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Marco de referencia de la investigacion

La Fundacién AON Espafia, a través de su Observatorio de Catdstrofes, aporta conocimiento,
recursos y voluntarios en las tres fases fundamentales de las catdstrofes naturales: en la fase de
Investigacion y Prevencion, a través de la Catedra de Catastrofes, ubicada en la Universidad Pontificia
Comillas ICAI/ICADE y en la de Navarra; en el momento en el que ocurre la catastrofe, a través del
Sistema de Emergencias de la Cruz Roja; y por ultimo, en la fase de recuperacion y continuidad para

mitigar los dafios causados por catdstrofes, con especial atencién a las personas vulnerables.

El Observatorio de Catdstrofes, esta formado por Cruz Roja Espanola, Unidad Militar de Emergencias
y Proteccion Civil y Emergencias de Espafia y por instituciones como UNESPA, el Consorcio de
Compensacion de Seguros, AGERS, el Instituto Espafiol de Resiliencia, la Fundacidn ONCE y Aon Benfield

Iberia, la Universidad de Navarra y la Universidad Pontificia Comillas ICAI-ICADE,

Encuadrado dentro de la fase de investigacidn y prevencidn de grandes catdstrofes naturales con
especial atencion a los grupos mas desfavorecidos y desprotegidos, en un primer momento, se realizé
un estudio sobre vulnerabilidad ante tormentas y tempestades en Espaia. El informe elaborado fue
presentado en el segundo symposium del Observatorio de Catastrofes de la Fundacién Aon Espafia

celebrado en 2017 y que estuvo dedicado al analisis del impacto de las “Tormentas y Tempestades”.

Gracias a este informe, y siguiendo las lineas de investigacidn del Observatorio de Catastrofes y del
Instituto Universitario de Estudios sobre Migraciones, se observd la necesidad de desarrollar de forma

sistematica la investigacion y el estudio de las catastrofes y su relacién con los mas desfavorecidos.

Los riesgos asociados a las catdstrofes naturales son diversos y se extienden a lo largo del planeta a
través de diferentes eventos naturales como pueden ser inundaciones, terremotos, incendios, entre
otros. Sin embargo, un evento natural se convierte en catastrofe cuando la poblacidn, su entorno y sus
caracteristicas se ven involucrados. Por lo tanto, la estrecha relacién del ser humano con el entorno
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natural es fundamental en la investigacion, tanto como receptor del impacto como precursor de ciertos

eventos catastroficos.

Asi, tras una amplia revisién de la literatura, decidimos abordar esta problematica a través de una
de las catastrofes naturales mds comunes mundialmente y en concreto, en Espaia: los incendios
forestales. EI nimero de incendios forestales que se inician cada afio y las superficies afectadas

contindan representando una amenaza recurrente para las personas, sus bienes y el medio ambiente.

Si bien la variabilidad climatica es un factor relativamente conocido que interviene en el riesgo de
incendios forestales, estudios anteriores han destacado que el impacto de las variables
socioecondmicas en las dinamicas de los de incendios forestales es menos investigado que el impacto
conjunto de las caracteristicas biofisicas. En consecuencia, un mejor conocimiento de los principales
factores antropogénicos que influyen en los patrones asociados a los incendios forestales es un paso
crucial para mejorar la eficacia de las estrategias de prevencién, deteccién y lucha contra incendios.
Analizando conjuntamente los factores sociales y biofisicos que influyen en el riesgo de incendios

forestales se puede conocer de manera mas precisa las oportunidades de mitigacidn.

En definitiva, el objeto de nuestra investigacidn es determinar la relacién de la vulnerabilidad social
con los incendios forestales. En los trabajos de investigacién realizados se ha podido observar la
existencia de una correlacién entre ciertas variables seleccionadas que reflejan la vulnerabilidad social
y los aspectos relativos a incendios forestales: ocurrencia, hectidreas quemadas e intensidad. Ademis,
se ha querido delimitar lo maximo posible la influencia del ser humano sobre los incendios forestales
en Galicia, por lo que esta investigacion ha evolucionado desde una perspectiva mas general a una
delimitacion territorial lo mas concreta posible. Gracias a ello se ha construido un modelo donde los
resultados pueden ser utilizados para mejorar la prevencién de incendios forestales en una region

donde afo tras afio, miles de incendios forestales asolan el territorio.

Resumen

Desde principios del siglo XXI, la mayoria de los incendios forestales que se han producido en Espafia
han ocurrido en la regién norte, concretamente en Galicia. Esta superficie representa el 5,8% del
territorio espafiol, pero compromete, en determinados afios, hasta el 60% del total de incendios
forestales. La investigacion actual sobre incendios forestales se centra en las caracteristicas biofisicas,
las situaciones posteriores a los incendios y sus posibles capacidades destructivas. Sin embargo, son
pocas las investigaciones que han profundizado en otros factores socioecondmicos (estructura

poblacional, densidad, explotaciones ganaderas, educacidn, entre otros), que comprometen la



Variables socioecondmicas relacionadas con la vulnerabilidad y su efecto sobre las caracteristicas de los Incendios forestales en Galicia

situacidn pre-incendio existente en los territorios afectados, y reflejan la vulnerabilidad de la poblacién.
De hecho, estas variables socioecondmicas pueden influir en las caracteristicas de los incendios. Esta
investigacion analiza la dindmica de los incendios forestales en Galicia entre 2001 y 2015, examinando
las tendencias espaciotemporales de su ocurrencia, la superficie afectada y la relacién entre los

incendios forestales y las caracteristicas socioecondmicas de los distintos municipios gallegos.

Para ello se han utilizado diferentes metodologias a lo largo de las cuatro publicaciones realizadas,
con el objetivo de precisar lo maximo posible el analisis. En concreto, las dos primeras publicaciones se
basan en regresiones lineales sobre el conjunto de datos, para observar el efecto de las variables
seleccionadas sobre las caracteristicas de los incendios forestales (Ocurrencia, hectareas quemadas e
intensidad). La tercera publicacién ahonda en el efecto de las variables en el mismo periodo a través
de una metodologia de datos de panel, donde es posible observar la influencia de las variables
seleccionadas tanto en términos espaciales como temporales. Y, por ultimo, con el objetivo de
profundizar y precisar, aln mas, el analisis de los efectos de las variables seleccionadas, se utilizaron
técnicas de reduccion de datos (componentes principales) y de agrupacion (Cluster de K medias) para
delimitar los municipios que tienen caracteristicas similares. Finalmente, usando esta clasificacién, se

realiza un analisis de datos de panel sobre cada zona delimitada.

En este sentido, entre las variables de nuestra investigacidon que influyen en mayor medida en la
produccién de incendios, se encuentran el envejecimiento de la poblacidén y la baja densidad. También,
variables referentes al territorio -como la perdida de hectareas rusticas o granjas- y econdmicas -como
la pérdida de valor catastral o la renta. Todo ello esta relacionado con el abandono del territorio y la
desconexion de ciertas regiones con el entorno. La relevancia de los resultados, que establecen una
relacién entre las variables socioecondmicas y el nimero de incendios, debe ser tomada en
consideracion por los decisores técnicos y politicos. No solo es necesario actuar sobre las cuestiones
climaticas, medioambientales y naturales a la hora de disminuir el riesgo de ocurrencia, hay que incidir
de una manera holistica en todos los aspectos que pueden también estar influyendo en la produccidn
de incendios. Se deben elaborar estrategias que sean complementarias a las labores de prevencion,
donde se mitiguen aquellas variables que representan la vulnerabilidad social (como aspectos de
exclusién, renta baja o envejecimiento). Las investigaciones demuestran esta relaciéon y por tanto
ponen de manifiesto un problema presente en la sociedad. Puede disminuirse su gravedad a través de

estrategias y politicas que tendran su efecto a largo y medio plazo.

Por lo tanto, los cambios propuestos deben promover un intercambio entre las diferentes

estructuras poblaciones y a la vez intentar incidir en ciertos comportamientos tradicionales dafiinos,

8



Variables socioecondmicas relacionadas con la vulnerabilidad y su efecto sobre las caracteristicas de los Incendios forestales en Galicia

asociados a sociedades envejecidas (como la quema sistematica del monte). Ello permitiria mejorar los
indices de recambio de poblacién activa y la estructura demogréfica. Uno de los grandes desafios es
establecer la unién entre todos los factores que intervienen en un incendio forestal, desde la

prevencion hasta la extincion, entendiendo su comportamiento y minimizando sus efectos.

En definitiva, a través de esta investigacion hemos demostrado la influencia de las caracteristicas
sociales, especialmente aquellas relacionadas con la vulnerabilidad, en la produccién de incendios.
Nuestra recomendacion (y a la vez nuestra esperanza) es que, trabajando sobre estas cuestiones, pueda

llegar a generarse un cambio en la ocurrencia de los incendios de origen antrépico.

Abstract

Since the beginning of the 21st century, most of the forest firein Spain have occurred in the northern
region, specifically in Galicia. This region represents 5.8% of the Spanish territory, but compromises, in
certain years, up to 60% of all forest fires. Current forest fire research focuses on biophysical
characteristics, post-fire situations, and their potential destructive capabilities. However, few
investigations have delved into other socioeconomic factors (population structure, density, livestock
farms, education, among others), which conformed the existing pre-fire situation in the affected
territories and reflect the vulnerability of the population. In fact, these socioeconomic variables can
affect the characteristics of fires (occurrence, hectares burned and intensity). This research analyzes
the dynamics of forest fires in Galicia between 2001 and 2015, examining the spatiotemporal trends of
their occurrence, the area affected and the relationship between forest fires and the socioeconomic

characteristics of the different Galician municipalities.

Therefore, different methodologies have been used throughout the four publications made, with
the aim of making the analysis as accurate as possible. Specifically, the first two publications are based
on linear regressions on the data set, to observe the effect of the selected variables on the
characteristics of forest fires. The third publication delves into the effect of the variables in the same
period through a panel data methodology, where it is possible to observe the influence of the selected
variables both in spatial and temporal terms. And, finally, in order to deepen and further specify the
analysis of the effects of the selected variables, Data reduction techniques (principal components) and
grouping (Cluster of K means) were used to delimit the municipalities with similar characteristics.

Finally, using this classification, a panel data analysis is performed on each delimited area.

In this sense, aging of the population and low density, among the variables in our research, have the

greatest influence on the production of fires. Also, variables referring to the territory - such as the loss



Variables socioeconédmicas relacionadas con la vulnerabilidad y su efecto sobre las caracteristicas de los Incendios forestales en Galicia

of rustic hectares or farms - and economic variables - such as the loss of cadastral value or income. All
this is related to the abandonment of the territory and the disconnection of certain regions with the
environment. The relevance of the results, which establish a relationship between the socioeconomic
variables and the number of fires, must be taken into consideration by technical and political decision-
makers. It is not only necessary to act on climatic, environmental, and natural issues when reducing the
risk of occurrence, all aspects that may also be influencing fire production must be addressed in a
holistic way. Strategies that are complementary to prevention efforts must be developed, where those
variables that represent social vulnerability (such as aspects of exclusion, low income or aging) are
mitigated. Research shows this relationship and therefore reveals a problem present in society. Its
severity can be reduced through strategies and policies that will have their effect in the long and

medium term.

Therefore, the proposed changes must promote an exchange between the different population
structures and at the same time try to influence certain harmful traditional behaviors associated with
aging societies (such as the systematic burning of the forest). This would make it possible to improve
the labor force turnover rates and the demographic structure. One of the great challenges is to
establish the union between all the factors that intervene in a forest fire, from prevention to extinction,

understanding its behavior and minimizing its effects.

In short, through this research we have demonstrated the influence of social characteristics,
especially those related to vulnerability, in the production of fires. Our recommendation (and at the
same time our hope) is that, by working on these issues, a change can be generated in the occurrence

of fires of anthropic origin.

Introduccion

Las catdstrofes naturales afectan a amplios territorios a lo largo de todo el planeta y, por lo tanto, a
la poblacién que habita estas zonas. Sélo entre 2005 y 2015, mas de 700.000 personas perdieron la
vida, en torno a 1,4 millones resultaron heridas y alrededor de 23 millones se quedaron sin hogar como
consecuencia de los desastres naturales (UNISDR, 2015). Lo que convierte un evento natural en
desastre esta determinado por el territorio y la poblacion que se sitla en las zonas expuestas. El origen
de la mayor parte de estos eventos es natural, como es el caso de terremotos o inundaciones. Sin
embargo, hay ciertos eventos, que se definen como naturales y pueden tener un origen en el ser

humano.

