ g’ ‘
Tardeb [\ : Harbour g scher ! Nhave
i \ leland Elephan!
/ {© Kapadevi Islan
Malabar Hill \ 18 ¢ -
RajBhavan  \ Chyrch Gate / firelonRaacs
Back Bay WZ0Y 20000 U s Railway Line
= Nariman Gat Alport
728 Point Sfindia’ : 2
£ Map not to Scale
“_Cuffe Parade Copyright © 2005 Comgare Infobase Pvt. Ltd
o _Colaba o
yester
«:; Island

Fig. 1 Distribution of rainfall on 26-27 July 2005 (in mm). Source: http://www.mcgm.gov.in

2009). About 40 % of dwellings in slums are semi-permanent or temporary structures
made from low-quality material and hence more vulnerable in case of extreme weather
events (Government of Maharashtra 2007).

Every year, the city experiences average rainfall of more than 2100 mm during the
monsoon season between June and September (MCGM 2003), often causing flash floods.
Many low-lying, reclaimed areas and areas in the river flood plains are prone to flooding.
Floods during the monsoon are believed to be dependent on the intensity and duration of
rainfall per hour, timing of high tide, topography of the area compared to mean sea level
and percentage of run-off and carrying capacity of storm water drainage (SWD) system
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(MCGM 2006, 2010). With rapid urban development and encroachment on natural water
ways, the carrying capacity of the SWD system has reduced substantially and the run-off
has increased considerably. Therefore, the city has been getting flooded frequently. On
average, per year, there have been 77 recorded instances of flooding in the island city, 58 in
eastern suburbs and 130 in western suburbs between 2001 and 2008 (MCGM 2010).

2.1 Extreme rainfall on 26 July 2005

On 26 July 2005, Mumbai experienced extreme precipitation that led to unprecedented
floods, massive damages, loss of life and property and affected the economic and social
services adversely. India Meteorological Department (IMD) weather station located in the
western suburb recorded 944 mm rainfall (45 % of the annual average rainfall in Mumbai)
between 8.30 a.m. on July 26 and 8.30 a.m. on July 27, with the highest precipitation for a
few hours between 2.30 p.m. and 7.30 p.m. as can be seen in Fig. 2 below. This also
coincided with the high tides at 2.30 p.m. and 8.30 p.m. on July 26. The IMD forecast had
issued a warning of heavy to very heavy rainfall for the day. Normally, ‘heavy’ rainfall
forecast is issued for precipitation of 65 mm or more during the day, and ‘very heavy’
rainfall is for precipitation of more than 135 mm during the day. Very high rainfall greater
than 200 mm per day is also not uncommon during the onset phase of monsoon (MCGM
2006). However, rainfall on 26 July 2005 was an extreme precipitation event by all
standards. The previous recorded instance of heavy rainfall in Mumbai was 570 mm
rainfall on 5 July 1974 in the island city. There have been other instances of very heavy
rainfall ranging from 540 to 800 mm in the surrounding region of Konkan between 1882
and 1989 (MCGM 2006). The magnitude of the July 2005 event in Mumbai was so huge
that the administration had no guidance or prior experience to react to such a situation
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Fig. 2 Distribution of rainfall on 26-27 July 2005 (in mm). Source: Based on the report of the Fact Finding
Committee on Mumbai floods (MCGM 2006)
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(MCGM 2006). The unprecedented rainfall coinciding with the high tide brought the city
to a complete standstill.

The impacts of the event have been documented by the subsequent government reports
(Government of Maharashtra 2005; MCGM 2006). Figure 3 shows the extent of flooding
across different administrative wards of Mumbai. Excluding the hilly areas of forest and
lakes, 22 % of the city land was submerged in rainwater on 2627 July 2005. Around 2
million people were stranded in transit or took shelter in different transportation modes.
Another 2.5 million people were exposed to floods for hours in different parts of the city,
with half of them being the poor from the slums of Dharavi, Sion, Kurla, etc. (MCGM
2006). Civic amenities such as electricity, water supply, transportation and communication
networks were completely shutdown. The air traffic had to be suspended for 2 days due to
submergence of the airport. It took 1-4 weeks for the train and bus services to start normal
functioning. Road and train services to other areas within and outside the state were also
disrupted for 3—10 days (MCGM 2006).

A number of estimates have been put forward in the aftermath of the floods to under-
stand the extent of damage. Municipal Corporation of Greater Mumbai (MCGM) under-
took damage assessment in the immediate aftermath of the floods to seek financial
assistance from the central government under the Central Relief Fund (CRF). As per this
assessment, 445 people lost their lives in the city and 50,000 residential and 40,000
commercial buildings were partially damaged. The cost of damage to municipal infras-
tructure including municipal buildings, water supply systems, roads and storm water drains
was estimated at Indian Rupees (INR) 2475 million or US$ 55 million (exchange rate US$
1 = INR 45, the prevailing rate at the time of the study in 2010-2011) under the CRF
(MCGM 2005). In addition to this, 1318 cases of gastroenteritis, 194 cases of hepatitis, 406
malaria cases and 197 cases of leptospirosis were admitted in the public hospitals from 29
July till 5 August 2005 (MCGM 2005). However, the MCGM estimates did not actually
measure the monetary losses in the city due to inadequate data and absence of measurable
variable such as insurance coverage. The unofficial figure quoted by the Indian Merchants
Chamber (IMC) put the losses at INR 50 billion or US$ 1.1 billion (Government of
Mabharashtra 2005). Munich Re, using the standard methodology of insurance density,
population density, nature of the region affected and extrapolation, estimated the total
losses of US$ 5 billion (including insured losses of US$ 770 million) for the Mumbai
floods (Jha et al. 2011; Munich Re 2011). Ranger et al. (2011) carried out a detailed
exercise of estimating the total direct damages of 2005 floods. For estimating the damages,
distribution of residential, commercial and industrial property types was derived from
satellite images, and total insured value (TIV) for each property type was assigned based
on the RMS Earthquake Model. Combining the TIV estimates for different property types
with the average mean damage ratios, the simulated direct losses, including infrastructure,
were estimated in the range of US$ 690-1910 million.

