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Abstract:We carry out a firm-level empirical analysis to kexse the economic impact of the sequence
of earthquakes occurred in 2012 in the Italianoegf Emilia-Romagna, and to address the question
of whether the localization of a firm within an umtrial district mitigated or exacerbated this iipa
We estimate the effect of the earthquake on firpsiformance via two alternative methods:
Difference-In-Differences and Propensity Score Matig in levels and first-differences. Our findings
suggest that the earthquake reduced turnover, ptiody value added, and return on sales of the
surviving firms, at least in the short-term. In #idah, the debt over sales ratio grew significantigre

in the firms located in the areas affected by taehegiuake. The empirical evidence also suggests tha
the negative impact of the earthquake was slighitdyer for the firms located in industrial distagct
thereby suggesting that, at least in the short;témmusually positive cumulative processes assatia
with localization within an agglomerated area colué/e reversed and magnified the negative impact
of a disruptive exogenous supply shock.
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1. Introduction

The impact of natural disasters on economic groldb recently become the object of intense
research. As the occurrence of natural events ist mften unpredictable, these phenomena can be
treated as exogenous shocks and serve as natpaalmgnts to test various hypotheses.

Because of limited data availability, most analydem/e been cross-country and based on
macroeconomic dataFor those interested in either detecting spechi@nnels of transmission of large
supply shocks or assessing how local conditionscafthe transmission of shocks, this approach is
highly unpalatablé.As pointed out by Barone and Mocetti (2014), theestigation of a large firm-
level dataset offers several advantages over tbes-@ountry analysis and, in particular, it allows
detecting how local conditions interact with thedks, either amplifying or mitigating their effects

In this paper, we develop a firm-level analysisdentify one specific channel of transmission of a
localized natural disaster. In a nutshell, we wyassess whether the location of a firm within an
industrial district mitigates or exacerbates thepaest of a disaster on the firm's activity and
performance. While a consensus has been reachtft dact that industrial districts generate positiv
externalities that improve firms’ performance (samong others, Cainelli, 2008a,b) it remains unclea
whether the localization of a firm in an industriastrict also strengthens its resilience in theefaf
large and disruptive exogenous supply shocks. iEhet a singular question. As observed by Msirz
al. (2013), the impact of a disaster depends on hazaidxposure, but also on the vulnerability of the
local productive system to business interruptioftse indirect effects of a natural disaster (as the
business interruptions analyzed by Kousky, 2014y beaas important as the direct impact.

Our empirical analysis will be conducted on a sampl firms operating in Emilia-Romagna (a
region in the North-East of Italy) in the period1®082013. This industrialized region was hit by an
earthquake sequence of severe intensity betwee0theof May and the 6th of June, 2012. Beside

1 See, among others, Skidmore and Toya (2002), &a¢@007), Hallegatte and Dumas (2009), Noy (2088pbl (2011),
Loayzaet al. (2012), Ahlerup (2013), Cavallet al. (2013), Fombyet al. (2013), Belasen and Dai (2014), Cunado and
Ferreira (2014), as well as the review of the ditere by Cavallo and Noy (2009) and the very receeta-analysis of the
macroeconomic literature by Lazzaroni and van Bgg2014).

2 Barone and Mocetti's (2014) cross-country anaypeesent other drawbacks. First, natural disagkmg to be
geographically concentrated, so that investigatmmeering extremely large areas may fail captuxiagy localized effects.
Moreover, analyses on aggregated data for themmatexonomy can hardly capture specific channesshotk transmission
within and across the nation. As certain countréggster a systematically higher number of climaticl geological events
(flooding, earthquake and hurricanes), countrydlestaedies may also suffer for the endogeneity af-gctive defensive
measures by the authorities and the populationioRaband sub-regional studies are less likelyuffes from this bias, as
the exact localization of certain phenomena (d&y,epicenter of an earthquake) are difficult tadpteand it is unlikely to
find highly localized preventive measures. Othepeital problems with cross-country studies may eyaevhen different
natural disasters are pooled together.



some casualties, damages were widespread: hidtandgorivate buildings collapsed or suffered large
damages, warehouses and factories were partiatbtally destroyed.

This recent event has not yet been covered intdrature and this work contributes by explorirg it
effects on the performance of the local economyteMmportantly, this paper is the first, to the thafs
our knowledge, addressing whether the localizatiba firm inside an industrial district worsens or
mitigates the effects of an exogenous and disrapsivpply shock. Since industrial districts are a
fundamental feature of the Italian manufacturingtesn, our research question is of particular istere
for the resilience of many other local systemdmc¢ountry.

The remainder of the paper is organized as folldwsSection 2, we review the literature on the
economic impact of natural disasters and firmgliszge in industrial districts. Section 3 presethts

dataset and the econometric methodology. Sectiiaclisses the main results. Section 5 concludes.

2. Related literature
2.1. Firms and natural disasters

The contributions uncovering the impact of natdiiahsters on the basis of firm-level analyses arg v
recent. Only few studies have investigated thegoerénce of firms after the realization of a locadiz

major supply shock.

