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Abstract

Climate change has disruptive effects on economic activity. This paper focuses on one
channel through which this disruption materialises: contract suspension. If adverse weather
conditions force the interruption of work, contractual payments to the firms assigned to the
project are delayed. The delay imposes several costs on these firms. They experience lower
liquidity due to deferred payments, coupled with uncertainty regarding the duration of the
suspension. Concurrently, firms cannot fully reduce their labour and capital costs, since they
may have to suddenly resume work when the suspension is lifted. I quantify these costs using
data on Italian construction firms and public infrastructure projects, obtained from a new
database on the universe of public procurement contracts in the country. The suspension
channel is isolated with a staggered DiD design matching similar firms. Suspensions lead to
extensive financial damages, with sales dropping on average by 30%, employment by 15.3%,
and total assets by 18.5% in the years after a firm’s first suspension. This contraction in firm
operations arises both from the adverse liquidity effects of weather suspensions, and from

their knock-on effects on firms’ other contracts, which are also hit by delays.
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1 Introduction

Weather shocks are rising in frequency and intensity due to climate change. In addition to
physical damages to infrastructure and to communities, adverse weather can also disrupt
economic activity. In particularly weather-exposed sectors, such as construction, weather
shocks may force the interruption of a contract when advancing work becomes technically
impossible or unsafe for workers. As public contracts are suspended due to adverse climate
events, payments from the public sector to the firms assigned to the project (affected firms)
can be halted, thereby imposing heavy liquidity costs on affected firms. My goal in this

paper is to quantify firms’ costs arising from weather-driven contract interruptions.

To address this question, I use data on Italian public contracts in construction (public works)
due to several reasons. Firstly, construction is a large sector, the gross value added of which
amounted to 18.7% of Italian GDP in 2018 ( European Construction Sector Observatory, June
2018). It is also directly exposed to weather events, since most of its activities take place
outdoors, meaning that weather-driven disruptions in this sector should leave visible traces
(Schuldt et al., 2021). Furthermore, the construction sector is characterised by great network
centrality, given its large raw material and labour requirements and its role in facilitating con-
nectivity between sectors, e.g. through transport infrastructure (Ive and Gruneberg, 2000).
Public investment in infrastructure is also sizeable and matters for aggregate fluctuations

(Basso et al., 2024).

Secondly, I focus on public, rather than private, contracts for reasons of data granularity and
comparability. In order to ensure that Italian public funds are transparently accounted for,
the country’s anti-corruption agency (ANAC) has launched a National Database of Public
Contracts (BDNCP), which covers the universe of procurement contracts for the entire public
sector (ranging from schools to hospitals and ministries). Importantly, the data reported in

the BDNCP is publicly available, contract-level, and harmonised, ensuring comparability



over time, across regions and between types of public entities.

Thirdly, the Italian setting is particularly suited to my research question for two further
reasons. On the meteorological front, the country is regularly hit by a range of weather and
climate-related shocks, including floods, landslides and heat waves (Mysiak et al., 2018),
which suggests that such shocks should be a tangible concern in weather-exposed sectors like
construction. Indeed, BDNCP data suggests that around 8% of Italian public infrastructure
projects by contract value - amounting to €28.8bn - have been suspended due to weather
since 1999. On the legal front, the implications of a weather-related suspension for affected
firms are very clearly codified in Italian law - namely, the interruption of any cash flows from
the public entity to the firm for the duration of the suspension. This demand shortfall is the
key channel through which this type of contract disruption should negatively affect firms,

and thus precisely identifying it is crucial.

By merging the BDNCP data on public contracts with yearly firm balance sheet and income
statement data from Orbis Historical, I can measure the economic repercussions of contract

suspensions on firms, chiefly on their size and financial viability.

[ achieve this through a matched difference-in-differences (DiD) research design, in which
I compare constructions firms that have received a contract suspension for the first time
with firms of a similar size, sector and in a similar location that have not yet received a
suspension, but that will in the future (the not yet treated). 1 argue that this pairing of
treated and control groups allows me to net out any unobserved endogenous determinants
of weather suspensions that might be correlated with firm outcomes, like a firm’s technology

level or political connections.

In my preferred specification, I find that weather suspensions reduce firm sales on average
by around 30%, total assets - a proxy of firm size - by 18.5%, and the number of employees

by 15%. These substantial drops in the operations of affected firms persist over 3-4 years.



As some of a firm’s contracts are suspended, labour and machinery can only be reallocated
imperfectly, and liquidity constraints may bind. I show that this gives rise to delays across
the firm’s unsuspended contracts, as the production disruption spills over to the rest of the

firm’s operations. This explains the vast negative effects of suspensions on firms.

Overall, T interpret these results as being suggestive of limited insurance coverage of Ital-
ian construction firms. It seems that this specific risk to their operations - that of a cash
flow freeze arising from weather-driven contract interruption, which need not also be associ-
ated with physical damage to the firm’s assets - is materialising in my sample, with severe

repercussions for the financial viability of affected firms.

These results have great relevance beyond the firms narrowly affected by contract interrup-
tions. The suspension channel of climate change is likely to transmit along the production
network, as the subcontractors and suppliers of treated firms will experience sharp drops
for the demands of their own products and services. Furthermore, in the absence of im-
proved insurance package design and take-up, or of other risk-sharing agreements between
construction firms and their clients, the probability of contract interruption is likely to lead
to costlier, longer construction projects being drawn up in the first place. In the case of

public procurement, this amounts to onerous demands on taxpayers’ money.

The remainder of this paper is structured as follows. Section 2 reviews the related strands
of the literature on weather shocks, public procurement, and their impact on firm dynamics.
Section 3 examines the notion of public contract suspensions, and clarifies what the asso-
ciated costs for firms are. Section 4 introduces the two data sources used in this project.
Section 5 outlines my matched DiD approach. Section 6 presents my results, arranged into
liquidity effects of suspensions on firms and into knock-on effects on these firms’ other con-
tracts. In section 7 I draw out the broader implications of my results, and in section 8 I
conclude. Finally, in the appendix (section 9) I provide further details on how my dataset is

constructed, and outline further findings.



2 Literature

This project speaks most directly to three strands of the literature. The first is concerned
with estimating the total impact of weather and climate shocks on firms, typically without
seeking to identify the specific economic or financial channels through which this impact
materialises (Grover and Kahn, 2024). Instead, headquarters’ location is frequently used
as a proxy for a firm’s climate exposure. For instance, using data on over 3 million listed
and non-listed firms in 24 countries, Cevik and Miryugin (2022) report that firms operating
in countries that are more vulnerable to climate change exhibit higher leverage, interest
burden, and lower profitability and TFP. Ponticelli et al. (2023) find that temperature shocks
raise energy costs and lower the productivity of small US manufacturing plants, though
no significant negative effects on employment or positive effects on firm exit are detected.
Elliott et al. (2019) report large but short-lived negative effects of typhoons on Chinese
manufacturing plants, particularly on liquidity, turnover and profits. Yu and Shi (2024)
analyse how high temperatures cause delays and cancellations in the US airline industry,
with substantial costs materialising for affected firms. Caggese et al. (2024) rely on Italian
firm-level financials and weather data, and find negative effects of extreme temperatures on
firm sales, material and labour costs, and productivity. Their general equilibrium model then
allows them to aggregate these productivity losses in order to evaluate economic damages

under different projected climate change scenarios.

The effects of hydrogeological events have also been examined: Clo et al. (2024) focus on
episodes of floods and landslides in Italy since 2010, and they find a negative effect on
survival probability, revenues and employment. These effects are particularly strong among
smaller firms, and in the services and construction sectors. More broadly, Fatica et al. (2022)
consider the impact of floods on European manufacturing firms. They report negative effects

on firm total assets, sales and employment up to 7-8 years after a flood event. Conteduca



and Panon (2024) study the effect of natural disasters on firm markups in Italy and France.
Furthermore, some have used local surveys in the aftermath of extreme events like floods in
order to gauge the extent of reported damages and firm responses (Endendijk et al., 2024;

Sakai and Yao, 2023; Sultana et al., 2018).

