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Abstract: This paper provides evidence that the combinatfdaral-use restrictions and an
increasing demand for housing can create incentivaaduce forest fires as a means to
circumvent regulation and increase the supply od lavailable for residential construction.

| estimate the effect of the price of housing oea ificidence of forest fires using Spanish
data by region for 1991-2005. The results suggeat higher house prices led to a
significant increase in the incidence of forestdiin a region. | also find that the increased
incidence of forest fires led to a subsequent reolnin forest area and an increase in urban
land area. This evidence supports the claims oftemd in the media that property
speculators trying to build in forest land may ledind the recent increases in the incidence
of forest fires in Mediterranean countries.
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1. Introduction

A sizeable recent literature addresses the rekttipnbetween economic growth and
environmental quality. Empirical studies typically use cross-country degastudy the
reduced-form relationship between per capita incamé some measure of environmental
quality, typically air (or water) qualit§.

Economic theory suggests that this relationshlpss than straightforward, particularly
since different sources of economic growth can leadlifferent shapes of the relation
between growth and the environment. For this rea€mpeland and Taylor (2004) stress
the need for empirical studies to clarify the cdusechanisms involved rather than merely
document the shape of the association.

The contribution of this study is to shed lightmwery specific channel through which
economic growth can affect environmental qualityheTstatus of forests is a key
environmental indicator in many countries that asely analyzed in the literature. An
exception is found in Koop and Tole (1999), who Igra the association between per
capita income and deforestation, finding some egadirsupport for a U-shaped
relationship between the two.

As mentioned, Copeland and Taylor (2004) suggegirezal studies should move from
merely documenting the reduced-form shape of suetationship to uncovering the causal
mechanisms at work. In this line, this study fosusa a very specific mechanism that can
lead to a relationship between economic growth defbrestation. Certain sources of

economic growth can induce pressures to increassupply of available land, for instance

! See Copeland and Taylor, 2004 for a recent survey.

% See Grossman and Krueger, 1995 and Shafik, 19%bfoe of the earlier studies.



for residential construction purposes. This presstan in turn lead to changes in the
regulation of the use of land. However, in somentoes the possibility to build in forested
areas is heavily restricted.

One way in which such regulations can be circuneatig the event of a wildfire that
drastically reduces the environmental value ofradt thus easing restrictions and allowing
more (formerly forested) land to be freed for bmiplactivity. In fact, the media as well as
environmental organizations in different countries/e often raised concerns about arson
by property speculators trying to build on forestd. This study is, to my knowledge, the
first to empirically investigate the relevance otk claims. If the evidence supports them,
as | show, then there are clear policy implicatibmsoe derived. Land use regulations
should be designed taking into consideration teentives they may generate regarding the
potential induction of forest fires. For instanseme countries (such as Greece) restrict
changes in the use of land for a number of yedes afforest is affected by wildfire, trying
to limit the effectiveness of forest fire as a metmincrease the supply of land for building
purposes. Additional measures should be taken swrenthat such laws are in fact
implemented, since their effectiveness in pradtiag been questionéd.

| use data on forest fires, changes in the usarad hnd economic activity in Spanish
regions over a fifteen-year period (1991 througl®3)0 The reasons why Spain is an
interesting case study are twofold. First, thedeaice of forest fires in Spain has increased

dramatically over the past few decades, and matenh are thought to be human-induced.

% “Many Mediterranean states have laws against bujjdin burned forest land (...).
Corruption, and weak or clogged legal systems, wagiermine such rules, of course

(“Smoke gets in their eyes”, The Economist, Augifs007, p. 28).



Second, the construction sector experienced areaaegented boom during the late 1990’s,
fueled by a soaring demand for housing and gemgratitense pressure to increase the
availability of land for residential construction.

We find that the regions where housing prices vilzezasing more rapidly (which we
take as an indicator of rising demand for housiagperienced a significantly higher
incidence of forest fires. The incidence of foriss, in turn, led to subsequent changes in
the use of land, reducing the amount of forest arehincreasing urban land area (i.e. land
where building activity takes place). We take teiddence as suggesting that economic
growth in Spain between 1991 and 2005, which retiedvily on the construction sector,
had a direct negative effect on environmental dquatrough the degradation of the status
of forests.