As each contribution focuses on different aspents implications of disasters (ranging from firm
survival to firm performance, from supply networlsrdptions to localization choices), few studies
address comparable research questions on diffasgatal disasters. This prevents from generalizing
specific empirical findings to all types of natuthsasters and to all countries hit by the same tfp
shock. Accordingly, we group these studies in teohgountry of interest rather than in terms of
empirical research question. Possibly because efirtiportance of natural disasters in a country
frequently hit by earthquakes and tsunamis andkthamthe availability of high quality microdataet
majority of the works in this area of research rdgalapan. Hence, we start discussing the studies
exploring the impact of natural disasters occuiredapan and subsequently we move to catastrophic
events realized in other areas of the world.

Cole et al. (2013) use very detailed data on the plant-lewashages produced by the 1995 Kobe
earthquake in Japan, estimate the impact of dan@mygéens’ survival and analyze the performance of

damaged and non-damaged plants surviving the eeileq They find that, while highly damaged

3 Leiteret al. (2009) study the impact of floods on European $irtout, given the use of regional aggregated dhaér,
investigation does not fall in the group of firm4 analyses.



firms face prolonged difficulties and higher risk exiting, the value added and employment
performance of the surviving firms is lower onlyrishg the reconstruction period and higher afterward
(while productivity is surprisingly higher in alepiods).

Rather than focusing on firm survival and/or pariance, some studies have addressed the impact
of a natural disaster on the relationship betwaerfitms hit by the shock and others related wignt
along the supply chain. The role of supply chaitwoeks in the recovery of firms hit by a disaster i
investigated by Todet al. (2013), who focus on the 2011 Great East Japahgeke. They find that
supply chains have two contrasting effects on ittmesf hit by the shock: on the one hand, supplyrchai
negatively affect the recovery through the firmgher vulnerability to network disruptions, but, thre
other hand, they facilitate the recovery through shipport received from trading partners, the easie
search for new partners, and the general bendfagglomeration. The authors find that, all in &he
positive effects of supply chains exceed the negaines, at least to the extent that firms padieipn

a variety of supply chains.

Focusing on the firms located outside the damageasaTokukt al. (2017) assess the transmission
through supply chain disruptions of the negatifea$ of the Great East-Japan earthquake. Tokui and
co-authors construct an interregional 10 table &seas the economic impact of supply chain
disruptions in regions of Japan outside the damageas and find that the existence of multiple supp
chains would have highly mitigated the indirect dae of the disaster, which was instead remarkable.
This finding is in line with the conclusions by @athoet al. (2014), who look at the transactions (i.e.
sales growth) between firms after the tsunami foihg the Great East-Japan earthquake and show that
firms outside the damaged areas encountered satifficsilities in substituting former suppliers and
buyers located in the damaged area that exitedubimess, with cascading effects. The search fer ne
suppliers appears more difficult than that for reygtomers. The results in Carvalabal. (2014) as
well as Tokuiet al. (2017) suggest the existence of bottlenecks irdymtion associated with an
imperfect substitutability of intermediate input®yided by different suppliers.

The Great Kardt earthquake in 1923 is investigated by Imaizeinal. (2016), who assess whether
it had a persistent impact on the spatial distrdsudf industries in the Tokyo Prefecture. The aush
find significant shift in trends in the share angmber of workers, though not mean shifts. Moreover,
they show that old industrial clusters in the seasit of Tokyo were highly affected whereas newly
developing industrial clusters outside the damagexhs faced new opportunities. These findings
suggest that both the geographical localizationtaedosition in the supply chain of firms contitéou

to determine the impact of a natural disaster an faierformance. These results are in contrast with



those found in the work closest to our investigati€ole et al. (2015): they show that, although
clustering has a negative impact of plant survprababilities after the 1995 Kobe earthquake iradap
the location of a firm in a cluster does not impauich on its performance after the shock. This
conclusion is in line with the evidence of this wor

As to what concerns the studies focusing on ccesmwther than Japan, we recall Mehl. (2012),
who investigate the business recovery in Sri Laakar the 2004 tsunami. They find that the firms
affected by the disaster lagged behind for a lopgeiod than the unaffected comparable ones and als
show that direct aid played a role in the recovaryarticular in the service sector. Similar résun
the role of state aid are found by Coelli and Mara®014), who look at the impact of the floods
occurred in the ltalian region of Veneto in 201(elli and Manasse (2014) use a Difference-In-
Differences (DID) approach to compare the valueeddgrowth of firms exposed and not exposed to
the floods and find that: i) after a period of reery, the affected firms perform better than those
affected by the floods; ii) the contribution of amnsfers in the aftermath of the disaster couteb
significantly to the recovery of firms. Vu and N¢2016) focus on the consequences of natural
disasters on Vietnamese firms, and find that a thegampact on retail sales which is however
accompanied, albeit only in large urban areasjnbreases in firm investment. As in previous stadie
on Japanese disasters, this suggests that survikimg invest to overcome temporary, though serious
as they be, difficulties.

