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Abstract

While tenure security is essential to effective land management, there is little empirical evidence
on its environmental impact. We show that improving tenure security through cadastre sur-
vey and land registry reduces agricultural fires. Exploiting the staggered rollout of the Hellenic
Cadastre program across Greece from 2014 to 2019, we find those regions covered by the manda-
tory land registry witnessed a decline in agriculture fire events by 17 percent and burned areas by
38 percent. The land registry is accompanied by large increases in farming areas, investments,
and fire suppression equipment, along with less stubble burning. The evidence suggests im-
proved tenure security incentivizes landowners to exert larger fire-suppression efforts to protect

land-attached investments, and to practice more long-term oriented land management.
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1 Introduction

Wildfires are increasingly devastating in terms of extent, duration, severity, associated suppres-
sion costs, and loss of human lives, due to climate and land use changes (Flannigan et al. 2009;
Flannigan et al. 2013; North et al. 2015; Bowman et al. 2017)." Unlike other natural disasters,
wildfire risks can be largely affected by human behavior through landscape management and fire
preparedness. In this regard, there are numerous studies on the direct impacts of fire policies
implemented at the state level. However, little work has been done to evaluate the effectiveness
of improved title security on the incentives of landowners to manage their farms in a way that
mitigates wildfire risks.

Private landowners are the residual claimants of protected assets and hence directly benefit
from mitigating fire risks. However, the incentives can be undermined by positive externalities —
reducing the wildfire risk on one‘s property reduces the risk of the neighbouring properties. With
binding contracts, landowners could share the costs of mitigating fire risks and efficiently invest
in hazard mitigation. But those cost-sharing contracts are often prohibitively expensive due to
uncertainty and asymmetric information (Allen 1998), which means landowners under-invest in fire
mitigation (Rehm et al. 2003, Lueck and Yoder 2016, Langpap and Wu 2021, Brenkert—Smith et al.
2006). In this regard, landowners’ efforts on fire mitigation may be most effective when everyone
in the region is incentivized simultaneously to mitigate fire risks.

The Hellenic Cadastre is a nationwide land registry program in Greece, and provides a unique
opportunity to assess the effectiveness of the fire mitigation measures taken by private landowners.
The program establish a new land system with cadastral maps and digitally delineated boundaries.
It provides several advantages in identifying the effects on fire events. First, the program rolls out
at the regional unit (prefecture) level, which simultaneously improves the tenure security for all
landowners in a large area. Second, the program was largely promoted and imposed under external
pressure, making the timing mostly exogenous. Finally, current regulations of Greece strongly
favor fire suppression, but provide only minor funding for fire prevention (Palaiologou et al. 2020,

Palaiologou et al. 2021), leaving a large gap to be filled by private landowners.

'For costs on health care use, medical costs, and mortality, see Chay and Greenstone (2003), Jayachandran (2009),
and Deryugina et al. (2019). For costs on working hours and productivity, see Borgschulte et al. (2018), Hanna and
Oliva (2015), and Graff Zivin and Neidell (2012)



To evaluate the environmental impact of the program, we compile a novel dataset at the regional
unit level for the period from 2010 to 2019. The dataset includes fire events and burned areas de-
tected by satellites, the starting years of the Cadastre program from the official website, and various
agricultural statistics from the Hellenic Statistic Authority. We use an event study approach to
exploit the staggered rollout of the program. Specifically, we use a traditional two-way fixed effects
method and a new estimator, DIDy;, proposed by De Chaisemartin and d’Haultfoeuille (2020) to
identify the environmental impacts over time and to interpret the estimates as the causal effects.
The rich agricultural data also allows us to examine the changes in the agricultural investment and
probe the possible channels.

We find the land registry reduces agricultural fire events by 17% and burned areas by 38%. The
year-by-year analysis show the reduction starts in the second year and remains stable into the fifth
year. Agricultural data suggest several explanations. First, with improved tenure security, farmers
increase farming areas, livestock, and long-term investment such as tree planting and fallowing. The
increased farming activities reduce abandoned agricultural areas along with the unmanaged fuel
load. Second, farmers increase the stock of the equipment that is most suitable for fire suppression,
which allows farmers to suppress and contain fires at the earliest opportunity. Third, farmers reduce
stubble burning to preserve soil fertility.

Current evidence suggests that more long term oriented agricultural practices and larger fire
mitigation efforts are the channel through which the land registry reduces fire events and burned
areas. Consistent with this conjecture, we show fire events decline mainly in locations with high
agricultural potential and during the day when people are most alert. On the contrary, agricultural
fire events remain almost unchanged in barren lands and during the night.

Existing property rights literature have well documented the benefits of well defined property
rights on increasing land investment (Besley and Ghatak 2010, Galiani and Schargrodsky 2011, Lin
1992 Fenske 2011), facilitating land trades (Besley 1995, Deininger 2003, Cotula 2009), accessing
credit market (Malesky and Taussig 2009, De Soto 2000), and improving labor allocations (Field
2007, De Janvry et al. 2015). This paper provides new empirical evidence on the environmental
impact of improved land titles. It is most closely related to work by Ali et al. (2014), who find
a very large impact of improved tenure security on maintenance of soil conservation measures in

Rwanda.



This paper also contributes to the recent discussion regarding the effective degree of uniform
and mandatory boundary demarcation (Libecap and Lueck 2011, Arrunada 2017, Enemark et al.
2014, Enemark et al. 2016). To avoid demarcate low-value parcels, Arrunada (2018) recommends a
contingent approach that allows landowners to voluntarily choose the geographic areas to title and
the level of demarcation precision. Our results lend empirical support to the contingent approach
by showing the fire mitigation effects of the Hellenic Cadastre mainly happen in fertile lands, where
farmers benefit the most from clearly delineated property boundaries.

Scientists have extensively studied the meteorological causes of wildfires, such as higher tem-
peratures, lower precipitation, and prolonged periods of drought, (Lagouvardos et al. 2019, Molina-
Terrén et al. 2019, Bowman et al. 2017), but researches on their social-economic causes are thin.
Arima et al. (2007) finds that in the Brazilian Amazon, increasing fire occurrences are driven by
greater incentives for land clearing, due to rising agricultural commodity prices. In Sumatra, In-
donesia, lack of large-scale landowners, government decentralization, and regional economic growth
together cause more agricultural fires (Edwards et al. 2020, Stolle and Lambin 2003). We add to
this literature by showing fires in Greece can be partially attributed to rural abandonment due to

tenure insecurity.

2 Background

2.1 Greece Wildfires

In 2018, a devastating fire near Athens killed more than 100 people and injured 140, making
it the second deadliest fire in the twenty-first century.? The flames also destroyed 40,000 pine and
olive trees, along with 4,000 homes. Catastrophic wildfires have always been a severe threat to
the Greek civilians and environment. From 2002 to 2016, wildfires in Greece burned more than
one million hectares and claimed 165 lives, most of whom were civilians living in wildland-urban

interface or wildland areas (Diakakis et al. 2016, Molina-Terrén et al. 2019). *

2See Greek Reporter: https://greekreporter.com/2018/12/15/death-toll-from-mati-fire-disaster-rises-to-100/
3Burned areas are obtained from the Global Wildfire Information System (GWIS)
Boschetti, L., Sparks, A., Roy, D.P., Giglio, L., San-Miguel-Ayanz, J., GWIS national and sub-national fire activity
data from the NASA MODIS Collection 6 Burned Area Product in support of policy making, carbon inventories and
natural resource management, developed under NASA Applied Sciences grant #80NSSC18K0400, Using the NASA
Polar Orbiting Fire Product Record to Enhance and Expand the Global Wildfire Information System (GWIS).