Others have also analysed the firm-level impact of weather and climate events on the exten-
sive margin (firm entry, continuation and exit). In this vein, Cascarano et al. (2023) rely on
administrative data on the quasi-universe of Italian firms to quantify the effect of protracted
high temperature episodes on firm demography. They document that these weather shocks
persistently reduce the entry rates of new firms, and raise the exit rates of incumbent ones,
thereby reducing business dynamism. Turning to financial performance, Pankratz et al.
(2023) examine the universe of firms in S&P’s Compustat Global database (17,000 firms in
93 countries), and find that investors do not correctly anticipate the adverse effects of heat
shocks: firms exhibit more negative revenue and operating income surprises and announce-
ment returns as firm heat exposure rises, although the exposure to temperature shocks could

in principle be directly observed and taken into account by market participants.

Custddio et al. (2022) isolate the supply-side effects of weather shocks on firms, i.e. those
that involve changes to labour supply, productivity and costs of production. Custddio et al.
(2022) focus on the variation in local temperatures to which suppliers of the same firm are
exposed, which allows them to control for firm-specific demand, since they observe supplier-
client pair sales in the production network. They find that both higher temperatures and
extreme weather events lower firm sales through this supply-side channel. Furthermore, these
drops in sales are stronger in labour-intensive industries and in financially constrained firms,
which suggests that lower labour productivity and more limited financial flexibility might be

important mechanisms through which supply-side costs of weather shocks materialise.

A second strand of the literature addresses the adaptive responses and mitigation strategies

put in place by firms affected by climate events (Grover and Kahn, 2024). This literature



typically emphasises that the effects of natural disasters on firm outcomes are shaped by
the associated supply chain disruptions and production process turbulence (Carvalho et al.,
2021). Acharya et al. (2023) use US establishment-level data to examine how climate dis-
asters affect employment, as mediated by firm climate risk management. They show that
multi-location firms respond to heat shocks by reallocating employment away from locations
hit by shocks into non-shocked ones. Conversely, single-location firms merely cut employ-
ment. This geographic shift in employment aims to contain losses in labour productivity
due to higher temperatures, and is costly. Indeed, Acharya et al. (2023) show that this ge-
ographic reorganisation of labour is larger among bigger, lower leveraged firms with greater
ESG awareness among their investors. A similar mechanism is also at play in Castro-Vincenzi
(2024), who focuses on car production plants and flood episodes around the globe. Castro-
Vincenzi (2024) finds that multi-plant firms reallocate production to plants spared by floods
and that produce similar car models to affected plants. This is consistent with Ponticelli
et al. (2023), who conclude that large production plants are better able to adapt to temper-
ature shocks than smaller ones, and that there is evidence of some labour reallocation from
the latter to the former, in turn raising the concentration of manufacturing activity among

larger firms.

Turning to firm adaptation in a developing country that is particularly vulnerable to hy-
drogeological events, Balboni et al. (2023) use granular data on firm-to-firm transactions,
firm locations, and data on geo-located commercial truck journeys in flood affected areas
to establish a large range of firm adaptation methods to floods in Pakistan. Affected firms
tend to relocate to less vulnerable areas. They also adapt their supply chains to reduce their
indirect flood exposure, diversifying their suppliers and turning more to suppliers based in
less flood-prone areas and reachable via less flood-prone roads. Echoes of these results can
also be found in Pankratz and Schiller (2024) and Castro-Vincenzi et al. (2024). Pankratz

and Schiller (2024) leverage data on the global supply chains of large companies to show



that firms are more likely to terminate their relationships with a supplier if the supplier’s
realised exposure to heat is greater than that expected ex ante. They also provide evidence of
firms switching to substitute suppliers with a lower climate exposure. Castro-Vincenzi et al.
(2024) employ firm-to-firm data from a large Indian state to examine the effect of climate
risk on transactions between affected suppliers and downstream buyers. Castro-Vincenzi
et al. (2024) show that firms diversify the locations from which they purchase inputs as part
of a risk mitigation strategy. Moreover, in their event study design evidence is provided for
short-lived but sizeable drops in the sales of flood-affected suppliers, and in the purchases of

their downstream buyers.

Using World Management Survey data, Keiller and Van Reenen (2023) show that good
management practices attenuate the negative effects of natural disasters on firms. In par-
ticular, well-managed firms have a lower post-disaster exit rate, and exhibit smaller drops
in employment and output. They argue that this good management premium arises due
to a better perception of firm-specific climate-related risks, and due to already-implemented
risk-reducing measures in well-managed firms. Relatedly, Downey et al. (2023) establish that
although heavy precipitation is costly for construction firms, the earlier rainfall is correctly
forecasted, the greater is firms’ ability to reallocate labour, thereby minimising the reduction
in worker productivity, and in turn cushioning any profit losses arising from (anticipated)

weather disturbances.

Taken together, these results also point to the importance of adaptation in mitigating the
adverse firm-level effects of climate change. Interestingly, Addoum et al. (2020) find that US
publicly listed firms exhibit no statistically significant effects of temperature shocks on their
sales, productivity and profits, whether at the firm or establishment level, and whether in
heat-exposed or non-heat-exposed sectors. This is suggestive of how high the upper bound of
the adaptation potential of firms is, particularly if they are sufficiently large and financially

unconstrained.



Thirdly and finally, my specific empirical setting - public procurement - raises the question of
how public contracts affect firm dynamics in the first place. Using specific quasi-randomising
features of Brazilian electronic procurement actions, including their randomised end time
and the full distribution of bid amounts and bidding times, Ferraz et al. (2015) measure the
benefits of securing public contracts. These lead to positive and persistent effects on firm
employment growth, lasting at least two years, and which are stronger for younger firms
(controlling for firm size). Over the medium-term, close auction winners participate in more
auctions, and are more likely to win again, compared to close losers, and they also tend to

diversify their customer base both geographically and in terms of product type.

There are also sizeable financial benefits from winning a public auction. Using adminis-
trative data on Portuguese public procurement contracts, coupled with balance sheet and
credit registry information for procurement firms, Gabriel (2024) shows that being awarded
a public contract increases firm credit while lowering the associated cost of credit. Winning a
procurement contract therefore increases the net worth of a firm by boosting its future cash
flows, thereby alleviating borrowing constraints and improving the firm’s liquidity position.

Ultimately, this channel has a positive effect on investment and employment by the firm.

Cappelletti et al. (2024) focus on the positive effect of public contracts on firm survival.
Using data on Italian public procurement, they find that securing a public contract in-
creases the survival probability of the firm over the next 2-3 year period. Concurrently, they
show that winning firms substitute private with public customers (earnings substitution),
rather than growing their customer base. However, the benefits of winning a public contract
do materialise in terms of a rise in creditworthiness and in the volume of credit granted
through uncollateralised loans, which they link to the superior survival prospects of winning
firms. This loosening of firm credit constraints occurring thanks to public contracts is con-
sistent with the broader literature: using Spanish procurement data and a model to quantify

macroeconomic effects, di Giovanni et al. (2023) show that winning a public contract loosens
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borrowing constraints that are both earnings-based (on impact) and asset-based, i.e. that
require capital as collateral, later on. Naturally, to the extent that weather suspensions dis-
rupt public contracts, one would expect them to partially vitiate these credit and liquidity

benefits for firms. This is exactly the mechanism of interest in this project.

3 Implications of weather suspensions for firms

The engineering and operations’ research is replete with revealing examples of how weather
conditions may force the interruption of a construction project (Schuldt et al., 2021). Sub-
zero temperatures create difficulties for machinery usage, e.g. as frost penetration in the
soil makes it harder to excavate and then refill terrain. Strong winds may create hazardous
environments for workers, particularly due to flying debris, while making it dangerous to rely
on tower cranes for lifting in construction sites. Even light precipitation can disrupt steps
in the construction process, chiefly by negatively affecting the placement of materials. For
instance, concrete may be placed only when the water-cement ratio is in a specific range of
values, and is thus vulnerable to excess or insufficient humidity. Asphalt paving also usually
has to be interrupted whenever a risk of rain, snow or hail is detected. Heavy rainfall also
requires time being spent shielding sensitive materials or areas from water, especially when
digging, while raising the risk of the construction site being flooded and of some haul routes

becoming inaccessible.

In all of these scenarios, construction work would presumably have to be halted. Specifically
in the setting of Italian procurement contracts, these weather suspensions are legally defined
as force majeure contract interruptions due to “adverse climatic conditions”. The implica-
tions for contracting firms are explicitly detailed in legislation, having undergone almost no

change over 1999-2023.! Crucially, weather suspensions need not arise only when there is

I This section is directly based on the relevant Italian laws and decrees, namely: DPR 21 December 1999,
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physical damage to the firm or to the actual construction site, nor necessarily when it is
physically impossible to advance with the building work. Instead, the phenomenon is much
broader: any circumstance in which work cannot be carried out “to a satisfactory standard”
gives rise to a suspension, e.g. if workers’ health might be endangered due to being ex-
posed to severe heat, or if extreme temperatures mean that some building materials have

decomposed and are thus no longer safely usable for construction.