Focusing on the behavior of multinational entegsig§MNES) in the face of natural disasters,
Hayakawaet al. (2015) analyze the effects of the 2011 floodingTimailand on the procurement
patterns at Japanese affiliates. Only small anecty affected firms lowered their local procurermen
share, suggesting that natural disasters do na& pessistent effects on firms’ subjective riskdaufal
procurement. Moreover the adjustment of non-localrees by MNEs depends on their knowledge
about suppliers, i.e. thex-antepreparation of alternative procurement sources. iffiportance oéx
ante conditions is also stressed by Fabletgal. (2014), who analyze the heterogeneous impacteof th
Canterbury earthquakes in September 2010 and Fgli20&a1 on firms across industries and locations.
They find that the pre-shock profitability increastne chances of survival in this region of New
Zealand. From an empirical point of view, thesalifngs remind of the importance of taking seriously
into account confounding factors that may charadirms both before and after the treatment.

In conclusion, this literature underlines threeems$p. First, the firms that are not too seriously
damaged and do not have to exit do recover in aively short time; this often requires extra
investment and some external forms of support. Igkdirms located outside the area hit by the shock

may be indirectly affected by the disaster throsgpply disruptions, but this is more relevant foe t



companies that do not have a diversified rangeupplsers and customers. The importance of this
indirect channel outside the area hit by the shgrdws with the intensity and the dispersion of the
damages. Third, both the geographical localizatod the position in supply chains contribute to

determine the impact of a natural disaster on fipegormance.

2.2. Industrial districts and firms’ resilience

While the role of industrial districthave been extensively investigated from diffeqgerspectives
in the economics and management literature, todfesir knowledge, there is no paper focused on the
capacity of an industrial district of positivelyaging to a short-term external shock such a Ipedli
natural disaster. The literature on industrial rditss does not offer any clear prediction whether t
location of a firm in one of these local productisygstems strengthens or weakens its resilfetze
large supply shocks. On the one hand, such locatiay provide the well-known positive advantages
associated with agglomeration externalities (typicaeflected into higher productivity and
profitability, as well as higher rates of survival) such a case, firms located within a distrietyncope
better with the consequences of a disaster. Moretivese firms may benefit of greater risk-sharing
mechanisms, via interlinking transactions (Dei @©ttE094), as shown by Cainedit al. (2012). Finally,
fiscal stimulus and external aid may flow fastewaods industrial districts than elsewhere; at least
insofar as firms in a district have a vantage pmsiin terms of signaling, lobbying and political
connections (Brusco, 1982; Brusebal, 1996; Brioschet al, 2002; Cainelli and Zoboli, 2004).

On the other hand, the self-enforcing mechanismgodt in an industrial district may set in motion

negative domino effects in the aftermath of a laea disruptive shock. There are different channels

through which the cumulative processes associatéid lacalization in a district may reverse and

* The concept of industrial district dates back tarshall (1920). In the late 1970s, Becattini (1988) Brusco (1982)
‘revisited’ the original Marshallian concept in &ffort to explain the socio-economic developmenttie Third Italy.
Although there is no universally accepted notionirafustrial district (Cainelli, 2008a), a definiticof the “canonical”
Italian industrial district model acceptable to mesholars is a “territorial agglomeration of sméhims normally
specialized in one product or phase of productiaid together by interpersonal relationships, by thommon social
culture of workers, entrepreneurs and politiciamsa@inded by an industrial atmosphere which fat#i the diffusion of
innovation, generating in this way important flowt external economies that are still internal te thcal productive
systems” (Bianchi, 1994, p.14).

® The literature provides alternative definitionsresilience. The ecological approach defines ragjioasilience as the
capacity of a region to move from a possible stestete path to another (Reggiatial, 2002). The engineering approach
defines regional resilience as the capacity ofggoreof coming back to a persistent steady-statélibgum after a shock
(Rose, 2004; Fingletoet al, 2012). Recently, the economic geography liteeahas put attention on a different concept of
resilience, which refers — from an evolutionarygperctive — to a region's capacity of positivelyctezgy to a short-term
external shock (Simmie and Martin, 2010; Martin12p In this paper we follow this perspective.

6 Focusing on aggregated data, Noy (2009) finds ¢bantries with a higher literacy rate, bettettitméons, and higher
degree of openness to trade withstand better Sasidirs, possibly because they succeed in rapiobyliming human and
financial resources. Drawing a parallel with théadings, one could expect industrial districtseigoy a vantage position
in terms of local ability for mobilizing resources.



magnify the impact of the shock. The first chaneehe transmission of the shock through the supply
chain network. Carvalhet al. (2014) find that the sale growth of firms outsale area hit by a large
shock are negatively affected by the exiting of ttgean and downstream firms in the affected
geographical areaThus, given the high density of the (productiveshinological and commercial)
relationships among firms in industrial distridise shock transmission along the supply chain neay b
stronger within these local systems than in notridisareas As shown by Todet al. (2013) and
Tokui et al. (2017), firms may indeed benefit from enjoying eographically diversified network of
suppliers and clients, because this facilitates siniestitution of damaged partners after a localized
shock. Another potential channel through which §inm an industrial district may be more severety hi
pertains to the financial realm: if banks have lizea lending relationships, a disaster may negétiv
impact on the provision of external finance to fivens located in the affected argainally, the
location in an industrial district may magnify timpact of a disruptive supply shock because of the
relative larger importance of damages to localastiuctures, at least to the extent that natural
amenities contribute to agglomeration in industiatricts.