The increasing wildfire risks are partially driven by the deterioration in the local climate —
higher temperatures, lower precipitation, and prolonged periods of drought (Lagouvardos et al.
2019, Molina-Terrén et al. 2019, Thornes and Wainwright 2004). But the extreme weather plays
only a minor role in fire events compared to human activities. Recent studies estimate that nature
ignitions contribute to less than 5% of burned areas, while the majority are human-caused, either
accidentally or deliverately (Ganteaume et al. 2013, Goldammer et al. 2019, Blandford 2019).

One major driver of the increased fire hazard is the abandonment of agricultural areas (Moreira
et al. 2011). From 1960 to 2007, 871 hectares of agricultural lands (about 6 percent of total surface)
were encroached by shrubland in Aetoloakarnania, the largest Greece prefecture (Xystrakis et al.
2017). Similar patterns were observed across Greece (Kolios and Stylios 2013, Kizos and Koulouri
2006). The abandonment of agricultural areas allows the encroachment of shrublands that are
more fire prone, creates unmanaged flammable biomass, and contributes significantly to changing
fire regimes (Morehouse et al. 2011, Blandford 2019, Henderson et al. 2005). Another contributing
factor is agricultural burning, commonly practiced by Greek farmers to clear land (Liacos 2015,
Mouflis and Gitas 2007). While most agricultural burnings are well controlled, some may escape
due to sudden change in wind direction or strength, combined with inadequate firebreaks (Mouflis
and Gitas 2007).

Behind agricultural burning and the abandonment of agricultural land is the lack of tenure
security under the traditional land system. Albeit being the easiest way to clear land, repeated
burnings of straw can gradually reduce microbial biomass in cropped soils, leading to reduced
productivity in the long run (Rasmussen and Parton 1994, Collins et al. 1992). Conservative
alternatives to burning crop residues, such as residue mulching, can maintain soil fertility, but
typically require an upfront cost, while their benefits only appear in the following years (Erenstein
2003). The investment nature of those conservative practices require tenure security to ensure
landowners can capture all the benefits (Rioux and San Juan 2016, Neill and Lee 2001, Erenstein
2003). Similarly, in the absence of tenure security, landowners tend to over-exploit land fertility
and bias investment decisions against long-term land maintenance. The decline in land fertility in
turn, often leads to land abandonment (Barbier and Burgess 2001, Barbier 1997). The Hellenic
Cadastre program revokes this trend by establishing a new land system with clearly delineated

boundaries.



2.2 Greece Land System and Hellenic Cadastre

The traditional Greece land system adopted in 1853 is based on personal registration of land,

namely the system of registrations and mortgages.*

Under the system, property owners register
their land claims at mortgage offices without systematic land survey or mapping. The land titles,
mortgages, and contracts are maintained in paper-form, and sorted alphabetically by last names.
This person-based land system makes it difficult to tell how many people have claimed the same
property (Papakostas 2018). According to the president of the national land registry authority,
Dimitris Kaloudiotis, “If you calculated the total deeds that are registered, the country would be
twice as big as it is.” (Daley 2013). Furthermore, the land records are not associated with any
systematic survey map. The boundaries of land parcels are defined by written descriptions and
local conventions through expressions such as “between the olive tree and the well” or “between
the donkey path and the forest” (Daley 2013).> The vague boundaries and the person-based
registration often create multiple claims to the same property, inviting numerous land disputes
which take years, sometimes a decade, for courts to settle (Papakostas 2018). The potential legal
disputes force buyers to pay a high transaction fee to attorneys and mortgage offices (Rokos et al.
2010).

Facing large transaction costs of the traditional land system, Greece decided to create from
scratch a new property-based land system. This new system first prepares the necessary IT infras-
tructure that allows the digital mapping of urban, agricultural, forested, and mountainous areas of
the whole country. The government then awards cadastral survey contracts to the private sectors
and roll out the program across the country.%

For each region, private contractors first produce the preliminary cadastral diagrams of an
area based on orthophoto maps and ground evidence. Based on the preliminary cadastral maps,
landowners declare their properties, verify or correct the boundaries. The corrected cadastral
database is made available for public inspection and subject to further corrections based on peti-
tions.

The land registration for private properties is mandatory. Registering one parcel costs 35

4The Island of Rhodes, the Island of Kos, and part of the island of Leros have a cadastral system implemented by
the Italians in 1929 (Rokos et al. 2010).

This traditional land system is metes and bounds, according to Libecap and Lueck (2011).

SWe thank Dimitris Rokos, the planning director of Hellenic Cadastre, for providing us the details.



euros, with deductions for multiple agricultural parcels. Properties not claimed or registered will
eventually be controlled and owned by the Greek government.

The Hellenic Cadastre progressed slowly at the beginning. Before being interrupted by the
eurozone crisis in 2009, the program had covered less than 7.8% of the country’s area (Rokos 2018).
As part of the bailout agreements with the International Monetary Fund, Eurogroup, and the
European Central Bank, Greece resumed and accelerated the cadastral survey in 2014. By 2019,
the Hellenic Cadastre had covered more than 92% of the country’s area. A recent survey targeting
private landowners at land registry offices show that 79% of them believe the land registry will help
resolve land disputes (Tsigarida (2019)). A report from World Bank 2019 similarly finds that the
land registry allows local court to resolve property disputes more efficiently.

We focus on the last wave of land registration from 2014 to 2019 for two reasons. First, the
external pressure from IMF and EU made the resummation timing of the Hellenic Cadastre largely
exogenous. Second, the last wave covered 85% of the Greece lands, allowing a clear identification
of its impact on fire events and burned areas. As shown in Figure 1, Greece saw a 63% decrease
in the burned area and 55% decrease in fire events since the resumption of Hellenic Cadastre in
2014. This magnitude is larger than that of the northern neighbour (Macedonia) and those of other
Mediterranean European countries (Spain, Portugal, and Italy).

Although the cross-country trends are quite informative, we need micro data to identify and
estimate the causal effects of the Hellenic Cadastre. We also need specific variables to understand

through which channel the land registry reduces wildfires.
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Figure 1: 3-Year Average of Burned Areas and Fire Events, by Country



3 Data

We assemble a novel panel dataset from 2011 to 2020, containing land registration dates, fire

events, land uses, and agriculture activities for 59 regional units in Greece.

3.1 Hellenic Cadastre and Administrative Divisions

To exploit the staggered rollout of the Hellenic Cadastre program, we collect the starting year
of the land registry from the official website.”. Ideally, all areas under the same regional units
(prefectures) are covered by the Cadastre program at the same time. However, there are scattered
municipalities that have completed the land registry in the pilot before 2000. Those municipalities
were once under the pre-Kapodistrias administrative division, but since 2010 have consolidated into
one of 74 regional units under the Kallikratis Plan.