The estimates of the total losses from the July 2005 flood event, thus, range from US$
1.1 billion to US$ 5 billion using different methodologies and different sets of assumptions.
However, none of the damage assessments have covered the extent of vulnerability and
impacts on the large informal sector comprising households and small commercial
establishments. They suffer the most direct impacts of floods and have the least capacity to
bear the burden of the losses in the absence of insurance coverage or an official com-
pensation mechanism. This study, thus, focuses exclusively on the informal sector and
seeks to understand and characterize the nature of losses by disaggregating them into
damage to property, assets, inventory and loss of income, investment and disruption of
essential services.
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Fig. 3 Extent of flooding in Mumbai on 26 July 2005. Source: Based on the report of the Fact Finding
Committee on Mumbai floods (MCGM 2006)
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3 Methods and data

In order to bring into focus the damage assessment for the informal sector and understand
the extent and nature of impacts, this study analyses the impacts of the extreme precipi-
tation in Mumbai on households and small commercial and industrial establishments. From
the perspective of impacts, an extreme weather event (often termed as a natural disaster)
implies a combination of losses in physical, financial and human capital and reduction in
economic activities of investment, consumption, production and employment (World Bank
2004). Most of the existing natural hazards and impacts literature focuses on short-term
and immediate damage to human, built and natural capital, as measured by indicators such
as mortality and damage to private and public property and infrastructure. These direct
losses are often calculated by the insurance industry. For instance, in the developed world,
damage assessment methods mostly use the insured exposure analysis since the insurance
coverage for property is quite high (Hallegatte et al. 2011). In the developing world,
however, the population does not have the means to insure themselves against weather
hazards, although they are often the most vulnerable sections to such hazards (Herweijer
et al. 2009). Therefore, the estimated impacts of the weather events do not reflect the true
losses in their entirety in such countries.

A number of empirical studies have been carried out to assess the damage from floods.
Messner et al. (2007) have defined flood damage as all varieties of harm caused by floods
on humans, their health, belongings (buildings, assets, infrastructure, inventory, etc.),
production and competitive strength of the economy. They have also described the
typology of flood damages as direct or indirect and tangible or intangible. The review of
flood-related economic damage assessment studies done by Merz et al. (2010) suggests that
most studies are carried out at the macro- or meso-level where spatial aggregation of the
affected assets is done over the whole administrative area using land-use and hazard
exposure maps and census data. Further, only direct and tangible damages are included in
most damage assessment studies (Hammond and Chen 2014). Direct tangible damage is
defined as the harm caused due to direct contact with flood waters and can be measured in
monetary terms as damage to stock values (Messner et al. 2007). Indirect and intangible
damages such as health effects and damage to ecological goods and services cannot be
measured in monetary terms, and methods used to monetize intangibles or non-market
goods are not widely accepted by the practitioners (Merz et al. 2010). Hence, such studies
are very few. Further, very few studies focus on capturing losses at micro-level (looking at
single elements of risks like houses, infrastructure objects) due to unavailability of data
(Merz et al. 2010). Indirect or secondary impacts such as the effect on provision of goods
and services, provision of public utilities like water and electricity, transportation and so on
are typically not measured due to practical difficulties arising out of data availability and
absence of measurable variables (World Bank 2004). Indirect impacts in the form of
disruptions in availability of goods and services, altered migration flows, relocation of
houses or industries have not been estimated except for Hallegate (2008) who looked at the
indirect losses of Hurricane Katrina.

There are few studies that assess the damage on single elements at risk such as houses or
other infrastructure objects, as they require detailed local input data (Merz et al. 2010).
Table 1 below lists selected studies that have used household surveys at the micro-level to
assess damage from floods. The table also describes the methodology used by each study to
arrive at the monetary estimates of the damage.
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Table 1 Empirical studies assessing impacts at household level

Author

Study area

Methodology

Merz et al.
(2010)—review
of empirical
studies

Khandlhela and
May (2006)

Brouwer et al.
(2007)

Adger (1999)

Sales (2009)

Munji et al. (2013)

Warner and van
der Geest (2013)

Rabbani et al.
(2013)

Monnereau and
Abraham (2013)

Japan (Dutta et al. 2003)

Australia (Blong 2003)

Limpopo Province, South Africa

Bangladesh

Coastal Vietnam

Philippines

Cameroon

Bangladesh, Nepal, Bhutan, Burkina
Faso, Ethiopia, Gambia, Kenya,
Micronesia and Mozambique

Bangladesh

Micronesia

Unit economic values for residential and
non-residential economic activities
combined with aerial pictures to
calculate monetary value of damage at
ward level

Cost estimates for medium-size family
houses multiplied by the number of
houses to calculate damage

Seventy structured household interviews,
semi-structured interviews, focus group
discussions, site visits and secondary
sources of information to assess the
direct impacts of flooding on livelihood,
health and loss of shelter at the
household level

Seven hundred floodplain residents
surveyed to assess their flood risk
exposure, flood damage and coping
mechanisms

Semi-structured household interviews to
quantitatively analyse vulnerability
through resource dependency and
poverty

Vulnerability of the socio-economic
groups and adaptive capacity through
household interviews

Vulnerability of communities in mangrove
forests to floods

More than 3000 household surveys and
focussed group discussions to estimate
the loss and damage from climate change
impacts at the household level

Loss and damages estimated with sample
of 360 farming households on account of
saline intrusion and sea-level rise

Coastal erosion, inundation, salt water
intrusion leading to loss and damages to
the livelihoods, housing, land and culture
captured with the help of household
studies

As seen in Table 1, studies carried out in Japan (Dutta et al. 2003) and Australia (Blong

2003) have estimated unit economic values for the elements at risk. Studies in Limpopo
Province, South Africa (Khandlhela and May 2006) and Bangladesh (Brouwer et al. 2007)
have used household interviews to assess the vulnerability and impacts from floods.
Questionnaires have been used to capture issues such as impacts of flooding on life and
livelihood, health impacts and damage costs at the household level. Further, Adger (1999)
in coastal Vietnam, Sales (2009) in coastal Philippines and Munji et al. (2013) in
Cameroon mangrove forest have analysed vulnerability to floods and adaptive capacity
through household/individual interviews. We have also reviewed studies that have
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captured loss and damage from climate change impacts, sea-level rise, coastal erosion,
salinity, etc., through household surveys (Warner and van der Geest 2013; Rabbani et al.
2013; Monnereau and Abraham 2013).