As theory does not tell whether the location iniagustrial district makes a firm more or less
resilient in the face of a disruptive exogenouspdushock, new empirical analyses are of great
importance to improve our understanding of how ratuisasters hit firms and whether their

localization within a district makes a differenaenot for their performance.

3. Data and empirical approach

3.1. Data
Between 20 May and 6 June 2012, the Emilia-Romaggen, located in the North-East of Italy,

was hit by a sequence of severe earthquakes. @fie (magnitude 5.9) struck close to Bologna and
its epicenter was in the area near the town Fikahdia. This was followed by two aftershocks of
lower magnitude (still above 5). A magnitude 5.8tleguake hit the same area on 29 May 2012,
followed by another sequence of earthquakes. Twersifocks hit again: the first on 3 June and the
second on 6 June.

7 The impact on downstream firms is shown to b&ak for the firms linked both directly and inditbc

8 Such hypothesis is consistent with the conclstnHenrieket al. (2012), who, via a simulation analysis based @uiin
output tables, show that clusters hit by a shodfesless when they are not too concentrated aatlttte resilience of the
economic system to natural disasters is higher vaugply chains are localized and each clusterolstisd from external
disasters.

9 As shown for Japan by Uchidaal. (2013), this may not be the case if damaged beedeive external financial support
from either the government or other private investdlosoncet al. (2016) show that the lending capacity of banksied
in an area affected by a disaster is reduced apddta on firms’ investment, even when firms arated outside such area.



This natural disaster caused serious damages vat@riand public buildings, as well as to
productive units. Figure 1 offers a graphical repregation of the impact of the earthquake on 29 May

2012 in the Emilia Romagna region.
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Figure 1: A map of the Emilia-Romagna earthquak20a2

As shown in Figure 1, the earthquake was powerdilHighly localized as only light shaking was
perceived outside the areas closest to the epicdditeen the high manufacturing density in Emilia-
Romagna and the presence of several industriaiadss{Bruscoet al, 1996), this event represents a
natural experiment which can be used to assesshethtte location of firms in an industrial district
enhances or weakens their economic resilience.

To tackle this issue, we use information drawn friiBureau van Dijkdatabase. Specifically, we
construct a sample of about 26,000 firms (in martufing and KIBS) located in Emilia-Romagna

during the period 2010-2013. As summarized in Talend 2, one third of these firms are located in



an industrial district and less than 10% are planegteas hit by the earthquake. More importartlig,
Tables show that not all the firms hit by the equidke are in an industrial district and not all fines
located within an industrial district are placedareas hit by the disaster. This allows us to adopt
different econometric methods to identify the difietiated impact of the earthquake across firms and
districts.

In this work we focus on a number of proxies fomfs performance: turnover; tangible assets; bank
debt/sales ratio; value of production; Return OleS&ROS), i.e. EBIT/net Sales; Return On Equity
(ROE), i.e. net income/equity.

As we aim at detecting the earthquake impact onsfiperformance and to differentiate the analysis
according to whether firms are located in induktliatricts or not, for each firm we need more than
one observation: one before the earthquake andafieevards. Since the earthquake hit Emilia-
Romagna in mid-2012, it is not theoretically cledrether the pre-shock performances (calculated as
the average values in the years 2010-2011) are twimpared either with the 2012 end-of-year values
or with those in 2013. According to previous cdmitions, we expect to find stronger results for the
2012 because the firms that survive a disaster tier@tbsorb the shock rather quickly. By running the
estimations for both 2012 and 2013, we shall ta@stihtuition and indirectly assess both the shod