Furthermore, the law requires firms to already price in average weather conditions when
submitting bids for the contract, by factoring these into their cost and completion time
calculations. Thus, contract suspensions are granted only when the adverse weather event is
unexpected given local seasonal patterns, and could not be foreseen when drafting the public

contract.

The beginning and end of a weather suspension are envisaged as being automatic, based on
the objective occurrence and continuation of the underlying climatic event, and are thus not
subject to bargaining between the contract parties. The ultimate duration of a suspension
is thus uncertain, being tied directly to the continuation of the underlying weather shocks,
which is ex ante unobserved. In other words, the value of the deferred contractual payments

due to the interruption is subject to uncertainty, which is itself a cost for firms.

More practically for contracting firms, legislation explicitly forbids any work on the inter-
rupted project during a contract suspension. At the same time, any payments from the
public entity to the firm are similarly forbidden, and no indemnity or compensation for the
firm arising from the suspension is contemplated. Thus, the way in which public contracts
are regulated in Italy places all contractual risk squarely on the firm, and none on the public

sector.

In addition to eliminating any cash flows arising from suspended contracts, the law also

n. 554, art. 133, DM 19 April 2000, n. 145, art. 24, DPR 5 October 2010, n. 207, art. 158-160, DL 18 April
2016, n. 50, art. 107, DL 31 March 2023, n. 36, art. 121.
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makes clear that the firm continues to be bound by her contractual obligations during a
suspension. In practice, this means that the firm can reduce her fixed costs, e.g. by renting
out her machinery, placing her workers under short-term work schemes or firing them, only
to a very limited extent. The firm must remain able to promptly resume work once the
suspension period comes to an end. Furthermore, the firm is obliged to keep the construction
site open and secure, while preserving its ability to function, which entails significant costs.
The firm’s ability to reallocate of factors of production to an unsuspended construction site

is thus sharply curtailed.

To summarise, the suspension channel through which climate shocks disrupt the economic

activity of firms operates via the following mechanisms:

e Liquidity costs due to the lack of payments from suspended contracts;

e Uncertainty over these liquidity costs due to ex ante unclear suspension duration;

e Fixed costs persistence, as contractual obligations continue despite the suspension.

All three mechanisms will hinder firms in their ability to reallocate workers and machinery
to other construction projects, both logistically, as contract work may need to be resumed
suddenly, and financially, as this reallocation may require cash. It is thus plausible that
unsuspended contracts too might end up being delayed and disrupted - this is a form of
knock-on effect of weather suspensions I will examine later. Overall, these mechanisms will
materialise as a negative demand shock for affected firms, with major implications for their

economic position and financial viability.
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4 Data

In this project I merge two granular datasets: the National Database of Public Contracts
(BDNCP), in order to have contract-year data on the universe of Italian public procurement
contracts, and Orbis Historical, to obtain firm-year balance sheet and income statement data
for a large and representative sample of firms (both publicly listed and private). Each is now

described in turn.

4.1 Data on public contracts

Italy’s anti-corruption agency (ANAC) collects data on public procurement contracts in its
National Database of Public Contracts (BDNCP). The entire public sector, across all levels
(local, provincial, regional and national), is obliged to supply data on all of their procurement
activities to ANAC, who then clean it, harmonise it and make it publicly available as part
of the BDNCP. This is thus a rich database both in terms of coverage and of the details of

the public contracts covered, including data on:

e Procuring public entities;

e Procurement auctions and bids;

Winning firms and sub-contractors;

Contract description;

Contract start and end;

Expected and realised costs;

Payments to the firm by tranche;
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e Contract modifications, incl. early terminations;

e Contract suspensions.

The database splits public procurement contracts into three categories: procurement of

supplies, public works and services (figure 1). In this paper I will focus on public works

only, which consist of all construction, maintenance and repair work of public infrastructure.

Figure 1 shows that although this contract type underwent a sharp decline in 2011-2016,

largely as a result of cuts in public investment in the aftermath of the euro area sovereign

debt crisis, spending on ongoing contracts has largely stabilised since then to around €10-

15bn a year, which remains a sizeable amount.

Real EUR bn
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Figure 1: Italian public procurement in the long run
Source: BDNCP

The BDNCP dataset of greatest interest here is that on suspensions, i.e. public contract

interruptions.? Seven suspension types appear in the dataset, with varying quantitative

2 A small but growing literature focuses on closely related datasets on Italian public procurement, exploring
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importance. Adding up the value of public contracts suspended by type over 1999-2023,
with €30bn weather suspensions (adverse climatic conditions) emerge as the second most

substantial suspension motivation (table 4.1).

Suspension types Value of contracts
Variations to the contract €36.4bn
Adverse climatic conditions €28.8bn
Interference of technical nature €20.5bn
Force majeure cause €18.3bn
Interference of administrative nature €16.4bn
Public interest or necessity €11.7bn
Intervention of the judiciary €0.878bn

Table 4.1: Total value of contracts suspended by suspension type, 1999-2023

The six non-weather suspension types are highly varied in impact and nature. While some
are clearly brought about by misdeeds of public sector officials and/or of the firm herself
(Intervention of the judiciary), others are less neatly classifiable, and might potentially in-
clude weather-related disruptions (Force majeure cause, Public interest or necessity). In
the absence of a granular description of the reason for the suspension (only this typology
is reported), in this paper I exclusively use data on adverse climatic conditions (weather)
suspensions. Around one third of suspension periods are due to weather (23k out of 68k); at
the same time, these tend to be relatively short in duration compared to non-weather ones
(table 4.2). Nevertheless, the median weather suspension period lasts for 45 days, with the
top quartile of the distribution lasting well in excess of three months, which is potentially

suggestive of large liquidity costs to affected firms.

To observe the geographic spread of public contract interruptions, in figures 2 and 3 I plot
the share of public works’ contracts suspended over 1999-2023, overall and then due to

weather only (respectively). Interestingly, the provinces with the highest weather suspension

contract rather than firm outcomes, e.g. the efficiency and discretion in the selection of suppliers (Baltrunaite
et al., 2021), and the impact of procurement management quality on the speed of contract awarding and
project completion (Baltrunaite et al., 2023).
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Table 4.2: Distribution of suspension durations in days

N 25th P. Median 75th P.

Weather suspensions 23,058 20 45 100
Non-weather suspensions 45,227 42 98 200
Total 68,285 31 76 165

incidence (9-15% of public works contracts) are well-distributed over the whole peninsula,
likely reflecting the prevalence of different types of weather events in different regions, e.g.
frost in the alpine provinces (Trentino Alto Adige), floods and landslides in the central ones

(Toscana, Marche), and heat waves in the southern ones (Calabria).

30-48
25-30
22-25
18 -22
15-18
8-15

% of public works contracts supended, 1999-2023

Figure 2: All suspensions as a share of public contracts, by province
Source: BDNCP

To examine the correlation between meteorological conditions and weather suspensions, I
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% of public works contracts supended, 1999-2023

Figure 3: Weather suspensions as a share of public contracts, by province
Source: BDNCP
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assemble weather data and build a city-level panel spanning 2001-2022 at monthly frequency,
covering the 3,735 Italian cities experiencing contract suspensions.® I then estimate the

following linear probability model to predict the beginning of a suspension episode:

suspe = Po + Pfrweatherq; + wpg + v (1)

where susp is a dummy equal to one whenever in city ¢ at date ¢t at least one weather
suspension begins, weather is a vector of different temperature and precipitation variables,

and wpg refers to city, year and month fixed effects.

Tables 4.3 and 4.4 report the results of this predictive exercise. Firstly, table 4.3 indicates
that higher precipitation and lower temperatures are associated with a higher probability of
weather suspensions. By discretising the precipitation and temperature variables into four
bins, as defined by the quartiles, it becomes clear that this relationship holds over the entire
weather distribution, though with a lower intensity (coefficient magnitude) when there is
little precipitation or when temperatures are higher. In addition, outliers in both the precip-
itation and temperature distributions (values above and below the 99th and 1st percentiles,
respectively) are highly significant predictors of the beginning of a weather suspension (table

4.4).