Besides the above-mentioned studies that have estimated flood damages at the micro-
level using households as single units of analysis, studies estimating the damage from
Saxony floods in 2002 (Meyer and Messner 2005) and summer floods in England in 2007
(Chatterton et al. 2008) provide guidance on what should be focused on for the direct and
tangible damages. The important categories to be considered in damage assessment at
micro-scale are residential and non-residential buildings and inventories (Messner et al.
2007). For the residential properties, households, building structures and household goods
or assets have been considered for estimating the damages. For non-residential or com-
mercial properties, building structures, machinery and equipment, inventory and disrup-
tions have been considered.

The present study has used the guidance offered by all the above-mentioned empirical
studies to build on the methodology for the survey carried out for flood damage assessment
in Mumbai. We have focused on single units of analysis, households and small businesses
and conducted detailed surveys to capture direct and tangible damages. The focus of this
study is on estimating the damages to physical assets including property, appliances,
equipment and products as well as income loss, disruption of activities and other impacts.
The primary survey was carried out for this purpose in randomly selected households, retail
businesses and small-scale industrial establishments in six administrative wards of
Mumbai. The selected wards—K East, H East, F North, F South, L Ward and P North—are
the most flood-prone areas in the city and have many chronic flooding spots identified in
the Greater Mumbai Disaster Management Action Plan (Government of Maharashtra
2007). These wards experienced massive flooding in the July 2005 extreme precipitation
event. The description of the chosen wards including population, the number of flooding
spots, average depth of flooding and the number of households and businesses selected in
each ward for the survey is given in Table 2.

We selected wards belonging to three categories—river flood plain, low-lying and
reclaimed areas—as these geophysical characteristics are one of the main determinants of
vulnerability to flash floods. There are other features that add to their physical and socio-
economic vulnerability. For instance, international airport is on the fringes of H East Ward.
K East has major flooding spots near busy suburban railway stations. Mithi River, which
contributed to the massive floods on 26 July 2005, flows through this area. There are also

Table 2 Description of the chosen wards

Wards Type of area Population  Flooding  Average flooding  Selected sample
spots depth (ft.)
Households ~ Businesses

K East Reclaimed area 8,10,002 7 1.0-3.6 241 139
H East River flood plane  5,80,835 14 0.8-6.0 176 98
F North  Low-lying area 5,24,393 10 1.0-3.0 177 102
F South  Low-lying area 3,96,122 12 2.04.0 103 149
L Ward River flood plane  7,78,278 15 1.04.0 231 204
P North  Reclaimed area 7,98,775 8 1.0-2.6 240 100

Source: Ward population, flooding spots and depth of flooding obtained from MCGM (2010)
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interconnecting subways, which experience heavy traffic flow. In L Ward, F North, F South
and P North, there are many landslide spots that make the situation worse during heavy
rainfall. F South experiences the worst flooding even during normal monsoon due to the
low-lying topography and leads to disruption of the north—south traffic flow. Further, the
major flooding spots in L Ward are close to large slum pockets. For the above reasons, we
selected these wards for the present study.

We administered detailed questionnaires to randomly selected 1168 households and 792
small businesses. The sample was chosen around the areas surrounding the chronic
flooding spots in each of the wards. The households and businesses were mostly located on
the ground or first floor of the buildings with direct contact with the flood waters. This
deliberate bias was introduced in the sample selection as the houses located on the ground
and first floor are the worst affected with floods and suffer direct losses due to damages to
property, assets and equipment. Further, the retail shops and small industrial establish-
ments are invariably located along the busy and congested roads in Mumbai and are the
first ones to get affected with rising flood waters. The survey questionnaires focused on
identifying and measuring the impacts of 26 July 2005 floods on the respondents and
response from the civic authority. The respondents could vividly recall the extent of
damage during this extreme precipitation event. The questions were divided into five parts:
(a) socio-economic characteristics, (b) physical characteristics of the dwellings or estab-
lishments, (c) flood-specific impacts and costs of repairs/replacements, (d) experiences
regarding the response from civic administration and (e) insurance and other government
assistance. The following section discusses the results and findings based on the data
collected through this survey.

4 Results and discussion

As mentioned above, the survey covered 1168 households and 792 small businesses across
six wards of Mumbai. The important characteristics of the surveyed units are described in
Tables 3 and 4 below. Among the surveyed households, as given in Table 3, we have
identified different income categories ranging from less than INR 5000 to INR 45,000 per
month and above. Less than INR 5000 (US$ 111) is the category of households below
poverty line (BPL) as per the poverty line estimates published by Government of India
(2013a). Households with incomes between INR 5000 and 15,000 are the low-income
group (LIG) and those with incomes between INR 15,000-30,000 are middle-income
group (MIG) as per the Ministry of Housing and Urban Poverty Alleviation (MHUPA)
(Government of India 2013a, b). We have termed households with monthly incomes of
more than INR 30,000 and above as higher MIG. Majority of the surveyed households in
this study belong to the lower-income group (LIG) and a sizable number are below poverty
line, as seen in Table 3. This distribution of households conforms to the overall pattern of
income distribution in Mumbai (Annez et al. 2010). Apart from the household income, the
survey has also tried to capture the expenditure pattern of the households. The extensive
household surveys in India, such as the National Sample Survey (NSS), include questions
on expenditures on different categories such as groceries, water, electricity and cooking
fuel (NSS 2011, 2013). We have used similar expenditure categories here. The average
expenditures show the lower socio-economic strata of the surveyed households. Further,
the types of dwellings have also been classified based on the standard classification of
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Table 3 Important characteristics of surveyed households

K East HEast FNorth F South L Ward P North

Monthly income (% of respondents)