longer effects of the disaster on the survivinmér

Table 1: Breakdown of the sample of firms by earétkg and district

Industrial district Earthquake Total
No Yes

No 14,937 1,886 16,823

Yes 6,940 2,522 9,462

Total 21,877 4,408 26,285




Table 2: Breakdown of the sample of firms by seetmthquake and district

ATECO no earthquake- no district earthquake-no district no earthquake-district Eprdtke-district Total
2-digit No. Col% Row% No. Col% Row% No. Col % Row % No. Col% Row% No. Col%
10 54z 3.€ 50.7 52 2.8 4.¢ 411 5.¢ 38.2 65 2.€ 6.1 107(¢ 4.1
11 36 0.2 42.4 4 0.2 4.7 34 0.5 40.0 11 0.4 12.9 85 0.3
13 39 0.3 18.8 14 0.7 6.7 45 0.6 21.6 110 4.4 52.9208 0.8
14 17z 1.z 28.2 72 3. 11.€ 111 1.€ 18.2 25t 10.1 41.7 611 2.8
15 99 0.7 63.5 9 0.5 5.8 40 0.6 25.6 8 0.3 5.1 156 0.6
16 147 1.0 55.7 23 1.2 8.7 62 0.9 235 32 1.3 12.1264 1.0
17 80 0.t 48.t 13 0.7 7.¢ 46 0.7 27.¢ 26 1.C 15.¢ 16t 0.€
18 234 1.6 59.8 22 1.2 5.6 85 1.2 21.7 50 2.0 12.8391 15
19 2 0.0 25.0 0 0.0 0.0 4 0.1 50.0 2 0.1 25.0 8 0.0
20 174 12 58.8 32 1.7 10.8 77 11 26.0 13 0.5 4.4 296 11
21 17 0.1 48.6 6 0.3 17.1 6 0.1 171 6 0.2 171 35 0.1
22 226 15 46.0 40 21 8.1 142 2.0 28.9 83 3.3 16.9491 1.9
23 368 25 67.3 17 0.9 3.1 136 2.0 24.9 26 1.0 4.8 547 2.1
24 63 0.4 46.3 21 11 154 39 0.6 28.7 13 0.5 96 36 1 05
25 1392 9.3 50.3 259 13.7 9.4 752 10.8 27.2 366 145 13.27692 105
26 196 1.3 49.5 40 21 10.1 123 1.8 311 37 15 9.3 396 15
27 268 1.8 51.8 57 3.0 11.0 139 2.0 26.9 53 21 310. 517 2.0
28 1184 7.9 52.7 195 10.3 8.7 614 8.8 27.3 254 10.1 11.3 4722 85
29 94 0.6 46.8 19 1.0 9.5 61 0.9 30.3 27 11 134 01 2 0.8
30 81 0.5 70.4 8 0.4 7.0 25 0.4 217 1 0.0 0.9 1150.4
31 13t 0.€ 46.£ 14 0.7 4.€ 12¢€ 1.8 432 16 0.€ 5.t 291 1.1
32 210 14 61.4 23 1.2 6.7 70 1.0 205 39 15 11.4342 1.3
62 683 4.6 62.1 78 4.1 7.1 272 3.9 247 67 2.7 6.11100 4.2
63 54¢ 3.7 63.2 50 2.7 5.€ 21& 3.1 24.¢ 54 2.1 6.2 86¢ 3.2
68 5053 33.8 60.2 540 28.6 6.4 2124 30.6 253 671 26.6 8.0 8388 31.9
69 323 2.2 64.0 27 14 5.3 141 2.0 27.9 14 0.6 2.8 505 1.9
70 997 6.7 65.¢ 81 4.2 5.4 36C 5.2 23.¢ 74 2.¢ 4.c 151z 5.€
71 580 3.9 60.2 69 3.7 7.2 263 3.8 27.3 51 2.0 5.3 963 3.7
72 105 0.7 62.1 16 0.8 9.5 42 0.6 24.9 6 0.2 36 916 06
73 34C 2.2 62.7 36 1.¢ 6.€ 14& 2.1 26.¢ 21 0.€ 3.¢ 54z 2.1
74 546 3.7 60.9 49 2.6 5.5 230 3.3 25.7 71 2.8 7.9 896 34
Total 14937 100.0 56.8 1886 1000 7.2 6940 100.0 26.4 2522 100.0 9.6 26285 100

3.2. Methodology

The aim of this section is to illustrate our emafimethodology. We address wo research questions:
i) the impact of the earthquake sequence on thesfiperformance after the shock; ii) the differahti
impact of the earthquake according to the locabmabf the firms inside or outside an industrial
district.

3.2.1. The average impact of the earthquake seguenc

To estimate the effect of the earthquake on finpesformance we employ two alternative methods: (i)
Difference-In-Differences (DID); (ii) Propensity & Matching (PSM) on the variables of interest in
levels and first-differences (measured both bedme after the earthquake).

These two methods require that some conditiongusfiked. The most important is the presence of
a reliable control group, that is, a subsampleraid not hit by the earthquake. The second condiso
that the selection of the firms into treatment.(ikeeing located in an area hit by the earthquéke)

independent from the characteristics of firms #ab affect their performance. In other words, ¢hes



methods require the existence of the same unitbstmwation before and after the treatment. This
implies that we focus only on surviving firms.

The DID approach compares the change in the pedioce of firms located in an area hit by the
earthquake with the change in the performancewisfplaced in a territory not affected by the disas
after controlling for a number of firm-specific antka-specific characteristics.

Assuming thaty; is the performance variable of interest (e.g, potidn, value added, etc.) for the

firm i in periodt, the impact of the earthquake can be capturedtiyating either:
Yit = & * foly + 18 + fo&1 + Uy 1)
or
Ay; = 0p+ 018 + 0, X; +; (2)

wheret /7{0,1} is the pre-post earthquake periadis the time dummy (equal to 1ti= 1), g is the
earthquake dummy (equal to 1 if the firm is locate@n area hit by the earthquake in period 1 and 0
otherwise), and; contains firm-level exogenous controls (sectoary# incorporation, etc.). The main
difference between equation (1) and (2) is thatdtter, by differentiating, removes any time-inaat
unit-specific effects on the level but allows taosmler firm-specific controls possibly affectingtrate

of change. The former can take two forms: a poei&iimation or a fixed-effect panel estimation to
absorb the impact of any firm-specific time-invatigontrols.

The variable of interest in equation (1) is thartest;, which captures the average effect of the
disaster on the level of the performance of inter&er controlling forX;. The variable of interest in
equation (2) is the dumnwgy, that is used to assess the average effect dfd¢henent on the change of
the performance variable of the treated firms.

