Bank of England

Staying afloat: the impact of
flooding on UK firms

Staff Working Paper No. 1,187
June 2026

Benjamin Crampton, Rupert-Hu Gilman and Rebecca Mari

Staff Working Papers describe research in progress by the author(s) and are published to elicit comments
and to further debate. Any views expressed are solely those of the author(s) and so cannot be taken to

represent those of the Bank of England or any of its committees, or to state Bank of England policy.




Bank of England

Staff Working Paper No. 1,187
Staying afloat: the impact of flooding on UK firms

Benjamin Crampton,V Rupert-Hu Gilman and Rebecca Marid)

Abstract

This paper examines the exposure of UK firms to flood risk and the impact that past floods
have had on corporate outcomes. Through the use of a novel data set that combines

highly granular business premise information with flood maps and financial records, we

first identify the specific regions, sectors and characteristics of firms where flood risk is

most concentrated. Firm-level exposure is significantly influenced by sorting dynamics, with
larger premises being more at risk. Second, we demonstrate that flood impacts are highly
damaging to firms: they significantly increase the likelihood of business termination for small
and medium-sized firms; for surviving firms, there are large negative impacts to revenue,
employment, and total assets, with large firms and those in natural resource-related sectors
being most affected.

Key words: Floods, climate change, physical risk.

JEL classification: Q54, R12, E23.

(1) Bank of England. Email: benjamin.crampton@bankofengland.co.uk
(2) Bank of England. Email: rupert-hu.gilman@bankofengland.co.uk
(3) Bank of England. Email: rebecca.mari@bankofengland.co.uk

The views expressed in this paper are those of the authors, and not necessarily those of the Bank of England
or its committees. We are grateful to the HMT Economic Innovation Fund for sponsoring this research project.
We also thank Vladimir Asriyan and the participants of ECONDAT 2023, ArmEA 2023, NARSC 2023, and ASSA
2024 Meetings for the useful feedback provided.

The Bank’s working paper series can be found at www.bankofengland.co.uk/working-paper/staff-working-papers

Bank of England, Threadneedle Street, London, EC2R 8AH
Email: enquiries@bankofengland.co.uk

©2026 Bank of England
ISSN 1749-9135 (on-line)



1 Introduction

Flooding is the UK’s largest source of physical climate risk and imposes substantial costs - £2.2bn
per year on average (Energy & Climate Intelligence Unit, 2022; HM Government, 2023). Neatly
one in ten UK business premises are located on floodplains, exposing businesses to flood events
that damage assets, interrupt operations, and can strain local labor and product markets. As climate
change increases the frequency and intensity of extreme weather (Bevacqua et al, 2020;
Environment Agency, 2022; Met Office, 2022), understanding which firms are most exposed - and
how floods affect corporate performance - has direct implications for regional resilience and

productivity.

This paper addresses two questions. First, what are the characteristics of firms operating in areas
of historical flood occurrence and current flood risk? Second, what are the direct effects of flood
events on firm outcomes, including business termination, turnover, employment, productivity,

total assets, and leverage?

We construct a novel panel dataset for England and Wales that links business premises address
records (geolocated via AddressBase Premium with Islands, and augmented with Energy
Performance Certificates and Ordnance Survey Buildings Data) to flood-risk maps, historical flood
extents, and firm level financial data (Bureau van Dijk FAME; Experian). This linkage allows us
to measure exposure both to historical flood occurrence and to current flood risk at the business
premises level, and to translate premises level treatment into firm year exposure for survival and
event study analyses. We study sorting and exposure dynamics using univariate and multivariate
logistic regressions and estimate direct impacts on firm outcomes using event study and survival

models.

We find that exposure is concentrated in specific regions and in natural resource -intensive sectors,

which could be reflecting the role of structural features such as watercourse density and of water



as a production factor (Matthews et al., 2021). Beyond these structures, larger business premises
face significantly higher odds of being located in medium to high-risk areas and in locations that
have flooded in the past decade, which may reflect firm sorting being driven by a search for cheap
land. Survival analysis shows a marked, short-lived increase in termination risk for small and
medium firms in the year of flooding, with no comparable rise for large firms. Among surviving
firms, floods cause sharp one-year declines in turnover, employment, and total assets, followed by
only partial recovery over three years; losses are largest for large firms and for firms in natural
resource-related sectors. For SMEs that continue operating, bank account data indicate a modest
but persistent deterioration in liquidity driven by reduced inflows and limited use of credit for

recovery, including reduced collateralized borrowing around one year after the event.

Our primary contribution is the use of a highly granular, novel panel dataset for England and
Wales, linking business premises locations to firm-level financial data, which provides a refined

approach to study potential sorting dynamics and the direct effects of flooding on firms.

The remainder of the paper proceeds as follows. Section 2 presents background and related
literature. Section 3 describes the data and construction of the premises—firm—flood panel. Section
4 documents stylized facts on corporate exposure and sorting. Section 5 presents the empirical
strategy and results, including survival and event study estimates and SME banking outcomes.

Section 6 concludes.