Less than Rs. 5000 (BPL) 13.0 19.4 5.7 11.7 20.0 16.4
Rs. 5000-Rs. 15,000 (LIG) 79.0 74.9 75.8 78.7 64.7 65.4
Rs. 15,000-Rs. 30,000 (MIG) 8.0 5.7 132 8.7 10.9 17.2
Rs. 30,000-Rs. 45,000 (Higher MIG) - - 5.0 0.9 3.7 0.84
Average total expenditure (INR)

Water 456 344 232 310 295 172
Electricity 1024 863 679 793 696 697
Cooking fuel 458 425 527 471 517 503
Groceries 3059 3522 3332 3652 3167 3448
Medical 940 1293 1085 875 1075 931
Transportation 690 880 678 747 710 552
Repairs and maintenance 1751 1298 1274 1882 2095 930
Type of house (% of respondents)

Kutcha house (slum) 2.0 1.12 1.9 6.2 2.1
Semi-pucca (slum) 3.0 10.7 6.3 12.6 21.9 35.1
Pucca (slum) 86.0 60.1 75.5 70.8 55.2 55.6
Single-storey building 9.0 2.2 1.7 10.7 7.6 5.9
Multi-storey building - - 16.4 6.7 8.6 1.2
Skyscraper - - - 0.9 0.5 -
Type of construction material (Number of respondents)

Reinforced concrete 233 146 160 94 161 172
Brick 190 71 115 71 144 159
Wood 41 33 68 25 101 105
Aluminium sheets 59 36 22 6 69 131
Any other 5 7 2 6 3 3

Source: Authors’ calculations based on primary data

kutcha, semi-pucca and pucca houses? for slums and single and multi-storey buildings for
other dwellers (NSS 2010, 2013). We find that among the surveyed families, majority live
in pucca houses in slums and others are in the single-storey buildings, known as chawls® in
Mumbai. The type of construction material is mostly reinforced concrete and bricks, but
quite a few households have reported using wood and aluminium sheets for construction.
These construction materials are mostly used in slums.

As regards the commercial establishments, the sample has covered all types of retail
establishments located on the city roads and small industrial units located in the residential

2 Kutcha structure has walls and roof made of materials such as unburnt bricks, bamboo, mud and grass. A
pucca structure has walls and roof made of concrete, cement, bricks, stone blocks, metal sheets, corrugated
iron, poly vinyl chloride (PVC) material and so on. Semi-pucca structures are a combination of the two
structures, kutcha and pucca (NSS 2010).

3 Chawls are long (and mostly single-storey) buildings divided into many separate and often single-room
rental tenements offering cheap and basic accommodation. Such buildings were constructed in Mumbai
decades ago to provide housing to textile mill workers and other labourers who migrated into the city. Many
of these buildings are in poor and dilapidated conditions now.
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Table 4 Important characteristics of small industrial and commercial establishments

K East H East F North F South L Ward P North

Type of commercial establishment (% of total)

Office - - - - - 8.9
IT centre - - 7.7 - 4.1 28.9
Bank/financial services - - - - 14 -
Retail shop 80.3 91.5 82.1 97.1 70.3 60.0
Jewellery shop 13.1 2.1 - - 2.7 -
Dairy 6.6 6.1 7.7 29 18.9 -
Hospital/nursing home - - 2.0 - 3.0 2.0
Type of small industrial establishment (% of total)

Educational institution 1.3 - - - - -
Manufacturing unit 7.6 25.6 1.6 5.1 18.2 37.7
Service centre 5.1 1.9 4.8 0.9 0.8 5.7
Warehouse - 1.9 7.9 9.4 3.0 1.9

Others (workshops and other business units)  86.1 70.4 85.7 84.6 78.0 54.7
Type of building (% of respondents)

Kutcha house (slum) 2 4.1 0 2 4.1 1
Semi-pucca (slum) 5.3 16.5 10.8 6 16.5 23
Pucca (slum) 82.1 722 60.8 56.4 722 54
Single-storey building 12.6 10.3 15.7 12.8 10.3 15
Multi-storey building - 1 13.9 20.1 1 5.1
Skyscraper 1.3 1 1 0.7 - 4
Location (% of respondents)

Ground floor 93 97.8 83.3 98.6 97.8 94.4
First floor 6.2 22 16.7 0.7 2.2 5.6
Construction material (number of respondents)

Reinforced concrete 124 83 85 134 129 57
Block/brick 74 43 52 88 94 51
Steel 15 3 14 24 34 21
Wood 54 37 42 58 95 46
Tin sheets 40 42 24 17 67 43

Source: Authors’ calculations based on primary data

and commercial areas. Since Mumbai has a mixed land use, there is no clear demarcation
for residential, commercial and industrial zones, and all types of activities are found across
all the wards. As seen in Table 4, the survey has covered retail activities such as shops, IT
centres and jewellery shops, and industrial units such as service centres, warehouses,
manufacturing units and other small businesses including workshops. Their locations are
mainly ground and first floor where they come in direct contact with flood waters. The
physical characteristics of their establishment are similar to households like kutcha or
pucca dwellings or single- and multi-storey buildings. Unlike households, we could not
obtain data from the commercial establishments on their total turnover or monthly rev-
enues as they were unwilling to share this information.

Based on the data obtained from households, during the July 2005 floods, the average
depth of flooding in the residential areas was 5 feet (ft.) and the houses remained flooded
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for an average of 3 days. Fifty-nine percentage respondents said that the effect of floods on
their families was high. On an average, the income loss for households due to floods in
2005 was INR 5000 (84 % respondents), and amount spent on repair/rebuilding of house
was INR 15,000 (86 % respondents). Further, it took around 8 days to complete the repair/
reconstruction of the damaged houses. It must be noted here that only 6.8 % of households
claimed to have some form of insurance including life insurance. Further, only 3.5 %
claimed insurance for damage due to floods. Similarly, for the commercial establishments,
the average depth of flooding reported by them was 4 ft. However, 30 % reported the depth
of 5-8 ft. The average time taken by them to get back to normal business was 3.5 working
days. However, 15 % reported spending 1-2 weeks before the business operations could
resume. Further, only 7 % of businesses had insurance of any type. In the absence of
insurance coverage, these establishments had to bear the entire burden of repairs and/or
replacements for different physical assets damaged/destroyed during the floods. In addi-
tion, they also had to spend on account of clean-up, loss of income, operating costs and
other emergency expenses when flood waters entered their establishments.