When there are reasons to believe that the treatmegit not be randomly distributed across the
units and that there might be confounding factdiecting the DID estimator, an alternative approach
to quantify the effects of the earthquake on thndiis Propensity Score Matching (PSM). PSM
controls for confounding factors in the estimatmfnthe impact of the treatment by ensuring that the
comparison is performed using treated and contrit that are as similar as possible. Three stepd n
to be done: i) the pre-treatment firm charactersséire summarized in a single variable (the prdpens
score) by means of a probit/logit estimation; ifigar treated and control firms are matched; ting
average effect of the treatment on the treatedlmutated as the average difference between theesal
of the variable of interest for the treated firnmgl ahe control firms in each pair of matched firfaare

and better are the variables used to calculatgtbpensity scores, more efficient is the removal of



confounding factors. In order to work, this appitoaequires that the sample contains enough pairs of
treated and control units with the same properssioye.

The nature of the shock suggests not worrying alpooblems of self-selection into treatment:
before the disaster, the region was considerechaisidn very low systemic risk and no firm chose its
location on the basis of the probabilities of bemggby an earthquake. Nonetheless, given that the
geographical distribution of firms operating infdient industries is neither homogeneous nor random
one may want to control for the possibility tha¢ #iverage treatment effect may (statistically)exfl

sector-related confounding factors.

3.2.2. The differentiated effect of industrial dids

These two methods capture the average effect ofréament on the treated, that is, the average
impact of the earthquake on the firms located gaardirectly affected. This is the first issue that
deal with. The second research question regardditfeeentiated impact of the earthquake on firms
that are located in industrial districts with resip® those that are not.

Generally, firms choose where to locate: their geiside or outside an industrial district is likel
correlated with their characteristics. Accordingiye cannot use the same approach also to adteess t
differentiated effect of the earthquake across geagcal areas that are and are not industriaticlist
This forces us to work on the previous specificatmd insert a set of dummies and interacting terms

to estimate the differential impact of a uniquetmeent, i.e. the earthquake.
Yit = Ci + oty +y10ity + yo8t + e dit, + gy ©))
or
Ay, = mo + md; + 7,6 + m3gd; + 1y X + v, (4)
whered; is a district dummy (equal to 1 if the firm beleng an industrial district and O otherwise).
The variables of interest in equation (3) are #renigdit;, capturing the district-related difference in
the treatment effect on the outcome variapland the termgt;, that assesses the average treatment

effect on the treated firms for the performancentdrest. In equation (4), the same holds, respagti

for the interaction dummegd, and the dummw.

4. Results
Table 3 reports the average impact of the earthejwak the performance of firms located in the

affected areas, with no distinction between indalstlistricts and other areas.



For the year 2012, we obtain consistent estimaies the different estimators adopted: OLS pooled
DID, panel fixed-effects DID, first-differences DJ@&nd PSM. The earthquake, on average, reduces
turnover, production, value added, and ROS. Theemates are all statistically significant for 10&S
estimates in levels and for the OLS and PSM in fiferences; only ROS seems instead significantly
affected by the disaster according to the PSMuelfe The panel fixed-effects and the first-diffeces
estimations (OLS and PSM) suggest that the debtsales ratio significantly grows more in the firms
located in the areas affected by the earthquakaitiirely, these results have an economic senseg-i
affected by the earthquake performed, on averagesesmhan the others but they survived also thanks
to expanding their debt. Notably, the debt variaislesignificant only when fixed-effects or first-
differences are considered: this suggests that ikex differential variation in the accumulatidrdebt
rather than a differential level-effect.

For the year 2013, only the variation in the del#rosales ratio remains statistically significamt i
fixed-effects or first-differences panels, as veaIPSM. Besides this, there is also some weak reséde
of a differentiated growth in the volume of tangil whereby hit firms accumulated more tangibles. |
fact, had we looked exclusively at 2013, we wouwddéenconcluded that the earthquake had no impact
on the firms located in the areas affected by ikaster. In fact, as the analysis in 2012 shows)sfi
were affected but did also recover fast (this tasuh line with the other studies reviewed bejoihe
possibility of tapping credit seems particularlypontant for firms to bear such large a shock.

Having established the average effect of the easke on the performance of the surviving firms,
we move to our second research question, thathisther the location of a firm in an industrial dist
exacerbates or mitigates the impact of the eartteju@ur evidence (Tables 4-7) suggests that tisege i
negative impact of the earthquake on the activitg afficiency of firms. This effect is higher ineth
short-term (2012) for the industrial district firmghis is true for production, turnover, value adidend
ROS. Similarly, the increase in firms’ indebtedné$sbt/sales) is particularly significant for thenfs
located in these local productive systems.

This finding supports the hypothesis that indukttiatricts may exhibit lower resilience in the éac
of a large and disruptive supply shock becausectimulative processes associated with localization
externalities may reverse and magnify the negatiapact of adverse phenomena. The shock
transmission may work through three different medas: (i) the supply chains (Carvallet al,
2014); (ii) the weakening of agglomeration exteitresd, (iii) the existence of local risk-sharing
mechanisms that increase the probability of masasutte (Cainelliet al, 2012). Our results do not
support the hypothesis that industrial distriainrmay be affected by a localized credit cruncthag

do manage to increase their debt levels.