2 Background and related information

Flooding currently costs the UK about £2.2 billion per year on average -/£0.8 billion on defenses
and £1.4 billion in damages (Energy & Climate Intelligence Unit, 2022; HM Government, 2023).
With climate change expected to increase the frequency and intensity of extreme weather
(Bevacqua et al., 2020; Environment Agency, 2022; Met Office, 2022), flooding constitutes the

UK’s largest source of physical climate risk. In line with these rising risks, the Bank of England’s



Climate Biennial Exploratory Scenario projects substantial future losses for participating insurers
under a no-additional-action scenario and anticipates that some currently insured households

would lose coverage. It also finds losses to be highly concentrated across a small share of postcodes

(Bank of England, 2024).

Figure 1: Historical flooding in England and Wales
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The UK is most exposed to fluvial (river), coastal, and surface water flooding, while groundwater
flooding is a smaller concern (HM Government, 2022; Environment Agency, 2023). Over the past
three decades, development on floodplains has expanded, mirroring a global trend (Tellman et al.,
2021). In most sectors, more than 5% of business premises built between 2008 and 2018 were
located in high or medium-risk areas (Matthews et al., 2021). In England alone, more than six
million properties face flood risk from rivers, the sea, and/or surface water, including around 4.6
million at risk from surface water (HM Government, 2024). Prior work documents locational

“lock-ins” for firms and households, whereby settling in higher risk areas is difficult or costly to

reverse, implying rising vulnerability over time (Matthews et al., 2021; Rézer and Surminski, 2021).

Several strands of literature examine how floods affect firms and local economies. Direct effects
include damage to business premises, inventories, and machinery, leading to repair costs, inventory

losses, and temporary shutdowns. For manufacturing firms, Fatica et al. (2022) find persistent



reductions in assets, sales, and employment following flood events. For SMEs in the UK, most
evidence comes from post-event surveys that document direct losses for flooded businesses and
spillovers to non-flooded businesses in affected areas through demand effects and supply chain
disruptions (Crichton, 2006; Woodman, 2008; Ingirige and Wedawatta, 2011; Wedawatta et al.,
2014). Survey results suggest that the direct impacts are found to be larger when businesses move
to temporary business premises following the flood, with only around a third of the surveyed

businesses affected by flooding temporarily relocating (Wedawatta et al., 2014).

A complementary line of research studies critical infrastructure disruptions. Case studies document
multiple infrastructure failures from UK flood events between 2007 and 2015 (Pitt, 2008; Kemp,
20106). Koks et al., 2019 combine spatial economic activity, infrastructure service areas, and hazard
intensity to show that direct premises level disruption can be amplified substantially when outages

propagate through networks, particularly electricity supply.

Finally, a large literature shows that flooding depresses property values (Lamond et al., 2010;
Dobes et al., 2013; Beltran et al., 2014; Eves and Wilkinson, 2014; Yeo et al., 2015), with effects
that depend on baseline risk, prior experience, and time since the event; in many settings the impact
attenuates over several years (Lamond and Proverbs, 2000; Atreya et al., 2013; Doupe’ et al., 2019)
unless the event implies a structural increase in local risk, such as from coastal erosion or damaged
defenses. For the 2013-14 UK floods, Garbarino et al. (2021) estimate a 4.2% decrease in
residential sale prices, within the range reported in the literature. Some of the valuation impact
reflects higher flood insurance costs: Wedawatta et al. (2014) find that more than 70% of flooded
UK SMEs experienced sizable increases in premiums and excesses. Garbarino et al. (2022) show
that Flood Re - a subsidized reinsurance scheme introduced in 2016 - mitigated negative valuation
effects; the scheme is scheduled to end in 2039, by which time insurance pricing and property

values are expected to more fully reflect flood risk.



This background motivates our focus on two fronts. The first is exposure and sorting: the
distribution of risk across regions and sectors and the role of premises size and firm characteristics
in shaping where businesses locate relative to floodplains and historically flooded areas. The
second is impact: the effects of premises-level flooding on firm survival and performance,

including employment, turnover, productivity, assets, leverage, and liquidity for SMEs.

3 Data

In this section, we describe the main datasets used in our empirical analysis. We construct a panel
for England and Wales by merging business premises address information with flood maps and
corporate financial records. To our knowledge, this is the first study to build a historical linkage at

this level of spatial granularity between firms, business premises locations, and flood records.

3.1 Business premises address data

We obtain information on all UK business-premises addresses, including their coordinates, usage

and extension, from Ordnance Survey and Energy Performance Certificates.

Ordnance Survey’s AddressBase Premium with Islands (“AddressBase” from here on)
dataset’ provides property-level information identified through a Unique Property Reference
Number (UPRN). This includes geocoordinates and property classifications that distinguish
residential from commercial premises and offers detailed usage categories, such as “Wholesale
Distribution”. We retain all corporate business premises, including those registered as residential
but identified as hosting business activity. For commercial properties, the dataset also reports the

organization occupying the premises at a given time.

Using the UPRN, we link AddressBase to EPC records to obtain information on the floor

area of each business premises for both commercial and residential properties. We also match on

1 Obtained through the Public Sector Geospatial Agreement



UPRN to Ordnance Survey’s Buildings Data to refine these surface area measures and capture

building-level structural details.

A key advantage of AddressBase is that it compiles address information from multiple
administrative and commercial sources, including Local Authorities, Ordnance Survey, and Royal
Mail. This produces a timely and granular record of premises-level occupancy across the UK. We
use annual vintages of AddressBase to construct a panel of address occupancies from 2011 (the
first available release) to 2021. Although occupancy start dates are provided in the raw data, these
are often unreliable; instead, we infer active occupancy in each year directly from the annual
vintages. Additional details on dataset construction and assumptions are provided in Appendix

Section A.