This suggests that weather suspensions arise in the aftermath of more extreme weather
episodes (such as floods and snowstorms), but also that they are activated by (unexpected)
weather variation at lower intensity levels. Consequently, suspensions are likely to hinder
firm activity more frequently and in more locations than rare natural catastrophes alone

would, and are thus a distinct disruptive phenomenon for the economy.

31 obtain grid-level precipitation and weather data from the CRU TS (v4.07) and IMERG GPM (v07B)
repositories, and aggregate it to the level of Italian municipalities following Goodman et al. (2019) and
Runfola et al. (2020).
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Table 4.3: Predicting suspensions using weather bins

Suspension start

(1) (2)
Precipitation 0.00015***
(0.00001)
Temperature -0.00526***
(0.00037)
Precipitation Q1 0.00012***
(0.00003)
Precipitation Q2 0.00014***
(0.00002)
Precipitation Q3 0.00013***
(0.00001)
Precipitation Q4 0.00016***
(0.00001)
Temperature Q1 -0.00695***
(0.00043)
Temperature Q2 -0.00698***
(0.00040)
Temperature Q3 -0.00540***
(0.00038)
Temperature Q4 -0.00464*
(0.00036)
Constant 0.10491*** 0.10857***
(0.00499) (0.00520)
Observations 435096 435180
R? 0.14 0.14
City FEs Yes Yes

Yes

Year, Month FEs Yes

Temperature is the monthly average of

daily maximum temperature in degrees celsius.
Precipitation is the monthly average of

daily mean precipitation in mm per hour.

Q1-4 denote the four bins in which

the temperature and precipitation variables are split,
following the quartiles of the variables by city.

Data sources: CRU TS (v4.07), IMERG GPM (v07B).
* p<0.10, ** p<0.05, *** p<0.01
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Table 4.4: Predicting suspensions with weather outliers

Suspension start

(1) (2) (3)

Precipitation 0.00015*** 0.00015***

(0.00001) (0.00001)

Temperature -0.00516*** -0.00517***

(0.00036) (0.00038)

Precipitation p99 0.04060***  0.01360***

(0.00506)  (0.00526)

Precipitation pl 0.00257  0.01722*

(0.00313)  (0.00310)

Temperature p99 0.01601**  0.02268***

(0.00214)  (0.00222)

Temperature pl 0.02223***  0.01025**

(0.00424)  (0.00435)

Constant 0.10203***  0.05093***  0.10158***

(0.00484)  (0.00007)  (0.00501)

Observations 435096 435180 435096

R? 0.14 0.14 0.14
City FEs Yes Yes Yes
Year FEs Yes Yes Yes
Month FEs Yes Yes Yes

Temperature is the monthly average of

daily mean temperature in degrees celsius.

Precipitation is the monthly average of

daily mean precipitation in mm per hour.

P99 (pl) is a dummy denoting the 99th (1st) percentile by city

of the monthly average of daily maximum (minimum)

temperature or precipitation.

Data sources: CRU TS (v4.07), IMERG GPM (v07B).

* p<0.10, ** p<0.05, *** p<0.01
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4.2 Data on firm balance sheets and income statements

I obtain income statement and balance sheet data for Italian firms from Orbis Historical. This
information is derived from the compulsory and periodic data submissions of incorporated

firms to their local business registry.

The key advantage of the Orbis data is its high coverage of firms across the size distribution
- namely, both large and publicly listed ones, as well as small ones. Conversely, this source
has two chief limitations: on the one hand, its low frequency (yearly), which is determined
by how often firms submit their balance sheets, and on the other, the poor coverage of firm
entry and exit dynamics. More specifically, firm market entry need not coincide with entry
into the dataset, due to incomplete reporting of firms in their early years. Furthermore, firm
exit from the Orbis sample is not well documented, given that the dataset does not clearly
distinguish between exits that are voluntary (e.g. due to a merger) or involuntary (e.g. due

to bankruptcy) (Bajgar et al., 2020).

Consequently, the literature examining firm entry and exit using Italian data typically re-
lies on an additional data source (InfoCamere), directly produced by the Italian business
registry and not publicly available (Cappelletti et al., 2024; Cascarano et al., 2023). Thus,
in this paper I focus on dependent variables that are conditional on the firm remaining in
the Orbis sample (e.g. sales, employment), rather than considering the impact on market
entry and exit. Despite these shortcomings, Orbis firm samples have been shown to be na-
tionally representative and thus useful to analyse economy-wide fluctuations, while having
well-documented data cleaning routines to remove likely errors and outliers, such as negative
values for total assets or inconsistent balance sheets (see section 9 and Kalemli-Ozcan et al.

(2023)).
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Table 4.5: Sample of firms with public works contracts

N 25th P. Median Mean 75th P.

Sales 376,056 0.5 1.3 9.6 3.2
Employees 328,273 4.0 9.0 45.3 19.0
Total assets 376,324 0.6 1.4 24.8 3.8

Sales, assets in million EUR. 33,049 firms in the sample.

Merging the Orbis with the BDNCP data leaves a sample of 33,049 firms with public works
contracts, with data on financials and on firm characteristics - this is around 68% of the
original BDNCP sample of firms to which public works contracts have been assigned. 25,882
of the firms in this merged dataset are in the construction sector (NACE codes 41-43) - the
only one I shall use in the DiD analyses to come. Much of the remainder operates in closely
related ones - chiefly industrial and electric machinery, metals and metallic products. Table
4.5 shows that this sample is made up of mainly medium rather than small firms, with nine

median employees and over one million euros in median sales and median total assets.

4.3 Event study samples

To examine the impact of suspensions in my event study specification, I focus on the subset
of firms in this merged BDNCP-Orbis dataset with contract suspensions. More specifically,

I construct two samples:

e Wide event study sample: All firms experiencing at least one contract suspension.

(8,131 firms)

e Narrow event study sample: Contracts suspended for at most one year, matched with

firms experiencing a single year of contract suspensions. (1,997 firms)

Though the former sample is much larger than the latter, it is less restrictive in specifying
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the timing of the suspension treatment at work. On the other hand, the narrow sample
includes only firms that are treated with a contract suspension just once (i.e. for at most a
year). This brings some advantages when delineating the long-term effects of suspensions.

Since the two elements of this trade-off matter, both samples will be used in my matched

DiD design.

Table 4.6: Event study samples’ characteristics

N 25th P. Median Mean 75th P.

Wide

Sales 101,397 0.7 1.8 5.7 4.0
Employees 88,647 6.0 11.0 25.0 22.0
Total assets 101,463 0.9 2.0 9.2 4.9

Narrow

Sales 21,441 0.4 1.1 4.5 2.5
Employees 18,764 4.0 8.0 21.2 16.0
Total assets 21,451 0.5 1.3 8.0 3.0

Sales, assets in million EUR.

Table 4.6 provides the distribution of firm sales, number of employees and total assets. The
two samples are similar, though the wide one does include slightly larger firms. The single
contract suspension restriction used in constructing the narrow sample may have driven a

selection towards smaller firms with fewer active contracts.

Table 4.7: Suspension exposure of treated firms

N 25th P. Median Mean 75th P.

Wide event study sample
Value of susp. contract / sales (single firms) 4,500 8.8 20.2  902.2 481
Value of susp. contract / sales (consortia) 1,944  20.9 47.8 3144 1165

Narrow event study sample
Value of susp. contract / sales (single firms) 1,219 7.2 18.3 90.1 454
Value of susp. contract / sales (consortia) 340 14.0 38.8 1472 109.7

Sales refer to pre-suspension firm averages. N is the total number of firms.
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It is important to note that the firms in these event study samples are highly exposed to the
suspensions of the public contracts they hold. Table 4.7 drives this point home by reporting
the ratio between the total value of a firm’s suspended public contracts in a given year and
her pre-suspension average sales. This is approximately the upper bound of the importance
of suspensions for a firm given the size of her overall portfolio of projects. This is because if
suspensions occurred exactly at the beginning of each contract, and not later, this measure
of contract value would match the stock of expected future payments that are deferred due

to the suspension.

It is more intuitive to examine the “single firms” rows in table 4.7, i.e. those with firms
that undergo suspensions only on the contracts that they hold individually, and not in a
consortium with others. This means that all contract payments would have contributed to
those firms’ sales only, and in turn that numerator and denominator refer to the same entity.
For the median firm in my event study samples, 18-20% worth of her sales are taken up
by suspended contracts. For about a quarter of the most exposed firms in the two samples
(above the 75th percentile), the value of suspended contracts reaches nearly half of their
total sales (table 4.7). These are sizeable shares, suggesting that suspension risk is likely to

be a major threat to the financial viability of firms.