The remainder of the paper is organized as follo®sction 2 presents some
background information on land use and the incideat forest fires in Spain, and it
discusses the recent evolution of the construcsiector and housing prices. Section 3
describes the data and the econometric methodokyy,the results are introduced in

section 4. Section 5 summarizes the findings amdlades.

2. Background: Forest Fires, Use of Land and theskhg Boom in Spain

2.1 Forest Fires

Forest fires destroy millions of acres of wild laameund the world every year, and lead to
large economic and environmental losses. In 20@&Lntumber of blazes reached 106,692 in
Europe and 142,066 in the US and Canada, affeotreg 1 million and 5 million acres of

wild land, respectively. Federal agencies in the gfgnt 918 million dollars in fire



suppression in 200%but the total environmental and economic cost§oodst fires are
estimated to be much higher.

In Europe, Spain is the country with the largestdl area affected by forest fires in
recent years (see table 1), ahead of other SouEwwpean countries with similar weather
conditions. Between 1991 and 2004, forest firesci#d on average 362,550 acres a year in
Spain, or 27 percent of the total land area afteateEurope. Almost 19,500 blazes were
reported each year (on average) during that pefib@ direct yearly economic losses
associated with forest fires in Spain were estith&tebe 505 million euros in 2005.

Moreover, a worrying trend towards an increasingber of blazes has been observed
in Spain in recent decades (see figure 1). In 869’5, less than 2,000 fires were detected a
year, while in 1995 the figure reached almost 26,0Chis trend is also reflected in the
evolution of the land area affected by forest fifthe yearly average was 118,000 acres in
the 1960’s, compared with 365,000 between 19942804d).

Not much is known about the causes of the inangasicidence of forest fires in Spain.
Estimates from the Spanish Ministry of the Envir@mtindicate that about 60 percent of
all forest fires that took place between 1991 ab@d2were intentional, and the origin of the
fire is not known in almost 20 percent of the cdséfowever, the media as well as

environmental organizations routinely report thate amportant factor behind the high

* Average suppression costs were 830 million dobiaysar during the 1994-2004 period
(Wildland Fire Statistics, 2005).

> Spanish Ministry of the Environment, 200%tp://www.mma.ek

® The remaining causes are thunder (4%), negligéit¥), reproduction of a previous fire

(1%), and other causes (3%}tp://www.mma.ek




incidence of forest fires is the intended rezorofidorest area (where building activity is
banned or severely restricted) into urban land donstruction purposés.Yet, only

anecdotal evidence is provided in support of thisiment’

2.2 Land use regulation

The use of land is heavily regulated in Spain. Teeeral guidelines are outlined in a
federal law, which dictates that land can be clessas urban, potentially urban (i.e. where
building activity is allowed), and rustic land (wkebuilding activity is heavily restricted).
The authority to actually classify land into eacitegory lies with the municipalities,
although local authority plans need to be approaethe regional or national level and
should follow the general guidelines indicatedhe tederal law. Any building activity in
rustic land must be approved at the regional ldwgbractice, the local authority can easily
rezone land from rustic to potentially urban, altgb justification needs to be provided to
the regional or national government, and foresés empecially protected and difficult to

rezone.

’ For instance, “Ecologistas en Accion” (“Environrtaists in Action”) claim that e
cannot ignore the fact that most forest fires tgkptace in Spain are intentional, mostly
with urbanization purposes or caused by negligé€ntenslation by the author, see

http://www.ecologistasenaccion.org/article.php3aiticle=2663.

8 The Spanish Forest Fires Department reports inétspage that althougtiie media
routinely blames forest fires on urbanization agsh no hard evidence has been provided
in support of this theory, suggesting that theesslwould be investigated in more depth (see

http://www.incendiosforestales.org/furbana.lntm




Regarding the actual use of land, it is officiatlassified into urban land, forest,
agricultural land, or pastures. Thus, land clasdifis potentially urban or rustic by the local
authorities can in practice have one of three diffe uses at a given point in time
(agricultural, forest or pasture). For instancegiven plot of land may be classified as
potentially urban while currently being used astynes

Unfortunately, there are no reliable data soutbes provide urban, potentially urban
and rustic land area by region and over time, betet are official statistics on land area by

actual use (urban, forest, agricultural or pasture)

2.3 The construction sector and housing prices
Housing prices have been increasing rapidly in iSgace the mid-1990’s. The average
price of a square meter of housing increased 15depe between 1995 and 2005, or an
average of 10 percent a year (after overall irdlfathas been factored in). This rise is
thought to have been mostly demand-driVeamd has been accompanied by intense
construction activity. In 2004, 509,000 new dwejbnwere built, compared with 228,000
in 1991.