3.2 Flood data

We obtain flood records from the environmental authorities of England and Wales, namely the
Department for Environment, Food and Rural Affairs (DEFRA) and Natural Resources Wales

(NRW). These data cover past floods, current flood risk, and flood defenses.

To study historical floods, we use flood extent data. These maps provide the perimeter coordinates
of each recorded flood event and its start date, along with additional details when available, such
as the flood source, event name (for example, “Winter 2002—03 Charlton River”), flood duration,
and data provenance. Flood extent records are available from 1946 onward, and we use data
through the end of 2022. Comparable data are not available for Scotland, which limits the scope

of our analysis to England and Wales.

We measure current flood risk exposure through flood risk from rivers and sea data. Flood

risk maps provide risk scores at a granular level® for floodplains’. Areas are classified into four

2 Maps are based on 50m x 50m grid squares.
3 Defined as areas in the proximity of water streams and the coast.



flood likelihood categories®, taking into account the presence of flood defenses’ and the condition
they are in. Risk scores for flooding from rivers and sea encompass the likelihood of flooding from
rivers and sea triggered by windstorms, rainstorms and other surface water events. They do not
account, however, for flood risk from groundwater, but the UK’s soil composition makes this a

less relevant risk (Environment Agency, 2023).

3.3 Corporate data

We use two main sources of corporate data in this paper: Companies House business register
records and Experian data.

Companies House records, accessed through FAME (Bureau van Dijk), cover the universe of
UK firms except sole traders. From these records, we identify business termination, which we
assume occurs when a firm’s records disappear for more than one year before the final year of our
sample (2021). These also constitute the source of annual corporate balance sheet information for
large and medium firms, including data on firm employment, turnover, total assets, debt-to-asset
ratios and output-per-worker, which constitute our variables of interest when assessing the impact
of a flood on corporate outcomes. We consider the debt-to-asset ratio and output-per-worker,
respectively, as measures for firm leverage and productivity.

Coverage of employment, turnover, total assets, and other balance sheet variables is, however,
incomplete for some small firms. For SMEs, we therefore supplement the business register data
with Experian records, which track firms’ business banking accounts from major UK banking

groups. Additional information on Experian data is provided by Hurley et al. (2021). For each

account type the balance, credit turnover and debit turnover are reported on a monthly basis. The

process for cleaning Experian data follows Hutley et al. (2021) and leads to the generation of yeatly

* High (each year there is a chance of flooding greater than 1 in 30%, i.e. 3.3%), medium (between 1 in 30, i.e. 3.3%,
and 1 in 100, i.e. 1%), low (between 1 in 100, i.e. 1%, and 1 in 1000, i.e. 0.1%), very low (less than 1 in 1000, i.e.
0.1%).

5 We use maps for areas protected by flood defenses to mark the presence of a flood defense conditioning the risk
score.
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firm-level current account balance, credit turnover, debit turnover and credit limit, and borrowing
account balance, credit limit and monthly payment (split by secured and unsecured borrowing
accounts). Details on how we merged the different datasets are included in Section A of the

Appendix.

3.4 Summary statistics

Our sample spans from 2011 to 2021 and covers 1.4 million firms, 94% of which are small in size,
5% medium, and 1% large. As some firms operate from multiple business premises, the sample of

business premises is larger at 1.7 million.

Our data suggests that the majority of business premises are hosted in addresses registered as
residential, with commercial business premises accounting only for 35% of total business premises
(Figure 2.a). Once the surface extension of business premises is considered, the balance shifts,

with 71% of corporate business-premises surface area registered as commercial.

Figure 2. Distribution of UK corporate business premises (2021)
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The balance between commercial and residential property classification for business premises
changes drastically across sectors (Appendix, Figure Al.a). Industrial activities show the highest

shares of operations from business premises registered as commercial. On average, 88% of



manufacturing floor area is registered as commercial, compared with 82% for utilities and 72% for
oil and mining. Among services, the figures vary widely: wholesale trade and financial services have
86% and 80% of their business premises area registered as commercial, while health and social
work services are as low as 40%. This likely reflects the greater prevalence of SMEs and sole traders
in many service sectors, which are more likely to operate from residential addresses, as well as the

higher likelihood of live-in workers in sectors such as health and social care and agriculture.

We use property usage information from AddressBase together with sector classifications
from Companies House to categorize business premises as core or noncore. Core business
premises are those that host activities central to the firm’s sector. For example, retail stores are
core premises for retail firms such as supermarket chains, whereas service centers for those same
firms are classified as noncore (Appendix, Table Al). Based on this classification, core business
premises account for 25% of total business premises, but 49% of total business premises surface
area (Figure 2.b). As with the distinction between commercial and residential address registration,
the balance between the number and total area of core versus non-core business premises varies
by sector. At the extremes, core premises make up 74% of total floor area in transport activities

but only 22% in agriculture (Appendix, Figure Al.b).

