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Abstract
The e˙ects of natural disasters on land development are unclear. Using a rich
dataset on historical food records and the universe of buildings in Spain, we document
the patterns of land development in the aftermath of an inundation. We apply a
fexible event-study framework and fnd that, on average, new development is not
a˙ected by a food, and residential buildings continue to locate close to potentially
dangerous areas. However, these development responses dramatically di˙er depending
on local housing supply constraints. In particular, foods hinder new development in
municipalities with an elastic housing supply, but a recession-induced overbuilding
occurs in municipalities with an inelastic housing supply. Likewise, we show that
signaling a hazardous area may also lead to overbuilding as developers expect future
restrictions to neighboring development. Together, these results shed light on the
importance of mapping developers’ reactions to natural disasters in the local real
estate contexts to mitigate the adverse consequences of disasters on cities.
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Introduction

Floods are rare events, usually violent, often leading to material losses, injuries,
and even deaths. The United Nations considers foods as the most costly natural disaster
(United Nations, 2020). In Spain, they have killed more than heat waves and wildfres
combined between 1995 and 20151 . It is estimated that they cost an average of 800 million euros to the Spanish economy every year and are related to almost half of insurance
compensation requests since 19712 .
Floods occur near water bodies, which are historically valued both for their amenities
and intrinsic economic potential. In Spain, the vast majority of building development
occurs right outside food zones. Flood zones are defned as spaces with a probability
equal to or higher than one in 500 of being fooded per year. The trade-o˙ between
apparent risks and water accessibility has lead individuals to cluster as close as possible to
these zones. One building out of ten is located within the frst 100-meter fringe outside a
food zone, potentially exposing a large share of development. A simple location decision
model predicts that forward-looking individuals would develop less or farther away from
these zones after a food as their expected risks increase.
While the literature has primarily documented migration patterns in the aftermath
of natural disasters (Boustan et al., 2012; Hornbeck, 2012; Mueller et al., 2014), it is
unclear how natural disasters permanently a˙ect local development activity. For instance,
Davis and Weinstein (2002) have highlighted path dependence patterns when cities are
confronted with extensive destruction. Also, Hornbeck and Keniston (2017) documented
how the Great Boston Fire led to land value appreciation. Gallagher and Hartley (2017),
however, show that after hurricane Katrina, households used their food insurance to pay
back their mortgage and left, rather than rebuilt. Because homes are quickly built but
disappear slowly (as shown by Glaeser and Gyourko (2005)), and as the world experiences
climate change, understanding how real estate markets react to extreme climate events is
of paramount importance.
In this paper, we study the dynamics of land development in Spanish municipalities
that experienced a food. We want to know how new development is a˙ected by a food,
whether it takes place farther away from food zones or on higher ground, and the duration
of these e˙ects over time. Also, we examine how these outcomes vary with housing supply
elasticity, which we proxy with past development. Finally, we study the impact of foods
on several other economic indicators, including employment and migration patterns.
Our primary dataset includes the universe of buildings in Spain as provided by the
Land Register Administration. That is, approximately 12 million georeferenced units3 .
We combine this information with a digitized dataset of all foodplains for Spain. This
allows identifying buildings’ locations with respect to food zones. Additionally, we extract
detailed terrain elevation data from satellite images. Finally, we gather nearly 778 historical
food records identifed at the municipal level between 1978 and 2010. We complete our
analysis with socio-economic covariates gathered at the municipality level.
We use an event study framework to investigate the e˙ect of historical foods on
1
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these development decisions. For that purpose, we study new development changes in
surface, distance to food zones, and elevation compared to the year before a food event to
capture the development response. We perform this analysis both at the municipal level
and considering di˙erent fringes outside the foodplain. We are primarily interested in the
spaces right outside food zones. These spaces are historically identifed as at-risk, and
concentrate a large share of development. Our empirical strategy relies on the assumption
that conditional on municipality and year fxed e˙ects, the timing and the extent of a food
is as good as random. The unanticipated shock of a food allows us to conduct a di˙erencein-di˙erences analysis around a food event for each municipality. Our main results indicate
that experiencing a food does not a˙ect new development on average. Development takes
place at a similar pace to that before the food. Additionally, new construction does not
change its proximity to water nor its elevation after a food. When analyzing development’s
fnal use, we fnd that residential buildings are being built at the same rate as before the
food. A food event does not have a signifcant e˙ect on key economic variables such as
unemployment or migration.
We propose that, when a food hits a community when housing supply is inelastic,
prices absorb the demand shock, encouraging developers to overbuild á la Grenadier (1996).
However, when a food hits an expanding community, where housing supply is elastic,
quantities absorb the e˙ect while prices remain unchanged.
A heterogeneous analysis by the level of development before the food shows that
there are signifcant di˙erences. Municipalities having experienced low development levels
in the decade before the food experience a housing boom after the food. New development
increases permanently by 25% compared to the year previous to the event for these cities.
This surge in construction is mainly driven by residential and industrial development and
is followed by a fall in transaction prices. On the contrary, cities having experienced a
development boom before the food experience a 27% permanent drop in new construction compared to before the food. Residential development drives this reduction in new
construction, but transaction prices remain stable. New construction does not take place
farther away from food zones or on higher ground in both cases. In fact, it increases above
pre-treatment levels in the fringes surrounding foodplains after 8 to 10 years in declining
cities.
Finally, we show that even in the absence of foods, risk signaling can lead to local
housing booms. To do so, we focus on an EU directive mandating EU-member states to
identify food-prone areas, named ARPSIs. In the Spanish case, this directive identifed
areas that were not previously considered dangerous. Still, it was not accompanied by any
regulation designed to restrict future development. We compare areas that were newly
declared as potentially dangerous to areas close to water bodies but were not a˙ected by
the directive. We show that the food-prone areas signaled by the policy developed at a
higher rate than those that were not fagged. While this latter result can be explained by
the developer’s fear of future restrictions, it could also be the unintended consequences of
a demand shock. It is thus another example of overdevelopment in areas at risk of foods.
Overall, this paper contributes to several strands of the new climate-economy literature, and particularly on how urban development is a˙ected by the consequences of climate
change4 . Many studies have shown the impact of natural disasters on economic activity.
Climate-driven variations in income are well-documented (Barrios et al., 2010; Dell et al.,
4
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2009, 2012; Hsiang, 2010; Hsiang and Narita, 2012; Lobell et al., 2011; Nordhaus, 2006,
2010). A large share of the literature has argued those earnings windfalls fostered outmigration as an adaptation strategy (Munshi, 2003; Feng et al., 2010, 2012; Boustan et al.,
2012; Hornbeck, 2012; Hornbeck and Naidu, 2014; Desmet et al., 2018; Boustan et al.,
2020). Albeit migration responses are not the primary outcome of this paper, it certainly
contributes to illustrating the research on settlement choices in the aftermath of a disaster.
To our knowledge, only a few papers specifcally study the impact of natural disasters
on urban development. In particular, Kocornik-Mina et al. (2020) use nightlight data to
study development reallocation in the aftermath of massive foods. They fnd that new
construction does not take place farther away from the fooded areas. Additionally, Elliott
et al. (2015) use nightlight data to study the impact of typhoons on economic wealth in
coastal China. They show that destructive typhoons have a strong but short-lived e˙ect.
A few papers focus on specifc cases, such as hurricane Katrina (Gallagher and Hartley,
2017; Deryugina et al., 2018) or other historically destructive events (e.g., Hornbeck and
Naidu (2014)). One possible reason for this lack of global evidence on urban development is
that natural disasters are low-frequency events with very local consequences. This implies
that in the absence of granular data, their impact could be missed (Strobl, 2011; Bouwer,
2011). First, we contribute to this literature by collecting and using an extensive historical
database of food events in Spain. Consequently, our results do not build on specifcally
selected billion-dollar or deadly disasters. This mitigates potential issues related to external
validity. Second, combined with the universe of buildings provided by the Land Register
Administration, it means that we can study the impact of the food several years after
the shock. Finally, highly disaggregated administrative data allow us to show the role of
housing supply elasticity on development dynamics following the food.
This work also contributes to the literature on housing supply and development regulations (e.g., Grenadier (1996); Wheaton (1999)). Notably, Glaeser and Gyourko (2005)
discuss how the durable nature of real estate investment infuences real market reactions
to negative demand shocks. Saks (2008) shows that places with an unconstrained housing supply experience more residential construction and smaller increases in house prices
when a positive demand shock occurs. Hilber and Vermeulen (2016) show that constrained
housing supply has a signifcant positive impact on the price-earnings elasticity. Closer to
the environmental literature, many papers have studied how housing prices respond to
increased risk perception of natural disasters (Bernstein et al., 2019; Barrage and Furst,
2019; Singh, 2019; Bosker et al., 2019; Bernstein et al., 2020; Baldauf et al., 2020; Murfn
and Spiegel, 2020; Coulomb and Zylberberg, 2021). Here, we contribute by focusing on
how natural disasters may have a di˙erentiated impact on new development depending on
the characteristics of the housing supply previous to the disaster.
Finally, this paper contributes to the broader discussion of optimal policies to mitigate urban development exposure to natural disasters as in Kahn and Walsh (2015) and
Kocornik-Mina et al. (2020). This is important as more frequent and more intense extreme
climate events are expected in the near future. Our results show that signaling areas as
potentially high-risk do not deter development from happening near such areas.
The paper is organized as follows: Section 2 describes historical foods and development allocation in Spain; Section 3 discusses the potential relationship between real estate
market cycles and food; Section 4 describes the primary datasets; Section 5 outlines the
empirical strategy; Section 6 presents the results of the main specifcation and the policy
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analysis; and, fnally, Section 7 o˙ers some concluding remarks.