Table 3: Estimation results

Dependent Level First difference: 2010/11—
variable
Pooled estimation Panel FE: 2010/11—
2012 2013 2012 2013 2012 2013
OLS PSN OLS PSN OLS PSN OLS PSN
In(turnover) -.0485 -.0033 -0128  .0318 -.0281  -.0003 -.0225 -.0223 0150 0138
(.0265) (.0362) (.0272)  (.0367) (.0118) (.0150)  0114) (.0123) (.0145) (.0158)
In(tangibles) -.0060 .0036 .0289 .0382 .0015 .0299 .0010 -.0004 .0301 .0295
(.0356) (.0457) (.0365)  (.0463) (.0117) (.0158)  0117) (.0126) (.0164) (.01750)
debt/sale 579( .375¢ -.0551 0487 .8761™ 1.107" 74177 746¢ 1.012 964"
(.4395) (.4747) (.4508)  (.4792) (.2646) (.3302) 28Q7) (.2967) (.3403) (.3579)
In(value-added 057¢ .037: -041C  -.021C -.0471™ -.009¢ -.0451" .0442 .005 -.006¢
(.0285) (.03659) (.0292)  (.0374) (.0129) (.0151) .01B4) (.0142) (.0151) (.0161)
In(production) .0563 -.0117 -.0152 .0301 -0368  .0002 -.0287 .0289" 0136 0123
(.0259 (.0354 (.0266  (.0358 (.01108 (.0140 (.0108 (.0115 (.0137 (.0147
ROE .3185 .2943 9978 1.0563 -.8054 .1686 -.4791 -.3078 .3343 4914
(.5300) (.5623) (.5004)  (.5366) (.5366) (.5606)  57R9) (.5970) (.5753) (.6102)
ROS -.7590° -.8103" -3024  -4231 -.6227" .0589 -.5348 -.5658" .0930 0468
(.2389) (.2483) (.2319)  (.2450) (.2148) (.2350)  23(1) (.2426) (.2457) (.2588)

The coefficient reported is the one attached teetirthquake dummy, for each dependent variablespecification. Robust standard errors in parerghesi

Controls for sector (-digit), incorporation year and district included®.S and PSM. Significance at: 1% ; 5% ; 1

Table 4: Earthquake effect inside/outside districésults

Dependent variable Regressor Years: 2010/11-
201z 201:
A In(turnover) District dummy (d) -.0039 (.0109) .0149 (.013¢
Earthquake dummy (e) -.0094 (.0154) .0206 (.020C
e-d -.0254 (.0225) 0109 (.028¢
e+ed -.0348" (.0166 .0100 (.0211
A In(tangibles) District dummy (d) .01@3107 .0049 (.014z
Earthquake dummy (e) .0055 (.0155) .0334 (.023(
e-d -.0087 (.0228) 0065 (.032:
e+ed -.0033 (.0170) .0269 (.022¢
A debt/sales District dummy (d) .0025 (.2484) .0100 (.303¢
Earthquake dummy (e) 0711 (.377: .1863(.4548
e-d 1.336 (.5538 1.668" (.6683
e+ed 1.407" (4103 1.855 (.4982
A In(value added) District dummy (d) -.0026 (.0115) .0016 (.013¢
Earthquake dummy (e) -.0263 (.0185) .0042 (.021z
e-d -.0366 (.0262) 0236 (.029¢
e+ed -.0629" (.0190 -.0194 (.021¢

Robust standard errors in parenthesis. SignificaticE% ; 5% ; 10% .Regressions include sectorg#}adlummies and year of incorporation.



Table 5: Earthquake effect inside/outside districtsults

Dependent variable Regressor Years: 2010/11-
2012 201:

A In(production) District dummy (d) -.0020 (.0102) 0054 (.0129)
Earthquake dummy (e) -.0097 (.0150) .0230 (.0189)
e-d -.0358 (.0213) -.0183 (.0270)
e+ed -.0455 (.0153) .0047 (.0196)

A ROE District dummy (d) -.3928 (.4786) .9712 (.4959)
Earthquake dummy (e) -.5294 (.8098) 1.139 (.7810)
e-d .0980 (1.123) -1.554 (1.123)
e+ed -.4314 (.7963) -.4155 (.8241)

AROS District dummy (d) -.0418 (.1965) -.0097 (2172
Earthquake dummy (e) -.3433 (.3264) .3435 (.3516)
e-d -.3730 (.4508) -.4895 (.4797)
e+ed -.7163 (.3192) -.1460 (.3354)

Robust standard errors in parenthesis. SignificaticE% ; 5% ; 10% .Regressions include seci-digit) dummies and year incorporation

Table 6: Earthquake effect inside/outside distriéfs estimator

Dependent variable  Regressor

Years: 2010/11-

2012

201z

In(turnover) District dummy (d) Time dummy (t) .0026 (.0104) -.0056 (.0136)
Earthquake dummy (e)Time dummy (t) -.0083 (.0175) .0186 (.0197)
e-d-t -.0358 (.0241) -.0304 (.0286)
e-t+e-d-t -.0441" (.0166) -.0118 (.0207)
In(tangibles) District dummy (d) Time dummy (t) .0167 (.0106) .0155 (.0141)
Earthquake dummy (e)Time dummy (t) .0048 (.0154) .0322 (.0234)
e-d-t -.0130 (.0226) -.0107 (.0324)
e-t+e-d-t -.0082 (.0166) .0214 (.0223)
debt/sales District dummy (d) Time dummy (t) .0735 (.2424) .0583 (.2945)
Earthquake dummy (e)Time dummy (t) .1706 (.3697) .2849 (.4767)
e-d-t 1.229 (.5424) 1.477 (.6715
e-t+e-d-t 1.400" (.3968) 1.761 (.4802
In(value-added)  District dummy (d) Time dummy (t) .0044 (.011¢ .0099 (.0134)
Earthquake dummy (e)Time dummy (t) -.0253 (.0185) .0046 (.0211

e-d-t

-.0401 (.0261)