This dataset also allows us to analyze the geographic distribution of businesses across regions
in England and Wales. London and the South East have the largest stock of business premises
floor area at the ITL1 level, while Wales and the North East have the smallest (Table 1). This
pattern closely aligns with the distribution of regional GDP (ONS 2021 Regional Accounts). The
regional footprint varies somewhat by sector, however (Appendix Table A2). Most industrial
business premises are located in the South East, while London has the largest share of service
sector premises. The North Fast’s coal mining legacy also remains visible: although the region
accounts for only 3% of total business premises floor area, it still holds an 8% share of oil and

mining premises.
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Table 1. Distribution of business premises across
England and Wales (2021)

ITL1 region %

London 19.6
South East 17.8
East of England 11.2
North West 10.7
West Midlands 9.1

South West 8.6
Yorkshire and the Humber 8.4
East Midlands 7.7
Wales 3.8
North East 3.2

4 How are UK corporates currently exposed to flood

risk?

Stylised facts. Flood risk exposure and the incidence of past flooding vary widely across UK
regions.

Using the locations of corporate business premises in 2021 (Figure 3), we find that about 0.4%
of UK corporate business premises are situated in areas that experienced at least one flood in the
past 11 years (2011-2021). Measured by floor area, 0.8% of total current corporate business
premises area is located in previously flooded zones. The regions with the highest share of

corporate business premises located in areas flooded during this period are Cumbria (4.3%) and

West Yorkshire (2.5%).
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Figure 3. Number of business premises in previously flooded areas (flooding
since 2011), as of 2021
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Past flooding does not necessarily provide a reliable indicator of current flood risk. Flood
mitigation measures such as barriers may reduce risk over time, while coastal deterioration or rising
water levels may increase it.

Our data show that about 10% of UK corporate business premises are located on floodplains.
Around 20% are protected by flood defenses, which mitigate their exposure. There is substantial
variation across sectors and regions in both underlying flood risk and the extent of protection. To
assess the potential economic impact, we compute employment and revenue at risk by weighting
each firm’s total employment or revenue by the share of its business premises floor area located
in each risk category. Using this approach, we find that the utilities sector is the most vulnerable,
with more than 10% of its employment and revenue exposed to medium to high flood risk.
Agriculture also faces substantial exposure, with over 13% of its revenue falling into medium to

high-risk areas.
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These patterns, combined with the persistence of regional flood risk exposure over time,
suggest that part of firms’ current exposure reflects structural sectoral features and longstanding
location choices that sort businesses into or out of flood prone areas.

Estimation strategy. We test this hypothesis using a seties of univariate and multivariate
logistic regressions at the business premises level, specified as follows:

pF
ln<—l> = a+pX;+¢
1_PlF 2 L

Where, Pf is either a) a dummy equal to 1 if the location of business premises i experienced
at least one flood in the past 11 years (2011-2021) or b) a dummy equal to 1 if business premises

i are in a medium to high flood risk area. X is a vector of firm and premises level characteristics.

We control for the following variables:

1. the firm’s total assets, revenue, employment, and productivity;
ii.  a dummy indicating whether business premises I are core or non-core (Appendix Table
Al);
ii.  a dummy indicating whether the firm occupying premises i operate in a tradeable or non-

tradeable sector;
iv.  aset of dummies for the floorspace size of premises i;
v.  SIC sector fixed effects for the firm operating from premises i;

vi.  ITL2 region fixed effects capturing the region in which premises i are located.
Standard errors are clustered at the outward postcode level.

Results. Results from the univariate logistic regressions (Figures 4-5) show that core business

premises have roughly twice the odds of being located in a medium to high flood risk area and
about 3.5 times the odds of being located in an area that has experienced flooding in the past 11

years. Tradeable firms also display elevated exposure, with approximately 1.5 times the odds of

13



being located in medium to high-risk areas or in areas affected by past flooding. Larger premises
area, higher productivity, higher employment, higher turnover, and larger firm size are all
associated with significantly greater odds of exposure to both medium to high flood risk and past

flooding.
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Figure 4. Univariate logistic regression results — Operating from location flooded
over the last 11 years
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Figure 5. Univariate logistic regression results —Medium-High risk of flooding
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Univariate regressions capture only the correlation between past flooding or current flood risk
incidence and each firm or premises characteristic considered in isolation. Spatial agglomeration
may drive some of these associations. For example, if manufacturing activity is historically
concentrated in a flood prone region, univariate regressions will show a strong link between
manufacturing and flood exposure, even though the underlying driver is the location of the sector
rather than a structural feature of manufacturing itself. These univariate results are therefore
consistent with the eatlier stylized facts indicating that UK flood risk exposure is uneven across
regions due to morphological differences that shape underlying risk levels. The observed
heterogeneity across sectors, firms, and business premises characteristics may reflect
agglomeration forces, structural features that influence location choices, or both. To disentangle
these effects, we turn to multivariate logistic regressions.

We estimate multivariate logistic regressions for all business premises and separately for those
registered as commercial and residential. The results, presented in Table 2, show clear differences
between corporate premises registered as commercial and those registered as residential. This is
expected, given that residential properties used as business premises are more likely to host smaller
firms, freelancers, or service activities operating within residential settings. Without distinguishing
between these groups, the drivers of flood exposure would be obscured. For residential premises,
once we control for region and sector-specific flood risk exposure, we find no additional business
characteristics that systematically explain sorting into areas with different flood risk levels or past
flooding.

