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Abstract
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lation, employment growth and productivity by using a difference-in-
difference approach and considering firms’ asset structure. We find
evidence that companies in flooding regions show higher growth of to-
tal assets and employment than firms in areas which did not face a
flooding. This positive effect is even more pronounced for companies
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tivity a significantly negative flood effect is observable which declines
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1 Introduction

Natural disasters such as hurricanes, earthquakes, floods occur every year

and leave their mark on landscape, population and industries. While there

is no doubt that disasters are accompanied by human suffering recent stud-

ies provide evidence that the consequences of natural hazards on aggregated

output can be positive.

In public perception and media coverage reports on disaster losses are dom-

inated by figures on destroyed or damaged capital stock. In contrast, eco-

nomic literature on the effects of natural catastrophes favours flow variables

as loss measurement, because of their comprehensiveness and consistency

(Rose 2004, Ikefuji and Horii 2006). The general findings in the existing em-

pirical literature on the impact of disaster on output can be summed up as

followed: As a direct effect, natural disasters physically destroy the factors of

production, labour (e. g., Anbarci, Escaleras and Register 2005, Kahn 2005,

Halliday 2006) and physical capital (Albala-Bertrand 1993). These direct

impacts cause business interruptions at the affected firms and set off addi-

tional indirect effects at companies up- and downstream in the supply chain

(Rose 2004). The aftershock period can follow several paths, that have been

simulated in a numerical model by Tol and Leek (1999). If the investment

rules of the firms do not change and lost capital is not replaced the level of

production is permanently lowered. Given that the destroyed capital stock is

replaced, either through insurance, internal reserves or governmental aid, the

output might just drop in the immediate aftermath of the event and than in-

crease at an even higher rate. Economic scholars largely agree that the major
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impetus for this rise in the output-rate comes from an update in technology

and/or factor composition. For example, Skidmore and Toya (2002) argue

that disasters induce an update of the capital stock and provoke the use of

new technologies which positively influence long-run growth. Furthermore,

the authors point to the possibility that since the expected return to physical

capital decreases due to higher risk to physical capital loss, the relative re-

turn to labour input correspondingly increases. This development may lead

to higher investment in employment which also has the potential to improve

company’s performance. Using a gravity equation framework and running

panel data regressions Crespo-Cuaresma, Hlouskova and Obersteiner (2007)

analyse the effects of catastrophic risks on the degree of trade-related foreign

knowledge spillovers. Their results indicate that only relatively developed de-

veloping countries experience a positive effect due to capital upgrading while

in general natural hazards negatively influence technology spillovers between

industrialized and developing countries.

Raschky (2007) provides a short-run analysis of flooding effects. The author

points out that in the short-run (within the same year) floods decrease re-

gional income, followed by an increase in the next period. The natural catas-

trophe might result in investment activity in production factors that goes

beyond the sole replacement of disaster losses and result in a less productive

factor composition. The idea of an increase in total factor productivity might

therefore hold in the long-run, however, this increase seems to be preceded

by a decrease in factor productivity in the short-run. Firms need some time

to adjust the optimal composition of production factors and have to learn

about their productivity (Jovanovic 1982). An additional negative effect of
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disasters observable via factor productivity could merge from the demand

side of the market (Auffret 2003, Shughart 2006, Sobel and Leeson 2006).

The magnitude of the disaster effect on a firm is not solely determined by

the magnitude of the natural process itself (e. g., Richter-scale, water level)

but also by company-specific factors such as investment strategies (Tol and

Leek 1999, Skidmore and Toya 2002), factor composition (Jovanovic 1982)

or disaster relief (Sobel and Leeson 2006, Shughart 2006). Okuyama (2003)

puts forward that older capital stock is more vulnerable to natural disaster.

However, the ‘age’ of the capital stock is a rather ambiguously defined and is

hard to transfer in a consistent measure over different types of capital stock.