To overcome the inconsistency of administrative divisions, we first record the year of land
registry for each municipality, as displayed in Figure 2.8 We are able to locate 97 percent (5587
out of 5775) of the municipalities under pre-Kapodistrias administrative division. The unmatched
ones either do not have clear starting years or cannot be geographically located. We then map
those municipalities to 74 regional units under the current Kallikratis administrative division with
the following rule: if more than 85% of the area in a regional unit has the same year of land
registry, we consider the whole regional unit is covered by the Cadastre program in that year.
Correspondingly, if more than 85% of the area in a regional unit remains the same status from 2014
to 2019, we put the regional unit into the control group. Under this threshold, 59 out of 74 regional
units are included in the sample, as displayed in Figure 4.1 We choose to analyze the impacts
of the Cadastre program at the level of regional units instead of municipalities, because it is the
administrative division for the period analyzed and the administration level at which agriculture

data is tabulated by the Hellenic Statistical Authority.

"Land registry data are retrieved in August 2020 from https://ktimatologio.gr/anazitisi-periohon

8Vector layers of Greece administrative divisions are retrieved in August 2020 from Geoadata.gov.gr

9This threshold is chosen to strike a balance between keeping a sufficiently large sample size and minimizing the
noise introduced by the different timing within the same regional unit.

10We exclude one special regional unit — Mount Athos, as it is adminstered by monasteries and only allow males
to enter.
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Figure 2: Year of land registry for municipalities under the pre-Kapodistrias administrative division

3.2 Wildfires and Land Use

Fire data are colleced through the Moderate Resolution Spectroradiometer (MODIS) instru-
ments from two NASA satellites, Terra and Aqua (Giglio et al. 2016). These satellites detect fire
activity based on thermal anomalies, surface reflectance, and land use with 1-km resolution. The
satellites overpass Greece four times a day (around 00:30 am, 9:30 am, 12:30 pm, and 21:30 pm
in local time), and identify active fire points by detecting thermal anomaly with 1-km resolution
(Justice et al. 2002). Modis active fire data have been widely used in measureing fire events.!! Our

primary variable of interest is the location and date of fire events, along with a confidence index

See Edwards et al. 2020, Morello et al. 2020, He et al. 2020, Zivin et al. 2020, Rangel and Vogl 2019
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Figure 3: Year of land registry for municipalities under the pre-Kapodistrias administrative division

on a scale of 0-100, reflecting the probability that a fire occurred. Following Rangel and Vogl 2019,
we weights fires by their probability, so that a fire that occurred with 50% probability is counted
as 0.5 fire incidence. We also use the fire radiative power (FRP) and the brightness as a proxy for
fire severity. A visualization of the all wildfires from 2011 to 2019 is given in Figure B1.

In addition to the fire events, we also obtain the burned areas from the Terra and Aqua combined
MCD64A1 (Giglio et al. 2018). MCD64A1 is a global gridded product containing per-pixel burned-
area with a 500m resolution. The product identifies persistent changes in surface reflectance due
to burning. While Turco et al. (2019) finds the data set shows good agreement with ground-
based data set for Mediterranean Europe when considering aggregating burned areas at NUTS3
level (equivalent to the regional unit level analyzed in this paper), other validation practices show
that MCD64A1 grossly underestimate small agricultural fires (Boschetti et al. 2019, Padilla et al.

2015). To the extent that fire reduction is mainly driven by small-scale agricultural fires, an under-
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Figure 4: Year of land registry for regional units

estimation of the small burned areas is biased against our main findings.

To further investigate the fire types, we classify the fires by the land cover they spread through.
We use CORINE Land Cover Changes (CLCC2018) detected by Sentinel 2 and Landsat 8 satellite.
The data set is produced according to a common standard and provides a harmonized description
of the development of land cover and land use in Europe (Feranec 2016). We georeferenced each
fire to agricultural areas or forestareas.'? Figure 6 displays the percentage change of the number of
agricultural fires between 2014 and 2019 in each regional units. Table 2 compares the key variables

of those regional units who receive land registry before 2017 to those who do not. The group

12 Agricultural areas include arable land, permanent crops, vineyards, and pastures. Forest areas include broad-
leaved forest, coniferous forest, and mixed forest.

11
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receiving early treatment has a larger decrease in both the number of agricultural fire events and

burned areas since 2014. It is the first indication that land registry decreased agricultural fires.

3.3 Agricultural Survey and Land Fertility

To investigate through which channel the Cadastre program affects fire events, we collect agri-
culture data for each regional unit from Hellenic Statistical Authority. The data is tabulated from
the annual agricultural statistical survey which covers agriculture areas and equipment from 2011
to 2019, and livestock from 2013 to 2019. Agricultural areas can be roughly divided into areas for
crops, gardens, trees, vineyards, and fallow land. Equipment includes more than 30 different types
of agricultural machinery, and can be roughly categorized into combine harvesters, irrigation sys-
tems, tractors, sowing machines, sprayers, and other machinery. Livestock includes cattle, sheep,
goats, and pigs.

We also measure the land fertility at the fire location by the maximum Caloric Suitability

12
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Figure 6: Percentage change in the number of agricultural fires between 2014 and 2019

(Galor et al. 2016, Galor and Ozak 2016, Galor and Ozak 2015).'3 The Caloric Suitability Indices
measures the maximum potential caloric yield attainable based on various climatic and geographic
characteristics, such as temperature. rainfall, soil quality, elevation, terrain ruggedness, steepness,
etc. It has been widely used as a proxy for agricultural potential (Galor and Ozak 2015, Hazarika
et al. 2019). Table 1 shows the summary statistics of all the variables we applied here. For ease of

interpretation, all measures are log-transformed.

3.4 Other Data

Since the frequency of agricultural fires may be correlated with weather conditions, we use the
meteorological data collected by 55 weather stations across Greece (see Figure B2 in the Appendix

for their locations).'* Each station keeps monthly records of temperature and rainfall from 2011

13Specifically, we use the Post-1500CE, Maximum Calories Suitability obtained from
https://ozak.github.io/Caloric-Suitability-Index
“Data are retrieved from Hellenic National Meteorological Service in Oct, 2021.
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Table 1: Summary statistics

Variable Obs Mean Sd. Min Max
number of agricultural fire events 531 931 112 0 4.47
agricultural burned areas (km?) 531 681 1.19 0 5.2
vine area (km?) 531 187 14 0  6.69
garden area (km?) 531 164 1.09 0 4.5
total agricultural area (km?) 531 491 206 0 735
crop area (km?) 531 387 211 0 7.19
tree area (km?) 531 9.82 313 0 137
fallow area (km?) 531 296 1.62 0 5.77
# of sprayers 413 597 307 0  9.89
# of tractors 413 721 24 0 9.94
# of combine harvestors 413 491 221 0 8.03
# of irrigation systems 413  6.25 3.2 0 9.86
# of sowing machines 413 433 284 0 8.68
# of other machines 413 779 252 0 10.8
# of power dusters 413 249 2.25 0 7.8
# of high-pressure power sprayers 413  5.07 291 0 9.27
# of linear cultivator power sprayers 413 377 296 0 8.92
# of portable sprayers 413 4.68 3.05 0 9.07
fire events at locations with high agricultural potential 531  .603 1.04 0 4.47
fire events at locations with low agricultural potential 531 4 762 0 3.49
fire events during the day 531 881 1.11 0 4.47
fire incidences during the night 531 109 349 O 2.85
fire events of high Fire Radiance Power 531 553 .822 0  3.48
fire events of low Fire Radiance Power 531 709 976 O 4.2

Each observation is a regional unit by year. summary statistics show the natural log of all variables (eg. In(1+Y))

to 2019. We link the centroid of each regional units to the nearest weather station.'® To account
for the prolonged periods of drought, we aggregate the monthly data from March to Octorber to

compute the yearly average temperature and the total rainfall for each regional unit during the fire

season.'® The temperature and the rainfall are hereafter referred as “weather control”.