For non-residential premises, however, controlling for region and sector-specific exposure
reveals a distinct pattern: premises size remains a significant determinant of flood exposure. Very
large and large business premises are, respectively, 1.9 and 1.4 times more likely than small premises
to be located in areas that experienced flooding in the past 11 years, and 1.5 and 1.4 times more
likely to be situated in medium to high flood risk areas. Overall, larger business premises face

higher odds of being located in high risk or historically flooded areas.
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Table 2. Multivariate logistic regression results

Marginal Impact on Odds Ratio ( (1PP))
Location flooded Over Last 11 Years Located in High/Medium Flood Risk Area
All Non-Residential ~ Residential All Non-Residential  Residential
Total Assets 1.053 *** 0.966 1.082 1.034 **x* 0.988 1.006
Core BP 2.871 *** 0.508 " 2.595 *** 1.017
Total Assets * Core BP 0.946 *** 1.034 0.952 *** 0.998
Tradeable 0.928 1.206 0.000 ** 0.797 0.910 0.000 ***
e Medium 1.121 1.012 1.479 1.045 1.103 0.848
Z’ Large 1.602 *** 1.354 ** 1.738 1.385 **x* 1.395 *** 0.727
@ V. Large 2.225 *** 1.882 *** 0.000 *** 1.515 *** 1.507 *** 0.494
Fixed Effects
SIC Sector v v v v v v
ITL 2 Region v v v v v v

**% p<0.01, ** p<0.05, * p<0.1, A p<0.15
These results have several important implications. They show that sectoral and regional structural
exposure to flood risk are major determinants of firm-level exposure. They also indicate
meaningful sorting dynamics: larger commercial business premises face higher flood risk exposure
even after accounting for regional and sectoral differences. We posit that this pattern may reflect
a search for cheaper land. Because land costs matter more for larger premises, firms with
substantial floorspace needs may gravitate toward locations with lower real estate prices per square
meter. In the UK, such “cheap land” is often non-arable, flood prone land, which may explain
why large business premises sort into relatively higher risk areas. Higher capitalization, proxied by

total assets, does not appear to offset this tendency.

5 What is the impact of floods on UK corporate
activity?
Estimation strategy. Our granular 11-year panel of business address occupancies, merged

with corporate financial information and detailed flooding history, allows us to examine the direct

impact of floods on firm-level outcomes. Specifically, we study how exposure of a business
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premises to a flooding event affects (i) a firm’s probability of business termination and (if) its

turnover, employment, productivity, total assets, and leverage.

Because our outcomes are measured at the firm year level while treatment occurs at the
business premises level, we first translate premises level flood events into firm year treatment
status. In general, a firm is classified as treated in a given year if at least one of its business premises
was flooded. To study dynamic effects, we construct a series of event study dummies at the
business premises level capturing the three years following a flooding event (PoStyy; =
[Popo  Pop1 P2 Popa]) whereby at tp,, = 0 (i.e. the year of flooding) {Pbp,O =1,Ppp1 =
0,Ppp2 =0,Ppp3 = 0}, at tpy = 1 (i.c. one year after flooding) {Pbp,O =1, Py =1,Py, =
0, Ppps = 0}, at tyy =2 {Popo = 1,Ppp1 = L, Pyp2 = 1,Ppy3 =0}, at ty, =3 {Pypo =
1L, Ppp1=1Pyps=1Py3= 1}, at tyy <0 {Postbp‘t = 0}. The conversion to firm level is
such that T = (tbpl, top2s top3) ) is a vector including all the ‘time since the shock’ variables
for each business premises (tbp,i i=1,2,3,...). If there is at least one business premises with a ‘time
since the shock’ variable larger or equal than zero (i.e. having experienced a flood in that year or
over the three previous years) then the ‘time since the shock’ variable at firm level (t¢) will take
the minimum value (above or equal to 0) across all business premises’ ‘time since the shock’
variables, i.e. 3 tp,; = 0,tr = minT and Posty; = [Pro Pra Pry  Pr3] will be specified
in the same way as above. Otherwise, ty < 0, so that {Postf,t = O}. In short, the treatment
event-study dummy at firm level is specified for each year based on the most recent shock
experienced at business-premises level. For example, if one supermarket had a store flooded in
2012 and one in 2014,in 2012ty = 0,in 2013t = 1, butin 2014t = 0,in 2015 tF = 1,in 2016
ty = 2, and so on. The ‘“treatment clock’ resets at firm level whenever a new shock is experienced

in one of its business premises. In order to capture differences between a tr =0 (ie.

{Pf‘o =1,P1=0,P,=0,P3 = 0}) for a firm never having experienced a flood before and



one that has, a dummy for ‘repeated flooding’ is specified equal to 1 in the year in which the
‘treatment clock’ is reset and afterwards. This generates a firm-year panel structure with staggered

treatments.

We then use two different econometric models to conduct our analysis of the impact of floods

at firm level.

We assess the impact of floods on the probability of business termination through a Cox-

Proportional Hazard model stratified at sectoral level s, specified as follows.

Sit = Ss¢ exp (B' X)) + €t

Where, ;¢ = 1 — m;, with S;; being the survival probability and 7;; being the default rate for
firm 7 at time 7 Sg¢ is the baseline survival probability for sector s, i.e. the stratification variable on
which the Cox model is calibrated, X;¢is a vector controlling for flood-shock covariates for firm 7
at time # including the event-study dummies at firm level for the shock. We calibrate this model

for small-, medium- and large-sized firms separately.