The share of residential construction in totalstarction in Spain (54% in 1992) is the
highest among all OECD countries (Bover and Velild02). In addition, new dwellings

(and improvements) account for most (96%) of redidé construction. The procedure for

® See Bover (1993) for an analysis of the determimahhousing prices in Spain for the
period 1976-1991 and Garcia-Montalvo (2001) fotualy on the period 1987-1998. They
conclude that increasing per capita income canuatdor a large fraction of the rise in

prices, with low interest rates also playing anamt@ant role.



building and selling new housing in Spain is thikofeing: builders or developers first buy
the land, then they build (or sub-contract) dwelinand then they offer the finished
product for sale.

Figure 2 shows the evolution of the average price square meter of housing between
1995 and 2005, at the national level. In the fogsarter of 1995, the average price of a
house was 670 euros per square meter, compared \w88 in the first quarter of 2005.

The sustained increase in prices, however, hataken place uniformly. Some regions
have experienced much faster increases than offileessmallest increase in the price of
new housing, in percentage terms, during the tem-geriod was 58 percent (in Ourense),
while in Malaga prices increased by 300 perceninduthe same period. A new house in
Malaga was sold at 2,151 euros per square metbeifirst quarter of 2005, compared with
1,032 euros in Ourense. Thus the profitability e$idential construction activity varied

widely across regions, given that construction<oéffered only slightly°

3. Data and Methodology

The analysis proceeds in two steps. First, we ghatveconomic activity in general and the
profitability of construction activity in particulaffected the incidence of forest fires. Then
we show that the incidence of forest fires led bargyes in the use of land from (more
heavily protected) forest area to urban land (wlbesiteling activity takes place).

If forest fires are being used as a means to inderening, it is reasonable to expect

that there would be a relationship between theitatwfity of building activities in an area

19 Garcia-Montalvo (2001) finds that constructiontsare not significant in explaining the

regional variation in house prices in Spain.



and the incidence of forest fireb order to test this hypothesis, | collect datathed
regional level (there are 50 provinces in Spain)eoanomic activity, housing prices and
the incidence of forest fires between 1991 and 2005

The Ministry of the Environment publishes data loa yearly number of forest fires and
the land area damaged by fire by region from 1992005 | also collect information on
regional economic activity, measured by total papah and per capita GDP, from the
National Statistical Officé?

In order to measure more directly the pressurehensupply of land created by an
increased demand for residential constructionsd abllect data on the price of the square
meter of housing by region. The Ministry of Housi(&)07) publishes quarterly housing
prices by province (an aggregate index as welleparaite prices for new construction and
houses more than 2 years old) from 1995 to 28a8hile Sociedad de Tasaci‘2007)
provides biannual data from 1986 to 266 Bee Garcia-Montalvo (2001) for a discussion
of these alternative data sources for house prices.

Of course, in order to capture the causal effeetcohomic activity and house prices on
the incidence of forest fires, we need to accoonbther factors that may affect forest fires

and at the same time be correlated with econonticitgc One set of such factors may be

1 Seehttp://www.mma.es/portal/secciones/biodiversidaffdea incendios/estadisticas

incendios/

12 geehttp://mww.ine.es

13 Seehttp://www.mviv.es/es/index.php?option=com conteak=view&id=668&

ltemid=106

14 Seenttp://web.st-tasacion.es/html/index.php




geographical, such as the regional climate andy¢iadogical features of the land. | account
for these factors through the inclusion of regioxed effects. There could also be
unobserved factors that vary over time, such a®geof drought affecting both economic
patterns and wildfires, or changes in national firevention or extinction policies. We thus
also include year fixed effects. Our main spectfarais the following:

[1] F,=a+pP + N, +0,GDP, +J,GDP? + i + A, +¢,

Wherei indexes regiong, is the yearF is a measure of the incidence of forest firest{suc
as the number of blazes or the surface burriedy,an index for the price of housing,is
total population in the region, ar@DP is the per capita gross domestic product of the
region.

The combined data set, then, includes forest fargables, house prices, population and
GDP data by region between 1991 and 250%he number of observations is 700 (50
provinces times 14 years). The price variablesecéfhouse prices in December of the
previous year, or the first quarter of a given y@@pending on which of the two price
sources we use), while the forest fire variabldsrr all fires that took place during the
whole (subsequent) year.