Another way of examining the salience of contract suspensions for firms is to consider the
duration of their suspension spells, i.e. how long periods with contract interruptions last
once they have begun. In the year in which a firm experiences her first suspension, the
median number of her suspension days is around one month in both samples. Considering
the total duration of all suspension spells experienced by a firm, the median figure reaches
98 days, with one quarter of intensely treated firms experiencing above 231 suspension days

(nearly 8 months) during their lifetimes.
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Table 4.8: Suspension spells for treated firms

N 25th P. Median Mean 75th P.

Narrow event study sample
Suspension days 1,992 15.0 28.0 39.9 52.0

Wide event study sample
Suspension days when first treated 7,997 14.0 28.0 40.5 52.0
Total suspension days 7,997 39.0 98.0 226.8  231.0

Total suspension days are summed over a firm’s active contracts and lifespan; first treated refers
to the first susp. year only. The two coincide in the narrow sample. N is the total number of firms.

Given the severe impact of each suspension - the complete halt of revenues arising from
affected contracts - this sort of suspension spell duration is clearly an important disruption
to firms’ liquidity positions. Quantifying this disruption will require an appropriate empirical

design, to which I now turn.

5 Empirical set-up

5.1 Identification challenge

Isolating the suspension channel through which adverse weather events disrupt economic
activity requires careful empirical design choices, since there are in fact multiple channels at

work whenever weather (suspensions) take place:

e Negative public demand effect

due to cash flows to the firm being interrupted. This is the suspension channel;

e Positive local demand effect
due to greater reconstruction, maintenance and repair work in localities hit by the

weather event;

e Negative local demand effect
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as existing construction contracts are subject to disruption, cancellation, litigation due

to the physical impact of the weather event;

e Negative supply effect

due to weather damages to the factors of production of the firm herself.

Hence, my empirical approach will be guided by the need to separate the suspension channel
from these other local demand and supply effects. I will chiefly achieve this by comparing
the performance of treated and control firms that are in the same sector (construction) and
location, which should ensure that they have access to the same market and to the same

physical exposure to the weather event.

5.2 Difference-in-Differences (DiD) methodology

With contract suspension as the staggered treatment, the relevant two-way fixed effect

(TWFE) regression to estimate its effect would be the following:

log(Yit) = ap + arsuspy + a2Xit—1 + YFE + Uit (2)

where Y is a firm outcome, susp is a dummy equal to one whenever firm ¢ in year ¢ has at
least one public contract suspension, X is a vector of time-varying firm financial controls,
and vpg is a vector of fixed effects, including interactions of firm, sector, location and year

FEs.

Since in my setting treatment effects may be time-varying (as the treatment is staggered,
i.e. suspensions hit different firms and places at different times), TWFE is likely to fail to
correctly weigh the average treatments effects across units and time, as TWFE typically

compares also newly- with previously-treated units. This means that in this setting TWFE
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cannot produce the causal estimates of interest (Goodman-Bacon, 2021). The recognition
of this problem has fuelled a vast literature developing DiD estimators in applied settings

(Baker et al., 2022).

The DiD estimator I adopt here - Callaway and Sant’Anna (2021) - is particularly suited to
my empirical application, where the weather suspension treatment is binary, staggered, irre-
versible and arising from a weather shock exogenous to the firm (no anticipation conditional

on observables).

I define my suspension treatment in line with common Callaway and Sant’Anna (2021)
practice, based on when each firm is first treated. This means that the start of the first
suspension experienced by a firm marks the beginning of her treatment, and that, once
treated, firms may never count as untreated again, or be part of the control group. This set-
up means that the duration of suspension episodes is not used to construct the treatment.*
The DiD control group is defined as the not yet treated firms, as opposed to the never
treated ones. This is because if there are omitted technological, political or personal reasons
for which the never treated firms never receive a suspension - say, their machines’ and
employees’ great ability to work at subzero temperatures, or their close ties to the public
administration involved in ruling on whether the contract should be suspended or not -
then this would invalidate them as the appropriate control group for the treated. These
concerns should however disappear when using the not yet treated as controls, since they
too will eventually receive the suspension treatment. This means that they are unlikely to

be fundamentally different from another treated firm of a similar size, location and sector.

On the operational side, I rely on the Callaway and Sant’Anna (2021) estimator also because
of its several advantages. Firstly, it produces a set of “group-time average treatment effects

on the treated”, ATT(g,t), which are defined by treatment group (cohort) (g), i.e. time

4This seems prudent, since recent research on the endogeneity of project completion times to firm decision-
making (Fernandes and Rigato, 2024) might alert us to the fact that suspension duration could in practice
be influenced by some unobserved bargaining between the public entity and contracting firm.
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when first treated, and time (¢). In other words, these raw ATTs are both heterogeneous
by treated cohort and dynamic (time-varying). I mostly report these under their event
study aggregation, showing how ATTs vary the longer each firm is exposed to the treatment.
Secondly, Callaway and Sant’Anna (2021) already implicitly incorporates individual and time
fixed effects, and supports (preferably time-invariant) covariates evaluated at pre-treatment
levels, which are used in the matching between treated and control groups (Baker et al.,
2022; Daw and Hatfield, 2018). Thirdly, this DiD technique automatically clusters standard
errors at the level of the panel variable (in this case, the firm level),” and can be run with a

doubly robust estimator (Sant’Anna and Zhao, 2020).

The key assumption in Callaway and Sant’Anna (2021) needed for identification is that of
Conditional parallel trends based on not yet treated groups. Borrowing from their notation,

this means assuming;:

E[Yi(0) — i1 (0)|X, Gy = 1] = (3)

= E[Yi(0) = Y11 (0)[X, Dy = 0, Gy = 0]

where Y denotes firm outcomes, G, indicates when a firm’s group is treated (periods 0 and
1, in this case), Dy = 0 denotes the unobserved counterfactual (had the cohort treated at
time zero not been treated), and X is a vector of covariates. In a nutshell, this means that,
conditional on the values of the covariates used in the matching process, had they not been
treated, treated firms would have followed the same path as the control group (the not yet
treated). The common, indirect way of checking whether this is a plausible assumption is
by checking for common trends between the two groups of firms before the treatment is

administered.

5This is helpful, as in my setting the firm level is also the level of the treatment allocation and of the
identifying variation used in the DiD.
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Table 5.1: Treatment rollout by event study sample

Year Number of firms

Narrow Wide

2008 25 012
2009 86 794
2010 135 842
2011 81 455
2012 200 738
2013 113 232
2014 141 259
2015 138 387
2016 91 370
2017 126 415
2018 140 494
2019 190 678
2020 125 239
2021 186 551
2022 127 259

Firms by first treatment year.

This is more likely to hold the “better” the matching covariates are. The key constraint on
their use is defined by the number of firms treated each year, which I report for the two
event study samples in table 5.1. This number essentially determines the pool of treated
and control firms available for matching in each year. Higher numbers of treated firms allow
for a richer matching, based on multiple firm characteristics. Hence, in my baseline DiD
results I will focus on the wide sample, the relatively large numbers of which permit a more

granular matching of firm characteristics.

The DiD covariates used for matching between treated and control firms, expressed as pre-

suspension average levels by firm, are the following:

e Total assets: a measure of firm size, which is itself a proxy for a firm’s available

technology levels and degree of financial constraints;
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e Firm province:® this captures the legally registered location of a firm, and can
thus define the local construction market she has access to, together with the local

institutions she operates under, e.g. local government offices and courts;’

e Number of public contracts held: a measure of the strength of a firm’s links to
local political administrations, which might influence how public contracts are allocated

and decided upon once in place;

e Total value of public contracts held as a share of firm sales: to capture a firm’s
overall reliance on the public sector for her cash flows; firms that are similarly reliant
might be similar in other (unobserved) respects too, e.g. in strategy and supply chain

management.

This rich set of matching variables in my DiD design should allow me isolate the suspension
channel, as the impact of the other channels (local construction market access, exposure
to direct physical damage) is differenced out when comparing matched treated and control
firms. Additionally, I investigate the direct physical damage (negative supply effect) potential
threat to identification in section 9.4 of the appendix, and show that it is not a serious concern

in my sample.