10



Variables socioecondmicas relacionadas con la vulnerabilidad y su efecto sobre las caracteristicas de los Incendios forestales en Galicia

La relacidn de la poblacién con los desastres naturales puede analizarse desde dos perspectivas
diferentes: por un lado, caracteristicas de la poblacién, como puede ser el tipo de vivienda, la
alimentaciéon o el acceso a medicamentos o sistema de salud, pueden hacer que el impacto de las
catdstrofes sea mayor (Ej: Inundaciones); por otro lado, caracteristicas de la poblacién, como puede
ser la renta, la edad o la educaciéon, pueden llegar a favorecer la ocurrencia de ciertos eventos (Ej:
Incendios forestales), (Bergstrand et al, 2015; Brunsma y Picou, 2008). Esta ultima perspectiva de
analisis define el concepto de catastrofe de origen antrdpico. Y centrdndonos en el objeto de nuestro
analisis, debemos indicar que los incendios forestales provocados por el hombre son los responsables
de grandes dafos tanto a las personas, como a sus bienes, a las infraestructuras -lineas eléctricas, de

comunicacion-y, por supuesto, al medio ambiente.

Segun la Organizacion para la Alimentacion y la Agricultura (FAO), mas de 30% del territorio mundial
ha sufrido de manera significativa y recurrente actividad incendiaria a lo largo de la historia, ocurriendo
en la actualidad una media de 487.000 incendios anuales (periodo 2003-2007) (FAO, 2010). Unido a
esto, la mayor parte de estos incendios son provocados o tienen relacion directa con una actividad
realizada por el ser humano, en torno al 90% (FAO, 2007). En tanto en cuanto los incendios forestales
son una catastrofe natural, aunque su origen es mayoritariamente antrdpico, las caracteristicas que
describen a una poblacién (ya sean sociales, econémicas o territoriales) pueden ser determinantes en

la produccidon de incendios forestales (Spies et al, 2014; McCaffrey et al, 2013; Koch et al, 2016).

Tradicionalmente, la investigacién en incendios forestales ha priorizado el analisis de variables
Unicamente biofisicas como el tipo de terreno, el tipo de vegetacidn, la climatologia, la meteorologia o
el comportamiento del fuego, entre otras (Martin, 2012; Martinez-Fernandez et al, 2013, Ponte y
Bandin; 2008). Sin embargo, como hemos venido explicando, aunque estas variables climaticas y
medioambientales son importantes a la hora de explicar las caracteristicas de los incendios necesario
tener en cuenta las caracteristicas socioeconémicas que definen a la poblacién de un territorio, ya que
debe incluirse la relacién del ser humano con el entorno para poder determinar con mayor precision

los pardmetros que afectan al fuego (Viedma et al, 2018).

Algunas de estas caracteristicas humanas estan relacionadas con la vulnerabilidad socioecondémica
(Faas, 2016; Ruiz Rivera, 2012). De hecho, existen algunos (no muchos) estudios académicos que
ahondan en la utilizacion de variables socioecondémicas relacionadas con la vulnerabilidad y en la
confecciéon de indices de vulnerabilidad para mejorar el conocimiento de las causas de los incendios

forestales (Martinez et al, 2004; Prestemon et al, 2002; Rodrigues et, 2018).
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Aun asi, el concepto de vulnerabilidad es muy amplio y dificil de concretar ya que, al ser un
constructo, intervienen numerosas variables que pueden afectar a su valoracién o medicion (Blaikie et
al ,2014, Morrow, 1999; Modica y Zoboli, 2016). Ademas, este concepto es distinto dependiendo del
riesgo al que nos enfrentemos y la unidad observacional que utilicemos. Cada territorio y su poblacidn
poseen ciertas particularidades que pueden determinar el grado de vulnerabilidad. Numerosos autores
han analizado la vulnerabilidad mediante la elaboracidn de distintos indices (Elliott y Pais, 2010;
McCaffrey et al, 2013; Birkmann et al, 2013). Cada uno de estos indices difiere segun los factores
presentes y medibles que existen en cada regién estudiada. La vulnerabilidad se convierte en un
concepto borroso ante la produccion de eventos catastréficos: por ejemplo, no intervienen las mismas
variables ante el riesgo de inundacién que ante la produccion de incendios forestales. Pero, ademas,
las variables relacionadas con la vulnerabilidad pueden afectar a la produccién de un evento
catastrdfico de origen antrdpico, y a la vez se ven afectadas por la ocurrencia de desastres (Martinez et

al, 2004; Koch et al, 2016).

Espana se encuentra entre los paises con mayor incidencia de incendios forestales, en concreto
presenta una media de 19.705 incendios anuales entre 1998 y 2007, que afectan a un total de 130.714
hectdreas (SECF, 2010) en casi toda la extensidn del territorio espafol. Independientemente de las
diferentes caracteristicas biogeograficas que existen, los incendios afectan a distintos ecosistemas. En
este sentido, las causas y los efectos difieren segun el territorio al que afectan. Sin embargo, hay una
cuestidon comun a todos los incendios y es el origen antrépico de estos, elevandose a un 97% de media

en Espafia (Hernandez, 2016).

Galicia es el territorio espanol mas afectado por los incendios forestales en las ultimas décadas
(Barreal y Loureiro, 2015), llegando a agrupar en afios concretos hasta el 60% de los incendios ocurridos
en Espafia (Hernandez, 2016; Fernandez-Couto, 2006). Estos incendios pueden ser provocados o
accidentales, pero su origen se encuentra la gran mayoria de las veces en la accion del ser humano. Las
variables que explican la actuacién humana son diversas y el enfoque de las investigaciones que las

analizan también.

Las particularidades socioecondmicas que presenta Galicia hacen de este territorio una de las zonas
mas propensas a sufrir incendios forestales. Aparte de sus caracteristicas biogeograficas, ampliamente
estudiadas (Rodriguez y Ramil, 2007), que favorecen el crecimiento de la vegetacién y la disponibilidad
de combustible, se dan otros aspectos socioeconémicos relacionados con la vulnerabilidad que son
cruciales a la hora de estudiar los incendios forestales. Los mads relevantes son: envejecimiento

poblacional, abandono rural, renta per capita baja, valor territorial bajo, tasas de desempleo elevadas.
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Estas variables estan relacionadas entre si y pueden agruparse en distintos factores o dimensiones que
son esenciales y conforman la vulnerabilidad. Ademas, existen diferencias notables dentro del territorio
y, por consiguiente, el efecto sobre los incendios forestales difiere segin la regién de Galicia que decida
analizarse. Asi mismo, el creciente grado de desarrollo urbano en entornos forestales, que genera areas
de contacto entre ambos espacios denominadas “interfaz urbano-forestal”, hace que los incendios

supongan un riesgo especialmente grave

Estas circunstancias exigen del conjunto de las administraciones publicas la revision de los planes y
la gestién de las medidas existentes, poniendo el foco no sélo en mitigar sino también en prevenir y
evitar, en la medida de lo posible, los incendios forestales y sus efectos. De momento, la falta de
integracién entre los sistemas sociales y biofisicos en la planificacién comunitaria de proteccién contra

incendios forestales comprometen el progreso hacia la reduccién de estos eventos

Objetivo de la investigacion
El objeto general de nuestra investigacion es determinar la relacién de la vulnerabilidad social con

los incendios forestales en Galicia.

En nuestro trabajo se ha podido observar la existencia de una correlacién entre ciertas variables
seleccionadas que reflejan la vulnerabilidad social y los aspectos relativos a incendios forestales:
ocurrencia, hectareas quemadas e intensidad. Esto puede ser un punto de partida para mejorar la
prevencidon a medio-largo plazo, incidiendo directamente antes de la ocurrencia de una catastrofe

como los incendios forestales.

Los objetivos parciales de esta investigacidn se han trabajado a lo largo de las cuatro publicaciones

de las que la misma consta. Se describen a continuacién:

1. El objetivo del primer articulo es establecer la relacién entre los aspectos socioecondmicos
que reflejan la realidad de los municipios gallegos y el nimero de incendios forestales
ocurridos entre 2001 y 2015, y asi poder conocer qué variables tienen mayor peso.

2. El segundo articulo tiene un doble objetivo: en primer lugar, estudiar la distribucién
espacial de las areas recorridas por los incendios forestales (hectareas quemadas y ratio
hectareas/n? de incendios) en Galicia. Se estudia primero, el comportamiento agregado
temporalmente desde el 2001 al 2015 por municipio y posteriormente, se analiza mediante
un analisis de tendencia, el comportamiento desagregado por afio. En segundo lugar, se

establece la relacion entre las variables socioeconémicas y medioambientales
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seleccionadas en referencia a los municipios gallegos y las hectareas quemadas vy el ratio
hectareas/n2 de incendios ocurridos, desde 2001 a 2015.

3. El objetivo del tercer articulo es estudiar el efecto de las variables socioeconémicas
relacionadas con la vulnerabilidad social sobre las caracteristicas de los incendios
forestales (igniciones, hectareas quemadas e intensidad) a lo largo del tiempo en Galicia.
La diferencia radica en la estructura de los datos, los cuales se caracterizan por ser datos de
panel. Gracias a ello se identifican aquellas variables relevantes en la produccién de
incendios forestales que ayudaran a mejorar las acciones de prevencion de incendios
forestales.

4. El objetivo del cuarto y ultimo articulo es confeccionar nuestro propio mapa de la
vulnerabilidad social y la produccion de incendios forestales en Galicia. Asi, esta
investigacion busca comprender los efectos de las variables en los incendios mediante el
estudio de un area minima con caracteristicas similares. En este sentido, hemos establecido
el municipio como unidad observacional y hemos unificado aquellos que comparten

caracteristicas similares.

Metodologia usada en esta tesis
Nuestra base de datos cubre el periodo 2001-2015 y contiene informacion para 314 municipios. Las

variables son de diferentes tipos:
¢ Variables territoriales y ambientales
¢ Variables poblacionales
¢ Variables econémicas
¢ Variables descriptivas.

Las principales fuentes de datos fueron el Banco de Datos de la Naturaleza (BDN) y Meteogalicia
para las variables ambientales; las variables de corte socioeconédmico se extrajeron de la informacion

suministrada por el Instituto Estadistico de Galicia. La unidad observacional fue el municipio.

Las diferentes metodologias utilizadas a lo largo de la investigacion y que corresponden a cada uno

de los cuatro articulos utilizados de describen a continuacion:

1. En la primera publicacidn, para realizar este andlisis se utilizd6 un modelo de regresion lineal
multiple, estimado por el método de minimos cuadrados ordinarios (MCO). La variable

dependiente es el nUmero de incendios.
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En el segundo articulo, se realizé un analisis espacial y temporal de las hectareas quemadas y su
correspondiente ratio (hectareas /n2 de incendios) a través de los principales estadisticos de
dichas variables, comparando el comportamiento por provincia, mediante un ANOVA de un
Factor. Posteriormente, se llevdo a cabo un analisis de la relacion bidimensional entre las
variables independientes y las dos dependientes para cada uno de los municipios con los 15
anos agregados. Finalmente, para establecer la relacidon, multidimensionalmente, entre las
variables socioecondmicas y ambientales y las hectdreas quemadas y el ratio hectareas/n? de
incendios, se emplearon dos modelos de regresion lineal multiple.

En el tercer articulo, dada la estructura de los datos antes mencionada, se aplicd una
metodologia de datos de panel. Estos datos de panel permiten visualizar las caracteristicas para
cada municipio cada afio y la informacién nos permite, ademds, observar cambios en el tiempo.
Por ultimo, estructuramos el analisis siguiendo nuestra propia investigacién previa, definiendo
las regiones de acuerdo con sus caracteristicas socioecondmicas similares. En primer lugar,
utilizamos el andlisis de componentes principales para agrupar en factores las variables
determinantes de la vulnerabilidad social. En un segundo estadio, los municipios gallegos fueron
clasificados en funcién de su comportamiento ante los diferentes factores mediante la
utilizacion del andlisis de conglomerados; ello nos ha permitio establecer nuestro propio mapa
de las variables socioecondmicas y la produccién de incendios forestales en Galicia. Por ultimo,
desarrollamos modelos de datos de panel de ocurrencia de incendios forestales y area
guemada para cada grupo (o “regién”) identificado por el analisis combinado de factores y
grupos. De esta manera se pudieron encontrar aquellas variables socioecondémicas mas
relevantes en la produccion de incendios y drea quemada para cada uno de los grupos a lo largo

del tiempo.