2

Flood Zones in Spain

Spatial concentration — Flood zones, or foodplains, are defned based on the historical and geomorphological probabilities of being fooded in a given period. For instance, a
100-year foodplain corresponds to a zone with an average of 1%-chance of being fooded
in any given year. It is equivalent to one chance out of four to be fooded over a 25-year
mortgage period. By extension, a 500-year foodplain corresponds to a 0.2%-chance of suffering a disaster. These defnitions are ad-hoc, and in Spain, the law considers as a food
zone any area located within a 500-year foodplain. Although current legislation varies according to the space defnition, most of these areas’ frontiers are very close to one another.
In more than 90% of the cases, 500-year foodplain borders are only 20 meters away from
their 100-year counterparts. The spatial concentration of food probabilities points to the
existence of recognizable terrain patterns.
A common wisdom — Despite this modern defnition, it is improbable that individuals
were ignorant of food zones before the law’s existence. For more than ten centuries, people
located out of foodplain as they learned to recognize these spaces early on in history. The
earliest traces of adaptation to food events date back to the Middle Ages.
While individuals may have considered these disasters a divine outcome, local authorities already began modifying the terrain accordingly, building levees and foodwalls.
Ancient fragments of dams named ‘turciae’, made of wood, rocks, and dirt, are mentioned
for the frst time in a 816 codex – ‘De aggeribus juxta Ligerim fadendis’ 5 . Other examples
of adaptation to food risks span across history. In 1150, the French Royal authorities created a corporation of engineers specifcally meant to fght food disasters. In 1160, Henry
II of England commanded that local engineers stayed in villages to take care of the levees.
In the 17th century, philosophers and mathematicians started to advocate for a higher
knowledge of these catastrophes6 .
Although not as detailed as today, the risk was already inferred based on the regular
observation of food events in some areas – in particular agricultural regions. Engineers and
statisticians mastered the cyclical prediction of foods, and geographers drew the frst oÿcial food maps by the mid-19st century. Figure 1 is an early example of such cartographic
exercises made in the aftermath of the Santa Teresa Flood, in Spain.
In Spain, the so-called ‘Law of Waters’ – that administered rivers and lakes in the
country was implemented shortly after, in 1866. During the frst half of the 20th century,
a series of regional and central government policies organized the use of water resources in
the country. However, it was only in 1986 that the central government started to regulate
development inside food spaces while making recommendations for outside food spaces.
5

Which translates to ‘On the (De) production/construction (faciendis) of levees (aggeribus) next to
(juxta) the Loire river (Ligerim)’. King Louis I, son of Carolus Magnus, ordered the report. Knowing it
was written in the early 9th century, the local populations likely knew about food risks way before.
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Figure 1: The 1879 Santa Teresa food along the Segura river

Notes: This map depicts the cartography of the zones a˙ected by the Santa Teresa food, on October
18th,1879. Extracted from the ‘Crónica General de las Inundaciones en Alicante, Murcia y Almería de 14
y 15 de Octubre de 1879, from Benedicto Mollá (1883, Spanish National Archives).

The 1986 regulation specifed that the central government could implement limitations
to the urban growth inside food areas and that the regional governments could establish
additional norms to these decrees. Any developer needed to receive the authorization
to build inside a foodplain from the regional water authorities before construction begins.
This law has been amended multiple times in the early 21st century to ft the local risks. It
was fnally entirely modifed in 2016. Any new development in food areas must comply with
several specifc requirements and beneft from the local government’s special authorization
and the regional water authorities.
Risks vs. Amenities — Local food risks appear to have been known for more than ten
centuries. Then, it is reasonable to think that the decision to develop inside or outside of
the foodplain reveals the heterogeneity of risk preferences towards foods– at least before
any legislation took e˙ect. This is to say that more risk-prone individuals may disregard the
risk of a food and decide to build closer to foodplains, while more risk-averse individuals
may choose to develop farther away. Figure 2 displays the yearly average of the log of
surface newly developed around a 500-year foodplain’s border for di˙erent moments in
history.
It is interesting to see similar traits in new development locations, as shown in Figure
2. Indeed, it appears that new development concentrates right outside the food zone border
across all the periods studied. In particular, this pattern does not seem to be driven by
the introduction of the food zone regulation. Available land could explain the lack of
development far inside the food zone. Although some new construction does take place
inside the foodplain, the frontier characterizes a jump in the density of new development.
Water bodies can explain most of this concentration surrounding foodplain borders.
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Figure 2: Development around foodplains’ borders

Notes: The outcome is the yearly average log new development (measured in square meters, per year)
across municipalities in Spain. On the x-axis is the distance in meters to a foodplain border. Negative
values on the x-axis correspond to the inside of a food zone. The food zone is defned as a 500-year
foodplain, like specifed by the Spanish law. Each dot represents the outcome within a 10-meter bu˙er.

Once we exclude buildings within 1km from a water body – rivers, lakes, or sea, most of
the discontinuity vanishes. Figure A1 in the Annex illustrates this phenomenon.
In the absence of water nearby, development outside the foodplain increases with
distance from the food zone border. With water, development outside the foodplain
decreases with distance from the food zone border. A potential explanation could be
that risk-averse individuals bunch right outside the foodplain where both the amenity
and economic gains net of the perceived risks are maximized. On the contrary, when water
bodies are far away, the trade-o˙ between the perceived dangers and expected gains vanish.
In this case there, is no apparent reason for building close to a hazardous area. In the rest
of this paper, we consider food zones to capture individuals’ food risk perceptions.
We have shown that individuals, motivated by access to water, bunch right outside
food zones because they recognize food zones as hazardous areas. Now we are interested
in learning how new development reacts when a food occurs. In particular, we want to
know whether individuals build less, or farther away, or on higher terrain.

3

Real estate markets and foods

This section discusses potential mechanisms on how a food event can a˙ect new
development. In particular, we want to stress the importance of the pre-existing housing
supply characteristics when looking at development dynamics after a natural disaster.
Natural disasters can cause housing demand in a particular area to decrease. This
demand reduction can be either because the disaster a˙ects local employment or because
7

individuals update their beliefs about the local risk, as shown by Gallagher (2014). If
housing demand falls, then real estate markets will likely be a˙ected.
We know that real estate markets behave cyclically. For example, Figure 3 illustrates
how volumes of new development and average transaction prices’ deviated from their 19852015 mean using as an example the Spanish city of Málaga. Nevertheless, these cycles vary
greatly across cities. One reason for that is that the interaction between demand shocks and
housing supply constraints can infuence these cyclic patterns. Housing supply constraints
can be regulatory or set by the landscape or land scarcity for new development. Generally,
new development quantities absorb demand shocks when housing supply is unconstrained.
In contrast, prices absorb the demand shock when housing supply is constrained (Wheaton,
1999).
Figure 3: Málaga’s real estate cycles

Notes: Málaga is a touristic city from the southern Spanish coast. Cycles are derived from our datasets,
presented in Section 4. A graphical representation of the city is displayed in Figure 5. We can see that
the city is largely built between the sea and local mountains slopes, therefore reducing the supply of land
available for development.