-.0291 (.0296)

e-t+e-d-t

-.0655" (.0184)

-.0245 (.0208)

Robust standard errors in parenthesis. Significaiict% ; 5% ; 10% .



Table 7: Earthquake effect inside/outside distriéfs estimator

Dependent variablRegressor Years: 2010/11-
2012 201z
In(production) District dummy (d)} Time dummy (t) .0019 (.0101) .0013 (.0128)
Earthquake dummy (e)Time dummy (t) -.0116 (.0149) .0204 (.0188)
e-d-t -.0451" (.0210) -.0359 (.0268)
e-t+e-d-t -.0566 (.0148) -.0155 (.0198)
ROE District dummy (d)1 Time dummy (t) .2851 (.4725) 1.044.4912
Earthquake dummy (&) Time dummy -.6541 (.7976) 1.038 (.7755)
®
e-d-t -.1384 (1.103) -1.9791.111
e-t+e-d-t -.7925 (.7616) -.9412 (.7955)
ROS District dummy (d) Time dummy (t) .0037 (.1922) .0920 (.2112
Earthquake dummy (e)Time dummy (t) -.4211 (.3218) .3739 (.3458)
e-d-t -.3526 (.4426) -.5904 (.4693)
e-t+e-d-t -.7737 (.3039) -.216€.3172

Robust standard errors in parenthesis. SignificaticE% ; 5% ; 10% .

5. Closing remarks

In this work, we developed a firm-level empiricabdysis to evaluate the impact on firm performances
of a sequence of earthquakes occurred in 2012eritétian region of Emilia-Romagna. This study
addresses the question of whether the localizaifom firm within an industrial district mitigated o
exacerbated the impact of a local natural disaster.

Our findings suggest that the earthquake reducetbver, production, value added, and return on
sales of the surviving firms, at least in the sherin. In addition, the debt over sales ratio grew
significantly more in the firms located in the asedfected by the earthquake.

The empirical evidence also suggests that the ivegmhpact of the earthquake was slightly higher
for the firms located in industrial districts thior those outside such areas, thereby suggestatgah
least in the short-term, the usually positive cuatiué processes associated with localization widimn
agglomerated area could have reversed and magtifeedegative impact of a disruptive exogenous
supply shock. In this sense, counting on the “nuil@as” properties of the industrial district to alis
the devastating effects of a natural disaster riskg/ be a mistake. This is probably the main
contribution of this chapter to the industrial didtdebate.

Some policy implications can be drawn from our gsial First, since the economic impact of a local
disaster can be “small” (as in our case), publstiintions should avoid misallocating public resmms
to finance interventions for areas hit by a natdishster, without a serious and rigorous anabystke
real impact of the event. Second, these publicciadishould discriminate their interventions taking

into account also of the localization within a @ugiof industrial districts. Our evidence shows that



within these local productive systems, the effexfta local disaster can be amplified. Finally, thes
public interventions should also account for indireffects. These effects can be propagated through
vertical relationships/supply chain networks typmfaclusters/industrial districts and more genlgraf
agglomerated areas.

Three final caveats are in order. First, our anslygfers to surviving firms. This approach
understates the overall impact of the earthqualse,taneglects its impact on firms’ survival
probabilities, and fails to capture the effectpaifticipating in an industrial district to the lIkeood of
surviving to the shock. Second, we do not accoantlifferences in the intensity of the earthquake i
different geographical areas and model instea@dndnquake as a binary treatment. This can biag som
of the results in case of a systematic relationvben the severity of the earthquake and some of the
characteristics under study (and the bias can lactga both ways and cannot be easily inferred).
Third, we do not control for the extent and timeBs of public intervention in the different arefas.
fact, one could even argue that it is the readiresk appropriateness of such intervention the main
reason behind the mild impact of the earthquak&roms’ profitability we found.

Our future research will be therefore devoted terosme these limitations. In particular, we plan to
(i) estimate the impact of the earthquake on firswsvival to come to an estimate of its overaleetf
on firms’ profitability; (ii) account for possiblgystematic relations between firms’ characterigcg.,
the fact that they belong to an industrial disjranid the severity of the earthquake, so as tokctiex
robustness of our results, by using data on thensity of the quakes across the different
municipalities; (iii) control for the extent andnmteliness of public intervention in the different
locations, so as to come to an estimate of itct¥ieness and obtain also an estimate of the impfact
the earthquake net of public support. We beliexa these developments can offer new insights not
only for the debate on the economic impact of ratdisasters, but also for the discussion on the

mechanisms underlying the functioning of an indaktistrict.
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