The analyses so far have a clear mid to long-run perspective. Furthermore,

most of the previously mentioned studies examine the economic effects of nat-

ural disasters on industry performance using highly aggregated data. This

paper explicitly focuses on the immediate flood effects. To our knowledge

there is no empirical study so far that estimates the short-term effects of

natural disasters on firm-level. It thus augments the existing econometric

literature on natural hazards and growth by emphasizing on these effects re-

sulting from disasters in the immediate aftermath of an event. We also take

into account the idea of various levels of ‘resilience’ depending on the type of

capital stock via the structure of firms’ assets. In this paper we analyse the

effects of floods on physical capital accumulation, the level of employment

and productivity using cross-section data of European companies. Physi-

cal capital is measured by a firm’s total asset, employment is expressed as

number of employees and productivity is depicted as operating revenue per

employee. Using a difference-in-difference (DID) approach we find that phys-
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ical capital accumulation as well as the level of employment is significantly

higher in flooding regions. This positive effect is even more pronounced for

companies with high intangible assets (e.g. know-how, patents, software,

trademarks). Regarding productivity we find a significantly negative impact

on the post-flooding productivity level in general. This negative effect on

the operating revenue per employee decreases with increasing proportion of

intangibles.

The following sections describe the procedure and findings in detail. Section

2 presents the data and descriptive statistics, Section 3 discusses the model

and the econometric procedure. Section 4 provides the estimation results.

Finally, Section 5 concludes.

2 Data

The investigation of immediate direct and indirect effects of natural disasters

on a firm level requires data on firm performance as well as information

on natural disasters. The firm level data are provided by the AMADEUS

Database.1 The used version of the AMADEUS database contains the time

period from 1993 until 2004. Only manufacturing companies are included

in the final dataset to assure that, only enterprises, which use potentially

destructible capital stocks in the production process, are analyzed.

The data on the natural disaster event (flood) is provided by the EM-DAT

dataset collected by the Centre for Research on the Epidemiology of Disasters

1The Bureau van Dijk distributes the AMADEUS database, which includes financial
statements, profit and loss accounts and information on companies’ organizational struc-
ture of 8.8 million firms located in 40 European countries.
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Table 1: Number of firms listed by country

Country Number of Firms Percent
France 31,607 21.97
Greece 1,053 0.73
Hungary 1,590 1.11
Italy 69,463 48.29
Spain 30,447 21.17
United Kingdom 9,694 6.74
Total 143,854 100.00

(CRED) in Brussels.The flood event has to fulfill at least one out of a list

of criteria to be included in the EM-DAT. The possible scenarios are: 10 or

more killed people, 100 or more affected people, declaration of emergency

or a call for international assistance as a consequence of the flood incident

(see Raschky 2007). The AMADEUS and EM-DAT databases are merged

using the information about the regional location of the companies and the

regional occurrence or non-occurrence of flood events.

The aim of this empirical investigation is to analyze the effects of one flood

on firms’ performance. For this reason one flood event has to be selected

which occurred somewhere in the middle of the time series to investigate

possible effects on firm performance. Within the years 1996 and 2001 the

largest flooding happened in the year 2000 and affected 30 NUTS2 regions in

Europe. To assure that firms in the affected areas were only confronted to the

flood in 2000, all companies in regions where another flood event occurred

before and/or after 2000 have been eliminated from the data sample.

Table 1 shows the number of firms located in countries where at least one

region has been affected by a flooding in 2000. Countries which had no flood
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in 2000 are not included in the final dataset. For a DID estimation the

treatment and the control group should be approximately balanced in terms

of sample size. Table 2 reveals that the treatment (affected) and control

groups (non-affected) are well balanced.

Table 2: Number of firms in non-affected and affected areas
Number of Firms Percent

No-Flood 72,665 50.51
Flood 71,189 49.49
Total 143,854 100.00

2.1 Descriptive Statistics

This section gives a short summary statistics of the variables which will be

used for estimation in Section 3.

Table 3 reports the mean, standard deviation, minimum and maximum of

the dependent variables in the estimation models. Companies which are lo-

cated in the non-flood-affected regions are clearly larger in terms of capital

(measured in total assets) and labour (expressed as number of employees).