We also use demographic data from Eurostat, including population density, GDP, and employ-

ment.!” The data are available at the regional level from 2011 to 2018.

15The average distance is about 35km.

16The average temperature and rainfall by month is displayed in Figure B3 in the Appendix.
"Data is assessed on July, 2020 from https://ec.curopa.cu/eurostat/web/main/data/database
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Table 2: Summary statistics

2011-2013 2014-2019
Variable Obs Mean Sd. Min Max Obs Mean Sd. Min Max AMean
Regional units receiving land registry before 2017
# of agricultural fire events 42 1.63 171 0 447 84 124 137 0 419 -49*
agricultural burned areas (km?) 42  1.26 159 0 47 84 482 987 0 416 -.52T7*
total agricultural area (km?) 42 412 296 0 735 84 401 302 0 734 -107
crop area (km?) 42 379 303 O 719 84 3.7 302 0 7.18 -.0879
tree area (km?) 42 212 194 0 556 8 196 185 0 534 -.158
fallow area (km?) 42 236 169 0 531 84 253 197 0 541 A71
# of sprayers 14 474 402 0 8.99 &4 49 391 0 9.44 162
# of high-pressure sprayers 14 3.9 3.32 0 8.39 &4 4.06 3.42 0 8.75 .155
Regional units not receiving land registry before 2017
# of agricultural fire events 135 917 1.01 O 3.72 270 .734 898 O 3.86 -.287***
agricultural burned areas (km?) 135 .897 137 0  4.88 270 .547 1.03 0 5.2 -.132
total agricultural area (km?) 135 532 1.52 442 729 270 51 162 0 733 -.222
crop area (km?) 135 413 1.72 0 6.79 270 381 1.7 O 6.76  -.323
tree area (km?) 135 392 1.81 .245 6.67 270 35 193 0 6.78 -414*
fallow area (km?) 135 338 1.3 172 554 270 298 157 0 5.77 -4
# of sprayers 45  6.62 218 0 9.56 270 6.26 2.75 O 9.89 -.354
# of high-pressure sprayers 45 5.61 243 O 8.88 270 5.35 271 0 9.27  -.264
Each observation is a regional unit by year. summary statistics show the natural log of all variables (eg. In(1+Y))

4 Main Results

4.1 Treatment Effects of Land Registry

We start by examining whether the land registry affects fire incidents and burned areas by the
two-way fixed effects method. Exploiting the asymmetric timing of the program across the regional

units, we run the following regression:

Yit = ai + BRegistry; ; + 0 X1 + 0t + € (1)

The key variable of interest is Registry,,, a binary indicator of whether the regional unit i
has started the land registry in year t. Y;; is the natural log of fire incidents or burned areas in

agricultural fields or in forest in year ¢ at regional unit 7. Xj; is the weather controls including

15



temperature and rainfall during the fire season in year ¢ at regional unit i. é; and «; are regional
unit fixed effect and year fixed effect respectively. Standard errors are clustered at the regional unit
level.

Table 3: Land Registry on Fire Events and Burned Areas

Dependent Variable: Log, # of Fire Events Log, Burned Area
(1) (2) (3) (4)

Agriculture  Forest Agriculture  Forest

Land Registry =177 -.0781 -.476** -.122
(.105) (.066) (.182) (.116)
Total Rainfall -.000307* -.000104  -.000608* -.000185
(.000182)  (.000211)  (.000315)  (.000248)
Avg. Temperature .0162 .023 .0365 -.0295
(.0572) (.0515) (.109) (.0892)
Mean of Dep. Var. 4.76 .64 5.62 .99
Year FE X X X X
Regional Unit FE X X X X
Observations 531 531 531 531

Standard errors in parentheses

* p<0.10, ™ p < 0.05, ™ p < 0.01
Note: The dependent variable is the natural log of agricultural and forest fire events in columns (1) and (2), and the
natural log of agricutural and forest burned areas in columns (3) and (4). Mean of Dep. Var. shows the average
number of fire events and the average burned areas in km? (without natural log). Standard errors are clustered at
the region unit level.

Table 3 displays the main effect of land registry on agricultural fires in columns 1 and 3.'® The
land registry reduces agricultural fire events and burned areas fell by 17 percent and 38 percent
respectively.! Both estimates are statistically significant. Not surprisingly, rainfall during fire
seasons significantly reduces agricultural fires.

On the other hand, the land registry has no significant impact on forest fires in columns 2 and
4. The sizes of treatment effects are much smaller than those for agricultural fires. That is because
most forest is owned by the state and thus uncovered by the land registry program.

To examine the year-by-year effects of the land registry, we estimate a similar regression as

Equation , but replace key variables of interest by indicators for years relative to the start year of

'8In Appendix A Table A6, we use the inverse hyperbolic sine transformation (arcsinh) of fire events and burned
areas, and obtain quantitatively similar results.
9The burned areas reduces by exp(-0.476)-1 = 38%
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the land registration, or the event time:

4
Yii = o + B Z Registryy, ; + 0 X + ¢ + €5y (2)
E>—4,k#—1
where Registry;,; are the binary indicators on the kth year relative to the omitted event year
Registry_,, the year immediately before the Cadastre program.
As shown in Figure 7, agricultural fire events fell by 50 percent in the second year into the
land registry. The reduction decreases and stablizes at around 40 percent in the following years.

Meanwhile, the agricultural burned areas fell by 63 percent in the second year and 83 percent in

the fifth year.
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Figure 7: Trends of Fire Events and Burned Areas

4.2 Internal Validity

The DiD estimator would identify the causal impact of the Hellenic Cadastre if we were to
assume that no unobserved variables exist that simultaneously influence changes in fire events and
the timing of land registry. While untestable, this identification assumption is more plausible trends
in outcomes across treatment groups as already shown in Figure 7 are parallel in the years prior to
the land registry.

Furthermore, the resummation of the Hellenic Cadastre in 2014 was imposed externally, making
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the starting year largely exogenous. The original intention of the Cadastre program is to facilitate
land taxation, exploitation of public property, economic development, and investment. To our best
knowledge, its environmental impacts are largely unanticipated.

To examine the question of why some regional units implemented the land registry earlier than
others, we use the agricultural data from the Hellenic Statistic Authority and demographic data
from Eurostat. We run a cross-sectional regression where the dependent variable is the year of land
registry. We examine whether characteristics at the regional unit level in 2013 predict the timing
of the land registry. We set the year of the land registry as 2020 for untreated regional units, as
this were the original plan in the absence of the Covid19 pandemic.