The model is estimated for six different dependeriables that provide alternative
measures of the incidence of forest fires: totahber of blazes, number of small blazes
(less than 2.5 acres affected), number of largeeblatotal surface affected, tree area
affected, and non-tree area affected.

Once it is established that economic activity affabe incidence of forest fires, | turn

to demonstrate that forest fires have a directi@rfite on the use of land. Thus | also collect

15 0r 1995-2004, depending on the source used fasehprices.



data on the uses of land in each region and owe, tivhere land is classified as either
agricultural, pasture, forested, or urdarObviously, economic activity can affect the use
of land directly and not only through forest firéisus all the economic activity indicators
are included as controls. In particular, we allaw$ing prices to have a direct effect on the
use of land. We also account for unobserved regpatific characteristics through region
fixed effects, and allow for time-varying factosu€h as legal changes at the national level)
that are common to all regions through year dummié® second-step specification is
thus:
[2] Ly =a; +p;Fi +13j P VN, +51JGDFi)t +52jGDPnz + 4 +/]jt T &
Wherej indexes the four different uses of land dantheasures the land area (in hectares)
corresponding to each type of land use every yeate that equation 2 actually denotes
four separate regressions, one for each use of (gndVe are interested in the four
coefficients g, which measure the rate at which an acre of foaéfsicted by wildfire
remains classified as forest area in subsequems ygagets converted into other uses of
land. Note that the foyg coefficients always sum up to zero. For instaifctarest fires
did not affect the use of land, all four coeffidiemvould equal zero. At the other extreme, if
each acre damaged by fire was converted into udrat) the coefficient would be -1 in the
forest land area regression and 1 in the urbandaed

We estimate the four regressions jointly as seelyiongrelated regressions (Zellner,
1962) to account for the fact that the four uselpfl must sum up to total land area, and
thus the error terms in the four regressions atntddo be correlated. We also estimate

additional specifications where we add further lagsthe incidence of forest fires

18 Source: Spanish National Statistical Institwtev{v.ine.es.
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measures, to account for the possibility that iyyteke more than one year to change the

use of land.

4. Results

4.1 Economic activity and the incidence of forestd

Table 2 shows some descriptive statistics for W samples used to estimate equation 1.
The first sample, using data on house prices inrtam city of each region (frof8ociedad

de Tasaci6)) spans from 1991 to 2004, thus the number of rehsiens is 7037 The
second sample uses data on average house priczclinregion from the Ministry of
Housing and is restricted to the period 1995 to4208ading to a smaller sample size of
50018 The average price of the square meter in the igirof each region between 1991
and 2004 was 900 euros, while average price imgfg®n over the 1995-2004 period was
782 euros, with a large variance across regions.

Between 1991 and 2004, on average almost 3,00@rksca year were affected by
wildfire in each region, resulting from almost 400azes. Average population in each
region was about 800,000 inhabitants, and per &apDP reached on average 12,260
euros, also with large dispersion across regions.

Table 3 reports the results from estimating eguati for two different measures of the
incidence of forest fires: total number of blazewl dotal land area affected by fire.
Columns 1 to 3 use the longer sample, while colutis 6 use the 1995-2004 subsample

with the alternative house price variable. All gfieations include year dummies. Columns

" The data on house prices refer to the month oeBer of the previous year.

18 |n this case, the data on house prices referadist quarter of each year.
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1 and 4 display the coefficients from random e8es$timation, while the rest present the
region fixed effect results. In addition, columnsaBd 6 include region-specific linear
trends. The preferred specifications are showrolanans 2 and 3 (full sample with region
fixed effects).

Note that total population in a region does ngiegp to be a significant determinant of
the incidence of forest fires for either of the tdependent variables, and the sign changes
across specifications. Per capita GDP and its sqaee significant in specification 3 for
land area affected by forest fires. This patterggests an inverse U-shaped relationship
between income and the incidence of forest fires, as per capita GDP increases in a
region, the incidence of forest fires rises, bueraé certain income threshold, the sign of
the relationship is reversed.