Consider a landowner who, in each period, has to decide whether to develop his
parcel. She can either rent it undeveloped and wait to expand later or develop, expecting
higher profts. However, if the future is uncertain and an investment (like real estate) is
durable and illiquid, then the capacity to proceed to a di˙erent investment or not invest
at all has economic value (Dixit and Pindyck, 1994; McDonald and Siegel, 1985, 1986).
Uncertainty increases this option value.
When a food hits, rational, forward-looking developers assume the housing demand
will fall. In constrained markets, it means that the housing price of new development
falls too. If developers believe that the demand shock is short-lived, expanding while
prices are low ensures that the lost rent from undeveloped land is minimized. Expanding
also increases the total stock of developed land, causing prices to decline even more, and
harming competitors’ profts. Therefore, if competitors begin to build when the demand
erodes, they will shut the developer who does not expand or upgrade out of the market.
8

Thus everyone develops in fear of preemption (Grenadier, 1996), leading to an oversupply
of new buildings.
One could oppose that view, arguing that a food event might have added uncertainty
about the very type and amount of real estate to build. This increased uncertainty about
future rents increases the option to wait – or delay the option to construct. It has already
been shown that increased price volatility delays development (Cunningham, 2006), but
an increased developers’ competition curbs this negative relation between idiosyncratic
risks and the value to wait (Bulan et al., 2009). Furthermore, Cunningham (2007) shows
that housing supply constraints reduce the developers’ uncertainty about which type of
real estate to build to maximize profts, thus having the unintended e˙ect of accelerating
development. This latter evidence is important because it could explain why developers
might be less likely to enter a preemption game when the housing supply is unconstrained.
New development quantities will adapt to demand shocks if housing supply is not
constrained, and new development prices should remain una˙ected. Nevertheless, it is
unclear whether new construction would entirely absorb the shock. Glaeser and Gyourko
(2005) use weather as an exogenous shock to city attractiveness to argue that adverse shocks
are refected in prices rather than on population decline because of housing durability. This
would ft the story of many declining cities with elastic housing supply. However, it is not
clear that housing prices in an expanding city with an elastic housing supply would react
as sharply as in a declining city. Notably, Genesove and Mayer (2001) argue that sellers
are loss-adverse, a˙ecting the transaction prices and volumes of developed housing when
demand is down.
Summarizing this theoretical framework, we argue that demand shocks such as those
generated by foods can have di˙erent consequences for both quantities of new development
and transaction prices. In particular, when developers assume the market is eroding, they
have incentives to convert undeveloped land in fear of possible preemption. In this case,
growth controls and competition can o˙set the option value to wait and foster development.
When demand drops and housing supply is inelastic, the number of new constructions is
a˙ected, but new construction prices remain stable. Transaction prices, in general, can
drop since development is durable or remain stable if sellers are loss averse.

4

Data

The Spanish Land Register — We construct our primary dataset with the Spanish
Land Register, which contains information of all buildings developed and currently standing
in Spain, except the Basque Country and Navarre7 . The dataset contains more than 11.7
million georeferenced buildings with their total foor surface, the number of dwellings, and
the building’s current use.
We measure the base surface of every development. The dataset also provides information on development dates, the last renovation, and the registration date. One limitation
of the dataset is that we do not observe destroyed buildings. Later, we perform robustness
checks and argue that this is no threat to our estimations. Figure 4 displays this information, with a zoom on the city of Málaga, in the region of Andalucía, which we will also use
as an example for future visualizations.
The date of construction tends to concentrate strongly on round numbers during the
7
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Figure 4: Distribution of buildings in Spain

Notes: In the main picture, each dot corresponds to a building’s centroid. The black sprawl describes the
density of development in the country. The Basque Country and the Navarre regions are excluded, as they
have a di˙erent land register. The Canary Islands are excluded from the map for practical overall display.
The city represented in the secondary picture is Málaga (Andalucía). A graphical representation of the
city is displayed in Figure 5.

frst half of the 20th century. This is most likely due to measurement error. To avoid this
error’s potential bias, we restrict our sample to the democratic period 1978-2019. In this
case, there is no evidence of clear measurement error in the date of construction, and more
covariate data is available.
Floodplains and elevation data — We use the information provided by the Spanish
National Institute of Geography for digitized foodplain maps8 . This information is available for 10, 50, 100, and 500-year food maps, as well as for water bodies. In what follows,
we refer to foodplains, or food zones, as the 500-year food maps, which is the oÿcial geographic defnition used by the national authorities. Finally, we add the digital elevation
information derived from the LIDAR 25-meter grid. Figure 5 provides a visualization of
our fnal dataset for the city of Málaga.
These detailed plans allow us to precisely measure each building’s base surface, distance to the nearest food zone and water space, and terrain elevation. For instance, we
can see that the neighborhood of Campanillas, at the north-west of Málaga, has a large
share of development built along or inside the food area (see Figure 6).
Historical foods — Campanillas (Figure 6) has been fooded six times in the last
decade9 . We collect data on historical foods from the National Catalogue of Historical
8

The data for the region of Catalonia must be obtained through the Catalan Minister of Waters website.
Recently, Campanillas su˙ered from the storm Gloria.
More than 400 liters per
square meter of water caused a major fooding.
https://www.malagahoy.es/malaga/
9
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Figure 5: Digital model of the city of Málaga (Andalucía, Spain)

Notes: This is a visual representation of one of the cities of our fnal raw dataset, it is a digitized representation of the city of Málaga (Andalucía) with exaggerated heights, generated by combining information
from (a) the Spanish Land Register for the buildings, (b) the Spanish National Institute of Geography for
the foodplains, and (c) LIDAR 25-meter grid for elevation.

Figure 6: Digital model of the neighborhood of Campanillas (Andalucía, Spain)

Notes: This is a zoom on the neighborhood of Campanillas, at the northwest of Málaga (see Figure 5).
Details on development’s elevation and distance to the foodplain are visible here.

inundaciones-malaga-gloria-campanillas-litros-lluvia_0_1432957293.html.
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Floods. This allows us to identify more than 5,000 municipalities a˙ected by a total of
nearly 1,800 food events between 1900 and 2010. Figure 7 presents the spatial distribution
of these disasters.
The main advantage of this dataset is that we can identify local foods spanning
over a century. However, the main limitation of this data is that we cannot determine
the exact extent of a specifc food within a municipality. Hence, as we cannot have a
within-municipality intensive measure of a food extent, we use an extensive measure of
foods. This measure consists of identifying whether a municipality su˙ered a food or not
in a given year.
Figure 7: Distribution of the foods in Spain

Notes: Spatial distribution of food events in Spain (1900-2010) according to the National Catalogue of
Historical Floods, and location of the 500-year foodplains. Note that many food spaces are not visible at
this national scale and would require a closer look to be noticeable. For instance, the Malága foodplain
(Figures 5 and 6) is barely visible here.

Overall, we can see from Figure 7 that most foods occurred along coastal areas,
near mountain chains, and the most important river basins. Spain’s central plateau is
historically not as populated as the rest of the country (except for the region of Madrid).
The weather in that zone is arid, with few rivers compared to the rest of the country.
These reasons could be both a cause and a consequence of the absence of known food
events there.
Secondary data — To measure the impact of a food on other economic variables of
interest, we complement our primary dataset with data on the labor market, migration,
and housing prices.
We use data on the registered unemployment and employment contracts. This allows
us to study the e˙ect of foods on the number of unemployed people and the number of
people that have signed a labor contract in a given year. The data also allows us to look into

12

economic activity sectors, such as agriculture, industry, construction, and services. This
data is available at the National Statistics Institute (INE). It is provided at the municipal
level for the period 2006-2019.
Additionally, we use data on migration, which allows us to study population fows
after a food. The data provides information on the infows and outfows of residents at the
municipality level. Additionally, it includes information on gender. This data is computed
by the National Statistics Institute (INE). It is provided at the municipality level for the
period 1988-2019.
Finally, we also use data on housing prices. For that, we make use of yearly average
housing prices in a given municipality. These data are available for 358 municipalities
during the period 1985-2015. This is computed by a private frm specializing in housing
markets in Spain named TINSA.
Final dataset — Our fnal dataset is a balanced panel of Spanish municipalities fooded
at least once between 1978 and 2010 (except for the Basque Country and Navarre). This
represents over 778 food events, that a˙ected 2,605 municipalities over 32 years, and more
than 4.91 million buildings developed. For each municipality and year, it has information on
new development’s foor surface, the average distance to the nearest food zone border and a
water body, and average terrain’s elevation. Distances and elevations have been computed
from the centroid of each building. We also calculate alternative distance and elevation
measures weighted by the surface developed to measure new development’s exposure.