As shown in Table 4, the area of cropland appears to be a strong determinant for the timing of
land registry. Specifically, one standard deviation increase in the crop area makes the land registry
0.7 year earlier. In the next subsection, we show that controlling for crop area and other weak
determinants (eg. population density and total agricultural machinery) does not change the main
results. Importantly, the total fires in the past from 2008 to 2012 have almost no impact on the
timing of the land registry, which provides some reassurance that the land registry program was

not designed to mitigate fire risks.

4.3 Robust Checks

The analysis in the previous section shows cropland areas along with other weak determinants
(eg. population density and total agricultural machinery) can affect the timing of the land registry.
These differences between early and late treated regional units are not a threat to our identification
strategy as long as they are largely uncorrelated with changes over time in agricultural fires. To
address this concern, we first verify that changes over time in agricultural fire events and burned
areas were not correlated with the timing of land registry in Table A5 and A5 in Appendix A.

We then control for crop area and other weak determinants (eg. population density and total
agricultural machinery), and find the main results remain the same in Table A3 in Appendix A.
Importantly, Figure B5 in Appendix B shows crop areas were not trending differently prior to the
land registry. The above robust tests greatly reduce the concern that the timing of land registry
were reversely affected by factors affecting differential changes in agricultural fires.

The current sample includes 59 regional units that have the same year of land registry or remain
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Table 4: Determinants of Land Registry Year

Dependent Variable: Year of Land Registry
(1) (2) (3) (4)
Total Machinery .0000177  -.0000276  -.0000191  -.0000341
(.0000184)  (.0000206) (.0000135) (.0000233)
Agricultural Area -.00267***
(.000869)
Vine Area .00318 .00696
(.00934) (.0102)
Fallow Area -.000728 -.000229
(.00351) (.0038)
Crop Area -.00266*** -.00215*
(.000906) (.00115)
Tree Area .00139 .00181
(.00144) (.00156)
Garden Area .027 .0291
(.0169) (.0186)
Log, Total Fires in Last Five Years -.0232 .0145
(.159) (.152)
Latitude =475 -.0317
(.127) (.168)
Longitude -.0261 112
(.0949) (.0946)
Population Density .000281 .000284
(.000246)  (.000228)
Regional GDP -.000379 -.000454
(.000634) (.00063)
Regional Employment .00469 .00942
(.0242) (.0238)
P-value of F-test 0 0 .001 0
Adj. R-squared 27 .48 .32 44
Observations 52 52 52 52

* p<0.10, ™ p < 0.05, ™ p < 0.01
Notes: Linear Regression. The dependent variable is the year of land registry. Regional units have not received the
land registry by 2019 are assumed to begin the land registry in 2020, as this were the original plan in the absence of
the Covid19 pandemic. We use data in 2013 for all independent variables.
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the same status for more than 85%. We further restrict the sample by increasing the threshold to
90%, and estimate the year-by-year treatment effects of land registry for the remaining 50 regional
units. Table A2 in the Appendix A shows the effects are similar and statistically significant.

We also use other measures of agricultural fires and burned areas as dependent variables, such
as the inverse hyperbolic sine transformation (arcsinh) or normalizing agricultural fires by the areas
of regional units. The results are quantitatively similar, as shown in In Table A6 in Appendix A.

In addition, recent literature has noticed that the traditional two-way fixed-effect method is not
robust, as it may assign incorrect weights to the treatment effects when they are heterogeneous
(De Chaisemartin and d’Haultfoeuille 2020). Particularly, when a previously treated group is later
used as a control group, the traditional two-way FE estimator picks up the difference in the treated
effects of the treated group, which effectively assigns a negative weight to one of the treated effects.
The negative weight, in turn, can flip the sign of average treatment effects.

To solve the issue, we apply the DIDy; estimator proposed by De Chaisemartin and D’Haultfoeuille
(2020). Essentially, the DIDy; estimator only uses stable groups — in our case, the untreated group
— as control groups, thereby addressing the possible negative weight issue. De Chaisemartin and
d’Haultfoeuille (2020) show that DIDy; is an unbiased estimate of the average treatment effect of all
switching regional units under a series of assumptions, including the common trends assumption.
Nevertheless, the DIDy; often has a larger variance than that of the two-way fixed effect estimators.

Table Al in Appendix A shows that the treatment effects under DIDy; estimator are quan-
titatively similar to (or somewhat larger than) the treatment effects under two-way fixed effects

estimators (see Appendix A for the construction and the regression results of DIDy; estimator).

5 Channels and Mechanism

To understand why improved tenure security through the land registry can reduce agricultural
fires, we analyze changes in agriculture acitivities. Using annual agricultural survey data, we explore
three possible channels: farming expansions which reduce fuel loads, increased fire suppression
equipment which allows farmers to suppress and contain fires at the earliest opportunity, and

reduced stubble burning to preserve soil fertility.
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5.1 Farm Expansion and Investment

Increased farming activities under the Hellenic Cadastre program is plausible to reduce agri-
culture fires. Existing literature attributes the rampant fires in Greece partly to the high fuel
load caused by the abandonment of agricultural fields (Morehouse et al. 2011, Moreira et al. 2011,
Blandford 2019). Securer tenure induced by the land registry reduces the threat that land-attached
investment will be appropriated by others, before the owner reaps all its benefit. Greece people
thus may return to the rural areas and expand agricultural lands. To explore this channel, we run
the same two-way fixed effects specification as in Equation 4.1 on farming areas. The result in
column 1 of Table 5 shows that the land registry increases the total farming area by 16%. The
effects are statistically significant. This is the first indication that the land registry removes tenure
uncertainty, thereby incentivizing farmers to expand agricultural lands.

Table 5: Land Registry on Farming Areas

(1) (2) 3) (4) () (6)

All Crop Tree Fallow Vine Garden
Land Registry 155 152F 189 38** -.0459  .0575
(.0695) (.0795) (.0535) (.143) (.0653) (.0565)
Mean of Dep. Var. 412 216 113 50 24 8
Year FE X X X X X X
Regional Unit FE X X X X X X
Observations 531 531 531 531 531 531

Standard errors in parentheses

* p<0.10, " p < 0.05, ™ p < 0.01
Note: The sample covers farming areas from 2011 to 2019. The dependent variable is the natural log of the area of
all farming land, crop, tree, fallow land, vine, and garden in columns (1), (2), (3), (4), (5), and (6) respectively.
Mean of Dep. Var. show the average of dependent variables in km? (without natural log).. Crop includes various
cereals, grains, and fodder plants. Tree includes fruit trees, nut-bearing trees, and olive trees. Vine includes various
types of grapes. Garden includes vegetables, seedbeds, and ornamental plants. Standard errors are clustered at the
region unit level.

The results in columns 2 to 6 (also in Figure B5) show the effects of land registry on crop, tree,
fallow, vine, and garden.?’ The large increases in the fallow area (46%) and tree area (21%) are

worth noting.?! Fallowing replenishes nutrients in the soil, and allows a higher crop yield when the

land is planted again. Similarly, it usually takes farmers several years to grow trees and decades to

29Garden includes vegetables, seedbeds, and ornamental plants. Crop includes various cereals, grains, and fodder
plants.
2Fallow area increases by exp(0.38)-1=46%. Tree area increases by exp(0.19)-1=21%.
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reap all the benefits. Large increases in these land-attached and long-term investments are strong
evidence of farmers’ enhanced confidence in securing their land title (Goldstein and Udry 2008,
Deininger and Jin 2006, and Besley 1995).