However, our focus here is on a specific sourcem@me growth: that associated with
construction activity. House prices are includea @soxy for the profitability of residential
construction activity in a region. The estimatetéef of house prices on the incidence of
forest fires is positive in all specifications, aoffen statistically significant, especially in
the specifications for number of fires. The magmétwof the effect suggests that a 3-euro
increase in the price of the square meter leadméoextra fire per year in the region, or
about 10 extra hectares affected by forest fires.

Note that these results are unlikely to be dribgrendogeneity bias. The region fixed
effects account for unobserved region-specific roggneity, and the controls for
population and per capita GDP account for overafinges in economic activity across
regions and over time.

One may think that the incidence of forest fires la direct impact on house prices,

since deforestation may reduce the environmentalitguof the region, thus making the
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location less attractive and reducing the demant@idasing. However, note that this source
of reverse causality would generateegativecorrelation between house prices and forest
fires, thus our results can be thought of as urstienating the causal effect of housing
prices on the incidence of forest fires. Note dlsat the timing of the variables at least
partially corrects for possible reverse causatitg (price data are lagged with respect to the
incidence of forest fires over the following year).

Additional specifications are estimated that ideupopulation squared as a control,
which is typically not significant. Also, we estiteaseparate specifications for the four
additional measures of the incidence of foressfitae number of small and large blazes,
and the tree area affected versus non-tree areetedt® The results suggest that the effect
of house prices on the incidence of forest firdgegaplace through an increase in the

number of small blazes that affect both tree andtnee area.

4.2 Forest fires and land use
Next we estimate the set of four regressions dasdriby equation 2, where the four
dependent variables correspond to the four altematises of land (forest, urban,
agricultural or pastures). The data on land usasfiram 1992 to 2003, thus the sample
size is now 600. On average, forest area was 3@hectares (about 810,000 acres) per
region (see table 4), slightly less than the lareh aledicated to agricultural activity and
twice the size of urban land area.

The models for changes in land use in a regiotudec the same controls as the

previous specifications (population and per cagidP), as well as measures of the

9 These results are available upon request.
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incidence of forest fires during the previous y@aoth total number of fires and total land

area affected by forest fires). Housing pricesase included since they may have a direct
effect in addition to the indirect one through inthg forest fires. For instance, increases in
the demand for housing in a region may lead torectlirezoning of some forest area for
residential construction purposes.

First | report the results of the deforestatiogressions, i.e. the specifications where |
estimate the extent to which the incidence of fofiess leads to a reduction in the land
area classified as forest the following year. Tremmesults are displayed in table 5. There
appears to be a negative although weakly significglationship between total population
and forest area, as one may have expected. Thelsassome evidence suggesting that
income growth leads to deforestation (see spetiica8). House prices, on the other hand,
don’'t seem to have a direct significant associatiotih deforestation, although the sign
tends to be positive, possibly reflecting revermsasality.

The most consistent result shows that more laed affected by forest fire the previous
year leads to deforestation, i.e. a significantuotidn in forest area the following year.
Each acre affected by wildfire leads to a subseideap in forest area of 0.4 to 0.8 acres of
land%°

These changes in the use of land could imply eesponding increase in agricultural
land, urban land, or pastures. Since our goal &40 whether forest fires are induced in

order to rezone forest land as urban, Table 6 shiogveffect of the incidence of forest fires

20 Additional specifications are estimated addingpseldags for both measures of the
incidence of forest fires. The second lags are ngtagistically significant. These results

are available upon request.
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on urban land area in subsequent years. The resigtgest that the decrease in forest land
area following a forest fire translates almost tmene into increases in urban land, i.e.
land where building activity takes place. Resutesraported for specifications that include
one and two lags for the incidence of forest figsth lags are significant in the preferred
specification (column 4). Each acre of land damagea forest fire leads to a significant
increase in urban land of 0.6 to 0.7 acres thevefig year, and 0.2 to 0.4 additional ones
the year after.

Finally, table 7 shows the effect of the incidemédorest fires on the remaining two
alternative uses of land. There is a small (an@llsinsignificant) negative effect of forest
fires on agricultural land area, and this seembetanirrored by a by a small increase in

pastures.

5. Conclusions

The results provide evidence suggesting that thebawation of land-use restrictions and an
increasing demand for housing can generate ineentiv induce forest fires as a means to
circumvent regulation and increase the supply o lavailable for residential construction.
This is one so-far unexplored channel through wheconomic activity can generate
environmental hazards.