We assess the impact of floods on firm-level outcomes through a generalised Difference-in-

Difference model, specified as follows.
},l:t :0t+B.Di.POStt+£it

Where Y, is the outcome variable for firm 7 at time # Post; is a vector for the event study
dummies at firm level for the three years following the flooding event as described above Post, =
[Po Pi P, P3], D; is a variable representing flood intensity for firm 7 expressed as the
percentage of total corporate business-premises area flooded, 8; are time fixed effects. The control
pool is represented by all firms not flooded, and operating in the same sectors and I'TL3 regions

as those having experienced a flooding event over the 2011-2021 timespan.
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For medium- and large-sized firms the outcome variables we consider are the (natural
logarithm of) firm-level turnover, employment, productivity, total assets and leverage. For SMEs
we study the impact on the (natural logarithm of) current account and borrowing account balances,

inflows and outflows.

The impact on business termination. Through our survival analysis, we find that small

and medium firms are substantially more likely to terminate their operations following a flood,
whereas large firms are not (Figure 6). For small firms, flooding of business premises is associated
with a 32% increase in the hazard ratio of business termination in the year of the event. When
flooding occurs less than three years after a previous flood - an instance we refer to as repeated

flooding - the hazard ratio increases by an additional 60%.

To illustrate, if a small firm had a pre-shock hazard ratio of 1 (meaning it was equally likely to
terminate as to survive), its termination probability would be 50%. The estimated shock raises the
hazard ratio to 1.92, implying the firm becomes nearly twice as likely to terminate as to survive. Its
probability of termination therefore rises from 50% to 66%, while its probability of survival falls

from 50% to 33%.

Medium-sized firms also experience an increase in termination risk in the year they are flooded,
with the hazard ratio rising by 43%. Unlike small firms, however, they appear resilient to repeated

flooding, suggesting they may be better able to recover from successive shocks.
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Figure 6. Average impact of flood on business termination hazard ratio in shock
year
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Part of the difference in estimated average impacts can be attributed to variation in the average
flooding intensity experienced across firm sizes (Table 3). Small firms experienced slightly higher
flooding intensity on average, with about 40% of their total business premises area affected,
compared with 35% for medium-sized firms. For both small and medium firms, however, the
increase in the probability of business termination declines sharply after the year of the shock. This
suggests that the effect is tied primarily to short-term disruptions, such as damage to premises and
inventory and short run demand or supply shocks arising from reduced accessibility to the business

premises.

Table 3. Average flood intensity proportion by firm characteristic

Size
Small Medium Large
0.399 0.352 0.114
Sector
Manufacturing Services Construction Natural-resource!
0.403 0.182 0.302 0.246

Includes Agriculture, Mining & Quarrying and Utilities
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The impact on corporate outcomes of medium and large firms. Among medium

and large firms continuing their operations, flooding to business premises is associated with a
drastic reduction in the firm’s turnover, employment and total assets in the year of the flooding,
followed by a recovery in the subsequent years. The impact is however heterogeneous across firm
size (Figure 7) and sector of economic activity (Figure 8). Overall, we observe larger negative
impacts for large firms than for medium-sized firms. In the year of a flood, large firms experience
declines of 28% in turnover and 31% in employment, compared with reductions of 15% and 22%,
respectively, for medium-sized firms. Large firms also exhibit a significant decrease in total assets,
falling by 22% in the year of the event. For medium-sized firms, employment falls more sharply
than revenue, resulting in a 9% increase in productivity (measured as revenue per worker)

following the shock.

Part of the larger intensive margin impact observed for large firms relative to medium-sized firms
likely reflects differences in extensive margin adjustment. Medium-sized firms that were hit hardest
tended to exit, removing the most severely affected firms from the sample. In contrast, flooding
events have not historically been associated with higher termination rates for large firms. As a
result, heavily affected large firms remain in the sample, and their poorer post-shock performance

pulls down the estimated intensive margin effects for large firms.

Figure 7. Average impact of flooding on corporate outcomes by firm size
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At the sectoral level, firms operating in natural resource-related industries (Agriculture, Mining
and Quarrying, and Utilities) experience the largest average impacts from flooding (Figure 8). This
occurs despite their lower average flood intensity compared with sectors such as Manufacturing
and Construction, where flood intensity is proxied by the share of business premises floor area
affected (Table 3). Natural resource sectors see turnover fall by 63% in the year of a flood - about
16 percentage points more than the average decline in other sectors - and show no significant
recovery in subsequent years. In Services, by contrast, turnover losses ease by nearly 10 percentage
points in the year following the shock. Employment declines are broadly similar across sectors at
around 50% in the year of flooding, except in Manufacturing, where the decline is about 10
percentage points smaller. Natural resource sectors also incur the largest asset losses, with total
assets falling by 63% in the year of the event, followed by Services (52%), Construction (45%),

and Manufacturing (36%).

Taken together, these findings might suggest there is a structural vulnerability of natural
resource-related sectors to flooding, resulting in larger immediate losses and weaker post-shock
recovery relative to other sectors. For Agriculture, this may reflect the near total destruction of
inventory and the loss of future production capacity, which helps explain the pronounced and
persistent drops in turnover and assets. For Utilities, which includes firms supplying electricity,
gas, and water, severe losses may stem from the irreversible damage that flooding can inflict on
electrical systems and from the sector’s structural proximity to watercourses, which can increase

both the likelihood and severity of flood impacts.