Para los andlisis realizados se ha usado mayoritariamente STATA, ya que es el software mas

adecuado para el tratamiento de datos de panel. También de manera complementaria, se ha usado en

SPSS para el primer articulo y GRETL para realizar el test de Chow en el segundo articulo.
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Designing a model to Display the Relation between Social Vulnerability and Anthropogenic

Risk of Wildfires in Galicia, Spain
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Abstract: Since the beginning of the 21st century, most of the forest fires that have occured in
Spain have taken place in the northern region of Galicia. This area represents 5.8% of the Spanish
territory, but compromises, in certain years, up to 50% of the total number of wildfires. Current
research on forest fires is focused mostly on physical or meteorological characteristics, post-fire
situations, and their potential destructive capacities (main areas burnt, type of vegetation, economic
loses, etc.). However, the academic research to date has not delved into other socioeconomic factors
(population structure, density, livestock farms, education, among others), which compromise the
existing pre-fire situation in the affected territories, and subsequently reflect the prevailing
vulnerability of the population. Indeed, these socioeconomic variables can influence fire occurrence,
whether positively or negatively. To fill in this knowledge gap, this article analyzes the relationship
between wildfire events and the socioeconomic variables that characterize the Galician municipalities
affected. To that effect, first, a thorough examination and selection of the most relevant
socioeconomic variables, and their subsequent justification will be carried out. Then, using IBM SPSS
statistics 24, a linear regression is executed using the data of wildfires that occurred in Galicia
between 2001-2015. The resulting model allows a better knowledge of the importance of the
socioeconomic situation in Galician municipalities when wildfires occur. Therefore, this result
identifies the existing relationship between the socioeconomic variables and wildfire events, and
consequently will help to optimize the interventions that must be done. This may be the best way to

carry out prevention actions in order to reduce vulnerability to forest fires
Keywords: socioeconomic variables; Spain; Galicia; wildfires; multiple linear regression.
1. Introduction

Forest fires are natural disasters that are mostly associated with countries that have specific
climatic characteristics and fire-prone vegetation. Spain is situated within the list of countries
annually affected by these events together with the United States (US) and Australia. Moreover, in

the United States, forest fires have increased their size and destructive potential [1]. In Australia, in
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the last century, grassland fires have been the fourth risk associated with catastrophes, after
heatwaves [2]. Even though it is considered as a natural disaster, the origin of forest fires is usually of

human cause, which is around 96% in the case of Spain [3].

As pointed out in Section 2.1 of this paper, the current research on forest fires mostly focuses on
physical or meteorological characteristics, post-fire situations, and their potential destructive
capacities (main areas burnt, type of vegetation, economic losses, etc.). However, the academic
research has not delved into the other socioeconomic factors (population structure, density, livestock
farms, education, among others), that configure the existing pre-fire situation in the affected
territories, and subsequently reflect a prevailing population vulnerability. Therefore, taking into

account the characteristics of the existing population is crucial within the research on forest fires [4].

This perspective is taken from firefighting, which has globally emphasized post-fire actions,
without giving priority to prevention efforts and action before a wildfire [5]. Hence, as a fundamental
aspect in prevention, it is necessary to know the variables that influence the characteristics of social
groups within environments where fires occur, in order to reduce the impacts and occurrence of
forest fires [6]. Also, if we focus on Spain, this situation can be observed when analyzing the current
legislation about forest fires: the action against wildfires is transferred to the emergency plans, which

are emphasized in post-fire situations [7].

Although forest fires are a natural component and necessary within the ecological cycle of certain
ecosystems, often, different variables such as the weather or existing populations alter natural fire
patterns. This may modify the negative effects of fire so much that the positive consequences that
could contribute to the ecosystem are bypassed [8]. In fact, variables such as unequal social and
economic structure, where class, ethnicity, sex, and poverty factor in, are very relevant for

determining and predicting the occurrence of wildfires.

The Autonomous Community of Galicia has been the Spanish region with the highest number of
forest fires in the 21st century. According to the specialized studies quoted in Section 2.2 (Galicia,
social vulnerability, and wildfires), forest fires in Galicia might be directly related to a mixture of
socioeconomic factors (such as population aging or low population density among with low economic
development) and natural or environmental factors (such as extensive livestock farming, abandoned

areas, or urban—forest interface areas).

All these factors mean that forest fires, year after year, continue occurring in Galicia, and the

measures that have been taken do not seem to be enough for a problem of this magnitude. The
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situation described in Galicia reinforces the objective of investigating the connection between
socioeconomic variables and forest fires in Galicia and, specifically, to find out which variables have

the greatest weight.

The aim of this article is to establish the relationship between the socioeconomic aspects that
reflect the reality of Galician municipalities and the number of forest fires that have occurred
between 2001-2015, and to know which variables carry the greatest weight. A multiple linear
regression model, estimated by ordinary least squares (OLS) method, was used to perform this
analysis. The observational unit was the municipalities, since it was the smallest unit of information
related to wildfires; in addition, it is the minimum territorial unit for which precise and uniform
socioeconomic information exists. The model was firstly carried out for all of the municipalities of
Galicia. Secondly, with the purpose of analyzing its structural stability, the model was run separately
in the municipalities of each province. Finally, to determine if there were differences between
provinces, Chow test was executed for the northern region (A Corufia and Lugo), the southern region
(Ourense and Pontevedra), and within each region to compare each pair of provinces. This analysis

offers action guidelines for the authorities in matters of prevention and awareness.

2. Materials and Methods

2.1. Social Vulnerability and Wildfires

The territory and the population within the exposed areas determine the qualities that make a
natural event a disaster. To demarcate risks seems complicated because of this variability [9].

Disasters present multiple dimensions that can be classified as follows [10]:

e Social and population dimension: Includes aspects such as justice, social differences, and
social organization and individual strengths. Some studies have incorporated variables such as
poverty, social marginalization, demographics (age vulnerable groups), education, health and welfare,
migration, and risk perception [11]. The factors that determine this dimension are influenced by
specific conditions and are very different development processes, depending on the country or region

and the kind of danger faced [12].

e Economic dimension: Deals with occupation, income, economic effects, consumption,
property, and savings [13]. This dimension also contemplates housing and habitability issues together
with livelihood, which may be an aspect to consider in cases where it is based on a single sector

(agriculture, fisheries, etc.) [14].
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e Environmental or territorial dimension: Even though the environment is the source of the
natural processes that can cause a disaster, it is at the same time an important resource for people
who have a high hazard exposure [15]. This dimension is related to the environmental destruction
effects that cause changes in the natural ecosystem at different scales (melting, destruction of natural
barriers in coasts, emissions, etc.) [16]. Therefore, this dimension examines both the population
dependence to certain environmental services, and the sensitivity of these environmental services to

certain hazards [17].

Social groups with certain characteristics of social vulnerability have a higher risk of suffering the
effects of a disaster [18]. The socioeconomic features of a person (such as class, ethnicity, gender,
and poverty) or a group of people (unequal social or economic structure) influence their ability to
anticipate, cope with, resist, and recover from the impact of a natural disaster [19,20]. People in
social disadvantage are more likely to suffer from scenarios that worsen their already adverse

situation [21].

Within a natural disaster, such as forest fires, certain social, economic and political processes
come into play; so, preventive actions should be targeted to people’s characteristics. This reinforces
the idea of studying the population’s peculiarities in the analysis of forest fire risk rather than just

looking at the post-disaster effects [22].

Vulnerable social groups become the main victims of forest fires. Nevertheless, individuals can

play different roles [23]:

e Vulnerable to fire danger: Any individual or element to be affected by a wildfire.

e Generators of fire risk: They are the source of fire hazard by inappropriate use of the
forest, traditional practices, negligence, etc.

e Relievers of fire risk: Those for whom the natural environment, and specifically the forest

environment, is paramount.

Yet, what role does society play in forest fires? The responsiveness of citizens to an emergency
depends largely on their conception of risk. This also affects their support for forest management
policies and actions carried out by the emergency services. In fact, although in general fires are
perceived as a catastrophic and random element, there are two underlying and coexistent stances

about this assertion [23]:

e The fire as a threat to fight: Against this attitude prevails in areas where there is a close
relationship between the urban and natural environment. In this case, the perception is
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negative, because there is a sense of danger associated with fire; also, adverse effects,
such as a loss of quality of land, vegetation, forest landscape, etc., are considered

e  Fire as a land management tool: This perception is common in mountain and rural areas
with the presence of an agricultural and livestock sector. This view can lead to the

expansion of small fires and can cause forest fires of greater intensity and extent.

Human factors as a cause of forest fires are very relevant in Mediterranean Europe and specifically
in Spain [24]. One of the most important characteristics is their randomness. Therefore, it seems

particularly difficult to predict the behavior of a fire, such as where and when it will begin [25].

Current changes in climate, as well as changes in land use, are unfavorable aspects for forest fires
risk reduction in Spain, as they affect the occurrence and intensity. An increase in episodes that

exceed the capabilities of extinguishing devices is expected to become a national emergency [26].

Although wildfires, in some cases, may be favorable for the biodiversity and ecological
characteristics of a given area, this can have huge economic and social costs [27]. In recent years,
these costs have increased considerably in the transition zones between urban and forestry [28].
Recent studies have shown a positive correlation between fire prevention spending and the presence
of private land and buildings [29]. This type of land is predominant in northern Spain, where there are
large numbers of smallholdings. Specifically, the autonomous community of Galicia stands out as a
forest fires benchmark in Europe. However, this is not the only negative socioeconomic characteristic
present in this community. Therefore, is necessary to inquire into the reality that characterizes

Galicia.

2.2. Galicia, Social Vulnerability, and Wildfires
According to Spanish statistics, the autonomous community of Galicia (Figure 1) has shown the

highest rate of fires in Spain for the last decades [30].
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Figure 1. Situation of Galicia (red). Own elaboration

The objective of this paper is to establish the relationship between socioeconomic aspects that
reflect the reality of the Galician municipalities and the number of forest fires from 2001 to 2015

(most recent official data available).

The first step is to establish the relevant socioeconomic variables available. For this purpose, it is
paramount to have a broad knowledge of the relevant questions related to social vulnerability within
a country. Galicia has been the Spanish autonomous community most affected by forest fires since

the beginning of the 21st century [31].

This can be seen in Figure 2, which compares Galicia and Spain in terms of hectares burnt and
number of wildfires. In addition, recent reports show that fire seasons are lengthening and, within
Europe, northern Spain and Portugal are the most critical areas [32]. Fires in Galicia have weighed
significantly in Spain’s general statistics. As shown in Figure 2, in certain years, both the number of

wildfires occurred and burnt hectares in Galicia exceed 50% of

Spanish fire disasters (Figure 3). Moreover, although the number of fires has decreased, burnt
hectares follow a cyclical nature, and their mean is constant. Forest fires are known as one of the
most important environmental problems in Galicia [30]. They have a far-reaching impact on the
regional economy and cause greater risks for people and ecosystems, which are all linked to public
spending [3]. According to specialized studies [30-35], forest fires in Galicia are directly related to a

mixture of environmental—territorial plus social-economic factors. These factors can be considered
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well-known and predictable, but they typically exceed the capabilities of extinction means. Below, we

detail the influence of both types of factors for the Galician case.
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Figure 2. Relation between Galicia (G) and Spain (S). 2001-2015. Burnt hectares (ha) and
number of wildfires. Source: Own elaboration from Nature Data Bank
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2015. Source: Ownelaboration from Nature Data Bank.
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Environmental or territorial factors [36]:

e Deficient land management: Galicia is one of the regions with the highest vegetal
production and plant growth in Spain. Galician territories have been increasing their
areas with highly flammable shrubs and trees. This has been due to the lack of forest
management, together with the abandonment of land used for agriculture and livestock.

e Extended livestock farming: Livestock owners make use of abandoned forest land. To
acquire Grass, small fires are set, increasing the chances of a huge wildfire.

e Wastelands: They are characterized as the industrial parks, residential areas, and

suburban areas of cities and towns, where shrub land and waste are mixed. They are not
considered forest areas; however, they are areas where the work of extinguishing media is
very intense.

e Wildland—-urban interface areas: These can be defined as spaces where the surroundings
of homes, neighborhoods, and urbanizations are embedded in adjacent forest areas with
green spaces. They are considered high-risk areas because here, the occurrence and
negligence in fire management multiply. There are large numbers of population centers
with these characteristics and a higher risk of fires [37].

e Fire asatool: Although there are permits for controlled burns, this practice is
widespread in Galicia regarding both residues and forest scrub. This practiceis very

common in depressed and aged areas.

The above territorial factors are bound to the predominant types of land in Galicia and accordingly
influence the fire data. In this region, lands are mostly privately ownership (97.26%). Within these
private properties, 32.77% are common lands, and the rest is another undetermined type of private
ownership; therefore, many plots are abandoned or neglected. According to the Galicia Forest Plan,
private property in the region is completely fragmented: the number of forest owners, is above

650,000 and the average plot size is two to three hectares [38].