The media in different countries often report $kigpicion that the recent increase in the
incidence of forest fires may be driven by arsomeutted by property speculators trying
to build on forest land. These reports have beeticpiarly common in recent years in
Mediterranean countries, where rising incomes Hae#ed a construction boom that has

certainly generated strong economic incentivesaf@onists. However, these suspicions
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have never been backed by hard evidence. This pafie first to attempt an empirical test
of such claims.

| collect official data on the yearly incidencefofest fires by region in Spain between
1991 and 2004. | also construct series of the pofceousing by region during the same
period. | then estimate the effect of the price@iv housing on the incidence of forest fires
by province, including controls for economic adiyyiyear dummies and region fixed
effects. The results suggest that higher housepiin a region lead to an increase in the
incidence of forest fires. The effect is signifitaand its magnitude is not negligible: an
increase in the price of housing of one standauiatien (360 euros) leads to an additional
120 fires a year in a province (for a mean of 3&@#¥gcting 4,000 acres (for an average of
7,400).

| also collect official data on the use of landddind that forest fires indeed lead to a
reduction in forest area and a subsequent increaseban land area, where residential
construction takes place. In particular, each affected by forest fire leads to a decrease
of about 0.8 acres in forest area the followingryaad a corresponding increase in urban
land area.

These findings suggest that policy makers shoake tinto account the potential
perverse incentives generated by land-use regaolab®me example can be found in the
countries that restrict the rezoning of forest ldada number of years after the area is
affected by wildfire, thus limiting the appeal ofef as a means to increase the supply of
available land for residential use. Greek law,ifstance, states that builders cannot put up

homes on former forested areas. The Italian govemirpassed a law in 2000 banning
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construction for 15 years on property where thead heen a blaze, and under a 2006
Spanish law, land use cannot be changed for 3@ wétar a forest firé*

However, the effectiveness of such laws may bé&donand thus additional measures
may need to be implemented. Media reports sugdmedt “developers are practiced at
getting around such regulatiorf. There are also implementation issues: the recalir
legislation, for instance, has to be adopted aidbal level, and many municipalities have
not done s&° A recent surge in blazes in Greece led the pririmster to promise stricter
measures, such as taking satellite photos regularlyelp enforce the law banning
construction on forest areas. Similar measures Hazeen proposed by the Spanish
government. A useful avenue for future research ldvanalyze the effectiveness of

different sets of policies at preventing arson pgcailators trying to build on forest land.

21 See “A combustible mixture” (The Economist, AugB6th 2007) and “Smoke gets in
their eyes” (The Economist, August 4th 2007).
22«p combustible mixture” (The Economist, August B®007).

23«A combustible mixture” (The Economist, August B®007).
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number of forest fires (in thousands)

Figure 1. Yearly number of forest fires in Spai@$1-2005 (in thousands).
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price of the sg. meter (2005 euros)

Figure 2. Quarterly average price of a square nwéteousing, Spain, 1995-2005
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Source: Spanish Ministry of Housing. Prices areresged in 2005 euros.
(http://www.mviv.es3.

21



Table 1. International incidence of forest fire991-2004 yearly average)

US+

Europe Canada Spain Italy Greece Portugal
Number of blazes 94,012 126,577 19,449 9,544 3,743 24,655
Number of blazes
per 10,000 ha 7.18 11.55 5.32 83.33
Land area affected
(acres) 1,325,355 8,565,341 362,553 242,551 119,325 320,602
Percent of forest area
affected 0.54 1.21 0.69 4.39

Source: Spanish Environment Ministry
(http://www.incendiosforestales.org/estadisticas)htm

Note: The averages for Europe and US+ Canada pomdgo the 1991-2001 period.
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Table 2. Summary Statistics, Incidence of ForestsHRegressions

a) 1991-2004 Sample

Variable N Mean Std. Dev. Min Max
Total land area affected (in ha.) 700 2973 6.349 0 84.660
Tree area affected (in ha.) 700 1111 3517 0 52.264
Total number of fires 700 389 748 0 5,317
Number of small blazes 700 235 527 0 4.067
Number of large blazes 700 150 270 0 2 059
Average price of sq. meter of

housing (in euros) 700 900 360 391 2,917
Population (in thousands) 700 813.98 970.44 90.91 6.0e+03
Per capita GDP (in 1,000 euros) 700 12.26 3.87 5.23 25.80