Despite this higher level of input factors, companies in the non-flood-affected

regions are on average less productive than firms in flood regions and average

productivity decreases over time for all enterprises. The major difference in

factor endowments between the firms could indicate a structural economic

distinction between the analysed regions. However, the used DID approach

allows to control for these differences in the estimation procedure.

Table 4 reports the same data attributes for the explaining variables. Com-

panies in the affected and non-effected regions also differ in the mean of the
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initial vales of total assets and employees. The average age of the companies

in affected and non-affected regions is very similar and companies in flooding

areas tend to slightly use more intangible assets in the production process

which are more reliable against flood events than tangible assets.

3 Empirical strategy

We infer our empirical model of capital accumulation from the Gibrat’s

Law firm size literature (e. g. Evans 1982, Sutton 1997, Fotopoulus and

Louri 2004). In these studies, initial values of the firm size and age of the

company are included as explanatory variables. The effect of hazards on

productivity is examined using a procedure analogous to the Cobb-Douglas

framework.

3.1 Explanatory variables

The econometric implementation follows the DID approach described in Woo-

ldridge (2002). We consider two time periods – before and after flooding – and

split our sample into two groups – flooding and non-flooding regions. The

former (latter) is called the treatment (control) group. The time dummy

which equals 1 for the period after the flooding and 0 otherwise, allows us to

account for aggregate changes over time which are relevant for both groups.

The treatment dummy (1 if a flood occurred, 0 otherwise) considers differ-

ences between the treatment and control group before a flooding occurred.

The interaction of the time and flood dummy represents the DID estima-
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tor. It equals one for treatment group members in the after flood period.

This estimator solely measures the flood effects on capital accumulation and

productivity, respectively, since we control for the general group- and time-

specific effects. The econometric advantage of using the frequency of flooding

as treatment is its exogeneity. I. e., the occurrence of such an event is inde-

pendent on study designs and country specific characteristics.2

In the physical capital and employment regressions we include besides the

DID variable, the time and treatment dummy, the initial values of physical

capital and employment, respectively, age of the firm, the ratio of intangi-

ble assets to total assets and an interaction term of the DID dummy with

the share of intangibles. The motivation for the latter stems from the as-

sumption that the consequences of floods on capital accumulation may differ

depending on the vulnerability of the capital stock. We assume that tangible

(intangible) assets are potentially more (less) exposed to floods. Productivity

(measured as operating revenue per employee) is regressed on capital- and

labour inputs, ratio of intangible assets to total assets, interaction of this

share of intangibles with the DID estimator, and DID, time and treatment

effects.3 While the assets and employment estimates analyse the direct ef-

fects of floods, the productivity function refers to indirect flooding impacts.

2We are aware that the inclusion of a flood event in the EM-DAT database may be
for example correlated with a country’s ability to prevent floods and/or mitigate their
potential for damage. Consequently, depending on the negative outcome flood may or may
not fulfill the requirement to be included in the database. However, as the classification
of an event as natural disaster does not solely depend on (financial) damages but also on
other consequences (e. g., fatalities, people affected, state of emergency) and as the group
of countries considered is rather homogeneous regarding their economic development we
think that the inclusion of an event in the database is rather independent on country
specific characteristics such that the classification of floods as an exogenous treatment
should be justified.

3The log values of the continuous variables are used in the regressions.
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interpreted as indirect effects as they influence productivity via the input

factors.

3.2 Estimation procedure

To analyse which factors determine physical capital accumulation and em-

ployment growth we run OLS and 2SLS regressions for both, physical capital

accumulation and employment growth. The motivation to use instrumental

variables arises from the fact that the initial values of total assets and num-

ber of employees, which are values from 1997, are themselves generated by

each firm’s growth process. As shown in Table 4 the treatment group differs

in their initial values of total assets and level of employment. This difference

might influence the growth dynamics in the regions which may lead to po-

tential endogeneity such that the OLS model would not provide consistent

estimates.