4.1 Monetary estimates of damage borne by households and businesses

Table 5 shows the average estimated losses for flood-affected households in each ward
considered in the study. The numbers here depict the average estimates of losses of a single
household, and the figures in bracket are the percentages of estimated losses compared to
the average monthly incomes of the houses in each ward. The estimated losses have been
classified into different damage categories as given in Messner et al. (2007) and flood
damage model guidelines developed in Hammond and Chen (2014) for measuring direct
and tangible damage. We have estimated average losses on account of damage to building
structure, damage to appliances, damage to household assets and damage to vehicles.
Similarly, the total estimated losses are calculated in the last row for a single household in
each ward to indicate the extent of burden borne by individual households on account of
floods. The numbers in Table 5 reveal that the most prominent loss has been on account of
damage to the house structure, which is the most important asset of the families. There are
other sizable losses on account of damage to household appliances and assets. Majority of
the households in the sample across the wards belong to the LIG with monthly incomes of
INR 5000-15,000. Hence, the figures in bracket assume great importance. Some of the
losses reported here are much greater than the monthly income of majority households. For
instance, average amount spent on house repairs is more than 150 % of monthly incomes in
H East and F North and more than 200 % in F South. When the losses across different
categories are added, these entail substantial losses for individual houses. The average
losses in different wards are 3.5-4.5 times the average incomes of the family, as seen in the
last row of the table.

We have further analysed the average losses suffered by households belonging to the
given income categories. The analysis suggests that the poor and low-income households
suffered relatively far greater magnitude of losses compared to those belonging to middle-
income groups. For instance, the BPL households with monthly incomes less than INR
5000 suffered losses of average INR 37,000, which is more than 6 times their monthly
income. Similarly, for the LIG families with incomes of INR 5000-15,000, average losses
were 4-5 times their monthly income. For the middle-income households, losses were
about thrice the monthly income, and for the higher middle-income group, they are twice
their income. Hence, the poor and low-income households with limited or no ability to bear
the losses suffered the most during the extreme floods.
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Among the surveyed households, only 3.5 % claimed insurance for flood losses. Thirty-
three percentage surveyed families took loans after the floods for house repairs or replacing
household appliances and assets. The average amount of loans was INR 25,000, which is
greater than the monthly average income of most households. Majority of them had to use
their savings to repair and rebuild the damaged assets and appliances. Forty percentage of
the respondents reported relief measures offered by the government, in the form of food
and clothing during floods and disability assistance in some cases. About 47 % families
received the maximum of INR 5000 for the damages from government agencies under the
Gratuitous Relief Assistance (GRA). The GRA is supposed to take care of only the
immediate requirements of food, clothing and utensils. Therefore, the monetary assistance
has no correlation with the actual amount of losses suffered by the families. We find the
correlation coefficient of —0.18 between the extent of losses suffered by the surveyed
households and compensation offered by the government as GRA. Further, the government
assistance was sufficient to cover only up to 13.5 % of the losses suffered by the BPL
families and 10.4 % of losses of LIG households. This highlights the clear inadequacy of
the relief and compensation measures commonly used by the government agencies to help
the poor households. These findings have very important implications for the vulnerability
of such poor and low-income households from the recurrent threat of floods.

For the commercial establishments covered under this study, Tables 6 and 7 show the
costs of repairs/replacement and other flood-related expenses. The individual costs have
been combined under three categories, as used in Messner et al. (2007) and Kreibich et al.
(2010)—damage to premises, equipment and materials. Average costs under each category
head have been calculated for each ward. Since the businesses did not report the monthly
revenues or annual turnover, the losses could not be compared with their earnings.
However, given the nature of the business activities covered under the survey, the losses
are substantial. For businesses, costs were also incurred on disinfecting premises and
clearing debris as well as losses due to suspended operations and higher operating costs.
Depending on the nature of businesses surveyed in each wards, there are differences in the
average costs of repairs/replacements as well as losses due to suspended production or
emergency expenditure. For instance, we have covered many manufacturing units as well
as offices and IT centres in P North. Their losses are reflected in the greater costs on
account of loss of business, suspended production or emergency spending. F South has
mostly retail shops, workshops and other business units, which do not rely on equipment
such as machine tools. Hence, the costs reported from this ward reflect this. As majority
(93 % of the sample) of the small businesses did not have insurance coverage, the costs are

Table 6 Average cost of repairs/replacement in commercial and industrial establishments (in INR)

K East H East F North F South L Ward P North

Damage to premises (ground fences, 39,928 16,262 28,052 5302 32,529 40,869
walls, doors and windows)

Damage to equipment (machine tools, 10,410 12,883 15,824 - 3633 3776
wiring, heating, AC)

Damage to materials (machine tools, 25,183 21,760 112,571 8544 5368 2285

inventory, raw material, finished products)

Average estimated losses for a commercial 75,521 50,905 156,447 13,846 41,530 46,930
establishment

Source: Authors’ calculations based on primary data
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Table 7 Average costs incurred on account of floods (in INR)

K East HEast F North F South L Ward P North

Disinfecting premises 29,938 12,351 30,485 12,063 77,933 30,060
Clearing debris and damaged items 8581 6938 5938 4000 28,200 39,906
Loss of income due to business interruption 18,158 11,488 15,024 5765 43,308 32,833
Increased alternative operating costs 10,396 8537 7167 5896 21,000 26,929
Loss due to suspended production 104,809 22,313 252,500 128,619 14,450 85,000
Emergency expenses during floods 47,500 101,000 12,000 24,200 186,667 75,000

Average costs incurred per commercial 219,382 162,627 323,114 180,543 371,558 289,728
establishment

Source: Authors’ calculations based on primary data

Table 8 Major problems faced during July 2005 floods

Problem % among surveyed % among surveyed commercials
households (n = 1168) and small industries (n = 792)

House/office flooded with water 70 82
Non-availability of local transportation 87 82
Price rise of essential commodities 67 65
Non-availability of food and other 62 -
household supplies

Non-availability of raw materials - 56
Disruption in communication services 61 66
Disruption of electricity 83 88
Non-availability of clean drinking water 75 79
House flooded with sewerage/garbage 80 -
Non-availability of fuel 51 46.5

out-of-pocket expenses for them. Only 2 % claimed insurance for the losses from floods,
with the average amount of insurance being INR 35,000.