In sum, the findings indicate that the land registry secures farmers’ property rights, thereby
allowing them to make short-term investments such as livestock and annual crops, as well as
long-term investments such as fallowing land and planting trees. To the extent that agriculture
abandonment is one of the major causes of wildfires in Greece (Fernandes 2013, Colantoni et al.
2020), an increase in farming and grazing activities can reduce fire events and sizes, as it reduces
fuel (biomass) accumulation, stop the encroachment of shrublands, and increases the chances of

early fire detections.

5.2 Fire Suppression Equipment

With valuable assets attached to the land, Greece farmers may actively seek ways to fight
wildfires. Based on the interviews with people in Elia, a place heavily affected by the summer
fires across Greece in 2007, Zirogiannis (2009) finds that most local villagers actively combated
fires to protect their villages, even when they were ordered to evacuate by the government. Their
participation significantly reduced the damage caused by the fire blazes.

To explore this channel, we run the same two-way fixed effects specification as in Equation 4.1
on farming equipment. The result in column 1 of Table 6 shows that the land registry increases the
number of sprayers as tractor auxiliary components by 14%. Sprayers are considered as “natural
fire wagons” and are recommended as fire mitigation equipment (Vogltance et al. 2007, Jones 1943).
In Greece, local farmers often operate their tractors along with water sprayers to combat fire blazes
(Zirogiannis 2009), as illustrated by Figure B4 in Appendix B.

While having sprayers on the farm allows farmers to contain wildfires at the earliest opportunity,
it may be merely a side effect of the farming expansion. With securer tenure, farmers may mechanize
farming and increasingly use sprayers attached to tractors to apply pesticides and fertilizer. If that
is the case, one would expect to find increases in all farming equipment. However, as shown in
Table 6 column 2 to 5, tractors, combine harvests, sowing machines, irrigation systems, and other
equipment have a much smaller increase since the land registry. It is thus unlikely that the original

intention of stocking the sprayers is to mechanize farming.
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Table 6: Land Registry on Equipment

(1) (2) 3) (4) () (6)

Sprayer Tractor Combine Sowing Irrigation Other Machinery

Land Registry 142 .0841 .0518 -.109 -.0129 .0853
(.0974)  (.0766)  (.0654) (.132) (.0854) (.114)
Mean of Dep. Var. 2918 4445 463 754 4009 8191
Year FE X X X X X X
Regional Unit FE X X X X X X
Observations 413 413 413 413 413 413

Standard errors in parentheses
* p<0.10, ™ p < 0.05, *** p < 0.01

Note: The sample covers agricultural machinery from 2013 to 2019. The dependent variable is the natural log of the
number of sprayers, tractors, combine harvesters, sowing machines, irrigation systems, and other equipment in
columns (1), (2), (3), (4), (5) and (6) respectively. Mean of Dep. Var. show the average number of the equipment
before log transformation. Standard errors are clustered at the region unit level.

Furthermore, we can separately examine the dynamics of various types of spraying and irriga-
tion devices. As presented in Table 7, only the number of high-pressure power sprayers increases
significantly by 20% among various types of sprayers, likely because pressured water is most ef-
fective in fighting fires (Holman 1946 pp. 33-35, Timmins 1976 pp. 10). On the contrary, the
equipment that is designed only for irrigation purposes, such as duster sprayers, sprinklers, and
drip irrigation systems either increases insignificantly or decreases since the land registry.

Putting it all together, it is most likely that farmers stock sprayers, especially those high-
pressure ones, to protect their land-attached investment. The high-pressure power sprayers on the

farm are handy tools for farmers to contain fires before the arrival of firefighters, and likely reduce

the fire events that are detectable by satellites.

5.3 Stubble Burning

It is also possible that securer tenure reduces the practice of stubble burning, which is a common
practice to clear the land in Greece (Liacos 2015). At a low cost, stubble burnings can increase
crop yield in the short run, as it changes soil moisture and nutrient availability as well as controls
weeds and insects (Rice and Garcia 1994). But repeated burnings of straw can gradually reduce
microbial biomass in cropped soils, leading to reduced productivity in the long run (Rasmussen and
Parton 1994,Collins et al. 1992). Improved property rights secure the benefits in the long run, and

may induce landowners to choose more sustainable soil management through less stubble burning.
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Table 7: Land Registry on Sprayer Type

(1) (2) (3) (4) (5) (6)
Pressure Duster  Linear Portable Self-propelled Drop
Sprayer Sprayer Sprayer Sprayer Sprinkler Irrigation

Land Registry .196* =379 A11 124 .0718 -.0642
(.105) (.171) (.191) (.171) (.126) (.127)
Mean of Dep. Var. 1214 125 505 1075 636 1685
Year FE X X X X X X
Regional Unit FE X X X X X X
Observations 413 413 413 413 413 413

Standard errors in parentheses
* p<0.10, ™ p < 0.05, ™ p < 0.01

Note: The sample covers agricultural machinery from 2013 to 2019. The dependent variable is the natural log of the
number of high-pressure power sprayers, duster sprayers, linear cultivator power sprayers, portable power sprayers,
self propelled sprinklers, and drip irrigation systems in columns (1), (2), (3), (4), (5), and (6) respectively. Mean of
Dep. Var. show the average number of the equipment (without natural log). Standard errors are clustered at the
regional unit level.

While satellite images cannot tell the cause of agriculture fires, we can infer stubble burnings
based on their characteristics. First, they tend to be limited in size. To measure the size of fires,
we use fire radiance power (FRP) provided by MODIS fire data.?? Second, most stubble burnings
happen during early fall (Karali et al. 2014), since the sowing of major crops in Greece is usually
carried out in mid-November (Damalas and Lithourgidis 2011,Lithourgidis et al. 2006). Figure
8 shows the average number of fire events by months and sizes. Consistent with the seasonal
distribution of stubble burning, agriculture fires of small size start to increase in September and
peak in October, right before the cultivating season.

We then proceed to evaluate the impacts of the land registry on those suspected stubble burn-
ings, using the same specification as in Equation 2. Figure 9 shows the treatment effects, which
roughly indicate the percentage reduction of the number of fires since the land registry. We find
a 26% reduction in the number of suspected stubble burnings — small-sized fires in October. As
placebo tests, we do not find any significant effects of the land registry on fires of large size or in the

seasons other than the early fall. The above results suggest that landowners reduce the practice of

stubble burnings to preserve soil fertility when they have improved property rights.

22G8pecifically, the fire events are divided into two groups separated by the median of FRP.
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Figure 8: Average fire events by fire sizes and month

5.4 Heterogenous Effects

The evidence so far suggests that the land registry incentivize private owners to mitigate fire
risks by reducing stubble burnings, increasing agricultural investments, and stocking fire suppres-
sion equipment. If the above agricultural activities lead to the fire reduction, we can test two
implications. First, the land registry reduces more fires in fertile lands than in barren lands, as
farmers will develop the most fertile land first. Second, the land registry reduces more fires in the
daytime than in the nighttime, since it is more likely for fire suppression equipment to take effect
during the day when people are awake and alert to fire hazards.