We take the logarithm of all continuous variables before we include them in

the regression functions. In the OLS case we regress total assets (ltoas) and

number of employees (lempl), respectively, on its corresponding initial value

(ltoasi) or (lempli), firm’s age (lage), share of intangible assets compared

to total assets (SIA), time (time), treatment (treatment) and DID (DID)

dummies, the interaction of the share of intangibles with the DID dummy

(SIA*DID), industry (ind) and country (country) specific effects and on a
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constant:

Ltoasijrct = β0 + β1 ∗ ltoasiijrct + β2 ∗ lageijrct + β3 ∗ SIAijrct + β4 ∗ timet+

β5 ∗ treatmentr + β6 ∗DIDrt + β6 ∗ (SIA ∗DID)ijrct+

ϕ ∗ indi + ι ∗ countryc + εijrct

(1)

Lemplijrct = γ0 + γijrct ∗ lempliijrct + γ2 ∗ lageijrct + γ3 ∗ SIAijrct + γ4 ∗ timet+

γ5 ∗ treatmentr + γ6 ∗DIDrt + γ6 ∗ (SIA ∗DID)ijrct+

λ ∗ Indi + κ ∗ Countryc + νijrct

(2)

The indices represent a company i in industry j located in region r4 in coun-

try c at period t.5 In the IV regression we instrument the initial capital

(labour) values using (i) the average amount of total assets (average number

of employees) in each NACE industry and (ii) the industry specific minimum

efficient scale which is another proxy for firm size.6 A Hausman specification

test is used to identify the appropriate model.

The model for productivity is embedded in a Cobb-Douglas production func-

4In this paper region is defined in terms of risk, i. e., the dummy describes the flooding
and non-flooding areas.

5i ranges from 1 to 143,854; j from 1 to 103; c from 1 to 6; r=1,2 and t=1,2.
6Our measure of minimum efficient scale (MES) is the 50 percent percentile of the

initial total assets (employment) distribution within a NACE industry within our data
sample and is therefore only a proxy for the real MES.
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tion framework and takes the following form:

Yijrct = δ0 + δ1 ∗ ltoasijrct + δ2 ∗ lemplijrct + δ3 ∗ SIAijrct + δ4 ∗ timet+

δ5 ∗ treatmentr + δ6 ∗DIDrt + δ6 ∗ (SIA ∗DID)ijrct+

φ ∗ indi + υ ∗ countryc + ηijrct

(3)

with Y, ltoas and lempl representing the operating revenue per employee,

total assets and number of employees, respectively. Again, i, j, r, c and t in-

dex company, industry, region, country and period, respectively.

4 Results

In order to examine the importance of disasters in determining physical cap-

ital accumulation and employment growth we run two separate regressions

for each of the dependent variables, applying OLS and IV models. Columns

(1) and (2) of Table 5 depict the estimates using total assets as the depen-

dent variable, columns (3) and (4) report regression results with the number

of employees as dependent variable. In all four equations, the initial val-

ues of capital stock and level of employment reveal a positive influence on

the corresponding present values (dependent variables). The level of the

corresponding OLS-coefficients in (1) and (3) and the IV-parameter in (4)

indicate that companies with low initial values possess a higher capital stock

growth (total assets and number of employees, respectively) than firms with

large opening stocks. I. e., as these coefficients are significant different from

one we conclude that small companies grow faster than their larger coun-
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terparts. This observation corresponds to the empirical findings in the firm

size literature (e. g. Fotopoulus and Louri 2004, Bloningen and Tomlin 2001)

but contradicts the argument of Gibrat (1931) who proposes that growth

of companies is independent of its initial size (capital stock). However, the

coefficient of initial total assets in column (2) do not significantly differ from

1 and supports the statement of Gibrat (1931) that the initial firm size is

not a relevant factor for firm growth. Company’s age reveals a significant

and negative impact on total assets and employees, respectively, in all four

regressions indicating, that the capital stock growth of young firms is larger.

This finding is in line with the results in studies examining firm size determi-

nants (e. g. Evans 1982, Sutton 1997). Also a consistent picture is observable

regarding the time effects. The time dummy captures the variation in the

physical capital stock and level of employment between the before and after

flood period. In all equations it reveals a positive influence on growth of total

assets and number of employees. The treatment dummy reveals that total

assets and the level of employment are on average lower in the treatment

group but this difference is only significant for labour. We also controll for

industry and country specific effects by including industry and country dum-

mies and find that they are jointly significant determinants of the dependent

variables.