The cause of forest fires in Galicia relates directly to the archaic habits in depressed areas and
negligent use of fire as a management tool [30]. There is a lack of knowledge about such disasters, a
lack of awareness and forest culture, and, obviously, there are economic interests associated with
livestock and agricultural uses, which are at odds with land and forest management [34]. In the long
term, these imbalances cause an increase in forest fires, and thus the further degradation of natural
areas [39]. On the other hand, the large abandoned agriculture areas and the lack of land
management in forest production have a positive side effect, insofar as they favor industry related to

combating desertification and rural mountain management.
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Social and Economic Factors

The Galician territory is complex; concentrated settlements are combined with other dispersed
areas. Demographically and economically dynamic areas coexist with others characterized by a lack of
vitality, but even within them there are some cities, headwaters of the region, which act as focal

points of activity.

The rural depopulation is one of the major problems in Spain and, in particular, Galicia, where it is
considered a demographic and territorial phenomenon. Indeed, the population in the region has
dropped by 9.2% since 2008. As far as the foreign population is concerned, the increase of immigrants

helped mitigate rural depopulation before the economic downturn [40].

Other critical points related to the depopulation of rural areasare the aging population or
population density that is so low, it doesn’t permit economic development. However, imbalances
in age and gender structures may be to blame [30]. Rural masculinization occurs at young ages due to
a predominantly female migration, and also due to a lack of equal productive and reproductive
work, which results in a search of a higher educational level and job opportunities associated with
urban areas [23]. For its part, the low density presents common problems, such as aging, geographical
isolation, a lack of spatial integration with other adjacent areas, bad connection and difficulty in
transport, a lack of adequate social services, and lower levels of human capital and employment

opportunities. All this inevitably leads to economic decline [12].

The impact of human resource losses, lack of territory development, and the inability to maintain
economic activities, has not only economic, but also patrimonial and environmental impacts [30].
With regard to environmental effects, the abandonment of livestock and traditional agricultural uses
represents a risk factor for natural environment conservation. This is because landscape
transformations occur without control, and forest land management associated with rural areas are

located mostly within individual plots [34].

Extensive livestock used to have an impact on the forest landscape, favoring the mosaics and
reducing fuel in the mountains of Galicia [35]. The decline in extensive livestock farming that has
taken place in Spain (around 30% between 2004—-2015) is thus considered an aggravating factor of

forest fires [40].

The progressive abandonment of rural areas can be considered negative in the medium term, as
the environmental effects, such as soil loss and exposure to erosive phenomena in large areas, are

extensive [31]. In addition, a lack of forest land management occurs, increasing the risk of fire. In
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Variables socioecondmicas relacionadas con la vulnerabilidad y su efecto sobre las caracteristicas de los Incendios forestales en Galicia

Galicia, traditional burning activities and the traditional use of fire in mountain management can lead

to an increased fire occurrence [41].

All these factors ensure that forest fires continue to occur year after year in Galicia and the
measures taken seem to be not enough to solve a problem of this magnitude. This situation
reinforces the aim of investigating the relationship between socioeconomic variables and forest fires

in Galicia and, specifically, uncovering which variables have greater explanatory power.

2.3. Methodology
As explained above, the main objective of this work is to establish the relationship between
socioeconomic aspects of the Galician municipalities and the number of forest fires between 2001-

2015.

To analyze this relationship, a quality dataset corresponding to Galician wildfires is required. Fire
data were obtained from the Nature Data Bank, which has extensive information on fires in Spain.
The data were separated into municipalities, and we had to choose which variables were more
suitable for research, such as burnt hectares, type of terrain, etc. Afterwards, Galician municipalities

socioeconomics data were joined, which were obtained from the IGE (Galician Statistics Institute).

Previous studies have established various time horizons: 2001-2006 [33], 2001-2009 [34], 2006
[30], and 2001-2010 [31]. In this sense, as information was available, it was decided to extend the
time scope of research, selecting the updated data spanning from 2001 to 2015. The observational
unit has been set at the municipal level, as it has proven to be the most accurate when allowing
display territory differences [33]; it is also the minimum territorial unit that provides precise and

consistent socioeconomic information.

To establish the relationship between the occurrence of wildfires and the socioeconomic variables,
the variables described in prior sections were considered (density, aging population, type of terrain,
etc.), to allow observations of the actual effect of these data over wildfires, neglecting environmental
issues. The reason for this is that in the case of a number of wildfires, the environmental impact,

including the temperature, wind, and humidity is not as critical as in the case of burnt hectares [33].

Socioeconomic data were related to the Galician municipalities, so the number of fires and burnt
hectares were pooled along with the Galicia socioeconomic data from each municipality. These data
were adjusted to 15 years by the mean and median of every year for selected variables.
Subsequently, they were adapted to avoid very large paths, positive asymmetries, or not constant
marginal variations. Finally, to make these variables more representative and comparable, we made
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some transformations and produced some ratios with variables such as municipal hectares or
population size. As has been mentioned above [10], the variables can be grouped into three
dimensions: social (population), economic, and environmental/territorial. The following variables

(Table 1) were obtained:
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Table 1: Variables: description and definition. Source: Own elaboration from IGE

Dimension Variables Min. Max. Average Deviation Description
Population>64 76,91 51034,37 1932,85 4554,10 Population over 64 years

c Density ,03 64,61 1,44 4,26145 Number of people per Has

.g lL.replacement 72,34 585,26 179,83 68,03 The relation among the population between 60 and 64 years old and the population between 15 and 19
'_3“ years old. Measures the capacity of a population to replace the individuals who are retiring.

2 I.Masculinity 83,09 129,83 96,78 5,89 Relation between the number of men and women in a given population.

a l.active 72,40 177,34 118,78 19,43 Relation among the population between 40 and 64 years old and the population between 15 and 39 years

old
P.Foreign ,00 2,22 ,03 ,15 Proportion between foreign population and total population
ParcelVal ,08 9,23 1,03 87 value of the plots in thousands of euros divided by the number of people registered in the Real Estate
Cadastre

e DisCenter ,00 116,00 4,81 11,17 Buildings and dwellings of a singular entity that cannot be included in the concept of nucleus divided

.*g between the set of towns with less ten buildings, which are forming streets, squares or other urban roads.
]

= RusticHa 47 1,00 ,95 ,07 Rustic Has by municipality

Ranch ,00 ,05 ,01 ,01 Number of livestock farms per municipality
Livestock 4,853 25032,06 3050,26 4501,22 Number of cattle heads per municipality

> IncCap 5915,88 18777,41 10368,81 1722,46 Gross Income per habitant

§ Debthab ,00 ,81 ,19 17 The balance of the debt that the town councils have contracted with the bank, at a certain date. The debt of
S the town councils was introduced dividing it among the inhabitants of each municipality so that it would be
w more representative of the weight of each territory.

GDP 2680,62 7168155,94 176090,10 616411,74 Gross Domestic Product
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To analyze the socioeconomic variables influence in the number of wildfires in Galicia between
2001-2015, a model of multiple linear regression estimated by ordinary least squares (OLS) method
was used. The observational unit was the municipality, since it was the smallest unit of information
on forest fires; also, it is the minimum territorial unit where there is accurate and consistent

socioeconomic information.

The model was carried out for all of the municipalities of Galicia and later for the municipalities of
each province separately, in order to analyze the structural stability of the model. To determine if
there were differences between provinces, the Chow test was executed [42] for the northern region
(A Coruia and Lugo) and southern region (Ourense and Pontevedra). The same test was set within

each region to compare each pair of provinces. The results are the following:
General Model:

The null hypothesis is that there is structural stability between north and south Galicia; the Chow
contrast of a structural difference from north and south yielded a value of the statistic test. F (15,
284) = 7.20223 p-value 0.0000, so the null hypothesis is REJECTED, and therefore, there exists a
structural difference between the north and south.We proceed to see if there are structural
differences within the north provinces (A Corufia and Lugo) and south provinces (Ourense and

Pontevedra):
1. North Model:
Chow contrast for the structural difference in the North Model F(15, 130) = 1.32671 p 0.1952 value
Not reject the null hypothesis; therefore, no structural difference between the two northern provinces.
2. South Model:
Chow contrast for the structural difference in the South Model F (15, 124) = 0.948374 p-value 0.5135

Not reject the null hypothesis; therefore, no structural difference between the two southern
provinces. Moreover, to solve the heteroscedasticity problems presented in the model, robust
standard deviations were used. To avoid other problems (variables with a large range of variation
and/or skewness to the right, or not constant marginal effects), logarithms were taken when it was
necessary.
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3. Results

Model specification to explain the impact of the selected variables in the number of wildfires that

occurred in Galician municipalities between 2001-2015 is:

Number of Wildfires = 84+ 8,LnPopulation>64 + 8,LnDensity + 83IncCap + 8,1.Masculinity

+ Bsl.active + B¢LnP.Foreign + 8;LnParcelVal + BgLnDisCenter

+ B4LnRanch + B,pLnRusticHa + 8,,LnGDP + 84, LnLivestock

+ B43l.replacement + 6,,LnDebtHab + ¢

Table 1: Regression Model of the impact of the selected variables in the number of wildfires that occurred

in Galician municipalities between 2001-2015

Dependent Variable: Number of Wildfires

Independent General Model North Model South Model
Variables

Coefficients  p Coefficients  p Coefficients p value

(B) value (B) valu (B)

e

Constant -931. 816 0.002  -1207.57 0.000 -1750.38 0.000
LnPopulation>64 189.671%*** 0.000  132.692%** 0.000  273.830*** 0.000
LnDensity —-212.140%** 0.000 -19.9101 0573  —273.462%** 0.000
IncCap -0.0584683***  0.000  —0.0394832***  0.000 -0.0223893 0.264
I.Masculinity 5.68822%** 0.010  1.71407 0369  13.1212*** 0.000
Lactive -3.11713* 0.051 -1.26194 0.384  -3.55956* 0.079
LnP.Foreign 53.7118*** 0.002  -12.8223 0.291  50.9607 0.121
LnParcelVal —-60.4937%** 0.001  4.24432 0.850 -36.5176 0.194
LnDisCenter —30.7492%** 0.001  -14.9480* 0.063  15.6403 0.379
LnRanch 35.4466 0.138  -21.3153 0.527  33.6097 0.158
LnRusticHa -275.325 0.119  95.0943 0.659  —223.834 0.114
LnGDP 52.6489 0.119  46.6009** 0.011 -17.6842 0.766
LnLivestock —-2.94676 0.846  27.7159 0.194  10.2266 0.546
I.replacement 0.108139 0.714  -0.0719371 0.863  —0.207825 0.523
LnDebtHab 27.3305 0.676  47.9772 0549 -2.70796 0.972
R 0,421 547 0,501
Sample size 314 160 154

(***: significant at 1%, **: significant at 5%, *: significant at 10%.)
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The obtained results for each model are shown in Table 2. For the General Model, the variables
that show a negative relationship with the number of wildfires are density, per-capita gross income,
active population index, plot value, and the relation between lone buildings and nucleus. In the same
way, the population over age 64, masculinity index, and proportion of foreigners have a positive
relationship with the number of wildfires. For the North Model, the variables per-capita gross income
and the relation between lone buildings and nucleus show a negative relationship with the number of
wildfires, while the population over 64 and gross domestic product (GDP) have a positive relationship.
Finally, in the South Model, wildfires show a negative relationship with density and active population

index, and a positive relationship with the population over 64 and the masculinity index.

4. Discussion

Table 2 shows the three models for the whole region (General Model), the north, and the south of
Galicia. Thus, the differences in significance for each different model can be displayed. The R2 values
of the models can be considered representative, because a high predictive ability of the dependent
variable in the General, North, and South models is achieved (42.1%, 54.7%, and 50.1%, respectively).
Therefore, the number of forest wildfires in Galicia has a high relationship with the socioeconomic
variables that characterize the municipalities of this community, as the estimated models together
are significant. The only variable that keeps the significance at 1% in the three models is the
“population over 64 years old”, so it is one of the most explanatory variables of forest fires in Galicia.
The variables “population density” and “gross income per capita” are also significant at 1% for two of
the models (the South and General models in the case of the “population density”, and the North and
General models in the case of “gross income per capita”). The “index of masculinity”, meanwhile, is

significant at 1% in the South Model, and at 5% in the
General Model.

The “proportion of the assessed value by cadastral holder”, the “proportion of scattered/core”,
and the “proportion of foreign” are only significant at 1% in the case of the General Model, while the

“proportion of scattered/core” is 10% in North Model.

When analyzing the coefficients (B) sign, the relations, direct or inverse, with the dependent

variable, the “number of wildfires”, are the same for all three models. More details are set out below:

n

e There is an inverse relationship among “density”, “gross income per capita,” the “active
population index”, the “plot value per holder”, and the “proportion of scattered/cores”, indicating

that the lower the value of these variables, the greater the number of wildfires. In the case of the
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“active population index”, if the value decreases, it means a more aged population. In the case of
property value, a decrease means that the plots are less valuable. As to the ratio “scattered/cores”, a
decrease in its value shows that there are fewer scattered areas and subsequently more wildfires; this

is related to the forestry—urban interface fields (transition lands) associated with population centers.