SFor the narrow sample, I instead match on a firm’s region, i.e. on the higher administrative unit compared
to the province, due to the limited sample size.

"In this sense, a finer matching by city rather than province would not necessarily be an improvement,
given that larger construction firms tend to operate concurrently in a large number of cities. A less disag-
gregated location variable is thus preferable to capture the reach of their local construction market.
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6 Results

6.1 Liquidity effects

Here I put my matched DiD design to work, and first consider dependent variables that
concern the liquidity effects of suspensions on firms, and ultimately their financial viability.
In table 6.1 I compute the average effect of the suspension treatment on firm sales, number

of employees and total assets, comparing this between the two event study samples.

Several finding emerge from table 6.1. Firstly, this research design in successful in comparing
treated and control firms that are not statistically different from each other pre-treatment,
and that then diverge sharply post-treatment (i.e. the Pre row coefficients are all insignifi-
cant). This is additional evidence that one might serve as counterfactual for the other after

the treatment is administered.

Secondly, considering the wide sample, the impact of weather suspensions on firms is sub-
stantial: on average, weather suspensions reduce a firm’s sales by around 30%, her number
of employees by 15.3%, and her total assets (a proxy for firm size) by 18.5% compared to

still-unsuspended firms.

Thirdly, these estimates relate to the wide sample, with firms potentially experiencing several
contract suspensions in a row. One might thus expect that they would be able to adapt to
suspension risk the more frequently they are exposed to it, e.g. by taking up more compre-
hensive insurance, borrowing, or adopting more weather-resilient technologies. Instead, in
the narrow event study sample we see firms that are hit by a weather suspension only once,
and therefore see even larger negative effects, that (mechanically) exclude these adaptation
efforts that firms might put in place after having been hit in the past. Ceteris paribus, one
interpretation of the columns N and W coefficient differences is thus as the scale of firms’

climate adaptation and financial mitigation efforts.
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Table 6.1: Suspension channel effects

log(Sales) log(Employees) log(Total assets)
N W N W N W
Pre -0.032 0.006 0.079 0.001 -0.003 0.016
(0.061)  (0.012)  (0.070)  (0.007)  (0.044)  (0.010)
Post -0.484**  -0.298"* -0.200"* -0.153"** -0.355"* -0.185"**

(0.069)  (0.030)  (0.041)  (0.017)  (0.048)  (0.018)
Observations 15,698 73,386 12,593 47,844 16,187 74,452

Treatment: first suspension start. All covariates.

N, W: narrow and wide event study samples, respectively.
Standard errors are clustered at the firm level.
* p<0.10, ** p<0.05, *** p<0.01

In figures 4, 5, 6 and 7, I consider the time-varying nature of these treatment effects by
plotting them over event time, i.e. by the number of periods since each firm is first treated.
Visually, the insignificant pre-trend finding from table 6.1 is reaffirmed, together with the
large economic and financial costs for firms that occur post-suspension. The barely visible,
time 0 boost in firm sales is a mechanical effect of the suspension of public contracts, which
may trigger an automatic payment to firms for their work done up to the point of the

suspension.

Interestingly, these large negative effects are rising in absolute value for up to four years
after the first suspension, reaching -40% for firm sales. The impact on earnings (EBITDA)
is substantial, but attenuated, since it does not reach -20%, and becomes insignificant after
the third year. This points to firms cushioning the impact of this liquidity freeze on their
profits, potentially by cutting costs. Indeed, the number of employees drops dramatically
and persistently by up to 20% in the third and fourth year after the first suspension, and
does not recover. Firm size (total assets) declines by around one quarter (-25%) four years

into the first suspension.®

81t should be noted that these effects are not driven by the fact that treated firms might experience
(physical) weather damage to their productive capacity compared to untreated ones - I show this in appendix
9.4.
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Overall, these results point to weather-driven suspensions inducing a collapse in cash flows
and liquidity, and a persistent down-scaling in firm operations and market presence. This
is robust to changing the event study sample from the wide to the narrow one (appendix
9.5), again with the caveat that the effects from this sample will tend to be larger, given the
exclusion of adaptation mechanisms when each firm is treated just once. The comparison
with the 9.5 figures, which are produced using suspension treatments hitting firms only at
period 0, and for at most one year, is helpful, since it indicates that these large and persis-
tent negative liquidity effects of suspensions do not arise simply as suspensions repeatedly
hit firms, and thus mechanically produce long-term effects. Instead, even one year-long
treatment is enough to produce this impact. This is suggestive evidence of a spillover of
weather-suspension-related disruption from the initially affected contracts to other construc-

tion projects - I provide evidence for these knock-on effects in section 6.3.

In appendix 9.3, I consider more indirect effects on firms’ financial positions, on working capi-
tal, investment, leverage and debt maturity. These effects are surprisingly muted. Although
there is a noisy but significant drop in working capital, a measure of a firm’s short-term
liquidity position, investment only slightly drops four years into the first suspension. Debt
maturity seems not to be impacted by the treatment, and firm leverage only briefly shoots up
in the year of the first suspension, pointing to debts being incurred by firms in the immedi-
ate aftermath of a contract interruption, as a substitute for their deferred cash flows. These
results are somewhat puzzling, though they do arise from financial variables that are not
captured well in my Orbis data - e.g. investment is only observed indirectly as the change in
(tangible) fixed assets, and the debt structure is only measured in a binary sense, comparing
the short- and long-term debt held by a firm. Thus, delving into the exact financial ramifi-
cations of the suspension channel might require richer data on the financial choices available

to firms, e.g. loan-level data on their liability position and debt-servicing payments.
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Figure 4: log(Sales)

4 3 2 1 0 1 2 3 4
Periods since the event

Note: all covariates, wide event study sample

Figure 5: log(EBITDA)

4 3 2 1 0 1 2 3 4
Periods since the event

Note: all covariates, wide event study sample
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Figure 6: log(Number of Employees)
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Periods since the event

Note: all covariates, wide event study sample

Figure 7: log(Total Assets)

4 3 2 1 0 1 2 3 4
Periods since the event

Note: all covariates, wide event study sample
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6.2 Robustness to changes in sample composition

In this section I show that the liquidity effects of weather suspensions analysed so far are
robust to changes in sample composition. Table 6.2 replicates the baseline effects on firm sales
in the wide sample (column All), and then proceeds to slice the sample using the percentiles
of the distribution of firm age. I thus first remove the firms below the 1st or 5th percentile
of age, and then those above the 95th or 99th percentiles (final two columns). Intuitively,
this is to test if the nearly 30% drop in average firm sales occurring post-suspension is driven
by outliers in the sample. These might be either the very young firms - which perhaps were
only set up to run a single construction project, on which they might rely fully - or the very
old ones, which might be dependent on some regular, long-term contracts for their income.
Though the coefficients along the Post row exhibit some variation around the 30% level,
these changes remain within the respective confidence intervals, and are not statistically

significant.

Table 6.2: Robustness by firm age

log(Sales)
All > pl > ph < p9%5 < p99
Pre 0.006 0.006 0.002 0.004 0.005
(0.012)  (0.012)  (0.012)  (0.013)  (0.012)
Post -0.298"*  -0.329"**  -0.356** -0.355*** -0.347***

(0.030) (0.030) (0.032) (0.066) (0.062)
Observations 73,386 72,832 70,842 58,144 66,074

Treatment: first suspension start.

Percentiles from the firm distribution of age when first treated.
Standard errors are clustered at the firm level.

Wide event study sample. All covariates.

* p<0.10, ** p<0.05, *** p<0.01

A very similar picture emerges when removing the outliers in terms of firm size, as proxied
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by total assets (table 6.3). Here I again reproduce the baseline estimates, then only keep the
firms above the 1st or 5th percentiles, and below the 95th or 99th percentiles. There is no
significant difference in the average effect of weather suspensions when either the very small
or very large firms are removed from the sample. This is an important finding, since one
might expect that larger firms might be more diversified than smaller ones, and that they
might have better financial means to mitigate the effects of contract interruptions, such as
easier access to bank credit. Nonetheless, it is not the case that the large suspension costs
are driven by either group of firms. This is a key result in terms of robustness, which has
arisen while maintaining insignificant pre-trends, indicating that the fit of my matched DiD
design is also robust to the exclusion of small groups of firms on either end of the age and

size distributions.