To test the first implication, we measure the land fertility by the maximum Caloric Suitability
at the fire location (Galor et al. 2016, Galor and Ozak 2016, Galor and Ozak 2015). The fire
events are then divided into two groups by the median maximum Caloric Suitability — fires on
high agricultural potential lands and low potential lands. We then use the two-way fixed effects
specification to examine the impact of the land registry on three categories separately. Columns

1-2 in Table 8 shows that the reduction of fire events (17%) mainly happens in fertile lands, while
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Figure 9: Average treatment effects of the land registry on fire events

the decrease of fire events in barren lands is much smaller and not statistically significant.

To test the second implication, we examine the impact of the land registry on fires detected in
the daytime and fires detected in the nighttime separately. Columns 3 and 4 in Table 8 shows that
the reduction of fire events is mainly driven by fires detected in the daytime (19%), while the fire
events detected in the nighttime remain almost unchanged.

The above results once again confirm the main channel across time and space. The land registry
reduces the type of fires at fertile lands where land-attached investment increases the most, and

during the day when the wildfires are most likely spotted and contained by farmers.

6 Conclusion

For the first time, we show that improved property rights through complete cadastre and clearly
delineated boundaries can effectively reduce agricultural fire events and burned areas. We provide
evidence on this phenomenon by analyzing the Hellenic Cadastre which from 2014 to 2019, dig-

italized the property boundary on 85% of Greece lands. The mandatory land registry resolves
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Table 8: Land Registry on Heterogenuous Wildfires

(1) (2) (3) (4)
Agri. High Agri. Low Daytime Nighttime

Land Registry -.174* -.0705 -.188* -.0429
(.104) (.0641) (.105) (.0493)
Mean of Dep. Var. 3.33 1.39 4.52 .23
Year FE X X X X
Regional Unit FE X X X X
Observations 531 531 531 531

Standard errors in parentheses
*p<0.10, " p < 0.05, *** p < 0.01

Note: The dependent variable is the natural log of the number of agricultural fires in high agricultural potential
lands in column (1), low potential lands in column (2), in the daytime in column (3), and in the nighttime in
column (4). Mean of Dep. Var. shows the average number of fire events (without natural log). Standard errors are
clustered at the regional unit level.

potential land disputes and provides tenure security for agricultural landowners. The landowners
in turn, expand farming areas, increase long-term investment such as fallowing land and tree plant-
ing, stock more fire suppression equipment, and reduce stubble burning. The evidence suggests that
the large reduction in fire events and burned areas are likely driven by more long term oriented
land management associated with improved property rights.

The case study of Greece complements the recent findings of a human-driven decline in global
burned area by Andela et al. (2017), who show the decline is mainly driven by agricultural expan-
sion. In particular, they suggest that human presence reduces fire activities, likely because people
increase investment, reduce agricultural waste burning, and exert more fire suppression efforts to
protect valuable assets.

The large effect of fire mitigation done by private landowners shows that larger investment
in land is an important pathway through which improved property rights reduce fire hazards. It
suggests that policies incentivizing private landowners to mitigate wildfires should receive more
considerations.

Our study has some limitations driven in part by data availability. First, we cannot pin down
the motivation of landowners behind the changing agricultural practices associated with improved
property rights. Second, we cannot quantify the fire damage saved by the land registry. Finally, we
cannot disentangle how much reduction in fires is driven by increased fire suppression equipment,

less stubble burning, and farming expansion. Data at the farm level may shed light on these issues.
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Appendix A: Robust Checks for Main Results

For this paper, each observation is a regional unit-year cell (s,t) € {1,...,5} x{1,2,...9} where
the 9 periods correspond to the years from 2011 to 2019. Dy; be an indicator of treatment. Let
Ys: be the outcome of interest (e.g., fire events or burned areas). For any ¢ € {0,...,7} and
te{l+2,...,9} let N&e = Eg:Fg’lzt_é Ny be the number of observations in groups treated for

the first time at period t — ¢, and let N} =5 Ny ¢ be the number of observations in groups

g:Fg 1>t

untreated from period 1 to t. Let

N,
DID sr= D (You = Yyer1)

g:Fg1=t—4 20

(3)
N, it
- 2 : Nizt (Y;J,t - Yg,tfﬁfl)

g:Fg 1>t t

NT 1
Zt:é+2 Nt,ZDID"’»%Z
NT 1
D=2 Ny

Table Al displays the year-by-year estimates using two-way fixed effect and DIDy; methods.

The DID)s estimator for fth year effect is then defined as: DID , =

Compared to the coefficients in column 1 under two-way fixed effects method, the DIDy; estimates
in column 2 shows similar results with some coefficients becoming statistically insignificant, because
DIDy; estimates tend to have larger variances than the two-way fixed-effect estimates. To examine
whether heterogeneous treatment effects is a serious issue, De Chaisemartin and d’Haultfoeuille
(2020) suggests computing the ratio of the coefficients of the two-way fixed-effect estimates divided
by the standard deviation of the weights. If the ratio is less than /3, the issue is a serious concern.
In our case, the standard deviation of the weights is 0.27, which makes most ratios post the second
year larger than v/3. The large ratios along with comparable results across different estimators
suggest that heterogeneous treatment effects are unlikely to be a serious concern for fire incidences.

A similar pattern is observed when using agriculture burned areas as the dependent variable in
columns 3 and 4. The DIDy; estimates in column 4 shows somewhat larger effects, with 94 percent
reduction in the second year and 95 percent reduction in the fifth year. In this case, the standard
deviation of the weights of the two-way fixed-effect treatment effects is 0.37, which makes most
ratios post the second year larger than v/3, again suggesting heterogeneous treatment effects are

unlikely to be a serious concern for fire incidences.
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Table A1l: Land Registry on Fires under DIDy; estimators

Log, Fire Events  Log, Burned Area

(1) (2) (3) (4)
Two-way DIDm Two-way DIDm

same year effect -.0395 027 -.202 -.259
(.118) (.14) (.221) (.218)
1st year effect .0224 -171 -.326 -.352
(.131) (.168) (.324) (.325)
2nd year effect -.654** -.493 -.968 -1.01*
(.297) (.462) (.595) (.596)
3rd year effect -.481 -.456  -1.38%**  -1.39***
(5)  (541)  (423)  (.418)
4th year effect - AT -511  -1.62**  -1.62***
(21)  (.329)  (414)  (A413)
5th year effect -.523 -.883*  -1.79**  -1.73***
(.355) (.482) (.675) (.648)
Mean of Dep. Var. 4.76 4.76 5.62 5.62
Weather Controls X X X X
Year FE X X X X
Regional Unit FE X X X X
Observations 531 531

Standard errors in parentheses

*p<0.10, ™ p < 0.05, ™ p < 0.01
Note: The dependent variable is the natural log of fire incidences in columns (1) and (2), and the natural log of
burned areas in columns (3) and (4). Odd columns present the two-way fixed effects estimates. Even columns
present the estimator DIDy proposed by De Chaisemartin and D’Haultfoeuille 2020. Weather controls include the
average temperature and the total rainfall during the fire season. Mean of Dep. Var. shows the average number of
fire events and the average burned areas in km? (without natural log). Standard errors are clustered at the region
unit level.
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Table A2: Land Registry on Fires under a Smaller Sample