¢ The relationship is direct to “population over 64 years,” which clearly shows that there are
more wildfires within aging population environments; this relies on burning-land traditions and
cultural habits, a lower level of education and, in particular, a higher vulnerability. These territories
also present a higher “masculinity index”, since there has been a historical female abandonment of
rural areas; as a result, the population density is lower. The positive association between wildfire
numbers and the rate of foreign population could be connected with their higher presence in
vulnerable areas with lower incomes, precarious services, exclusion factors, etc. A positive GDP ratio
(higher GDP, means more wildfires) would be explained by the existence of a larger number of urban
cores. This means higher municipality richness, and consequently, the existence of more forestry—

urban interface, and a higher likelihood of wildfires.

These data show clear differences between the North and South models. So, a lesson to learn is
that the fire-fighting actions that are to be carried out must be different depending on the
municipality geographical location. While in the north, the economic aspects should be more
considered in more depth, in the south, it would be necessary to delve into the social and
demographic aspects. Indeed, this does not mean that all of the community problems cannot be

solved with community activities.

Within the population and social variables, the strong positive relationship between the aging
population and the increasing number of wildfires is remarkable, as is the strong negative relationship
between density and wildfires: the lower the population, more wildfires occur because of an
abandonment of the territory. These two variables together reflect that depressed areas, with higher
aging rates, produce higher number of wildfires. In these areas, there is also a greater number of
foreigners with fewer resources and lower incomes. In addition, a reduction in the cadastral value of

plots occasions an abandonment of land, which in turn favors the number of fires.
5. Conclusions

The object of this paper is to establish the relationship between socioeconomic aspects that

reflect the reality of the Galician municipalities and the number of forest fires between 2001-2015.
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The ultimate goal of our work is to identify those socioeconomic issues for achieving a greater impact

on prevention actions.

At this point, the most explanatory variables in our model are an aged population and low
population density; the community actions of the competent authorities should take into account the
negative connotation of both variables on the intervention action planning. This is difficult in the
short term, but a greater impact on improving rural life quality in these areas predictably would alter
these variables positively toward their relation to forest fires. By promoting the participation and
improvement of education, the variables that influence the occurrence of wildfires could be modified,
changing the beliefs and activities linked to aged populations with lower levels of education. The need
to establish models of sustainable development is detected, taking into account the social aspects

that stand out as a cause of forest wildfires.

Regarding those dimensions related to the territory, the use of biomass has been carried out in
Galicia, but the design of criteria that guarantee their sustainability remains open. Avoiding ground
affections and competition with other sectors such as livestock and agriculture would also help give
value to the forest. These measures would help increase the plots’ cadastral value and, as shown by
the results, would lower the occurrence of wildfires. Synergies should be encountered between
agroforestry mosaics systems and holding investments. All of these measures are ultimately targeted
to the quality improvement of life in rural areas, influencing variables such as population density and
income per capita. Adding value to the land would help people change their perception of forest

resources, and therefore could reduce wildfires.

Looking not to lose the forest value, a priority is to increase spending on prevention and elaborate
long-term strategies. It is also necessary to restore damaged areas to prevent further deterioration in
later adverse environmental conditions. The most efficient way to maintain economic, social, and
environmental functions of an area is through trying to emphasize their importance before the
occurrence of an event. By including social variables as a cause of the wildfires, authorities can insist
on reducing these. It is important to emphasize the most meaningful variables related to wildfire
production and carry out actions designed for their reduction (for instance, managing the wildland—
urban interface areas, which are related to variables such as the ratio scattered/cores and GDP). It is
also important to improve working conditions for women in rural areas, in order to reduce the

masculinity index, and therefore increase the population density.

The works carried out on prevention and extinction are the responsibility of public institutions.

Although in Spain, the central government is responsible for basic legislation and public policy design,
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competences have been transferred to the autonomous communities. It is necessary to involve local
bodies for the better management of natural hazards and specifically for forest wildfires, taking into
account the socioeconomic variables that affect each. Therefore, it is important to establish the
differences between existing social groups in a given area, analyze the exposure and risk involved,
and educate these social groups. As it has been seen throughout the study, it is important to take into
account the differences between northern and southern Galicia, working on the most important
variables in each area. This will ensure that the actions are more efficient and better results against

wildfires are achieved.

Changes should be planned for the mid—long term, promoting interactions between different
population sections and age cohorts directed to influence certain harmful traditional behaviors
associated with aging societies. This would make it possible to improve the labor force turnover rate
and demographic structure. One of the great pending challenges is to establish unity among all the
factors involved in a wildfire, from prevention to extinction, understanding their behavior and

minimizing their effects.

The relevance of the findings of this paper, which establish a relationship between socioeconomic
variables and the number of wildfires, must be considered by technical authorities and policymakers.
It is not only necessary to act on climate, environmental, and natural issues when it comes to
reducing the risk of occurrence. Actions must also affect all of the aspects that influence the risk of
occurrence. Authorities must develop strategies that are complementary to prevention efforts, where
these variables representing social vulnerability (such as aspects of exclusion, low income, or aging)
are mitigated. The existing research shows this relationship, and therefore highlights an existing
problem in society. Its severity can be reduced through strategies and policies that will have their

effect in the long and mid-term.

In short, we have demonstrated the influence of social variables on the production of wildfire.

Therefore, by working on these issues, the occurrence of anthropogenic wildfires could be reduced.

Future Research Lines and Limitations

The main limitation of the research is related to the data. Some very important variables in the
socioeconomic sphere have not been selected because of the difficulty of obtaining them at the
municipal level. In addition, it is very difficult to obtain prevention and extinction spending data, even

making a request to different Galician agencies. We should also mention that another limitation
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comes from the inability of the model to predict indirect relationships between variables, although

this leads us directly into the future course of our investigation.

In order to deepen the relations established between socioeconomic variables and forest fires, a
structural equation model (SEM) will be elaborated. This is a multivariate statistical technique for
testing and estimating causal relationships from statistical data. SEM allows drawing qualitative
assumptions on causality, developing different constructs by the data. The behaviors of the variables
in the linear regression deserve to be studied more precisely. It is necessary to establish the intensity
of relations, their direction, and more importantly, establish direct and indirect correlations between
variables, in order to create constructs. These constructs will be composed of interrelated economic,
climatological, environmental, or social variables. We propose a more precise way to study social
vulnerability and its effect on forest fires, and investigate whether reducing vulnerability in all its

components can reduce the risk of wildfire more efficiently.
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Capitulo 2

Influencia de la realidad socioecondmica de Galicia en la dindmica de produccién de
incendios forestales. Socioeconomic reality of Galicia and dynamics of forest fire production

Resumen

Galicia, con un 5,8% de la superficie de Espafia, concentré el 50% de los incendios forestales del
pais en el siglo XXI. Las investigaciones han analizado principalmente las caracteristicas fisicas y
meteoroldgicas, las situaciones post- incendio y sus capacidades destructivas. Los factores
socioecondmicos existentes antes del incendio en los territorios afectados han sido menos
estudiados. Este articulo analiza la dinamica de los incendios forestales en Galicia entre 2001 y 2015:
examina las tendencias espaciotemporales de su ocurrencia, la superficie afectada y la relacion entre
los incendios forestales y las caracteristicas socioecondmicas de los distintos municipios gallegos.
Para ello se realizé un andlisis descriptivo exploratorio y un modelo de regresion lineal multiple con
dos variables dependientes diferentes, las hectareas quemadas y la virulencia de los incendios; las
variables independientes incluyeron tanto factores ambientales como aquellos aspectos
socioecondmicos mas relevantes. Los resultados muestran que existe una relacién entre variables
socioecondmicas indicativas de vulnerabilidad social (envejecimiento, tasa de masculinidad, baja
densidad poblacional o pérdida de valor catastral) y los incendios forestales. Estos resultados
pueden resultar de utilidad para la mejora en el disefio de acciones de prevencidn de incendios por

parte de las autoridades responsables.
Palabras clave: Incendios forestales, variables socioecondmicas, Galicia, Regresion lineal multiple.
Abstract

Galicia, with 5.8% of the surface of Spain, concentrated 50% of the wildfires in the 21st century.
Current researchs have mainly analyzed the physical and meteorological characteristics, the post-fire
situations and their destructive capacities. The socioeconomic factors existing before the fire have
been less studied. This article analyzes the dynamics of forest fires in Galicia between 2001 and
2015: the spatial-temporal trends, the affected areas and their relationship with the socioeconomic
characteristics of the different Galician municipalities. To this end, (1) exploratory descriptive
analysis and (2) a multiple linear regression model with two different dependent variables -the
hectares burned and the virulence of the fires- were carried out; the independent variables included
both, environmental factors and socioeconomic aspects. The results show that there is a relationship

between socioeconomic variables indicative of social vulnerability (ageing, rate of masculinity, low
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population density or loss of cadastral value) and forest fires. These results can be help improve the

design of fire prevention actions by public authorities.
Keywords: Wildfires, socioeconomic variables, Galicia, Multiple linear regression.

1. Introduccion

Los incendios forestales son desastres naturales que estan asociados mayormente a regiones con
caracteristicas climatoldgicas determinadas y una vegetacién propensa al fuego. Espaia se situa
dentro de los paises mas afectados anualmente por estos eventos, donde destacan Estados Unidos y
Australia. De hecho, en los Estados Unidos, los incendios forestales han aumentado su tamafo y
potencial destructivo (Ager et al, 2017) y en Australia, en el siglo pasado, los incendios en pastizales
fueron el cuarto mayor riesgo asociado a las catastrofes, después de las olas de calor (Haynes et al,
2010). A pesar de ser considerados un desastre natural, el origen de los incendios forestales es

generalmente antrdépico, llegando a configurar el 96% de los casos en Espaia (Hernandez, 2016).

Uno de los grandes desafios es establecer la unién entre todos los factores que intervienen en un
incendio forestal, desde la prevencion hasta la extincion, entendiendo su comportamiento y

minimizando sus efectos.

Sin embargo, la perspectiva que se ha venido tomando tradicionalmente en el dmbito mundial
para la lucha contra incendios se ha centrado en las situaciones post-incendio y sus potenciales
capacidades destructivas (areas quemadas, tipo de vegetacion afectada, pérdidas econdmicas, etc)
(Kocher y Butsic, 2017). Por estas razones, como se sefiala mas adelante en este trabajo, la
investigacion actual sobre incendios forestales esta enfocada principalmente a analizar sus

caracteristicas fisicas o meteoroldgicas.

Por lo que respecta a las cuestiones referidas a los estadios anteriores a la produccion del
incendio, como la prevencion, la minimizacion o la mitigacidn de sus efectos, es necesario conocer
aquellas cuestiones que influyen en las caracteristicas de los grupos sociales en los entornos en los
gue tienen lugar dichos incendios (Murphy, 2005). Estariamos hablando de una serie de factores
socioecondmicos (estructura y densidad de la poblacidn, renta per cépita, PIB, entre otros) que
caracterizan a la poblacidn residente en los lugares donde se produce el fuego. Sin embargo, la
investigacion académica ha profundizado en menor medida en este tipo de factores. Analizar estas
variables resulta crucial en el ambito de la investigacién sobre incendios forestales (Padilla y Vega-

Garcia, 2011).
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Asi, el hecho de que exista relacién entre las variables socioecondmicas y los incendios forestales
permite centrar la atencién en aquellas cuestiones clave para lograr una mayor incidencia en las

actuaciones de minimizacién de su produccién y/o prevencion de los mismos.

Los patrones naturales de los incendios se ven alterados por causas antrdpicas que afectan al
terreno, la climatologia o a las poblaciones existentes. Este hecho puede magnificar los efectos
negativos del fuego, generando grandes catdstrofes naturales con consecuencias muy negativas para
el entorno (Bentley y Penman, 2017). En este sentido, las zonas donde existen caracteristicas
socioecondmicas adversas pueden resultar muy relevantes para determinar y predecir la ocurrencia

de los incendios forestales.

En Espafia, la Comunidad Auténoma de Galicia ha sido la regién que ha acaparado el mayor
numero de incendios forestales en lo que va de siglo XXI. Segun los estudios especializados que se
analizan posteriormente en este articulo, los incendios forestales en esta comunidad auténoma
estdn directamente relacionados tanto con factores socioecondmicos relacionados con la
vulnerabilidad social (el envejecimiento poblacional o la baja densidad de poblacion unida al escaso
desarrollo econdmico) como con factores naturales o medioambientales (la ganaderia extensiva, las
zonas abandonadas o las zonas de interfaz urbano forestal). Ello indudablemente refuerza la
necesidad de investigar la relacion entre las variables socioecondmicas y los incendios forestales de

esta region y, especificamente, de encontrar qué variables son mas determinantes en su produccion.
Este articulo tiene un doble objetivo:

En primer lugar, estudiar la distribucién espacial de las areas recorridas por los incendios
forestales (hectareas quemadas y ratio hectdreas/n2 de incendios) en Galicia. Se estudiara primero,
el comportamiento agregado temporalmente desde el 2001 al 2015 por municipio y posteriormente,

se analizard mediante un andlisis de tendencia, el comportamiento desagregado por afio.