5

Empirical strategy

We are interested in capturing the development response in the aftermath of a food.
In particular, we look at new development (measured as new buildings’ foor space in square
meters)10 , the elevation of new development (measured as the terrain’s height in meters),
and the distance of new development from water bodies (measured as the distance in
meters). We examine these variables at the municipal level. Later, we study what happens
inside the foodplain and on fringes right outside food zones. The empirical strategy follows
closely that of Gallagher (2014) and Deryugina (2017). Our main dataset is a balanced
panel of Spanish municipalities hit by a food between 1978 and 2010, as described in
Section 4, and our main specifcation is:
ymt =

τX
=T

βτ F loodmτ + αm + γt + mt

(1)

τ =−T ;τ =
6 −1

where ymt is the (log of the) outcome of interest in municipality m at calendar year
t ∈ T . Our variable of interest, F loodmτ , is an event time indicator that takes value 1 if a
food hit a municipality m in t − τ . αm and γt denote municipality and year fxed e˙ects,
respectively. mt is the error term.
It is important to notice that we are not imposing any particular functional form
on the e˙ects of foods in the various outcome variables by using pre-event and post-event
dummies. The dummies F loodmτ capture the average of the outcome variable across all
10

Although we lack information about the surface of destroyed buildings, we are still able to measure
the base foor space of new buildings, independently from reconstruction, renovations, or updates.
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municipalities a˙ected by a food event τ periods before or after treatment, controlling for
nationwide shocks and municipalities invariant characteristics.
The results are relative to the year previous to the food event, the omitted category
in the regression. Given potential biases arising from event study designs, as described by
De Chaisemartin and d’Haultfoeuille (2020), we will use the frst food to happen between
1978 and 2010 in our estimation. Therefore, this approach ignores potential foods that
happen before or after the period of study and subsequent foods after the frst event on a
municipality. This should not bias our results, as foods can be considered random conditional on municipality fxed e˙ects. Additionally, following Kocornik-Mina et al. (2020), to
avoid potential contamination of the control group, we focus only on those municipalities
that experienced a food in our sample period– this is a total of 2,605 municipalities.
The municipality fxed e˙ects capture time-invariant characteristics of a municipality,
such as its geographical patterns. By accounting for year fxed e˙ects, we control for
shocks to the Spanish economy and regulation changes issued in a given year that a˙ect
all municipalities. Our identifying assumption is that conditional on municipality timeinvariant characteristics, particularly its geography, and time trends, the timing of a food
is as good as random. Finally, we allow for unobserved correlation between municipalities
within a province by clustering standard errors at that level11 .
Our main specifcation looks at new development responses ten years before and after
a food event. We bin coeÿcients for the end periods following Schmidheiny and Siegloch
PT
(2020). Formally, these endpoint coeÿcients are defned as F loodm,T = s=t+10
F loodms
Pt−10
after the food, and F loodm,−T = s=−T F loodms before the food. Note that as we restrict
our window to a fnite number of lags and leads around our treatment, we explicitly assume
that the development response to foods is similar beyond this window.
Following Deryugina (2017), when estimating Equation 1 we combine the indicators
in two-year bins to increase statistical power. Therefore, the lags are τ = 1 and 2, 3 and 4,
5 and 6, 7 and 8, 9 and 10, and the endpoint coeÿcient. Analogously, the leads indicating
the years before the food are 3 and 4, 5 and 6, 7 and 8, and the endpoint coeÿcient. We
allow year 0, the year of the food, to have a specifc coeÿcient as it may have a di˙erent
response than year 1. Notice that this estimation assumes that the coeÿcient on the leads
1 and 2 is equal to zero, so results are interpreted as the relative change to the two years
before the food.

6

Results

6.1

Main results

Overall development — Figure 8 depicts the results of Equation 1 to assess the impact
of a food event on new development. This is measured as the log of the total foor surface
built in a given year, showing the coeÿcients in βτ in our municipality panel. The xaxis depicts the distance in years to the food event, with the years indexed with negative
numbers being the ones preceding the food event. Results are normalized to the year
previous to the food so that coeÿcients can be interpreted as the percentage change in the
surface built relative to the year before the food event. The shaded area represents a 95%
confdence interval around the estimated coeÿcients. There seems to be no signifcant
11

There are a total of 46 provinces (to which we add the autonomous cities of Ceuta and Melilla) in our
sample.
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di˙erence in the new development in the municipality in the years preceding the food
event. This absence of pre-trends largely alleviates potential anticipation e˙ects.
Figure 8: E˙ect of a food event on new development.

Notes: The vertical axis measures the e˙ect of a food event on log of the new surface built. Results are
based on Equation 1. The coeÿcient for the year before a food is normalized to zero. The bars show the
95 percent confdence interval. Standard errors are clustered by province.
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Figure 9: E˙ect of a food event on distance to nearest water body and on elevation.

(a) E˙ect on distance to water body

(b) E˙ect on elevation

Notes: These fgures plot the impact of a food on new development’s log distance (in meters) to a water
body and log terrain elevation. Results are based on Equation 1. The coeÿcient for the year before a food
is normalized to zero. The bars show the 95 percent confdence interval. Standard errors are clustered by
province.

New construction does not locate further away from water after a food, as shown
in Figure 9a. Also, the results shown in Figure 9b show that new development is not
taking place at a di˙erent elevation than before. Overall, compared to before the food,
new construction plans do not seem to be a˙ected, not in the level of new construction nor
on its location.
Spatial distribution of the e˙ects — Although a food does not impact the average
distance of new development to a water body, it could still have potential e˙ects on the
distance to the foodplain border. For that, we perform our analysis on samples restricted
to inside the foodplain and to fringes right outside the foodplain limits. In particular,
we look at development that occurred (a) inside the foodplain, (b) less than 100 meters,
(c) between 100 and 250 meters, and (d) between 250 and 500 meters from a food zone
border.
In particular, we are interested in knowing how development responds to a food
event inside the foodplain. We know from Section 2 that individuals are unlikely to be
completely unaware of the presence of food zones. Individuals building there are either
uninformed or willing to take additional risks. If the agents building inside food spaces
know these risks, we might observe very little change after a food. Indeed, we fnd that
the impact is non-signifcant inside foodplains (see Figure A2 in the Annex).
Overall, the patterns do not seem to change dramatically across fringes. We observe
no e˙ect in new development irrespective of the distance to the nearest foodplain. Individuals do not seem to be moving new construction further away from the potentially
dangerous areas.
However, Figure A2 in the Annex show an increase in new construction in the fringe
between 100 and 250 meters from the foodplain on the year of the food. In this case,
development in the fringe increases by more than 20%. This e˙ect is only signifcant in
the year of the food and dissipates in the following years. Given the short-lived e˙ect, it
could point towards a reconstruction mechanism.
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Transaction prices — The results show that a food event does not have a signifcant
impact on transaction prices. Overall, prices are no di˙erent after the food from the year
previous to the event. E˙ects are not statistically signifcant and are also very small in
economic terms. The fact that prices are not a˙ected by a food event is in line with our
baseline results, which indicate that development is not infuenced by a food event. The
results are shown in Figure A3 in the Annex.
Final use — We look deeper into the characteristics of new development following a
food event. While not being a˙ected on its level nor with respect to the distance to a water
body or elevation, we check if new development is a˙ected di˙erently according to its fnal
use. For this, we use additional data in the land register, which indicates broad categories
of use for each building. The potential uses of a building are: residential, agricultural,
industrial, oÿce space, retail space, or public building.
Results are shown in Figure A4 in the Annex. As in previous results, food events
seem to have no impact on new development, regardless of the building’s fnal use, which
follows patterns similar to the years previous to the food.
A key result is that residential buildings continue to be built at the same rate as
before the food event. Residential construction is not taking place farther away from
water bodies nor on higher ground. Notably, new residential construction continues to
take place inside the foodplain, the area with the highest risk of being a˙ected by a new
food.
Floods cause an increase in new construction towards the agricultural sector. In the
year of the food, there is an increase of 20% on the surface used for agriculture. This e˙ect
is short-lived and is no longer statistically signifcant in the year following the food.
Employment and migration — We check whether foods can impact other economic
dimensions besides new construction. We use data on social security records that compute
the number of unemployed workers and the number of employment contracts signed in
each municipality. This information is also broken down by sectors: agriculture, industry,
construction, and services. Additionally, we look into migration patterns after a food
event. For that, we use administrative records that track the migration fows across Spanish
municipalities. This dataset provides information on the yearly number of people moving
in and out from a given municipality.
Floods do not have an impact on labor market outcomes. The results show that the
number of unemployed people in a municipality hit by a food remains unaltered. When
looking by sectors, unemployment is not a˙ected on most of them. However, in the year of
the food, there is an increase of 6% in the number of people unemployed in the construction
sector. This e˙ect is short-lived and fades in the years following the food. The full results
are shown in Figure A5 in the Annex.
The results on the number of contracts are in line with the results on unemployment.
The overall number of contracts signed in a municipality in a given year is not a˙ected by
a food. Additionally, there is no e˙ect when looking at di˙erent economic sectors. The
results are shown in Figure A6 in the Annex.
However, the agricultural sector experiences an increase, in the long run, in both the
number of unemployed people and in the number of contracts. The high seasonality of the
agricultural activity can explain these results. The high seasonality means that there can
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be simultaneously more people signing contracts and more unemployed people in the same
year. Overall, this can indicate a larger share of the population working in this sector.
Also, this result is in line with the increase in development used for agriculture shown
before.
Floods do not signifcantly impact the number of people moving into the municipality,
with infow migration numbers similar to those before the food. A food event does seem to
have a short-lived impact on migration outfow, although it is economically very small. In
the year of the food, there is a 2% increase in the number of people leaving the municipality.
The results are shown in Figure A7 in the Annex.
Overall, these results are in line with our baseline specifcations, as they show that
a food event does not seem to have a signifcant impact on development in a city. Also,
these results are in line with existing literature that shows that economic activity can be
una˙ected by natural disasters, as in Kocornik-Mina et al. (2020).