There are, however, some caveats. As discussed in the Estimation Strategy section, statistical
power is greatest in the first years after a flood and diminishes further out. This is because repeated
flooding or floods affecting multiple premises reset the “time since shock™ to zero at the firm level,
increasing the treated sample at t = 0 but reducing the number of firms observed further away

from the event.
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Figure 8. Average impact of flooding on corporate outcomes by sector
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The impact on current and borrowing balances of SMEs.

Given the gaps in balance sheet data for SMEs, we use bank account data to assess the impact of
floods on SMEs that remain in operation after the event. The evolution of current account
balances (Figure 9) in the quarters following a flood shows an adverse but limited short-term
effect on liquidity. The decline is driven mainly by reduced inflows in the quarter of the shock, as
indicated by lower credit turnover, likely reflecting short-term business disruption. Although
growth rates in subsequent quarters do not remain negative, we also do not observe a rebound,

suggesting that the deterioration in liquidity is somewhat persistent.

Figure 9. Average impact of flooding on SMEs bank accounts
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Borrowing account data indicate a reduction in borrowing immediately after the flood, particularly

in unsecured borrowing through credit cards. Later quarters do not show a strong recovery,

implying limited access to or use of credit for reconstruction. The significant declines in

collateralized borrowing observed at quarters 5 and 7 after the event suggest difficulties in

leveraging assets for secured loans post-disaster, which may reflect tighter lending standards or

reductions in collateral values following flooding.

Decomposing the aggregate SME results by sector (Figure 10) reveals important heterogeneity in

the channels through which floods affect liquidity and financing.

Figure 10. Average impact of flooding on SMEs bank accounts by sector
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As in the aggregate results, the impact on the current account balance observed across sectors is
limited. In Manufacturing and Services, the quarter of the flood is associated with a decline in
current account balances, driven primarily by lower credit turnover, consistent with short-term
business disruption. Neither sector also exhibits a clear rebound, suggesting a persistent effect on
liquidity. In contrast, credit turnover increases in the quarter of the flood in Construction - likely

reflecting temporary sector-specific mechanisms such as emergency remediation work.

Unsecured borrowing declines immediately in the quarter of the shock across all sectors. But whilst
in Manufacturing and Services, this is likely related to the need for credit to smooth through lower
inflows, in Construction this is more likely associated with a need for working capital to execute

the increase in orders reflected in the current account.

Aggregate bottom-up estimates. We use our microlevel estimates to detive using a

bottom-up approach the contribution of first-round direct flood effects on corporates to aggregate
UK economic outcomes. Over the past 11 years, we estimate that flooding has resulted in an
average annual loss of 0.18% of corporate turnover, with a peak of 0.9% in 2015. These figures
capture only the direct losses estimated by the difference indifferences model and exclude both
the productivity effects associated with firm exits and any wider second-round impacts. The total
economic cost of flooding is therefore likely to be substantially larger. Reductions in corporate
employment will feed through to lower consumption and investment, placing further downward
pressure on GDP. In addition, flooding in the UK is expected to become more frequent and more
intense, which means that firm-level direct impacts - and the resulting bottom-up aggregates - are

likely to increase over time. Our estimates, by contrast, reflect average historical flood intensity.
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6 Conclusions and policy implications

Flooding is a major risk to UK firms and households and represents the largest source of physical
climate risk in the country. Nearly one in ten UK business premises are located on a floodplain.
There has been no prior study, to our knowledge, that both maps the current distribution of flood
risk and past flood occurrence among UK corporates and quantifies the direct effects on corporate
activity. We address this gap by constructing a new dataset that links highly granular business

premises information with flood maps and corporate financial records.

We find that flood risk vulnerability is heavily concentrated in specific regions and sectors,
particularly in the North East and in natural resource intensive industries such as Utilities and
Agriculture. These patterns may reflect structural features such as regional watercourse density and
the role of water as a production input. This concentration is concerning: many of the sector region
combinations most exposed to flood risk are also those characterized by strong agglomeration
economies, implying meaningful implications for aggregate productivity as flood risk and flood

frequency rise under projected climate change scenarios.

Our results also point to systematic sorting dynamics. Larger business premises face higher
flood risk exposure even after controlling for regional and sectoral characteristics. We argue that
this pattern may arise from a search for cheaper land, as firms with large floorspace requirements
are more sensitive to land costs and may locate in areas where real estate prices per square meter

are lower - areas that, in the UK are often non-arable and more flood prone.

When examining direct firm-level impacts, we find a substantial increase in termination risk
for small and medium firms in the year of a flood, with this elevated risk dissipating quickly
thereafter, consistent with acute short-term disruption and losses. For medium and large firms that
continue operating, flooding of business premises leads to sharp declines in turnover, employment,

and total assets in the year of the event, followed by partial recovery in subsequent years. The
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largest impacts occur in natural resource-related sectors such as Agriculture, Mining and
Quarrying, and Ultilities. For SMEs that survive, bank account data show an adverse but limited
short-term effect on liquidity, driven primarily by reduced inflows. Borrowing data indicate the use
of unsecured borrowing to smooth through the initial liquidity shock but also constrained access
to credit for recovery. Collateralized borrowing notably declines approximately one year after
flooding, which may suggest tightened lending conditions or reduced collateral values. These
dynamics appear to be common across sectors, except for Construction SMEs which experience
an increase in current account inflows in the quarter of the shock, like related to the increased

demand for emergency remediation work.