En segundo lugar, se establecerad la relacidn entre las variables socioecondmicas y
medioambientales seleccionadas en referencia a los municipios gallegos y (1) las hectéareas

guemadas y (2) el ratio hectareas/n? de incendios ocurridos, desde 2001 a 2015.

Para satisfacer estas necesidades de la investigacion se utilizaron diferentes bases de datos,
concretamente el Banco de Datos de la Naturaleza (BDN) y Meteogalicia para las variables
ambientales; las variables de corte socioeconémico se extrajeron de la informacion suministrada por

el Instituto Estadistico de Galicia. La unidad observacional fue el municipio.

Se realizd un andlisis espacial y temporal de las hectareas quemadas y su correspondiente ratio

(hectéreas /n2 de incendios) a través de los principales estadisticos de dichas variables, comparando
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el comportamiento por provincia, mediante un ANOVA de un Factor. Posteriormente, se llevd a cabo
un analisis de la relacién bidimensional entre las variables independientes y las dos dependientes
para cada uno de los municipios con los 15 afios agregados. Finalmente, para establecer la relacion,
multidimensionalmente, entre las variables socioecondmicas y ambientales y las hectareas
qguemadas vy el ratio hectareas/n2 de incendios, se emplearon dos modelos de regresion lineal

multiple.

El analisis de los resultados establece la existencia de una relacién entre los incendios ocurridos
en Galicia entre 2001 y 2015 y las variables socioecondmicas que representan la realidad de los
municipios gallegos. Estos permiten a las autoridades conocer en mayor medida las dinamicas de la

produccién de incendios y por ende adoptar medidas de prevencién, minimizacién y mitigacion.

2. Los incendios forestales

En primer lugar, es necesario conocer las dindmicas que caracterizan a los incendios forestales y
cudles son los aspectos fundamentales de estos. Ademas, existen diferentes dimensiones que
caracterizan a los incendios forestales, siendo de vital importancia para poder finalmente establecer

la relacion con los grupos humanos que estan dentro de las zonas afectadas.

Los incendios forestales y las dindmicas en su produccion

La concepcién de incendio forestal difiere en funcién del contexto de que se trate. Asi, desde el
punto de vista del manejo forestal, se hablaria de la propagacion libre y no programada del fuego
sobre la vegetacion silvestre (Rodriguez et al, 2010). Sin embargo, en ecologia, los incendios son un
disturbio (Rowe y Sheard, 1981); es decir, una pérdida de individuos o biomasa, que se produce de

forma repentina y eventual.

Desde el punto de vista ecoldgico, los incendios forestales provocan cambios globales que
afectan a la bidsfera y son la tercera causa en la pérdida y degradacién de grandes extensiones de
terrenos forestales. Son, ademds, una fuente significativa de las emisiones de gases de efecto
invernadero y la pérdida de millones de toneladas de carbono almacenado en los ecosistemas;
influyen en el cambio de las caracteristicas del suelo y la pérdida de biodiversidad; afectan al paisaje;
impactan en el habitat de la fauna y flora silvestre; e inciden en la disminucion de la capacidad de

retencion de agua pluvial (Moritz et al, 2014).

Sin embargo, el impacto de los incendios no siempre es negativo: el problema surge cuando su
recurrencia supera la capacidad de resistencia de los ecosistemas, y se alteran de manera
irreversible procesos naturales que sirven de base para la produccion de bienes y servicios

ambientales (Benitez-Badillo et al, 2010).
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Este es el caso de la region mediterranea en el sur de Europa: en la actualidad, los incendios
forestales se producen con una frecuencia muy superior al régimen natural de incendios que ha
tenido lugar histéricamente. Esta modificacidn en la ocurrencia de incendios conlleva grandes
problemas, ya que los sistemas naturales se ven afectados y sus capacidades de regeneracién
natural también. Por ejemplo, en el caso del pino silvestre (Pinus sylvestris), la regeneracidn a partir
de los pifiones es insuficiente al igual que la regeneracion del corcho de los alcornoques (Quercus
suber) no llega al minimo para proteger el arbol (Ubeda y Francos, 2018). En las ultimas décadas,
ademas de los bienes naturales (vidas, paisajes y zonas protegidas con valor medioambiental), se
han visto también afectados bienes humanos (infraestructuras publicas y viviendas privadas) y

servicios medioambientales (calidad del aire y capacidad de retencion de didxido de carbono).

La mecanica de los incendios responde, fundamentalmente, a la concurrencia simultdnea de tres
elementos: oxigeno, combustible y la fuente de ignicion (Crompton et al, 2010). No obstante, existen
otras variables que resultan tan relevantes o mas, como el cambio en las condiciones
meteoroldgicas, la topografia y las actividades humanas en la zona (Birkmann, 2013). Esta ultima
variable, la actividad humana —y su capacidad de alterar los ecosistemas, como los usos del suelo,
agricultura y ganaderia, nuevas construcciones, etc.- influye notablemente en la magnitud de los
incendios, su capacidad destructiva y los efectos que pueden provocar en los sistemas circundantes

(Moritz et al, 2014).

Factores que afectan a los incendios forestales:

Lo que convierte un evento natural en desastre esta determinado por el territorio y la poblacion
gue se sitla en las zonas expuestas. Los incendios forestales son considerados desastres, siendo
especialmente importantes en la zona mediterranea del sur de Europa. Dentro de estas areas
afectadas, las caracteristicas sociales varian entre provincias, municipios, ciudades, clases, etc.
Delimitar los riesgos derivados de los desastres se antoja complicado debido a esa variabilidad. (Del
Moral y Pita, 2002). Por lo tanto, las dimensiones de una catdstrofe son multiples y pueden

clasificarse de la siguiente manera (Birkmann, 2013):
Dimension medioambiental:

Esta dimensidn esta relacionada con los efectos derivados de la destruccién medioambiental que
produce cambios en el entorno natural a diferentes escalas, como el deshielo, la destruccion de
barreras naturales en costas, emisién de gases, etc. (lyalomhe, 2011). Su analisis puede dividirse en

dos grandes bloques: el meteorolégico y el territorial (Birkmann, 2013)
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La dimensién meteoroldgica no depende del hombre, mas que a gran escala, por su intervencion
en el cambio climatico (lyalombe, 2011). La composicién de la vegetacidn, la humedad, la
temperatura, las precipitaciones, la composicion del terreno o el viento, estarian incluidas en este

apartado.

Los usos del territorio (construccién, practicas ganaderas, etc.) pueden alterar la composicion del
medio natural. Sin embargo, aunque este sea un recurso importante para las personas, es a la vez el

origen de los procesos naturales que pueden causar un desastre (Molina et al, 2017).
Dimension socioeconémica:

Por una parte, en la vertiente mads social de esta dimensién, se tratan los aspectos de justicia,
diferencias sociales y organizacidn social, asi como fortalezas individuales. En algunos estudios se
tienen también en cuenta problemas como pobreza, marginalizacidn social, demografia (grupos de
edad vulnerables), educacién, salud y bienestar, migraciones y percepcién del riesgo (Donner y
Rodriguez, 2008). Los factores que determinan esta dimensién dependen de condiciones especificas
y procesos de desarrollo muy diferentes en funcidn del pais o regidn analizado, asi como del tipo de

peligro a encarar (Bergstrand et al, 2015).

Los aspectos de indole mas econémica se refieren a la ocupacién, ingresos, efectos econémicos,
consumo, propiedades inmobiliarias y ahorros (Ashe et al, 2009). En esta dimensidn se pueden
introducir también cuestiones de habitabilidad y vivienda. Asimismo, se tiene en cuenta el medio de
subsistencia de ciertos habitantes, que puede ser muy relevante en aquellos casos basados en un
solo sector, especialmente el sector primario (agricultura, pesca, etc) por su clara conexion con el

medio natural (Elliott y Pais, 2010).

El papel de los grupos humanos en la produccion de incendios

Los grupos sociales con ciertas caracteristicas propias de vulnerabilidad social son los que mayor
riesgo presentan de sufrir los efectos de una catastrofe (Cirella et al, 2016). Las caracteristicas
socioecondmicas de una persona (clase, grupo étnico de pertenencia, sexo o nivel de pobreza) o
grupo de personas (desigualdades en la estructura social o econdmica) influyen en su capacidad de
anticipar, enfrentar, resistir y recuperarse del impacto de un desastre natural (Wisner et al, 2004;
Morrow, 1999). Las personas en situacion de vulnerabilidad presentan una mayor tendencia a

encontrarse ante escenarios en los que se empeoren sus circunstancias adversas (Fogel, 2017).

Por otra parte, dentro de un desastre natural, como los incendios forestales, entran en juego
ciertos procesos sociales, econdmicos y politicos; por este motivo, las actuaciones preventivas deben

poner el énfasis en las caracteristicas de las personas. Esto refuerza la idea de estudiar las
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particularidades de las poblaciones en el andlisis de riesgo de incendios forestales y no solo fijarse en
los efectos post catastrofe (Alonso, 2002). Estas variables socioecondmicas son muy importantes
para determinar y predecir la ocurrencia y efectos de los incendios forestales, teniendo en cuenta
que la recuperacién serd muy diferente dependiendo del colectivo vulnerable al que dicho desastre

afecte (Paveglio et al, 2016).

Pero ¢ Qué papel juega la sociedad en los incendios forestales? La capacidad de respuesta de los
ciudadanos ante una emergencia depende en gran medida de la concepcidn que estos tengan del
riesgo. Esto incide también en el apoyo a las politicas de gestion forestal y a las acciones llevadas a
cabo por los servicios de emergencia. No obstante, aunque, en general los incendios forestales son
comunmente percibidos como un elemento catastréfico y aleatorio, en el dmbito micro, existen dos

visiones diferentes que pueden convivir en un mismo individuo (Ballart et al, 2016):

e Elincendio visto como una amenaza a combatir: Esta vision aparece en zonas donde existe
una relacién intensa entre medio urbano y medio natural. En estos casos la percepcion es negativa
ya que existe una idea de peligro asociada a los incendios y ademds se tienen en cuenta efectos

desfavorables como pérdida de calidad de terrenos, de vegetacién, de paisajes forestales, etc.

e El fuego como herramienta de gestion territorial: Esta percepcién es mas habitual en zonas
de montafia y territorios rurales con presencia de sector agricola y ganadero. Esta visién puede
conllevar a la expansidn de conatos (fuego incipiente), pudiendo provocar incendios forestales de

mayor intensidad y extensidn.

Los factores humanos como causa de los incendios forestales son muy relevantes dentro de la
Europa mediterranea y en concreto, en Espafia (Martinez-Fernandez et al, 2013). Uno de los rasgos
mas importantes es su aleatoriedad. Por ello, se antoja tan complicado predecir el comportamiento

de un incendio, asi como dénde y cuando dara comienzo (Paveglio et al, 2018).

Los cambios en la climatologia que se estan produciendo actualmente, asi como los cambios en
los usos del territorio, son aspectos desfavorables de cara a la reduccion del riesgo de incendios
forestales en Espafia, ya que influyen en la ocurrencia y en la intensidad. Se prevé un aumento de
episodios que superen las capacidades de los dispositivos de extincidn, convirtiéndose en situaciones

de emergencia nacional (Moreno, 2014).

Aungque de los incendios se derivan en algunos casos consecuencias favorables para la
biodiversidad y las caracteristicas ecoldgicas de un espacio, a la larga acaban produciéndose grandes
costes econdmicos y sociales (Crompton et al, 2010). Dichos costes han aumentado

considerablemente en los ultimos afos en las zonas intermedias entre lo urbano y lo forestal
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(Bouillon et al, 2014). Estudios recientes demuestran una correlacién positiva entre los gastos
realizados en prevencion de incendios y la presencia de terrenos privados y edificables (Stein et al,
2013). En el caso del norte de Espafia el tipo de terreno es predominante des el minifundio. En
concreto destaca la comunidad auténoma de Galicia, una de las regiones de Europa con mayor

numero de incendios forestales.

Sin embargo, no es esta la Unica caracteristica socioecondmica negativa que esta presente en

Galicia. Por ello, se hace necesario indagar en la realidad que caracteriza a esta region.