The key parameters for our analysis are the share of intangible assets, the

DID estimator (time*treatment) and its interaction with the asset share

(time*treatment*SIA).

Some authors point at the different resilience of assets regarding disasters

(e. g. Okuyama 2003, Skidmore and Toya 2002). We take this idea into
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account by introducing the structure of firms’ assets and distinguishing be-

tween intangible and tangible assets. While the latter is potentially exposed

to flood the former is not. Hence, a higher (lower) positive (negative) DID

effect if expected for intangible assets. The OLS-coefficients in (1) indicate

that total assets growth significantly decrease with an increasing proportion

of intangible assets. However, the IV-parameter in column (4) suppose a sig-

nificant rise in employment growth with increasing shares of intangibles. The

corresponding values in column (2) and (3) are positive but not significantly

different from zero. The importance of the asset structure in determining

the economic consequences of floods is strengthened by the coefficients of the

DID variable and its interaction with the share of intangibles. As can be

seen in Table 5 the corresponding coefficients are significantly positive across

all estimation models. This indicates that companies in the affected regions

possess significantly higher total assets growth and employment growth after

a flooding occurs than firms in non affected areas. This positive effect is

even more pronounced for companies with large shares of intangible assets.

In order to choose the appropriate estimation model for total assets and em-

ployment, respectively, we conduct a Hausman specification test. The results

of the test statistics are reported in the bottom of Table 5 and indicate that

the IV model should be favoured over the OLS estimates in case of total

assets. For employment, the OLS version outperforms the IV alternative.

To summarize, the effects of floods positively influence the physical capital

accumulation and employment growth. This may be traced back to (replace-

ment) investment in new and more valuable equipments. The increase in

total assets and employment is more distinct for firms with high intangible

15



assets which may be a result of the durability of intangibles regarding the

physical impacts of floods. We interpret these impacts as ‘direct’ effects of

floods as the production factors capital and labour are immediately affected

by flooding.

Indirect effects may occur due to the consequences of floods on input factors

which are passed on the production process. We measure the indirect effects

of a flooding via their impact on productivity. The corresponding estimates

are reported in Table 6.7 Firms with a high amount of intangible assets

are apparently less efficient. Different from the asset and employment esti-

mates the time dummy suggest a general decrease of productivity over time.

An overall economic downturn could be an explanation of this observation.

The productivity of the treatment (flooding) group is on average significantly

higher than in the control group as it is denoted by the treatment dummy.

One reason for the higher productivity in flooding areas may be an efficient

restructuring of factor inputs to protect companies from economic losses due

to floods. For example, if agents are aware that their firms are located in a

flooding zone they may choose a mix of input factors which reduce potential

losses if a flooding occurred. The included industry and country dummies

are again jointly significant.

Also in the productivity equation, the flood effects on companies in the treat-

ment group are depicted by the DID estimator and its interaction with the

share of intangibles. The overall lower productivity of companies in affected

7The negative sign of the labour input coefficient accomplishes as we define our pro-
ductivity measure by operating revenue per employee. Thus, we divide the CD production
function by L and taking the log of the CD production function. Taking the logarithm of
Y/L = AKβL−β leads to log(Y/L) = logA + βlogK − βlogL.
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areas in the post-flood period – as represented by the DID coefficient – can

be explained by a time consuming learning process to adopt an appropriate

composition of factor inputs (Jovanovic 1982). Floods might have destroyed

factors such that a replacement and/or restructuring have to take place to

achieve an efficient mix of inputs. Another reason for the decrease in pro-

ductivity may be the demand sensitivity of our productivity measure. A

short-run overall economic downturn associated with a short-run decrease in

demand reduces firms’ turnover and could lead to diminished turnovers per

employee.8 The interaction of the DID variable with the variable represent-

ing the asset structure (SIA) reveals a significant positive influence on firms’

productivity. We interpret this as evidence that companies in affected areas

with less assets at risk are confronted with diminishing negative effects on

their productivity while firms with large tangible assets may face more severe

negative consequences due to floods. In order to provide a deeper insight into

these effects we differentiate equations (1), (2) and (3) with respect to the

DID parameter and calculate the marginal effects of the flooding for firms

located in the affected regions, considering various levels of intangible assets.