Aggregating these firm-level effects suggests that flooding has reduced annual UK GVA by
an average of 0.2% over the past 11 years through its direct impact on corporates. This should be
interpreted as a lower bound estimate. It excludes second-round effects such as weaker
consumption and investment following employment losses, and it does not account for the
expected increase in flood frequency and intensity driven by climate change. Combined, these

factors imply that the full macroeconomic cost of flooding is likely to be substantially higher.
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Appendix

In this section we provide more information on the steps taken for the creation of the dataset

used in our empirical analysis.
A.1 Integrating different sources of corporate financial information

We obtain corporate financial information from two sources: Business register records
(Companies House in the UK sourced through FAME from Bureau van Dijk) and Experian data.
Business register records track the whole universe of UK firms, with the exception of sole traders,
but do not necessarily contain information on corporate outcomes such as employment, turnover,
total assets, etc... on a continuous basis for small firms. In business register records, firms are
uniquely identified through their Companies House Registration Number. We use this (and year)
to match them to Experian records, which are available only for SMEs. For the remaining

unmatched data we seek a match by the registered company name, year and outward postcode.

A.2 Matching business-premises address data to corporate information

We match business-premises address data to corporate information through a three-stage process,
after standardising / cleaning firm names. First, we match the registered business premises provided
in Companies House by joining on postcode and year and then using Levenshtein Distance to
calculate a name-similarity score amongst the other premises in that postcode area to find the best
match; we then group by organization name and pass this information to the rest of the premises
that the firm occupies. Second, for any remaining unmatched data we join on firm name and year.
Third, to capture residential proprties we use a mapping file provided to us by Ordnance Survey
that has mapped the UPRN to each registered address for these; we then pass each firm’s corporate
information to any other premises that it may occupy, as above. We further append Energy

Performance Certificates (EPCs) data providing the surface area extension of each property
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through the UPRN identifier and also Ordnance Survey’s Buildings Data (also with surface area

and UPRN) to compensate for drawbacks and poor data quality in the EPCs.

A.3 Integrating flooding records

Business-premises address data provides longitude and latitude coordinates of the centroid of each
individual property address. We use the data on property’ surface area extension from EPCs to
construct a circular polygon surrounding the centroid of equal surface area. Unfortunately EPCs
do not contain information on the number of floors over which each property extends. This is not
a major issue for two reasons. First, if we consider multi-storey buildings where there is one firm
per floor, then each would have their own UPRN anyway since they are independent addressable
records. And if the ground floor is flooded, you can assume the floors above would be inaccessible
too. Second, let us consider the more complex case where businesses operate on more than one
floor. For this, we can use the Buildings dataset which provides the one-floor area (since derived
from the overall building outline) to determine what the appropriate surface area is for overlaying
2-d flood maps (so if a company building has two floors, and the total floor area is 100sqm but
the building (one-floor) area is 50sqm then we use 50sqm); we cannot use the Buildings data floor
area in all cases because there may be more than one firm on a given floor. We overlay flooding
maps to these estimated business premises’ extension markers to obtain for each property the
associated flood risk level, the extent of shielding from flood defenses and the exposure to past
flooding. Our measure of flood intensity is generated as the share of the centroid-centered circular
area representing each property which is overlayed with any given flooding extent. By adopting
this measure as the treatment variable we minimize the concerns also associated with our
assumption of a single floor extension of the business premises. If the measure of flooding
intensity is above 50%, then it must be that the business premises has been flooded as the centroid
itself would have fallen (very likely) within the flooding extent area and, the higher the measure,

the higher the effective intensity of treatment. If the measure of flooding intensity is below 50%,
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it is instead possible that, if the business premises were to be distributed over multiple floors
instead of the single one assumed, no flooding had occurred to the property in reality, making our
detection of treatment a ‘false positive’. The lower the estimate of flooding intensity measure
(below 50%), the higher the risk of a ‘false positive’ error. So our measure of flooding intensity
acts at the same time as a measure of ‘probability of treatment’ and treatment intensity.

Figure Al. Distribution of UK corporate business premises floor area by sector
a.
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Table Al. Classification of core vs non-core business premises

Business-premises types classified as "core"

Sector (“non-core” everything else)
Agriculture Agricultural establishment
Oil & Mining Extraction site
Manufacturing Industrial establishment
Utilities Wholesale distribution
Construction Industrial establishment
Wholesale Trade Wholesale distribution
Retail & Trade Retail store, hotel/motel/guest house
Transport Wholesale distribution, office, retail store, transport hub

Accommodation & Food

Retail store, hotel/motel/guest house

Info & Comms

Office, retail store

Financial Services

Office, retail store

Real Estate

Office, retail store

Professional Services

Office, retail store

Admin & support

Office, retail store

Educational services

Office, educational establishment

Health & Social work

Office, retail store

Arts & Recreation

Retail store, recreational sites and enterprises

Other services

Office, retail store
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