Besides the damages to physical assets and economic losses, there are disruptions of
essential services that households and businesses suffered from during the floods. The
survey questionnaire tried to capture some of these disruptions as given in Table 8 below.
In the absence of measurable variables, we were not able to calculate the monetary costs
associated with them. Some of the major problems faced by both households and com-
mercial and industrial establishments were flood waters entering the premises, non-
availability of local transportation, disruption of electricity and supply of clean drinking
water. Seventy-seven percentage of households reported that on an average, during the
2 days of floods, drinking water was available for about 15 h. Forty-three percentage
further reported that on average water supply was discontinued for 3 days, while electricity
supply was discontinued for 5 days after the floods.

4.2 Estimation of aggregate uninsured losses

When economic damage estimation for floods is aggregated, spatial aggregations are done
on the basis of land use, such as total number of residential or commercial buildings, or for
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administrative units, e.g. wards. However, such aggregations require reliable land-use data.
Study carried out in Germany (Grunthal et al. 2006) has used gross stock of physical assets
combined with the land-use data to estimate the total monetary damage to the commercial
sector. For residential buildings, for the same study, the number of buildings has been
multiplied by their insurance value. Such aggregation is possible only when the insurance
coverage is prevalent and the units for estimation, i.e. the residential buildings are
homogenous. In another study, Scawthorn et al. (2006) have used building replacement
costs for building structures associated with different types of activities and aggregated
them over the census blocks. In case of Mumbai, aggregation at the ward level or the
municipal level is not possible as the land-use data available for different wards is not
reliable and accurate. The types of buildings and their usage for residential and commercial
purposes are also not uniform over smaller administrative areas. Most wards in Mumbai
are densely populated and have a mix land use of residential and commercial activities in
varying proportions. Therefore, extrapolation exercise undertaken by us in the present
study to estimate aggregate uninsured losses of households and small businesses uses a
number of assumptions.

The costs associated with direct impacts estimated in the earlier section have been
extrapolated for Mumbai using a set of assumptions. The databases used for the extrap-
olation are Census 2001 and ward-wise records with the MCGM for registered shops and
commercial establishments. For the purpose of extrapolation, we have considered indi-
vidual costs as indicated in Table 9 and not the combined average costs for different
damage categories as shown earlier. 2001 census data show the total population of 8.5
million in eastern and western suburbs of Mumbai. Assuming the average of 4 members
per family, this translates to about 2.1 million households. We assume that 20 % of these
households (about 420,000) were directly affected due to floods in July 2005 given the

Table 9 Extrapolation of costs of repairs/replacements in households

Item Average cost of Percentage of Estimated number  Estimated costs
repairs/replacement households reporting  of households of damage in
per household (in INR) these costs in survey affected by floods  INR million

Income loss 5000 84 352,800 1764
Reconstruction 15,000 86 361,200 5418
of house
Stove 1500 57 239,400 359.1
Electric fans 1000 35 147,000 147
TV 7000 42 176,400 1234.8
VCR/VCD 2700 7 29,400 79.38
Music system 3000 1 4200 12.6
Motorcycle 8000 13 54,600 436.8
Refrigerator 7000 30 126,000 882
Washing 6000 8 33,600 201.6
machine
Furniture 5000 31 130,200 651
Wardrobes 4000 32 134,400 537.6
Utensils 3000 38 159,600 478.8
Total estimated costs 12,202.68 (US$

267 million)

Source: Authors’ calculations based on primary data
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extent of flooding in suburbs as seen in the flood map in Fig. 3 earlier. It must be noted
here that we are considering households who are located at the ground and first storey of
residential buildings. Hence, 20 % seems a reasonable estimate for directly affected
households. The extrapolation exercise shows the burden of US$ 267 million on the
Mumbai households on account of direct damages during the extreme event.

Similarly, for the small businesses, costs of repairs/replacements and costs incurred on
account of floods have been extrapolated by using certain assumptions. As seen in
Tables 10 and 11, individual costs were considered for extrapolation and not the combined
average costs for different damage categories discussed earlier. MCGM records of regis-
tered shops and business establishments show that there were around 400,000 registered
retail shops and other commercial establishments in the city out of which 60 % (240,000)
were located in the suburbs. We assume that 40 % of these establishments were affected
during the July 2005 floods given the extent of flooding and given the location of such
establishments along the roadsides. The costs of the direct damage suffered by these
establishments have been extrapolated using this assumption. These costs are to the tune of
US$ 90 million on account of damages to premises, equipment and materials and US$ 59
million due to losses in the business operations and clean-up costs.

4.3 Discussion

The findings in the preceding section indicate the magnitude of losses from the extreme
event for households and small businesses in Mumbai. For the households, the losses are

Table 10 Extrapolation of costs of repairs/replacements in businesses

Item Average cost of repairs/ ~ Percentage of Estimated number  Estimated
replacement per establishments reporting  of establishments  costs in INR
establishment (in INR) these costs in survey affected million

Grounds and 40,000 48 46,080 1843.2

fences

Walls 11,000 26 24,960 274.56

Windows 5000 4 3840 19.2

Doors and 6000 18 17,280 103.68

mouldings

Electrical 10,000 28 26,880 268.8

wiring and
switches

Heating 10,000 1 960 9.6

Air 14,000 1 960 13.44

conditioning

Machine tools 15,000 25 24,000 360

Finished 24,000 28 26,880 645.12

products

Raw materials 20,000 13 12,480 249.6

Inventory 24,000 13 12,480 299.52

Total estimated costs 4086.72

(US$ 90
million)

Source: Authors’ calculations based on primary data
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Table 11 Extrapolation of losses in business operations