6.2

A boost for stalled cities, a bust for booming cities

As suggested by Section 3, housing supply elasticity can have important consequences
for the development after a food. In order to test this hypothesis, we apply the following
empirical specifcation:

ymt =

τX
=T

βτ F loodmτ × Boomingm +

τ =−T ;τ 6=−1

τX
=T

βτ F loodmτ × Stalledm +

τ =−T ;τ 6=−1
τX
=T

+

(2)

βτ F loodmτ + αm + γt + mt

τ =−T ;τ =
6 −1

The specifcation is similar to that of Equation 1. In this case, it includes an interaction term that indicates a city as a booming city and another indicating whether
the city is stalled. We defne a municipality as booming if the share of the development
on the ten years previous to the food is on the top quintile of the sample distribution.
Analogously, we defne a municipality as stalled if the municipality’s development on the
ten years previous to the food is in the bottom quintile of the distribution.
We compare development in cities that during the decade previous to the food, on
average developed 9.6% of their surface (stalled cities), to cities that developed 44% of
their surface on average (booming cities). We think that in the absence of an accurate
indicator to measure housing supply restrictions, our booming and stalled measure can incorporate certain characteristics of interest. In particular, a signifcant development in the
years preceding the disasters capture lax housing development constraints. Small development fgures in the years preceding the disasters likely capture tight housing development
constraints12 .
Overall development — The results in Figure 10 indicate no anticipation e˙ects. The
results also imply that a food event has a substantially di˙erent impact depending on the
level of development in the years previous to the food. For booming cities, a food event
implies a reduction in new development. Compared to before the food, new development
12
Note that both quintiles do not di˙er signifcantly in mean surface developed the year before the food,
so we are not comparing new cities to cities having already exhausted all land in their jurisdiction.
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permanently decreases by 27%. Additionally, new construction locates closer to a water
body, even though the magnitude of the e˙ect is economically small. For these cities, new
development does not locate on higher ground than before the food.
In contrast, stalled cities, those that were not experiencing large amounts of new construction before the food, have a signifcant and permanent increase in new development.
For these cities, a food event implies a permanent increase of 25% in new development,
compared to the year before the food. E˙ects are signifcant immediately after the food
and remain signifcant even after ten years of the food. New construction does not change
its proximity to water bodies nor its elevation after a food for stalled cities.
Figure 10: E˙ect of a food event on new development, booming and stalled cities.

Notes: The vertical axis measures the
municipality is booming (stalled) if the
on the top (bottom) 20% of the sample
the year before a food is normalized to
errors are clustered by province.

e˙ect of a food event on log of the new foor surface built. A
share of the development on the 10 years previous to the food is
distribution. Results are based on Equation 2. The coeÿcient for
zero. The bars show the 95 percent confdence interval. Standard

Spatial distribution of the e˙ects — The new development’s location is a˙ected both
in booming and stalled cities. For stalled cities, the increase in new development occurs
mainly in the fringes more than 100 meters away from the foodplain border. This indicates
that despite having a signifcant increase in construction after a food, new development
in stalled cities is not located in the most high-risk areas. New construction in these cities
does not increase inside the foodplains nor in the areas that are less than 100 meters from
the foodplain border. Figure A9 in the Annex illustrates these results.
Similarly, the reduction in new construction is mainly located on the fringes more
than 100 meters away from the foodplain border for booming cities. Notably, new development inside the foodplain is built at the same rate as before the food. Also, new
development is not a˙ected within the frst 100 meters from the foodplain border. These
results are important as those areas have the highest risk of being hit by a food.
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Transaction prices — Experiencing a food has a signifcant e˙ect in new development
for stalled cities, refecting on prices. For these cities, a food event leads to a permanent
and signifcant reduction in average transaction prices. However, this e˙ect is not immediate and it only becomes signifcant four years after the food. The e˙ect reaches its largest
magnitude approximately six years after the food, with prices decreasing over 20%, compared to before the food. A potential explanation for this result is that the construction
boom caused by the food causes an increase in supply in the housing market, and given
construction times, its refection on prices is delayed.
Additionally, migration fows show that housing demand is unlikely to increase, as
there is no increase in the municipality’s infow of people. Therefore, after a few years of
increasing housing supply and stable housing demand, prices begin to decrease.
For booming cities, which su˙er a drop in construction levels after the food event,
prices are not a˙ected. A potential explanation can be found on the migration patterns of
these booming cities after the food. The following section shows that these cities experience
a signifcant increase in the population outfows after a food, larger in magnitude than
the increase in the population infow. Therefore, while the housing supply decreases in
booming cities, migration fows show that the demand for housing may also be decreasing,
thus leaving prices stable. Additionally, as shown in Section 3 if sellers are risk averse in
a declining market, this risk aversion can lead to stable housing prices. The results are
shown in Figure 10 in the Annex.
Final use — In terms of fnal use, the increase in stalled cities’ new development is
driven mainly by residential and industry-oriented construction. In particular, there is an
increase of 25% in the year of the food on residential development compared to previous
levels. Residential buildings have a permanent increase in the development rate after a
food for stalled cities. In contrast, the increase in new industrial development is not
immediate, and it peaks six years after the food, with development being 50% larger than
before. For stalled cities, a food does not increase the space used for agriculture, oÿces,
retail, or public use.
For booming cities, the decrease in new development is driven by residential and
retail-oriented development. There is a 25% reduction in new residential development
in booming cities following the food event. New development for retail use is reduced
permanently by 48% following a food. This decrease in new retail-oriented space is also
refected in labor market outcomes. The number of unemployed people related to the
services sector increases after a food, as described in the following section. Booming cities
have an increase in agriculture-oriented development in the year of the food. Booming
cities seem to be driving overall results of the increase in agricultural use construction
described in the previous section. The results are shown in Figure A10 in the Annex.
Employment and migration — In terms of labor market outcomes, booming cities
su˙er an increase in the total number of people unemployed, with the e˙ect being driven
by the industry, agriculture, and services sectors. This pattern can already be seen in
the fnal use results in Figure A10, which show that booming cities have a signifcant
loss in oÿce-oriented development after a food. Stalled cities experience no increase in
unemployment in any sector. The results suggest that a food leads to lower industrial
unemployment for stalled cities, which is in line with the fnal use results, that show an
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increase in industry-oriented development. The results are shown in Figure A11 in the
Annex.
The reduction in new construction in booming cities is translated into a lower share
of contracts in the construction sector. This drop is stronger in the frst years after a food.
The number of contracts on stalled cities suggests an increase in the number of people
employed in the construction sector, although the e˙ect is not statistically di˙erent from
zero. The results are shown in Figure A12 in the Annex.
Migration results also show interesting di˙erences between booming and stalled cities.
There is a 20% increase in the number of people moving into the municipality in the long
run for booming cities. However, there is also a 25% increase in the number of people
moving out from the municipality. In comparison, while the increase in the population
infow happens in the long run, the increase in the population outfow is signifcant in the
years immediately following the food.
For stalled cities, a food does not lead to an increase in the population infow.
However, there is an 18% decrease in outfow migration in the long run. These results
may help explain the long-term decrease in prices in these cities. A potential explanation
is that the housing boom is not e˙ective in attracting new inhabitants. For those living
in the city before the food, selling their property and moving out becomes less attractive
given the falling housing prices. The results are shown in Figure A13 in the Annex.