Note: The number of observations is 700 (50 prasrtames 14 years). The total number
of fires equals the number of small blazes, plesihmber of large blazes, plus the number
of reproductions. The price of housing refers tea@&wsber of the previous year.

b) 1995-2004 Sample

Variable N Mean Std. Dev. Min Max
Total land area affected (in ha.) 500 2373 4520 0 35691
Tree area affected (in ha.) 500 673 1591 0 18.047
Total number of fires 500 418 825 0 5317
Number of small blazes 500 259 579 0 4067
Number of large blazes 500 154 292 0 2 059
Average price of sq. meter of

housing (in euros) 500 782 329 376 2,298
Population (in thousands) 500 824.55 986.36 90.91 6.0e+03
Per capita GDP (in 1,000 euros) 500 13.65 356 6.34 25 80

Note: The number of observations is 500 (50 praasniames 10 years). The total number
of fires equals the number of small blazes, plesntibhmber of large blazes, plus the number
of reproductions. The price of housing refers wfihst quarter of each year.
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Table 3. Regression Results, Incidence of ForessFi

a) Dependent variable: Total number of forest fires

1 2 3 4 5 6
Housing price 0.3167 ** 0.3393 ** 0.3262 0.1899 0.1804 0.1070
(0.1330) (0.1375) (0.2507) (0.1324) (0.1428) (0.2470)
Population -0.0814 -0.2190 0.5120 0.013 0.0705 -0.1448
(0.0934) (0.1951) (0.4934) (0.1032) (0.2196) (0.5815)
Pc GDP 14.52 39.67 12.76 -95.56 -61.31 64.95
(38.41) (43.04) (67.10) (50.17) (61.67) (118.27)
Pc GDP sq. -1.439 -1.870 * -0.5149 1.431 0.8938 -2.661
(0.972) (1.044) (2.2687) (1.165) (1.3121) (3.771)
N 700 700 700 500 500 500
Year dummies? Y Y Y Y Y Y
Region fixed
effects? N Y Y N Y Y
Region-specific
trends? N N Y N N Y
Within R 0.0762 0.0780 0.2251 0.0656 0.0664 0.2826
Between R’ 0.0198 0 0.6122 0.0786 0.0412 0.5729
b) Dependent variable: Total surface affected gdofires (in ha.)
1 2 3 4 5 6
Housing price 1.923 4.537 * 1.5814 1.566 1.539 3.724
(1.952) (2.706) (4.9801) (1.573) (1.941) (3.467)
Population 0.1339 -6.0950 10.1998 -0.0364 0.2745 -8.2400
(0.5470) (3.8378) (9.8011) (0.4934)  (2.9867) (8.1630)
Pc GDP 121.82 1350.4 3367.3 ** -45.33 652.59 1115.3
(470.78) (852.30) (1372.66) (423.88) (838.61) (1660.10)
Pc GDP sq. -16.81 -40.51 ** -116.4  ** -13.14 -24.22 -48.29
(15.06) (20.54) (45.07) (12.70) (17.84) (52.94)
N 700 700 700 500 500 500
Year dummies? Y Y Y Y Y Y
Region fixed
effects? N Y Y N Y Y
Region-specific
trends? N N Y N N Y
Within R 0.1204 0.1301 0.2545 0.0592 0.0610 0.2312
Between R? 0.1005 0.0277 0.1743 0.1200 0.0040 0.1481

Note: The first 3 columns include 1991 to 2004 asd house price data from Sociedad de
Tasacion, the remaining 3 include 1995 to 2004ws®ldata on house prices from the
Ministry of Housing. One asterisk indicates sigrafice at the 90% confidence level, two
indicate 95% and three, 99%.
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Table 4. Descriptive Statistics, Use of Land Regjmess, 1992-2003 Sample

Variable N Mean Std. Dev. Min Max

Forest area (hectares) 600 327,270 178,224 11,506 947,338
Agricultural land area (ha) 600 372,769 283,615 2,792 1.1e+06
Urban land area (ha) 600 169,687 108,400 16,294 554,146
Pastures (ha) 600 139,783 121,447 0 582,753
Land area affected by fire (1 lag) 600 3,008 6,560 0 84,660
Number of fires (1 lag) 600 387 757 0 5,317

Total land area of the province 600 10,092 4,762 1,909 21,766
Population (in 1000) 600 811.79 965.47 90.91 5.8e+03
Per capita GDP (in 1000 euros) 600 12.19 3.59 5.58 24.38