Item Average cost per  Percentage of Estimated number  Estimated
establishment (in  establishments reporting of establishments costs in INR
INR) these costs in survey affected million
Disinfecting 18,000 58 55,680 1002.24
premises
Clearing debris 13,000 22 21,120 274.56
and damaged
items
Loss of income 16,000 36 34,560 552.96
due to business
interruption
Increased 10,000 23 22,080 220.8
alternative
operating costs
Emergency 26,000 8 7680 199.68
expenses during
floods
Loss due to 22,000 20 19,200 4224
suspended
production
Total estimated costs 2672.64
(US$ 59
million)

Source: Authors’ calculations based on primary data

due to the damage to structure, appliances, assets and vehicles besides the income loss on
account of floods. The estimated losses from these damages are 3.5-4.5 times the monthly
incomes of the poor and middle-income households surveyed by us in the six flood-
affected wards. The magnitude of losses also suggests relatively greater burden on the
households who are poor or below poverty line compared to those who are better off than
them. For instance, the BPL households suffered losses, which were more than 6 times
their monthly income. Similarly, average losses for the LIG families were 4-5 times their
monthly income. For the middle-income households, losses were about thrice the monthly
income and for the higher middle-income group, they are twice their income. When the
average costs of repairs or replacements for the damaged structures, appliances and assets
were extrapolated for the flood-affected households across the city using certain
assumptions, the estimated costs have been to the tune of US$ 267 million. It must be
mentioned here that these costs of damages borne by the households are out-of-pocket
expenses in the absence of insurance, social security or adequate compensation
mechanism.

For the small businesses in the city, we have similarly captured the losses on account of
damage to structure or premises, equipment such as machine tools and heating systems and
materials such as inventory and raw material. The average losses are different across the
wards depending on the predominant nature of businesses located there. Apart from these
losses, we have also estimated the average costs incurred on disinfecting premises, clearing
debris and losses due to business interruption and increased operating costs. These costs
are much bigger than the losses due to damages. Using suitable assumptions, the average
costs of repairs or replacements due to damage to structure, equipment and materials have
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Table 12 Total estimated losses on account of Mumbai floods of July 2005

Item Estimated losses Source of estimate
(in US$)
Damage to municipal infrastructure 55 million MCGM (2005)
Insurance claims (infrastructure and private 770 million Jha et al. (2011) and Munich
business losses) Re (2011)
Household losses 267 million Authors’ estimates based on
Small business losses on account of damage 90 million primary survey
Small business losses due to disruptions in 59 million
business operations
Total estimated losses from direct and tangible US$ 1.241 billion
damages

been extrapolated for the small businesses across the city to the tune of US$ 90 million.
Added to these are the extrapolated average costs due to disruptions in business operations
which work out to about US$ 59 million.

The extrapolated losses for households and small businesses, as calculated in this study,
can be added to the estimates of damage to municipal infrastructure and insurance claims
by the large private sector businesses to give the total estimated losses for the city due to
the extreme weather event of July 26 and resultant massive floods. We compare our
estimates with the estimated losses from other sources as given in Table 12 below. The
total damage to municipal infrastructure has been estimated at US$ 55 million, followed by
the insurance claims of US$ 770 million on account of damage to infrastructure and
business losses of large private sector undertakings. Our results estimate the losses of US$
267 million for households and US$ 149 million for the small businesses. The total
estimated losses from the direct and tangible damages on account of the extreme floods are
thus US$ 1.241 billion.

The total losses calculated by using official damage and insurance estimates and the
estimates obtained through this study compare well with other estimates for the Mumbai
floods. The unofficial estimates of the Indian Merchants Chamber put the losses to US$ 1.1
billion (Government of Maharashtra 2005), whereas Munich re-estimated the total losses
(insured and non-insured) at US$ 5 billion ((Jha et al. 2011; Munich Re 2011). Ranger
et al. (2011) have estimated the total losses of US$ 1.7 billion using the insurance data and
mean damage ratios. Similarly, Ranger et al. (2011) have also used the TIV for each
property type and simulated the July 2005 losses in the range of US$ 690-1910 million.
The total losses calculated by Munich Re and Ranger et al. (2011) are based on exposure
maps and assumptions about population and insurance density. There is no information on
the nature and magnitude of losses of households and small businesses in these estimates.
Our study, thus, adds value in terms of detailed understanding of the nature and magnitude
of household and small business losses. Primary data collected through surveys have been
used for this estimation. These estimates also throw light on the vulnerability of these
sections of the population who do not have insurance and social security and have very
limited means to bear the burden of the losses resulting from floods.

Other comparable empirical studies with detailed estimation of losses for households
are undertaken after German Federal State of Saxony floods (Meyer and Messner 2005)
and London floods (Chatterton et al. 2008). In both studies, similar categories of damages
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have been used, namely buildings and housing goods (appliances and assets). These studies
have found that the percentage of household losses in the total estimated losses from floods
are 33 % in Saxony and 38 % in London. For the Mumbai households, their losses are
about 22 % as per our estimates. This is not surprising, given the fact that majority of
households in Mumbiai are either poor, low-income or middle-income families with limited
assets that would get exposed to floods. However, unlike households in Germany or UK,
households in Mumbai have limited ability to bear the burden of the losses since there is no
insurance cover.

In case of small businesses, the categories of damages used in this study are similar to
the ones used in the studies carried out for Saxony (Meyer and Messner 2005) and London
(Chatterton et al. 2008). These studies have also estimated losses for non-residential
properties for damage to buildings, machinery and equipment, stocks or inventory and
business disruptions. But the estimated losses are for all types of businesses and cannot be
compared directly with small businesses in Mumbai who do not have insurance coverage.
Our findings of the losses of small businesses, however, correspond with the findings of the
study carried out after Northridge earthquake to study business disruptions, preparedness
and recovery (Tierney and Dahlhamer 1997). The study covered more than 1000 busi-
nesses who were affected by the earthquake and found widespread direct physical damage
to more than half the structures. More than half the businesses also had to shutdown their
operations for a period of at least 2 days. The main reasons for business disruption in this
case are very similar to the Mumbai study, such as cleaning up the damage, loss of
electricity and communication, employees not getting to work and decline in number of
consumers post the disaster. Another similarity with the Mumbai study is the fact that
small businesses were more vulnerable to business interruption than the larger ones. In case
of Mumbai, not only are the small businesses more vulnerable but also have limited
resources to bear the burden of losses and also do not have insurance support or other
compensation mechanisms.