3. Losincendios forestales en Espafia: El caso de Galicia

Galicia es la region mas al noroeste de la peninsula Ibérica, un territorio de un poco mas de
29000 Km2, que presenta un alto porcentaje de monte y bosque, aproximadamente un 69%
(Loureiro y Barreal, 2015), la mayor parte abandonado y lleno de maleza. Galicia cuenta con una de
las mas extensas superficies forestales desaprovechadas, hasta un 30 % de su territorio . De los algo
mas de dos millones de hectdreas de monte, hay 600.000 que no se encuentran arboladas, lo que
quiere decir que una gran parte del territorio forestal estd infrautilizado para usos industriales. Este
porcentaje es mas del doble que el estimado en paises como Finlandia o Austria, y también muy

superior al de Suecia o Estados Unidos.

Galicia ha sido la comunidad auténoma espafiola mas afectada por los incendios forestales desde
comienzos del siglo XXI (Loureiro y Barreal, 2015). Ademas, los ultimos informes demuestran que las
temporadas de incendios se estdn alargando y que, dentro de Europa, el norte de Espaia y Portugal,

son las areas mas criticas. (San-Miguel-Ayanz et al, 2017).

Los incendios forestales se reconocen como uno de los problemas ambientales mas importantes
dentro de Galicia (Balsa y Hermosilla, 2013). Suponen un impacto de gran envergadura para el sector
econdmico y provocan grandes riesgos para las personas y ecosistemas, todo ello unido al gasto

publico que suponen (Hernandez, 2016).

Segun los estudios especializados (Barreal et al, 2011), los incendios forestales en Galicia estan
directamente relacionados con una mezcla entre factores naturales o medioambientales y factores
socioecondmicos. Dichos factores se pueden considerar bien conocidos y predecibles (Cardil et al,
2013), pero superan normalmente las capacidades de los medios de extincidn. Los analizamos por

separado a continuacion.

Factores medioambientales

Variables meteoroldgicas
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La produccidn vegetal que caracteriza el territorio gallego confiere a las zonas rurales y zonas
cercanas a nucleos urbanos una gran capacidad de regeneracién de especies arbustivas. Esto es
debido a sus caracteristicas edafolégicas y climatoldgicas. Ante altas temperaturas, bajo grado de
humedad y velocidad del viento elevada, este combustible tiene un grado de peligrosidad alto en los
gue a incendios forestales se refiere. Ademads, la velocidad de propagacién es mas elevada, viéndose
favorecidas las reproducciones de focos iniciales y un avance muy rapido para la extincion directa

(Ponte y Bandin, 2008).

Las variables medioambientales extremas son importantes en la ocurrencia de incendios
forestales: la humedad relativa, la temperatura maxima y la velocidad del viento, suponen, en
circunstancias especiales, un factor agravante de las consecuencias catastréficas de los incendios
(Rodriguez y Ramil-Rego, 2007; Martinez-Fernandez et al, 2013). Los informes elaborados por
Meteogalicia reflejan un aumento de los dias calurosos en primavera (1,5 dias por década) y en
verano (2,5 dias por década), y un aumento también de las noches célidas en otofio. Todo ello
conlleva un aumento de las olas de calor, que influye directamente en los incendios forestales,
incrementando tanto la ocurrencia de estos eventos como la capacidad destructiva de los mismos.
En resumen, se da un mayor horizonte temporal de ocurrencia, donde la época de peligro es mas
larga, incrementdndose el riesgo al que se ven sometidos todos los elementos del territorio

(Gongalves et al, 2012).

El aumento de las precipitaciones cuando el suelo esta desprotegido conlleva grandes pérdidas.
Si no existe vegetacion, debido a un incendio forestal, la erosién en las épocas de lluvias es mayor lo
gue podria conducir a un empobrecimiento de los suelos por lavado de los nutrientes, pérdida de
biodiversidad y disminucion de la productividad. Aparte de tener otros riesgos asociados como

inundaciones y deslizamientos de tierra (Goncalves et al, 2012).
Variables territoriales

Adicionalmente a los factores ambientales que se han descrito en parrafos anteriores, los usos
del territorio en Galicia influyen también en la produccién de incendios. En esta regidn, los terrenos
son de tenencia mayormente privada (97,2%). Dentro de estos terrenos privados el 32,7% es monte
vecinal o en mancomunidad. El resto de las tierras se enmarca en otro tipo de tenencia privada
indeterminada, encontrandose muchos de estos terrenos abandonados o descuidados (Sineiro,
2006). El nimero de propietarios forestales, segun el Plan Forestal de Galicia, esta por encima de los
650.000 y el tamafio medio de parcela es de 2-3 hectéreas; ello demuestra el importante

fraccionamiento de las propiedades forestales en Galicia (PLADIGA, 2018).
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El territorio gallego es complejo pues en él se combinan y alternan nucleos urbanos con
edificaciones aisladas. A su vez coexisten zonas muy dindmicas, desde el punto de vista demografico
y econdmico, con otras mas deprimidas. Pero incluso en estas Ultimas existen ciudades que acttan
como dinamizadores de la regién. Muchas casas de las zonas de conexidn entre medio urbanoy
medio forestal estan en alto de riesgo de incendio. Sin embargo, el potencial dafio econémico de
estos eventos es mayor en algunos sitios en comparacion con otros; esto es, la magnitud del daifo
depende no sélo de cuestiones de densidad de poblacién y distribucién de las viviendas sino de

factores como la meteorologia, los tipos de vegetacion, usos del territorio, etc., (Stein et al, 2013).

Por otra parte, las grandes superficies abandonadas por la agricultura y la falta de gestién de las
parcelas tienen en la produccidn forestal un nicho de mercado importante, al mismo tiempo que se
favorece la ordenacion del monte rural y la lucha contra la desertizacion. El desconocimiento de las
reglas mas elementales de la légica forestal y la falta de una educacién ambiental adecuada
producen un fuerte desajuste entre exigencias y comportamiento social (Vilarifio, 1998). La causa de
los incendios forestales en Galicia esta directamente relacionada con costumbres arcaicas en dreas
deprimidas o las negligencias en el uso del fuego como herramienta de gestion (Balsa y Hermosilla,
2013). Existe una gran ignorancia respecto a este tipo de catastrofes, una ausencia de conciencia y
cultura forestal y, obviamente, intereses econémicos asociados a los usos agricolas y ganaderos que
estan directamente enfrentados a los terrenos forestales y su gestion (COSE, 2015). A largo plazo,
estos desajustes producen un aumento de los incendios forestales y sus capacidades destructivas,

produciendo una mayor degradacidon de las zonas naturales (Vilarifio, 1998).

Factores socioecondmicos

Variables sociales

El despoblamiento rural es uno de los grandes problemas a los que se enfrenta Espafia y en
concreto Galicia, considerdndose un fenémeno demografico y territorial. De hecho, Galicia ha
perdido con respecto a 2008 un 9,2 % de su poblacidn rural. No obstante, la caida en términos
absolutos del nimero de habitantes puede ser resultado de un crecimiento vegetativo negativo.

(CES, 2018)

Pero hay otros puntos criticos que se relacionan con la desertizacion demografica del medio
rural, como son el envejecimiento poblacional o una densidad de poblacion tan baja que no permite
el desarrollo econdmico. Asimismo, en este contexto, pueden existir desequilibrios en las estructuras

de edad y género bastante acusados (Balsa y Hermosilla 2013).
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La masculinizacidn rural se produce en las edades jévenes, debido a una emigracién
predominantemente femenina que viene motivada por la falta de igualdad laboral respecto al
trabajo productivo y reproductivo y que termina derivando en un mayor nivel educativo y la

busqueda de oportunidades laborales asociadas a medios urbanos (Ballart et al, 2016).

La baja densidad presenta una serie de problemas asociados comunes, como son envejecimiento,
aislamiento geografico, falta de integracion territorial con otras zonas contiguas, malas conexién y
dificultad en el transporte, ausencia de servicios sociales adecuados, menores dotaciones de capital
humano y oportunidades de empleo. Todo ello conduce inevitablemente a un declive econdmico
(Bergstrand et al, 2015), aunque también produce impactos medioambientales (Balsa y Hermosilla,

2013).

El abandono de los usos tradicionales ganaderos y agricolas supone un factor de riesgo para la
conservacién del medio natural. Esto es debido a que se producen transformaciones paisajisticas sin
control del territorio forestal asociado al medio rural. En muchos casos, estos territorios se

corresponden con parcelas particulares privadas (Wigtil et al, 2016).

La caida de la ganaderia extensiva en Espaia (un 30% entre 2004 y 2015) es un factor agravante
en la produccién de incendios forestales (CES, 2018): La ganaderia extensiva repercute sobre el
paisaje forestal, favoreciendo los mosaicos y la reduccion del combustible en los montes de Galicia

(Rigueiro et al, 2002).

En resumen, el progresivo abandono de las zonas rurales se puede considerar negativo a medio
plazo. Esto se debe a los efectos sobre el medio ambiente como son la pérdida de sueloy la
exposicién de grandes superficies a fendmenos erosivos (Loureiro y Barreal 2015). Ademas, se
produce una falta de gestidn de terrenos forestales que, unido a los usos tradicionales de del fuego

por parte de los ganaderos y agricultores, aumentan el riesgo de incendios (CES, 2018).
Variables econémicas

Desde comienzos del siglo XXI, Galicia ha experimentado dos periodos diferenciados, sinérgicos a

la situaciéon de la economia espafiola:

e Enel periodo 2000-2008 se produjo un incremento importante de la renta per capita
industrial, favoreciendo el impulso de la industria en Galicia. Gracias a esto, otros sectores
productivos diferentes de la agricultura se han desarrollado notablemente, especialmente el de los
servicios. Todo ello se traduce en un incremento de la renta per capita y del consumo real por

habitante, con el consiguiente ascenso del PIB (Guisan y Aguayo, 2009).
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e El periodo posterior, 2008-2015, se caracteriza por ser una fase de estancamiento. La crisis
iniciada en 2007 provocé la caida de diversos sectores productivos hasta el afio 2013, traduciéndose

en un descenso en la renta real por habitante y, por ende, del PIB (Guisan, 2017).

Esta disminucidn del PIB ha producido, a su vez, una reduccién del capital disponible para realizar
actividades en todos los sectores, siendo uno de ellos la lucha contra incendios forestales. En este
sentido, como indica Mufioz (2009), en materia de incendios forestales, se actla en lo urgente (la
extincion) y apenas quedan recursos para la prevencion. En este sentido, debido a la crisis acaecida
en Espafia, algunos ayuntamientos se han visto obligados a reducir la inversién en el avance de

nuevas politicas y medidas necesarias para la lucha contra incendios forestales (Guisan, 2017)

Unido también a las variables econdmicas, el ganado bovino ha sufrido, como antes hemos
explicado, una disminucién en toda Espafia, cuestién que ha afectado tanto al aspecto territorial -
reduccidn de las explotaciones ganaderas- como al aspecto econdmico -disminucion del nimero de

cabezas de ganado (Rigueiro et al, 2002).

Por otra parte, los aspectos sociales antes mencionados guardan estrecha relacion con las
variables econdémicas. Asi, el abandono del medio rural y el envejecimiento de la poblacién de estas
regiones han tenido como consecuencia la pérdida de valor de las parcelas consideradas rusticas, es
decir no urbanizables, destinadas a la explotacion agricola, ganadera, forestal o de caza (Varela et al,

2007).

4.  Metodologia

OBJETIVO DE LA INVESTIGACION
Como ya se ha mencionado anteriormente, los datos de las Ultimas décadas demuestran que,
dentro de Espafia, la comunidad Auténoma de Galicia es la que acapara la mayor parte da la

ocurrencia de incendios (Balsa y Hermosilla, 2013).

De todas las dimensiones que explican la produccién de incendios en Galicia, han sido las
variables medioambientales las mas profusamente tratadas en la literatura (Mufioz, 2009; Cardil et
al, 2013; Gongalves,2012). Sin embargo, los estudios que abordan las dimensiones social o

econdmica han sido mucho mas escasos (Wigtil, 2016; Paveglio,2016; Barreal et al,2011).

Concretamente, de Diego et al (2019) analizan la relacidn entre los aspectos socioeconémicos
relacionados con la vulnerabilidad social que reflejan la realidad de los municipios gallegos y el
numero de incendios forestales ocurridos entre 2001 y 2015. El presente articulo amplia este
espectro de andlisis, desde una doble perspectiva: en primer lugar, centra la atencién en otras dos

variables vinculadas a la ocurrencia de incendios como son las hectareas quemadas y el ratio
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hectareas /n? de incendios (medida esta ultima del grado de virulencia de los incendios); ademas,
afiade nuevas variables explicativas, relacionadas con los aspectos meteorolédgicos. Una relacién
entre las variables socioecondmicas y los incendios forestales permite centrar la atencién en
aquellas cuestiones clave para lograr una mayor incidencia en las actuaciones de minimizacién de su

produccién y/o prevencion de los mismos
Asi, el analisis que se va a realizar en este trabajo es el siguiente:

1. Estudiar la distribucién espacial de las areas recorridas por los incendios forestales (hectareas
guemadas y ratio hectareas/n2 de incendios) en Galicia. Se analizara, en primer lugar, el
comportamiento agregado temporalmente desde el 2001 al 2015 por municipio y, en segundo lugar,

el comportamiento desagregado por aifo, mediante un andlisis de tendencia

2. Establecer la relacidn entre las variables socioecondmicas y medioambientales seleccionadas
en referencia a los municipios gallegos y (1) las hectareas quemadas y (2) el ratio hectareas/n2 de

incendios ocurridos, desde 2001 a 2015.