Note: The number of observations is 600 (50 prasrtimes 12 years). The total number
of fires equals the number of small fires, plusrthenber of large fires, plus the number of
reproductions.
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Table 5. Regression Results, Dependent Variablestérea

1 2 3 4 5 6
Land area
affected by fire
(t-1) -0.8062 *** -0.8146 *** -0.3669 * -0.6918 *** -0.6717 ** -0.5184 **
(0.2398) (0.2380) (0.1989) (0.2703) (0.2662) (0.2433)
Number of forest
fires (t-1) 4.6537 3.3955 -2.2537 4.1500 0.9385 -1.6080
(4.5785) (4.5787) (4.0469) (6.2640) (6.3033) (5.0511)
Housing price 4.401 8.441 38.898 -8.614 3.750 46.904
(17.645) (17.690) (26.542) (20.846) (21.182) (31.841)
Population -4.156 3.038 -100.11 ** -7.165 -6.806 -17.266
(17.664) (26.263) (47.115) (18.521) (32.388) (63.780)
Pc GDP -7824.5 -4514.1 -16419 ** -9607.4 134.1 -18933
(5116.9) (5324.6) (7307) (7850.1) (8838.4) (14961)
Pc GDP sq. 74.2 1.50 264.6 90.1 -100.8 501.5
(129.6) (132.95) (264.1) (184.2) (196.0) (503.6)
N 600 600 600 450 450 450
Year dummies? Y Y Y Y Y Y
Region fixed
effects? N Y Y N Y Y
Province-
specific trends? N N Y N N Y
within R? 0.0568 0.0578 0.4921 0.0313 0.0351 0.5097
Between R® 0.0901 0.0569 0.0120 0.1180 0.0301 0.0292

Note: The first three columns include 1992 to 2804 use house price data from Sociedad

de Tasacion, the remaining 3 include 1996-2004useddata on house prices from the
Ministry of Housing. One asterisk indicates sigrafice at the 90% confidence level, two
indicate 95% and three, 99%.
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Table 6. Regression Results, Dependent VariablatJtland Area

1 2 3 4 5 6 7 8
Area affected by
fire (t-1) 0.6988 *** 0.6211 ** 0.6793 ** 0.6069 ** 0.6363 ** 0.6780 ** 05989 ** 0.6439 **
(0.2282) (0.2509) (0.2271) (0.2497) (0.2554) (0.2565) (0.2555) (0.2576)
Area affected by
fire (t-2) 0.4304 * 0.4373 * 0.2588 0.2449
(0.2368) (0.2361) (0.2593) (0.2601)
N 600 550 600 550 450 450 450 450
Year dummies? Y Y Y Y Y Y Y Y
Region fixed
effects? N N Y Y N N Y Y
Province-
specific trends? N N N N N N N N
R? within 0.0639 0.0578 0.0673 0.0628 0.0426 0.0471 0.0439 0.0486
R? between 0.0151 0.0314 0.0021 0.0029 0.0337 0.0572 0.0060 0.0138

Note: The first four columns include 1992 to 2004 ase house price data from Sociedad
de Tasacion, the remaining four include 1996-20@# e data on house prices from the
Ministry of Housing. One asterisk indicates sigrafice at the 90% confidence level, two
indicate 95% and three, 99%.
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Table 7. Regression Results, Other Uses of Land

Dep. var. 1 2 3 4 5 6

Agricultural use  -0.0064 -0.0166 -0.3149 * -0.2595 -0.2560 -0.1399
(0.1977) (0.1946) (0.1860) (0.1865) (0.1810) (0.2092)

Pastures 0.1776 0.1641 0.3918 ** 0.3241 0.3449 * 0.3598
(0.2107) (0.2112) (0.1931) (0.2090) (0.2081) (0.2282)

N 600 600 600 450 450 450

Year dummies? Y Y Y Y Y Y

Region fixed

effects? N Y Y N Y Y

Province-

specific trends? N N Y N N Y

Note: The table displays coefficients and stan@arors corresponding to the explanatory
variable “area affected by forest fires (t-1)” fraegressions where the dependent variable
is indicated in the first column. The first thredumns include 1992 to 2004 and use house
price data from Sociedad de Tasacion, the remathirgg include 1996-2004 and use data
on house prices from the Ministry of Housing. Osteask indicates significance at the
90% confidence level, two indicate 95% and thr&8p9

28