As mentioned earlier, this study has tried to estimate the losses associated with direct
and tangible damages to buildings, appliances, equipment, assets and inventory. However,
it must be noted that the extrapolations undertaken in this study are indicative estimates
for the costs of damage faced by the households and largely informal private sector in
Mumbai. The actual costs may be much higher as our assumptions are quite moderate.
Further, there are a number of indirect impacts of floods, such as price rise and non-
availability of transportation, disruption of electricity and water supply, which also
involve monetary losses. But they have not been measured in this study in the absence of
measurable variables or reliable proxies. Ranger et al. (2011) have estimated the indirect
losses for the household and commercial sector in terms of reduced production and
consumption by using the adaptive regional input—output model (ARIO), local input—
output model and loss distribution per sector in a simulation exercise. The simulated
model estimates the indirect loss in terms of loss of value added (VA) in commercial and
industrial sector at US$ 395 million. This shows that the losses estimated by the present
Mumbai study are lower-bound estimates and would increase in magnitude if we are able
to capture the indirect losses and their monetary burden on the households and com-
mercial sector. However, the extrapolated costs estimated in our study are important to
understand how the informal sector losses form a substantial part of the overall costs of an
extreme weather event and in particular, how this sector ends up bearing the entire burden
of such losses.
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5 Conclusion and policy implications

To summarize, the study carried out for Mumbai assesses the impacts of the 26 July 2005
catastrophic flood event in Mumbai. Unlike the usual impact assessment methods which
focus on insured losses to property and infrastructure, this study has estimated the
essentially uninsured losses on account of damage to structures and assets suffered by the
informal sector, namely households and small business establishments. The catastrophic
event of July 2005 with unprecedented heavy rainfall of 944 mm in a single day disrupted
the life in the city completely with millions affected due to flood waters entering their
houses or offices and damaging the assets owned by them and near shutdown of electricity,
water supply, transportation and communication services. There was massive damage to
public and private assets and infrastructure. The total losses suffered by the informal sector
significantly exceeded the damage to public infrastructure, as evident by the findings of our
study. Most importantly, the losses of the citizens were uninsured, out-of-pocket expenses
that had to be met with through their savings and loans secured against their meagre
incomes. The costs borne by individual families and businesses, when extrapolated, turned
into huge losses that the city residents had to bear on account of massive floods.

The findings of this study have significant implications for the informal sector vul-
nerability in a city like Mumbai. As seen in the preceding section, the poor and low-income
households and small businesses have borne the brunt of the extreme event and have very
limited ability to cope with the resultant losses. For instance, our analysis shows how
poorer households bear far greater burden of the losses resulting from damages to struc-
tures and assets in comparison with their incomes. The losses of poor and low-income
families are 4-5 times their monthly incomes, whereas the losses of middle-income
households are twice their monthly incomes. In absolute terms, the losses suffered by
relatively better-off households might be greater, but in relative terms, the poor households
have suffered more due to the floods. Similarly, in case of small businesses, they suffer
much more than their larger counterparts due to nature and scale of business and absence of
insurance coverage. Such businesses have had to rebuild their damaged assets and restart
business operations on their own without help from an external agency.

In case of affected households, since they have no insurance cover or social security net,
they have had to rely on the compensation offered by the government in the aftermath of
floods or have taken loans from family, friends, moneylenders and other sources to rebuild
the assets destroyed or damaged. The compensation offered by the government as per the
rules is far smaller compared to the losses of individual families. For instance, for the poor
families, the money offered as compensation by the government was barely enough to take
care of 10-14 % of their total loss. Further, the compensation amount had no correlation
with the actual losses for each family. This clearly brings out the fact that the poor
households belonging to the informal sector in the city are acutely vulnerable to losses
resulting from hazards such as floods.

Another important point to be noted here is the fact that when the households and small
businesses are affected by floods and other hazards, their asset base is destroyed or
depleted. Typically, the families and small businesses invest in assets, such as building
structures and appliances or equipment. This asset base is threatened and is acutely vul-
nerable to hazards. Mumbai is acutely vulnerable to future climate-related hazards due to
the proximity to sea, flood-prone topography and large-scale reclamation done for
development. In case of future hazards, the informal sector will, thus, be at greater risk due
to exposure of their critical assets and may not have any support to rebuild their lives.
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Added to this is the issue of more than 50 % population staying and working in informal
settlements or slums with limited access to basic civic services and provisions. Such
settlements, where most poor households live and small retail businesses operate from, will
be acutely vulnerable to future climate risks.

Therefore, cities such as Mumbai need well-directed efforts to address the vulnerability
of the informal sector and protect their lives and assets from future risks. It means that
future adaptation planning and programmes need to identify the physical, economic and
social vulnerability of the areas with informal settlements and activities and help the
informal sector cope with the hazards. What is urgently required is setting up of a pro-
gramme to provide insurance cover to the poor households and small businesses and also
develop a meaningful compensation mechanism. Our study highlights the need to main-
stream adaptation into larger developmental goals to benefit the informal sectors who form
a significant part of the local economy. The developmental and most importantly, the
poverty alleviation goals should be linked closely with the adaptation strategies for
Mumbai and similar cities in the developing world.

The findings of this study bring out the extent and nature of vulnerability of the informal
sector to extreme weather events, particularly in the absence of insurance coverage or any
other compensation mechanism. This in a way also highlights the costs of inaction that
poor citizens would bear in future if very little is done to enhance the coping capacity for
future weather events and climate risks in general. Mumbai is currently in the process of
drafting the new development plan that is expected to be implemented in the near future.
The findings of this study put forth a convincing argument that adaptation strategies need
to become a part of mainstream planning while devising strategies of developing infras-
tructure, housing, transport network and other facilities and services in the city. Although
adaptation is costly, the costs of inaction can prove to be costlier. Hence, there is a need for
integrated and coordinated efforts from all agencies including local government, planners,
public utilities and community at large to work towards greater resilience to future weather
risks for the city.
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