6.3

Robustness

Destructive foods — A potential explanation for the baseline results could be that
the foods in our dataset account for events that caused little or no damage, therefore not
a˙ecting agents’ perceptions.
To account for this, we will combine our dataset with that of the Emergency Events
Database (EM-DAT), developed by the Centre for Research on the Epidemiology of Disasters (CRED) within the Université Catholique de Louvain (UCLouvain)13 . This dataset
contains the foods that caused more damage, measured either by the number of people
a˙ected or by damage costs.
For the case of Spain, this database contains 21 food episodes that occurred between
1978 and 2010. Combining the approximate date and geographical extension of the food
on the EM-DAT database with our original dataset, it is possible to identify the precise
municipalities hit by these foods.
Results in Figure A14 in the Annex show results are not signifcantly di˙erent from
our baseline results. Overall, the level of new development is not a˙ected by a destructive
food. Additionally, there is no change in the new development’s distance to water bodies
or foodplains borders. The new development is also not built on higher ground than before
the destructive food.
Rainfall data — We further check the robustness of our results by using an alternative
dataset to measure foods. For this, we use the Terraclimate dataset. This dataset provides
monthly data for the period 1958-2019, at a 4km spatial resolution, on several climaterelated variables. A full description of the database is provided by Abatzoglou et al. (2018).
13

This database tracks disaster events worldwide, using various sources, including UN agencies, nongovernmental organizations, insurance companies, and research institutes, and press agencies. More detailed information on: www.emdat.be.
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We identify a cell as being fooded if it receives in any given month, more than 2
s.d. of the cell’s rainfall average. This measure ensures that the cell received enough total
rainfall to cause some damage.
The empirical specifcation for this exercise is:
ygt =

τX
=T

βτ F loodgτ + αg + γt + gt

(3)

τ =−T ;τ =
6 −1

where ygt is the (log of the) outcome of interest in cell g at calendar year t. Our
variable of interest, F loodgτ , is an event time indicator that takes value 1 if a cell g was
hit by a food in t − τ . Then, αg and γt denote cell and year fxed e˙ects, respectively. gt
is the error term.
Results are in line with those of the baseline specifcation and our destructive foods
analysis. Results in Figure A15 in the Annex show that there is no signifcant e˙ect of a
food event on overall development, nor on the location of this new development.

6.4

Analysis of a food-risk mitigation policy

We know that development tends to concentrate largely on areas close to the foodplain border. Potentially, this could be due to di˙erent reasons. Individuals may fully
comprehend the risk associated with locating inside historical foodplains and thus decide
to do so just outside foodplains borders. However, another reason could be that development responds primarily to building restrictions, partially disregarding potential food
risks. To test this hypothesis, we use a recent policy that signaled areas with high food
risk. We study whether the e˙ect of this policy on new development near these areas.
ARPSIs — In 2007 the EU Parliament approved a resolution regarding evaluation and
management of food risks. In this directive, member states were instructed to identify
zones with a high risk of a food. In Spain, this materialized in the ARPSIs (Áreas de
Riesgo Potencial Signifcativo de Inundación), or areas with a signifcant potential risk of
food. Also, it resulted in the creation of food risk maps, which were made public in 2013.
The identifcation of these areas followed di˙erent criteria than those used to determine
the existing foodplains. For example, a key di˙erence is that ARPSIs also consider potential risk, while foodplains are mainly determined by historical foods. Therefore, areas
that were not considered to have any food risk before now were signaled as potentially
dangerous. An example of this is shown in Figure 11, for the city of Zaragoza.
After identifying these areas, the EU-directive established that member states were
to develop food risk management plans for each of the areas before 201514 . These plans
involved prevention measures (mainly through harsher restrictions on new development),
investment in prevention infrastructure, and alert systems and recovery plans in case of
food events.
In Spain, these plans were approved in 201615 . However, the implementation of this
plan has been slow. No measure from the food risk management plans was completed by
14

For more information on this directive: https://eur-lex.europa.eu/eli/dir/2007/60/oj.
Except for the Canary Islands, which still does not has a risk management plan for the ARPSIs
located with this territory. This led the EU Commission to take Spain to the Court of Justice of the
EU for "failure to act on protection against fooding". More information on: https://ec.europa.eu/
commission/presscorner/detail/EN/IP_19_465.
15
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Figure 11: ARPSI and existing foodplain in the city of Zaragoza.

Notes: The image shows an example of how the areas determined as ARPSI in 2012 may di˙er from the
existing foodplain. In this case, a part of the river Huerva that crosses Zaragoza’s city is now considered
of potential risk, while before it was not.

2019, as established by a European Commission report16 .
To evaluate development activity with respect to ARPSIs, we will study new foor
space developed in areas immediately surrounding the ARPSI. For this, we will compare
fringes surrounding ARPSIs, before and after they were declared as such. As a control
group, we will use fringes surrounding a water body in the same municipalities that were
not declared as ARPSIs. Therefore our specifcation for this part will be:
yf t =

τ =2017
X

βt ARP SIf 2012 + αm + γt + δa + mt

(4)

τ =2000;τ 6=2012

where yf t is the (log of the) foor space in fringe f at calendar year t. Our variable
of interest, ARP SIf 2012 , is an event time indicator that takes value one if the fringe
was declared as ARPSI in 2012. Then, αm and γt denote municipality and year fxed
e˙ects, respectively. δa denote ARPSI fxed e˙ect and f t is the error term. The estimated
coeÿcients βt are relative to the year previous to the public announcement of the areas
declared as ARPSI, which is the omitted category in the regressions.
As with our baseline specifcation, we are not imposing any particular functional form
on the e˙ects of the declaration of ARPSI on new development. The dummies δa capture
the average of the outcome variable across all fringes that were declared as an ARPSI.
Also, the specifcation controls for nationwide shocks and municipalities and fringes timeinvariant characteristics.
Results are shown in Figure 12, using a 100 meter fringe from the ARPSI or water
body. Areas identifed as ARPSI were not developing at a di˙erent rate than control areas
on the ten year period previous to the ARPSI identifcation, which alleviates potential
anticipation concerns.
16
Full report available at:
reports.htm.

https://ec.europa.eu/environment/water/water-framework/impl_
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Figure 12: E˙ect of a food event on new development within 100m of an ARPSI.

Notes: The vertical axis measures the e˙ect of a food event on log of the new surface built. Results are
based on Equation 4. The coeÿcient for the year before the ARPSI declaration is set to zero. The bars
show the 95 percent confdence interval. Standard errors are clustered by province.

Results suggest that identifying an area as an ARPSI increases development near
that area in the years following the declaration. Results show a sharp increase in the
development levels near the ARPSI areas. The e˙ect is statistically signifcant after 2015.
However, as Figure A16 in the Annex shows, interesting dynamics are happening in those
areas. Development was stable until the 2008 crisis, after which it starts to fall signifcantly both for areas identifed as ARPSI as for the control areas. The results can then
be interpreted as identifying an area as ARPSI has reduced the fall in the rate of new
construction.
A potential explanation for this result is that agents anticipate the government response and, therefore, decide to develop before any restriction is imposed on the area
surrounding the ARPSI. This would point to an unexpected e˙ect of the declaration of an
area as potentially foodable and an unintended consequence of the government’s delayed
response on imposing measures from the risk food management plans.

7

Conclusion

Using a rich dataset on historical food records and the universe of buildings in Spain,
we document the patterns of land development in the aftermath of an inundation. First,
we show that development tends to historically cluster right outside identifed food zones,
except in the absence of a water body nearby. We infer that individuals might want to
maximize their access to water – either for economic or amenity reasons while remaining
outside the hazardous area.
Using a fexible event study framework, we fnd that experiencing a food does not
a˙ect new development on average. Development takes place at a pace similar to that
before the food. Interestingly, we fnd that new development does not take place farther
24

away from food zones nor on higher ground. When analyzing developments’ fnal uses, we
fnd that residential buildings are being built at the same rate as before the food. A food
does not signifcantly a˙ect key economic variables such as unemployment, migration, or
housing prices.
However, when considering the level of development before the food, there are signifcant di˙erences. Cities having experienced a development boom before the food experience
a 27% permanent reduction in new construction compared to before the event. Residential development drives this fall in new construction, but transaction prices remain stable.
Municipalities having experienced low development levels in the decade before the food
experience a housing boom after the event. For these cities, new development increases
permanently by 25% compared to the year previous to the food. This boom is mainly
driven by residential and industrial development and is followed by a fall in transaction
prices.
Additionally, we show that signaling an area as potentially dangerous is not enough
to deter new development from locating nearby. This is shown with a European-level policy
that mandated member states to identify potential food risk areas. Overall, signaling areas
as potentially risky does not deter development from taking place near such areas. Agents
do not internalize the risk associated with locating close to a high-risk zone and appear
to respond primarily to building restrictions. Moreover, not imposing building restrictions
immediately after the areas’ designation may have caused an increase in development
nearby.