Table 6.3: Robustness by firm size

log(Sales)
All > pl > ph < p9%5 < p99
Pre 0.006 0.006 0.002 0.015 0.007
(0.012)  (0.012)  (0.011)  (0.013)  (0.012)
Post -0.298*  -0.305"* -0.303"* -0.317*** -0.289***

(0.030)  (0.030)  (0.031)  (0.054)  (0.030)
Observations 73,386 73,240 71,773 68,687 72,282

Treatment: first suspension start.

Percentiles from the firm distribution of average pre-treatment total assets.
Standard errors are clustered at the firm level.

Wide event study sample. All covariates.

* p<0.10, ** p<0.05, *** p<0.01

Thirdly, in table 6.4 I examine the nature of the contracts suspended, distinguishing firms
that receive contract suspensions only on contracts which they hold individually (Single-
firms) from those whose suspensions involve some contracts held as part of a group of firms

(Consortia). This is an important distinction, as one might worry that within a consortium,

38



Table 6.4: Robustness by suspended contract type

log(Sales)
All Single-firms Consortia
Pre 0.006 0.003 0.085
(0.012) (0.013) (0.080)
Post -0.298*** -0.415%** -0.061
(0.030) (0.069) (0.077)
Observations 73,386 43,950 4,641

Treatment: first suspension start.

Single-firms:

all susp. contracts are assigned to a single firm;
Consortia:

at least one susp. contract is assigned to multiple firms.
Standard errors are clustered at the firm level.

Wide event study sample. All covariates.

* p<0.10, ** p<0.05, *** p<0.01

if we assume a division of labour between firms in distinct chronological stages, some firms
that have already provided their services and have been paid before the suspension might not
actually be treated, though counting officially as such. In this case, the suspension treatment
effect applied to consortia would be harder to interpret, because it would not arise from a
pure liquidity shock to the treated firms. Reassuringly, my suspension channel effects are
instead driven by single-firms only, who are unambiguously hit by the cash flow freeze, while

the responsiveness of consortia is insignificant (table 6.4).

6.3 Knock-on effects

In this section I investigate one explanation for the large and long-lasting effects of weather
suspensions - namely, the spillover of the disruption to other portions of a firm’s portfolio
of construction projects, i.e. to unsuspended contracts. This spillover means that an even
larger share of a firm’s revenues would be affected by contract suspensions. To explore

this theme, I maintain the same matched DiD design and event study samples as before,
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and build dependent variables that measure the disruptions experienced across all public

contracts held, i.e. both the suspended and unsuspended ones.

My hypothesis is that to the extent that firms have limited spare capacity, cash and ability to
reallocate factors of production, one contract being suspended might delay the work on other
contracts, giving rise to a knock-on effect of delayed payments on non-suspended contracts

as well.

The intuition underlying this hypothesis comes from company operations’ research, which
suggests that when construction firms are involved with multiple concurrent construction
projects, even if these are operationally independent, the delays in one may transmit to
the others, thereby forming a “project network” (Chen et al., 2018). Constraints on the
production capacity of constructions firms are common, e.g. because of limited availability of
extra machinery and labour (O’Brien and Fischer, 2000). This means that when one project
faces delays, factors of production may not be easily reallocated to other construction sites,
and that a firm might not have enough spare capacity to bid for a new project to work on in
the interim. This would delay the completion times and payments’ schedule of other projects

as well.

Furthermore, the cash flow squeeze arising from one contract suspension may disrupt other
ongoing contracts held by the affected firm, insofar as concurrent projects may require sig-
nificant upfront payments for machinery, equipment and materials at specific completion
stages (He et al., 2023). As firm liquidity constraints bind and these costly purchases cannot
be made in a timely manner, completion times of unsuspended contracts will also be length-
ened. Both constrained spare capacity in factors of production and limited cash availability
should then both lead to delayed payment tranches for firms, and thus ultimately to an even

greater worsening in firms’ financial positions after a weather suspension.

To measure contract disruptions, I use high-frequency data on contract payment times, again
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from the BDNCP database. This means I only observe payment times and delays on firms’
ongoing public contracts, and not on their private ones. This data source is nonetheless
valuable, since it tells me for each stage of a public construction project, and for each
associated payment to the firm, if its completion was delayed or disrupted, and by how
many days. I use this dataset to build two measures of disruption, and to test how the
suspension treatment affects them: the number of contract payments being delayed (figure
8) and the probability that a contract held by the firm deviates from schedule, which is

defined slightly differently in the dataset (figure 9).

The results in figures 8 and 9 are unambiguous: before the suspension, treated and control
groups exhibit similar levels of contract delays; after the suspension, and already from the
first year, there is a sharp and persistent rise in both disruption measures. More specifically,
payment delays rise by about 15%, and the probability of a contract deviating from schedule
by 7-8%. Both effects become slightly less pronounced over time, but remain sizeable and

highly significant four years after the first suspension.

These results point to limited cash flows and spare capacity acting to transmit the effects of
weather suspensions across a firm’s portfolio of projects. Consistently with this mechanism,
figure 10 indicates that the accumulation of inventories of raw materials and finished goods,
which would be the primary form of self-insurance available to firms against production pro-
cess disruption, is negatively affected, though with a lag. Indeed, inventories drop by about
10% two years after the first weather suspension experienced by a firm, i.e. they are sub-
stantially used up. This delayed depletion does not seem to be driven by the initial liquidity
effects of suspensions, but rather by their medium-term knock-on effects on other contracts,
which force firms to draw on their stock of inventories in order to mitigate disruption across

their ongoing projects.
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Figure 9: Contracts Deviating from Schedule

Periods since the event

Note: all covariates, wide event study sample
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Figure 10: log(Inventories)
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Note: all covariates, wide event study sample

7 Discussion

7.1 External validity

The suspension channel induced by adverse weather events has large, robust and persistent
negative liquidity effects on firms. Concurrently, the disruption of suspended contracts has
a knock-on effect on firms’ other ongoing (unsuspended) construction projects, which are
themselves delayed. This amplifies the scale of the cash flow freeze experienced by firms,

and rationalises its remarkable scale and duration.

Crucially, the impact of the suspension channel does not correspond to the total effect of
climate shocks on firms, which may well be less severe. For instance, construction firms
may benefit from the increased reconstruction and repair work needed post-event. This

mechanism is however excluded in my matched DiD design, since I compare firms operating
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in the same local market.

Moreover, the substantial suspension effects I pick up should be treated as an upper bound,
particularly in relation to other countries and sectors. This is for several reasons. Firstly,
because of the specific Italian regulatory context, which places all liquidity risk on firms
in the event of a suspension (section 3). In other contexts, e.g. in private sector contracts,
contract interruptions may also occur, but with some degree of payments from clients to firms
continuing, depending on their relative bargaining power. Secondly, since the firms in my
sample are highly exposed to the construction projects that end up being suspended (table
4.7), suggesting that this a group of firms with a high reliance on public sector demand. While
this is common for construction firms, those operating in other weather-exposed sectors, like
airlines, might rely much more on their private sector clients. Thirdly, construction itself as
a sector is by design directly exposed to adverse weather events, with most infrastructure
work occurring outdoors. Conversely, other important sectors that may be vulnerable to
climate, like hospitality, should still be able to largely function indoors, notwithstanding

some weather-driven disruptions to their operations.

Simply put then, my estimates of the impact of the suspension channel arise from a setting
with minimal mitigating factors shielding firms from the suspension treatment. While this
has been qualitatively important in examining how this channel disrupts economic activity,
other contexts with different sectors, legal and contractual arrangements may well exhibit

quantitatively smaller effects.

7.2 Implications for insurance

Though I do not observe granular data on insurance packages held by firms, my results
indicate that on average, insurance coverage must be highly incomplete in my sample, at

least against this particular type of climate-driven business interruption risk.
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In principle, an insurance package covering cases of contract interruptions that are not
necessarily caused by physical damage to the firm, and that are exogenously driven, could
fully offset the negative impact on firm liquidity of the cash flow freeze, assuming speedy
payments coming from the insurance company. This is however not what can be observed in
my empirical results, which suggests that such packages are not widely taken up by Italian

construction firms, and/or not widely offered in the insurance market.

Indeed, while insurance on physical damage to tangible assets is commonplace among Italian
firms, that against specific classes of business interruption is not (Frigo and Venturini, 2024;
Gallo et al., 2022). As a consequence, my results support the notion that the development

of sophisticated insurance markets to withstand climate risk is still incomplete.