Table 7 reports the marginal effects of floods on total assets, employment, and

productivity at different shares of intangible assets. The calculations refer to

companies located in affected regions after the flooding occurred. The esti-

mates regarding total assets clarify that the overall increase in capital growth

does not hold for all companies. Rather, firms with high tangible assets are

8Demand shocks may complicate our analyses if such shocks are restricted to some
regions. However, as long as the recession is symmetric, i. e., if the economic downturn
affects all European countries on a comparable extent, our estimates will not be biased.
We control for such effects by including country dummies.
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negatively effected by floods which is expressed as decrease in total assets.

From the 70th percentile of intangibles on a positive flood effect is observable.

A monotonic increase is also recognisable for employment. The higher the

amount of intangible assets of companies, the more the flood fosters employ-

ment growth in the post-flood-period. Our short-run results regarding firms’

productivity reveal that these positive direct effects on factor inputs are not

passed on. In fact, the occurrence of floods significantly reduces the efficiency

of companies in affected areas. As mentioned above, the lower productivity

may be a result of inefficient factor compositions as companies might not

be able to immediately adopt the proper mix of physical capital and labour

employment. Another explanation for the decreasing productivity could be

a general economic recession in the short-run accompanied by a decreasing

demand for products. Such development would reduce firms’ turnover, and

hence, the turnover per employee. However, the negative effect of floods on

productivity is diminishing with increasing shares of intangible assets.

5 Conclusions and Discussion

In economic terms, natural disasters can initiate a sudden, exogenous shock

for production factors – at least on firm-level. The corresponding conse-

quences do not only evolve through the physical destruction per se but may

be accompanied by effects on labour and productivity.

In this paper we examine the consequences of floods on firms’ factor en-

dowment and productivity and differentiate between highly and less flood-
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resistant endowments. Using a DID approach we distinguish between affected

and non-affected regions and two periods – before and after flooding – to anal-

yse the change in total assets, in employment and in productivity (measured

by turnover per employee) induced by a flooding. Our estimates provide ev-

idence that the physical capital stock accumulation and employment growth

is higher for companies which are located in flooding areas. This positive

impact is increasing with increasing share of intangible assets but it is not

passed on to firms’ productivity. Rather, the coefficient of the DID variable

in the productivity equation is significantly negative. However, its interac-

tion with the share of intangibles reveals a significant and positive impact on

productivity indicating diminishing negative effects of floods on productivity

with increasing shares of intangibles.

Marginal flood effects are calculated at different level of intangible assets to

examine the influence of floods on physical capital accumulation, employment

growth and productivity. The results indicate that physical capital accumu-

lation and employment growth is the higher the higher the proportion of

intangibles. Contrary to this trend, post-flooding productivity in the treat-

ment group is lower. However, the negative trend slows down with increasing

shares of intangible assets. We interpret the findings regarding the impact

of floods on total assets accumulation, employment growth and productivity

that firms with high intangibles are less vulnerable regarding flood impacts.
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Table 6: Estimates of Productivity

Variable Productivity
OLS

Total Assets 0.694∗∗∗ (0.002)
Employment −0.752∗∗∗ (0.002)
Share of Int. Assets (SIA) −0.139∗∗∗ (0.001)
Time −0.021∗∗∗ (0.003)
Treatment (Flood) 0.111∗∗∗ (0.004)
Time * Treatment (DID) −0.019∗∗ (0.008)
Time * Treatment * SIA 0.004∗∗∗(0.002)
Industry Dummys yes
F-Stat 102.132∗∗∗

(df; df) (102; 118,667)
Country Dummys yes
F-Stat 1432.461∗∗∗

(df; df) (5; 118,667)
Observations 118,782
R2 0.709

Notes: Standard errors are given in parenthe-
sis. The symbols ∗∗ and ∗∗∗ indicate the 5% and
1% level of significance.
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