25

References
Abatzoglou, J. T., S. Z. Dobrowski, S. A. Parks, and K. Hegewisch (2018):
“TerraClimate, a high-resolution global dataset of monthly climate and climatic water
balance from 1958–2015,” Scientifc data, 5, 1–12.
Baldauf, M., L. Garlappi, and C. Yannelis (2020): “Does climate change a˙ect real
estate prices? Only if you believe in it,” The Review of Financial Studies, 33, 1256–1295.
Barrage, L. and J. Furst (2019): “Housing investment, sea level rise, and climate
change beliefs,” Economics letters, 177, 105–108.
Barrios, S., L. Bertinelli, and E. Strobl (2010): “Trends in rainfall and economic
growth in Africa: A neglected cause of the African growth tragedy,” The Review of
Economics and Statistics, 92, 350–366.
Bernstein, A., S. B. Billings, M. Gustafson, and R. Lewis (2020): “Voting with
their Sandals: Partisan Residential Sorting on Climate Change Risk,” Tech. rep., National Bureau of Economic Research.
Bernstein, A., M. T. Gustafson, and R. Lewis (2019): “Disaster on the horizon:
The price e˙ect of sea level rise,” Journal of fnancial economics, 134, 253–272.
Bosker, M., H. Garretsen, G. Marlet, and C. van Woerkens (2019): “Nether
Lands: Evidence on the price and perception of rare natural disasters,” Journal of the
European Economic Association, 17, 413–453.
Boustan, L. P., M. E. Kahn, and P. W. Rhode (2012): “Moving to higher ground:
Migration response to natural disasters in the early twentieth century,” American Economic Review, 102, 238–44.
Boustan, L. P., M. E. Kahn, P. W. Rhode, and M. L. Yanguas (2020): “The e˙ect
of natural disasters on economic activity in US counties: A century of data,” Journal of
Urban Economics, 118, 103257.
Bouwer, L. M. (2011): “Have disaster losses increased due to anthropogenic climate
change?” Bulletin of the American Meteorological Society, 92, 39–46.
Bulan, L., C. Mayer, and C. T. Somerville (2009): “Irreversible investment, real
options, and competition: Evidence from real estate development,” Journal of Urban
Economics, 65, 237–251.
Coulomb, R. and Y. Zylberberg (2021): “Environmental risk and the anchoring
role of mobility rigidities,” Journal of the Association of Environmental and Resource
Economists, 8, 509–542.
Cunningham, C. (2007): “Growth controls, real options, and land development,” The
Review of Economics and Statistics, 89, 343–358.
Cunningham, C. R. (2006): “House price uncertainty, timing of development, and vacant
land prices: Evidence for real options in Seattle,” Journal of Urban Economics, 59, 1–31.

26

Davis, D. R. and D. E. Weinstein (2002): “Bones, bombs, and break points: the
geography of economic activity,” American economic review, 92, 1269–1289.
De Chaisemartin, C. and X. d’Haultfoeuille (2020): “Two-way fxed e˙ects estimators with heterogeneous treatment e˙ects,” American Economic Review, 110, 2964–96.
Dell, M., B. F. Jones, and B. A. Olken (2009): “Temperature and income: reconciling
new cross-sectional and panel estimates,” American Economic Review, 99, 198–204.
——— (2012): “Temperature shocks and economic growth: Evidence from the last half
century,” American Economic Journal: Macroeconomics, 4, 66–95.
——— (2014): “What do we learn from the weather? The new climate-economy literature,”
Journal of Economic Literature, 52, 740–98.
Deryugina, T. (2017): “The fscal cost of hurricanes: Disaster aid versus social insurance,” American Economic Journal: Economic Policy, 9, 168–98.
Deryugina, T., L. Kawano, and S. Levitt (2018): “The economic impact of hurricane katrina on its victims: evidence from individual tax returns,” American Economic
Journal: Applied Economics, 10, 202–33.
Desmet, K., D. K. Nagy, and E. Rossi-Hansberg (2018): “The geography of development,” Journal of Political Economy, 126, 903–983.
Dixit, A. and R. Pindyck (1994): Investment under Uncertainty, Princeton University
Press, 1 ed.
Elliott, R. J., E. Strobl, and P. Sun (2015): “The local impact of typhoons on
economic activity in China: A view from outer space,” Journal of Urban Economics, 88,
50–66.
Feng, S., A. B. Krueger, and M. Oppenheimer (2010): “Linkages among climate
change, crop yields and Mexico–US cross-border migration,” Proceedings of the National
Academy of Sciences, 107, 14257–14262.
Feng, S., M. Oppenheimer, and W. Schlenker (2012): “Climate change, crop yields,
and internal migration in the United States,” Tech. rep., National Bureau of Economic
Research.
Gallagher, J. (2014): “Learning about an infrequent event: evidence from food insurance take-up in the United States,” American Economic Journal: Applied Economics,
206–233.
Gallagher, J. and D. Hartley (2017): “Household fnance after a natural disaster:
The case of Hurricane Katrina,” American Economic Journal: Economic Policy, 9, 199–
228.
Genesove, D. and C. Mayer (2001): “Loss aversion and seller behavior: Evidence from
the housing market,” The quarterly journal of economics, 116, 1233–1260.
Glaeser, E. L. and J. Gyourko (2005): “Urban decline and durable housing,” Journal
of political economy, 113, 345–375.
27

Grenadier, S. R. (1996): “The strategic exercise of options: Development cascades and
overbuilding in real estate markets,” The Journal of Finance, 51, 1653–1679.
Hilber, C. A. and W. Vermeulen (2016): “The impact of supply constraints on house
prices in England,” The Economic Journal, 126, 358–405.
Hornbeck, R. (2012): “The enduring impact of the American Dust Bowl: Short-and
long-run adjustments to environmental catastrophe,” American Economic Review, 102,
1477–1507.
Hornbeck, R. and D. Keniston (2017): “Creative destruction: Barriers to urban
growth and the Great Boston Fire of 1872,” American Economic Review, 107, 1365–
98.
Hornbeck, R. and S. Naidu (2014): “When the levee breaks: black migration and
economic development in the American South,” American Economic Review, 104, 963–
90.
Hsiang, S. M. (2010): “Temperatures and cyclones strongly associated with economic
production in the Caribbean and Central America,” Proceedings of the National Academy
of sciences, 107, 15367–15372.
Hsiang, S. M. and D. Narita (2012): “Adaptation to cyclone risk: Evidence from the
global cross-section,” Climate Change Economics, 3, 1250011.
Kahn, M. E. and R. Walsh (2015): “Cities and the Environment,” Handbook of regional
and urban economics, 5, 405–465.
Kocornik-Mina, A., T. K. McDermott, G. Michaels, and F. Rauch (2020):
“Flooded cities,” American Economic Journal: Applied Economics, 12, 35–66.
Lobell, D. B., W. Schlenker, and J. Costa-Roberts (2011): “Climate trends and
global crop production since 1980,” Science, 333, 616–620.
McDonald, R. and D. Siegel (1986): “The value of waiting to invest,” The quarterly
journal of economics, 101, 707–727.
McDonald, R. L. and D. R. Siegel (1985): “Investment and the Valuation of Firms
When There is an Option to Shut Down,” International Economic Review, 26, 331–349.
Mueller, V., C. Gray, and K. Kosec (2014): “Heat stress increases long-term human
migration in rural Pakistan,” Nature climate change, 4, 182–185.
Munshi, K. (2003): “Networks in the modern economy: Mexican migrants in the US labor
market,” The Quarterly Journal of Economics, 118, 549–599.
Murfin, J. and M. Spiegel (2020): “Is the Risk of Sea Level Rise Capitalized in Residential Real Estate?” The Review of Financial Studies, 33, 1217–1255.
Nordhaus, W. D. (2006): “Geography and macroeconomics: New data and new fndings,”
Proceedings of the National Academy of Sciences, 103, 3510–3517.
——— (2010): “The economics of hurricanes and implications of global warming,” Climate
Change Economics, 1, 1–20.
28

Saks, R. E. (2008): “Job creation and housing construction: Constraints on metropolitan
area employment growth,” Journal of Urban Economics, 64, 178–195.
Schmidheiny, K. and S. Siegloch (2020): “On event studies and distributed-lags in
two-way fxed e˙ects models: Identifcation, equivalence, and generalization,” ZEWCentre for European Economic Research Discussion Paper.
Singh, R. (2019): “Seismic risk and house prices: Evidence from earthquake fault zoning,”
Regional Science and Urban Economics, 75, 187–209.
Strobl, E. (2011): “The economic growth impact of hurricanes: Evidence from US coastal
counties,” Review of Economics and Statistics, 93, 575–589.
United Nations (2020): “Defnition of a Flood,” Tech. rep., The United Nations Oÿce
for Outer Space A˙airs.
Wheaton, W. C. (1999): “Real estate “cycles”: some fundamentals,” Real estate economics, 27, 209–230.