7.3 Long-run trend

The liquidity and knock-on effects of the weather suspension channel do not exist in a
vacuum. The weather distribution underlying these disruptions - climate - is changing,
becoming warmer and more volatile. Here I provide illustrative evidence in this direction by
aggregating the average treatment effects produced in my DiD design by calendar time, rather
than event time. In other words, in figure 11 I plot the cumulative effects of suspensions on

total assets by (calendar) year of first treatment.

Notice that for better inter-temporal comparisons, in figure 11 I only include suspension
treatments on total assets lasting for at most one year (narrow event study sample), meaning
that over time there is limited variation in the duration of the suspension episodes, and that
the direct impact of each suspension episode lasts only one period. The different coefficients

we observe in figure 11 should thus arise chiefly from differences in the underlying climate
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Figure 11: Cumulative suspension effects by first treatment year

= Total assets

2013 2015 2017 2019 2021
Year

Note: all covariates, narrow event study sample

shocks.?

Average cumulative effects of the weather suspension channel are worsening over 2012-21,
albeit at a decreasing rate. At the beginning of the sample period these are insignificant,
before reaching -30% of firm total assets by the early 2020s. This worsening long-run trend is
consistent with the long-run evolution of climate patterns, and is highly concerning. Given
that the suspension channel does not capture the physical damage arising from weather
events, but only the liquidity costs and disruptions arising from contract interruptions, this
downward trend could arise from factors such as higher climate and climate policy uncer-
tainty, and stricter bank lending policies in light of transition risk. Both of these would act

to exacerbate the impact of weather suspensions on firms.

9The limitations of this statement are twofold. Firstly, heterogeneous firms might be treated at different
times in the narrow sample, and thus give rise to different coefficients. Secondly, although the narrow sample
leaves little scope for adaptation, as each firm is treated only once, in fact firm adaptation to climate risks
should actively mitigate these negative effects.
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8 Conclusion

In this paper, I study the effects of weather-driven interruptions of economic activity using
data on Italian public construction contracts and on firm financials. I can isolate this sus-
pension channel through which climate change is disrupting economic activity by deploying
a matched DiD design comparing firms first treated with a suspension with those not yet

treated.

I find that weather suspensions deplete firm liquidity, giving rise to substantial and persistent
drops in firm sales, earnings, employment and total assets. However, I find limited evidence of
an impact on investment, leverage and maturity. Concurrently, I document that suspensions
on some contracts have knock-on effects on the other contracts held by firms, inducing delays
to their completion times. The postponement of the payment schedules of unsuspended

contracts exacerbates the costs of suspensions for firms.

Overall, I contend that the scale of the firm-level effects of weather suspensions mean that
this is a key channel through which the disruptive effects of climate change materialise.
Furthermore, my results from the Italian construction market provide indirect evidence that

firms are on average inadequately insured against it.
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9 Appendix

9.1 Data on firm balance sheets and income statements (Orbis)

[ merge three Orbis Historical datasets, and only keep firms that appear in all three: Identi-
fiers, with information on the legal IDs of the firms, Firmographics, to obtain data on their
location and sector, and Financials History, for variables related to their income statements

and balance sheets.

To begin with, I drop firms with no information on the sector in which they operate, I
drop all firms that are not non-financial corporations (NFCs), and only keep firms that are
legally registered in Italy. Out of the different legal identifiers available for Italian firms in
the Identifiers dataset, I use the fiscal code (codice fiscale), which has a one-to-one match
with Orbis’s own identifiers (bvd-id-number), and which appears also in BDNCP, and is thus
needed to match the firm with the public contracts’ data. I thus drop observations with

missing fiscal code information.

I then implement some standard cleaning of firm financials, largely following the recom-

mended steps in Kalemli-Ozcan et al. (2023):

drop observations where total assets, revenues, sales and number of employees are all

concurrently missing;

drop observations with missing balance sheet closing date;

drop observations if the number of employees is greater than two million;

drop observations with negative total assets;

drop whole firms with negative sales and/or negative tangible fixed assets;

o4



e check exact balance sheet consistency, i.e. that for each firm-year observation, assets =

liabilities + equity.

Duplicate firm observations arising as different balance sheets are submitted on the same
day for both subsidiaries and parent companies (unconsolidated, consolidated) are cleaned
(i.e. made unique) following the multi-step algorithm described in Bajgar et al. (2020), who
argue that for studies focused on single countries or industries, focusing as much as possible
on unconsolidated accounts is preferable, so as to avoid duplicating accounts of subsidiaries
within those of the parent company. Further duplicates are dropped by choosing observations

from local registry filings over annual reports.

Duplicate firm observations arising as different balance sheets are submitted on different days
of the same year may arise due to "the presence of both quarterly and annual reports” and
to "firms switching from presenting their end of accounting year balance sheet information
in one month to some other month” (Kalemli-Ozcan et al., 2023). To clean these I follow
two steps, largely following Kalemli-Ozcan et al. (2023). Firstly, when one of the duplicate
observations is from the month of December, I drop any non-December duplicate observa-
tions, so as to prioritise end-of-year financials. Secondly, when none or all of the duplicates
are from the month of December, I pick the observation with the highest value of firm sales,
since this is likely to be that coming from a yearly report, while those with lower reported

sales are likely to come from quarterly reports.

After these cleaning steps, 98.8% of my observations come from balance sheets submitted
on December 31st, right at the end of the year, and I thus choose not to make specific
assumptions about the non-end-of-the-year observations. Conversely, Kalemli-Ozcan et al.
(2023) are confronted with more of these, and therefore assign balance sheet data preceding
June 1st to the previous year, while keeping the post-June 1st ones to the current year. This

is an artificial reallocation I do not conduct.
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In line with Kalemli-Ozcan et al. (2023), nominal variables are deflated using World Bank
GDP deflators (2015 is the base year for Italy).

9.2 Data on public contracts (BDNCP)

I only keep public contracts with:

e known start and end dates;
e auctions successfully won by one or more firms;
e a strictly positive contract value for the winning firm(s);

e as contract type public works (infrastructure work) rather than procurement of supplies

or service contracts;
e known location and identity of the procuring entity;

e known identity of the winning firm(s).

I treat public contracts as ongoing between their de jure start date and de facto end date.
In cleaning the data on contract suspensions, I only keep suspension episodes with known

start and end dates, and I require the latter to be greater than or equal to the former.

9.3 Further results: indirect financial effects
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Figure 12: log(Working Capital)
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Figure 13: Investment
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Figure 14: log(Leverage)

.04 |
|
|
|
|
|
|
.02- L
|
°] o
|
|
|
|
|
-.02 :
-4 -3 2 -1 0 1 2 3 4
Periods since the event
Note: all covariates, wide event study sample
Figure 15: log(Debt Maturity)
.05 1

-.05

-.154

4 3 2 1 0 1 2 3 4
Periods since the event

Note: all covariates, wide event study sample

58



9.4 Extension: checking for physical damage

In this section, I provide evidence that the large, negative effects of weather suspensions on
firms are not driven by weather events inducing greater physical damage to the productive
capacity of treated firms compared to control ones. In figures 16 and 17 I adopt the same
matched DiD design as in section 6, and apply it to variables related to the physical assets

held by firms.

I argue that were a firm to be subject to great physical damage due to the weather event
underlying the suspension, this would be reflected in her greater demand for materials to
rebuild her facilities, and in an immediate drop in the balance sheet value of her (newly

damaged) fixed assets.

Instead, material costs follow exactly the same evolution as firm sales (figure 16): firstly,
a small jump on the suspension year, as automatic payments of the client are received as
compensation for the work completed by the firm up to the suspension start. Secondly, a
steadily growing decline, continuing into the fourth year after the first contract suspension.
Tangible fixed assets display a very similar pattern (figure 17), dominated by the steady
down-scaling of the firm as the suspension effects reverberate. The time zero drop in fixed
assets is only marginally significant, and negligible compared to the later drops undergone

by this variable.

Overall, this evidence indicates that the liquidity effects of suspensions dominate the re-
sponses of firms, and that the worry that physical damage due to weather conditions might

be driving this result is unfounded.
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Figure 16: log(Material Costs)
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Figure 17: log(Tangible Fixed Assets)
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9.5

Robustness: DiD plots for the narrow event study sample

Figure 18: log(Sales)
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Figure 19: log(Number of Employees)
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Figure 20: log(Total Assets)
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