Log, # of Fire Events Log, Burned Area

(1) 2) 3) (4)
Two-way DIDm Two-way DIDm
same year effect 0797 179 -.276 -.346
(.12) (.152) (.242) (.24)
1st year effect .149 -.0423 -.294 -.331
(.131) (.175) (372)  (.371)
2nd year effect -.576* -.558 -.984 -1.04*
(.293) (.421) (.597) (.605)
3rd year effect -.447 -.535 -1.45%FF -1.42%
(.503) (.529) (.437) (.427)
4th year effect -.423* -.536* -1.66™*  -1.66***
(.216) (.268) (.417) (.416)
5th year effect -.512 -.855* -1.96***  -1.77%*
(.367) (.504) (.67) (.648)
Mean of Dep. Var. 4.3 4.3 4.3 4.3
Weather Controls X X X X
Year FE X X X X
Regional Unit FE X X X X
Observations 450 450

Standard errors in parentheses

* p<0.10, ** p < 0.05, ™" p < 0.01
Note: The sample is restricted to the regional units that receive land registry in the same year for more than 90% of
areas. The dependent variable is the natural log of fire incidences in columns (1) and (2), and the natural log of
burned areas in columns (3) and (4). Odd columns present the two-way fixed effects estimates. Even columns
present the estimator DIDy proposed by De Chaisemartin and D’Haultfoeuille 2020. Weather controls include the
average temperature and the total rainfall during the fire season. Mean of Dep. Var. shows the average number of
fire events and the average burned areas in km? (without natural log). Standard errors are clustered at the region

unit level.
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Table A3: Land Registry on Fires with Additional Controls

Dependent Variable: Log, # of Fire Events  Log, Burned Area

(1) (2) (3) (4)
same year effect -.0395 -.0301 -.202 -.202
(.118) (.113) (.221) (.218)
1st year effect .0224 .0304 -.326 -.256
(.131) (.134) (.324) (.327)
2nd year effect -.654** -.68** -.968 -.73
(.297) (.297) (.595) (.695)
3rd year effect -.481 -.504 -1.38%** -1.17*
(.5) (.49) (.423) (.451)
4th year effect - AT -.414** -1.62%**  -1.46™**
(.21) (.206) (.414) (.373)
5th year effect -.523 -.633** -1.79** -1.65%**
(.355) (.274) (.675) (.493)
# of Agri. Machinery 7.04e-06 -.0000101
(9.28e-06) (.0000141)
Population Density .0000186 .0000324
(.000205) (.000222)
Crop Area .00113 -.000459
(.00202) (.0044)
Mean of Dep. Var. 4.76 4.76 5.62 5.62
Year FE X X X X
Regional Unit FE X X X X
Observations 531 413 531 413

Standard errors in parentheses

*p<0.10, ™ p < 0.05, ™ p < 0.01
Note: The dependent variable is the natural log of agricultural fire incidences in columns (1) and (2), and the
natural log of agricutural burned areas in columns (3) and (4). Mean of Dep. Var. shows the average number of fire
events and the average burned areas in km? (without natural log). Standard errors are clustered at the region unit
level.
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Table A4: Relationship between Land Registry and pre-trend Fire Events

Dependent Variable: # of Agri. Fire Events, Log
Al4-11 Al17-11 Al7-14 Al19-14 Al4-11
(1) (2) (3) (4) (5)
year of land registry .0000273 -2.65e-06  -.0000195
(.0000244) (.0000302) (.0000289)
land registry by 2019 (0/1) -.0359 -.218
(.148) (.195)
Mean Dep. Var. -.33 -.28 .05 -1 -.33
P-value of F-test 27 .93 .5 .8100000000000001 27
Adj. R-squared 0 -.02 -.01 -.03 0
Observations 55 49 49 34 55

Standard errors in parentheses

*p<0.10, ™ p < 0.05, ™ p < 0.01
Note: Linear Regressions. The regressions only include regional units have not received land registry. The
dependent variable is the change of the natural log of agricultural fire events from 2011 to 2014 in Columns 1 and 5,
from 2011 to 2017 in column 2, from 2014 to 2017 in column 3, and from 2014 to 2019 in column 5. The
explanatory variables are the year for land registry and a binary indicator for whether a regional unit has received
land registry by 2019.
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Table A5: Relationship between Land Registry and pre-trend Burned Areas

Dependent Variable: Agri. Burned Areas, Log
Al4-11 Al17-11 Al7-14 Al19-14 Al14-11
(1) (2) (3) (4) (5)
year of land registry .0000479  .0000623 .0000169
(.000047)  (.0000537) (.0000464)
land registry by 2019 (0/1) -171 -.382
(.276) (.375)
Mean Dep. Var. -.58 -.65 -.07 -4 -.58
P-value of F-test 31 .25 .72 .b4 31
Adj. R-squared 0 .01 -.02 -.02 0
Observations 55 49 49 34 55

Standard errors in parentheses

* p<0.10, ™ p < 0.05, ™ p < 0.01
Note: Linear Regressions. The regressions only include regional units have not received land registry. The
dependent variable is the change of the natural log of agricultural burned areas from 2011 to 2014 in Columns 1 and
5, from 2011 to 2017 in column 2, from 2014 to 2017 in column 3, and from 2014 to 2019 in column 5. The
explanatory variables are the year for land registry and a binary indicator for whether a regional unit has received
land registry by 2019.
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Table A6: Land Registry on other Measures of Fires

Dependent Variable: # of Agri. Fire Events  Agri. Burned Area

(1) (2) 3) (4)
Arcsinh  Normalize  Arcsinh Normalize
same year effect -.0424 .000165 -.238 .000406
(.145) (.000382) (.275) (.000708)
1st year effect .0302 .000838 -.396 .00122
(.157) (.00067) (.389) (.00212)
2nd year effect -.733** -.00248** -1.2* -.00104
(.35) (.00121) (.7) (.00261)
3rd year effect -.535 -.00205 -1.64***  -.00332**
(.586) (.00171) (.515) (.0016)
4th year effect -.473% -.00368***  -1.91**  -.0042**
(.246) (.00116) (.501) (.00162)
5th year effect -.531 -.00245** -2.14% -.00459
(.4) (.00121) (.799) (.00295)
Mean of Dep. Var. 1.162 .002 .834 .002
Weather Control X X X X
Year FE X X X X
Regional Unit FE X X X X
Observations 531 531 531 531

Standard errors in parentheses

* p<0.10, ™ p < 0.05, ™ p < 0.01
Note: The dependent variable is the number of agricultural fire events in columns (1) and (2), and agricultural
burned areas in columns (3) and (4). Odd columns present the hyperbolic sine transformation (arcsinh) of the
dependent variable. Even columns normalized the dependent variable by the area of regional units. Weather
controls include the average temperature and the total rainfall during the fire season. Mean of Dep. Var. shows the
average number of fire events and the average burned areas in km? (without hyperbolic sine) in columns 1 and 3.
Mean of Dep. Var. shows the average number of fire events and burned areas divided by the area of regional units
in columns 2 and 4. Standard errors are clustered at the region unit level.
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Appendix B: Supplement Tables and Figures
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Figure B1: Distribution of Fires from 2011 to 2019
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Figure B2: Distribution of weather stations across Greece
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Figure B4: A farmer’s truck participating in fire suppression efforts. Source: Zirogiannis (2009)
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Figure B5: Land Registry on Farming Area
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Figure B6: Trends of Agricultural Equipment
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