29

8

Appendix

A

Descriptive graphs
Figure A1: Development and water amenities (1900-2010)

Notes: The outcome is the yearly average log new development (measured in square meters) across municipalities in Spain. On the x-axis is the distance in meters to a foodplain border. Negative values on
the x-axis correspond to the interior of a food zone. The food zone is defned as a 500-year foodplain,
like specifed by the Spanish law. Each dot represents the mean outcome within a 10-meter bin.
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B

Full results

Figure A2: E˙ect of a food on the average surface built, according to di˙erent fringes
from the nearest 500-year foodplain.

(a) Within a foodplain

(b) Less than 100m of a foodplain

(c) Between 100 and 250m of a foodplain

(d) Between 250 and 500m of a foodplain

Notes: E˙ect of a food on average surface built according to di˙erent fringes from the nearest foodzone.
Panels show: a) inside the foodplain, (b) less than 100 meters, (c) between 100 and 250 meters, and (d)
between 250 and 500 meters from a food zone border. Results are based on Equation 1.
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Figure A3: E˙ect of a food on prices (per square meter)

Notes: E˙ect of a food on the average price of housing (per square meter). Data is extracted from 358
municipal squared-meter price series from the real estate appraisals ‘TINSA’ , collected between 1985 and
2010. Results are based on Equation 1.
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Figure A4: E˙ect of a food on the average foor surface built, according to di˙erent fnal
uses.

(a) Residential Use

(b) Industrial Use

(c) Agricultural Use

(d) Oÿce Use

(e) Retail Use

(f ) Public Use

Notes: E˙ect of a food on average foor surface built according to di˙erent fnal uses. Results are based
on Equation 1.
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Figure A5: E˙ect of a food on unemployment.

(a) Total unemployment registered

(b) Unemployment in agricultural sector

(c) Unemployment in industrial sector

(d) Unemployment in construction sector

(e) Unemployment in services sector

(f ) Unemployment with no previous employment

Notes: E˙ect of a food event on unemployment according to di˙erent sectors of economic activity. Results
are based on Equation 1.
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Figure A6: E˙ect of a food on employment contracts.

(a) Total contracts

(b) Agricultural contracts

(c) Industry contracts

(d) Construction contracts

(e) Services contracts
Notes: E˙ect of a food on employment contracts signed according to di˙erent sectors of economic activity.
Results are based on Equation 1.
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Figure A7: E˙ect of a food on migration.

(a) Total infow

(b) Total Outfow

Notes: E˙ect of a food on total number of people moving in and out from the fooded municipality. Results
are based on Equation 1.
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Results: Booming versus stalled cities
Figure A8: E˙ect of a food event on food surface, distance to nearest water body, and
on elevation, for booming and stalled cities.

(a) E˙ect on foor surface

(b) E˙ect on distance to water body

(c) E˙ect on elevation

(d) E˙ect on prices

Notes: These fgures plot the impact of a food on new development’s (log of) foor surface built, distance
(in meters) to a water body, terrain elevation, and the average housing price per square meter. Data for
prices is extracted from 358 municipal square meter price series from the real estate appraisals ‘TINSA’,
collected between 1985 and 2010. A municipality is booming (stalled) if the share of the development on
the 10 years previous to the food is on the top (bottom) 20% of the sample distribution. Results are based
on Equation 2. The coeÿcient for the year before a food is normalized to zero. The bars show the 95
percent confdence interval. Standard errors are clustered by province.
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Figure A9: E˙ect of a food on the average surface built, according to di˙erent fringes
from the nearest 500-year foodplain, for booming and stalled cities.

(a) Within a foodplain

(b) Less than 100m of a foodplain

(c) Between 100 and 250m of a foodplain

(d) Between 250 and 500m of a foodplain

Notes: E˙ect of a food on average foor surface built according to di˙erent fringes from the nearest
foodzone. A municipality is booming (stalled) if the share of the development on the 10 years previous
to the food is on the top (bottom) 20% of the sample distribution. Results are based on Equation 2.
The coeÿcient for the year before a food is normalized to zero. The bars show the 95 percent confdence
interval. Standard errors are clustered by provicen.
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Figure A10: E˙ect of a food on the average foor surface built, by di˙erent fnal uses,
for booming and stalled cities.

(a) Residential Use

(b) Industrial Use

(c) Agricultural Use

(d) Oÿce Use

(e) Retail Use

(f ) Public Use

Notes: E˙ect of a food on average foor surface built according to di˙erent fnal uses. A municipality
is booming (stalled) if the share of the development on the 10 years previous to the food is on the top
(bottom) 20% of the sample distribution. Results are based on Equation 2. The coeÿcient for the year
before a food is normalized to zero. The bars show the 95 percent confdence interval. Standard errors
are clustered by province.
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Figure A11: E˙ect of a food on unemployment, for booming and stalled cities.

(a) Total unemployment registered

(b) Unemployment in agricultural sector

(c) Unemployment in industrial sector

(d) Unemployment in construction sector

(e) Unemployment in services sector

(f ) Unemployment with no previous employment

Notes: E˙ect of a food event on unemployment according to di˙erent sectors of economic activity. A
municipality is booming (stalled) if the share of the development on the 10 years previous to the food is
on the top (bottom) 20% of the sample distribution. Results are based on Equation 2. The coeÿcient for
the year before a food is normalized to zero. The bars show the 95 percent confdence interval. Standard
errors are clustered by province.
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Figure A12: E˙ect of a food on contracts, for booming and stalled cities.

(a) Total contracts

(b) Agricultural contracts

(c) Industry contracts

(d) Construction contracts

(e) Services contracts
Notes: E˙ect of a food on employment contracts signed according to di˙erent sectors of economic activity.
A municipality is booming (stalled) if the share of the development on the 10 years previous to the food is
on the top (bottom) 20% of the sample distribution. Results are based on Equation 2. The coeÿcient for
the year before a food is normalized to zero. The bars show the 95 percent confdence interval. Standard
errors are clustered by province.
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Figure A13: E˙ect of a food on migration, for booming and stalled cities.

(a) Total infow

(b) Total Outfow

Notes: E˙ect of a food on total number of people moving in and out from the fooded municipality. A
municipality is booming (stalled) if the share of the development on the 10 years previous to the food is
on the top (bottom) 20% of the sample distribution. Results are based on Equation 2. The coeÿcient for
the year before a food is normalized to zero. The bars show the 95 percent confdence interval. Standard
errors are clustered by province.
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C

Robustness

Figure A14: E˙ect of a food event on food surface, distance to nearest water body and
on elevation: Destructive foods database.

(a) E˙ect on foor surface

(b) E˙ect on distance to water body

(c) E˙ect on elevation
Notes: These fgures plot the impact of a food on new development’s (log of) foor surface built, distance
(in meters) to a water body, and terrain elevation. Results are based on Equation 1. See Section 6.3 for
more details.
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Figure A15: E˙ect of a food event on food surface, distance to nearest water body and
on elevation: Rainfall cell-level data.

(a) E˙ect on foor surface

(b) E˙ect on distance to water body

(c) E˙ect on elevation
Notes: These fgures plot the impact of a food on new development’s (log of) foor surface built, distance
(in meters) to a water body, and terrain elevation. Results are based on Equation 3. See Section 6.3 for
more details.
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D

ARPSIs

Figure A16: Evolution of new development within 100m of an ARPSI and of control
areas.

Notes: The vertical axis measures the e˙ect of a food event on log of the new surface built within 100
meters of an ARPSI or a water body within the same municipality. Results are based on Equation 4.
The coeÿcient for the year before the ARPSI declaration is set to zero. The bars show the 95 percent
confdence interval. Standard errors are clustered by province.
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