FUENTES

Para poder realizar este analisis se necesita, un conjunto de datos de calidad correspondiente a
los incendios ocurridos en Galicia. Estudios previos establecen diversos horizontes temporales: entre
2001-2006 (Barreal et al, 2011), 2001-2009 (Barreal et al, 2012), 2006 (Balsa y Hermosilla, 2013) y
2001-2010 (Loureiro y Barreal, 2015). En este sentido, dado que existia informacion disponible, se
decidié ampliar el horizonte temporal de la investigacion, selecciondandose los datos actualizados
gue abarcan desde 2001 hasta 2015. Se establecié la unidad observacional a nivel municipal para
tener la mayor precision posible que permitiera mostrar las diferencias del territorio (Barreal et al,
2011) y por ser la minima unidad territorial de la que existe informacién socioeconémica precisa y

uniforme.

Como se ha mencionado con anterioridad (Birkmann, 2013), las variables se pueden agrupar en
dos grandes dimensiones: medioambiental y socioecondmica. La informacion sobre las variables
medioambientales se obtuvo a partir del Banco de Datos de la Naturaleza (BDN) y Meteogalicia . Por
lo que se refiere a las variables que componen la dimensién socioecondmica, estas se obtuvieron
directamente a partir de la informacién estadistica existente para cada uno de los municipios de la

region, a través del Instituto Galego de Estatistica (IGE) .

En la tabla 1 se describen las variables utilizadas para la elaboracién de los modelos, atendiendo a
la revisién de la literatura y la informacion disponible en las fuentes de datos resefiadas. Estas

variables se han estructurado segun las dimensiones antes descritas: meteoroldgica, territorial,
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social y econémica. Cada una de las variables utilizadas representa un agregado de los 15 afos, es
decir, primero se han realizado la media y mediana anual y posteriormente se ha calculado una
media agregada para este periodo de 15 afios. Por este motivo, algunos valores de variables que
deberian ser nimeros enteros (Ej: poblacién mayor de 64 afos) presentan decimales. Esta

informacién ha servido de base para realizar los posteriores analisis.

Tabla 3: Descripcion de las variables utilizadas, por municipio (media del periodo de 15 afios

analizado)

Dimension Variables Min. Max. Medi Desviaci Descripcion

a on Tipica

Media de la temperatura en
MediaTaEST 19,2 22,9 22,5 0,644 época estival, en grados
centigrados

Media de la humedad
MediaHaEST 62,4 80,1 66,7 3,82 relativa en época estival en
porcentaje

Meteorolégicas

Media de la velocidad del
MediaVoEST 3,52 7,51 4,60 0,359 viento en época estival en
metros/segundo

Numero de construcciones

individuales aisladas dividido
DisNucleos 0 116,0 4,81 11,17 entre el nimero de
aglomeraciones con menos de
diez construcciones

Ndmero de granjas

Ganaderias 0 5 1 1 ganaderas de vacuno

Territoriales

Hectareas rusticas (no
urbanizable, destinadas a la
explotacién agricola, ganadera,
HaRusticas 0,47 1,00 0,95 0,07 forestal o de caza)

76,91 5103 1932,8 4554,10 Numero de personas

Poblacién>64
oblacion>6 437 5 mayores de 64 afios

. Numero de personas por
Densidad ,03 64,61 1,44 4,26145 i P P
hectarea

indice de remplazo:
Cociente entre la poblacion de
60 a 64 afos y la poblacion de
15 a 19 afos. Mide la capacidad
para reemplazar a las personas
que se jubilan

I.Remplazo 0,72 5,85 1,79 0,68

Sociales

indice de masculinidad:
I.Masculinidad 0,83 1,29 0,96 0,058 Cociente entre el numero de
hombres y mujeres.

indice de estructura de
poblacién  activa:  cociente
19,43 entre la poblacién de 40 a 64
afios y la poblacién de 15 a 39
afios.

2 1 11
|.RecACT 72,40 77,3 8,78
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Relacion entre la poblacion
PoblacidnEXT 0 2,22 ,03 ,15 extranjera 'y .'a poblacién
total en porcentaje
Cociente entre el valor de
ValorCAT 0,08 9.23 1,03 0,87 las parc,elas en miles de euros y
el numero de personas
registradas en el Catastro.
" GanBov 4,85 2503 3050,2 4501,22 Numero de cabezas de
S 2,06 6 ganado vacuno.
€ 5915, 1877 10368, Renta bruta per capita.
g RBruHab 88 741 81 1722,46
e Cociente entre el saldo de la
deuda que los ayuntamientos
DeudaHab 0 0,81 0,19 0,17 han contraido con el banco en
euros y el numero de
habitantes.
PIB 2680, 7168 17609 616411,7 Producto interior bruto en
62 155,94 0,10 miles de euros.

Fuente: Elaboracidn propia, a partir del BDN

PROCESADO DE DATOS

Con la informacién que se ha obtenido y una vez ordenada la base de datos, se ha precedido a

realizar los pertinentes andlisis estadisticos. En concreto se realizaron tres analisis, descritos a

continuacion:

1. Para el analisis espacial y temporal de las hectareas quemadas y su correspondiente ratio

(hectareas /n2 de incendios) se ha llevado a cabo un analisis descriptivo de los principales

estadisticos de dichas variables, comparando el comportamiento por provincia, mediante un ANOVA

de un Factor, e identificando qué municipios han presentado los valores maximos y minimos para

dichas variables. Asimismo, se realizd un andlisis de la tendencia durante los quince afios de estudio.

2. Para determinar la relacion bidimensional entre las variables independientes y las dos

dependientes, se utilizaron las 314 observaciones correspondientes a cada uno de los municipios

con los 15 afios agregados. Habida cuenta de la falta de normalidad de las variables analizadas

(Kolmogorov-Smirnov, pvalor =0,000), en lugar de usar el coeficiente de correlacién de Pearson se

hizo uso del coeficiente de correlacién no paramétrico de Spearman.

3. Por ultimo, para establecer la relacién, multidimensionalmente, entre los aspectos

socioecondmicos y ambientales que reflejan la realidad de los municipios gallegos y las hectareas

guemadas y el ratio hectdreas/n? de incendios ocurridos desde 2001 a 2015, se emplearon dos

modelos de regresion lineal multiple, estimados por el método de minimos cuadrados ordinarios

(MCO). Para evitar recorridos muy grandes, asimetrias positivas o variaciones marginales no

constantes, haciendo asi los datos mas representativos y comparables, se efectuaron diferentes

transformaciones (logaritmos, ratios de variables, etc.).
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Los analisis estadisticos se hicieron con los programas estadisticos informaticos IBM SPSS

Statistics versidon 24 y GRETL. 2019.

5. Resultados
DISTRIBUCION ESPACIAL Y TEMPORAL DE LOS INCENDIOS FORESTALES EN GALICIA

Tal y como se ha resefiado en el apartado de metodologia, la unidad de observacién objeto de
analisis sera el municipio. Se analizan las hectareas quemadas y el ratio hectareas /n2 de incendios

para cada uno de los quince afios comprendidos entre el 2001 y el 2015.

En Galicia hay 314 municipios (concellos), siendo el municipio la administracidn basica mas
préxima al ciudadano. De ellos 93 pertenecen a la provincia de A Coruiia, 67 a la de Lugo, 92 a la de
Ourense, y 62 a Pontevedra. Con respecto al resto de los municipios de Espaiia, los gallegos son
grandes en extension y especialmente en poblacidn, pues sélo 32 (el 9,8%) tienen menos de 1.000
habitantes (conforme al censo del 2018). Consecuentemente, la densidad de poblacion de Galicia es

mayor que la media de Espaia, especialmente en la costa occidental (INE,2019) .

Centrando el estudio ya en los incendios ocurridos en los municipios gallegos, en la tabla 2
aparecen reflejados los estadisticos principales de las dos variables mencionadas, esto es, las

hectareas quemadas y del ratio hectareas/n? de incendios durante los quince afios sefialados.

Los incendios forestales en Galicia tienen una marcada estacionalidad. Entre los afios 2001 y 2015
se concentran en la época estival, teniendo un repunte entre los meses de febrero y abril, en los que
es habitual la limpieza de terrenos y la quema de rastrojo (Brafia, 2015). En este sentido, el nimero
medio de hectareas quemadas por municipio durante los quince afios analizados ha sido de 1.197,1,

con una mediana de 612,1 y una desviacion tipica de 1.553,9.

La localizacidn de los incendios en los 15 afios seleccionados también es bastante constante. La
provincia de Ourense es la mas afectada por los incendios forestales en donde se quema sobre todo
matorral frente a superficie arbolada (PLADIGA, 2018). El valor medio mas elevado en hectdreas
guemadas se produce en los municipios de la provincia de Ourense, con 1807,6, seguida por
Pontevedra, con una media 1.387,5, A Corufia, con 880,2 y Lugo, con 622,5. En concreto, los
municipios con mayor nimero de hectareas quemadas a lo largo de estos quince afios han sido
Manzaneda y Viana do Bolo, en Ourense, con 10.607,0 y 8.320,5 hectareas respectivamente,
seguidos por Cerdedo, en Pontevedra, con 8.206,2. En un intento de perfilar las causas de la
concentracién de incendios en un lugar u otro se observa que los lugares mas afectados poseen las
mayores extensiones de monte de toda Galicia; ademas, la mayor parte del terreno forestal esta

compuesta de montes de titularidad publica, algunos de ellos declarados de utilidad publica, y
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montes vecinales en mano comun (PLADIGA, 2018). Por otra parte, los municipios con menor
numero de hectdreas quemadas durante estos quince afios han sido Mugardos en A Corufia, con 3,3
hectdreas, Barreiros en Lugo, con 4,4, y Cabanas en Lugo con 4,3. Estos municipios tienen aspectos
en comun a destacar: en primer lugar, todos se encuentran en las provincias del norte de Galicia; en
segundo lugar, disponen de menos hectareas forestales en comparacién con los municipios mas
afectados; y por ultimo, en la provincia de Lugo es donde mds hectareas forestales gestionadas para

productos madereros hay (PLADIGA,2018).

No obstante, las pequefias diferencias biogeograficas que puedan existir entre todos los
municipios antes mencionados no son un aspecto clave a la hora de explicar las diferencias que
existen entre estos mismos municipios con respecto a los incendios forestales (Rodriguez y Ramil-

Rego, 2007).

Si se analiza la distribucidn de hectareas por nimero de incendios, se observa que el ratio medio
obtenido en Galicia durante los quince anos analizados ha sido de 4,3 hectdreas por incendio, con
una mediana de 2,8 y una desviacion tipica de 5,1. Los municipios de Ourense y Pontevedra son los
qgue presentan dicho ratio medio mas alto, con 4,7 y 4,6 respectivamente, seguidos por A Corufiay
Lugo con 4,0 y 3,8 respectivamente. El distrito de Verin-Viana es el nimero uno en Galicia en
hectareas quemadas y el Valdeorras-Trives estd casi siempre en segundo lugar, ambos en la
provincia de Ourense (IGE, 2013). El municipio donde el ratio alcanza un valor mas elevado a lo largo
de estos quince afios ha sido en Cerdedo (37,5), en Pontevedra, seguido por Ribeira de Piguin (32,3),
en Lugo, y A capela (30,2) en A Corufia. Por el contrario, los municipios donde menor ratio ha habido
durante estos quince afios han sido Cambados (0,15) en Pontevedra, Mugardos (0,15) en A Corufia y

Barreiros (0,18) en Lugo.

La tendencia de concentracién de los incendios forestales en el interior de Galicia se rompié en el
afio 2006. El fuego pasd de zonas rurales a las mas pobladas y del interior a la costa. El cambio de
situacion de los incendios y su proximidad a los centros de poblacidén colapsaron los servicios de
extincion provocando la alerta social y una imagen cadtica en Galicia (Barreal et al, 2012; Balsa-
Barreiro y Hermosilla, 2013). En este sentido, y con el objeto de determinar si el comportamiento
era el mismo entre las cuatro provincias, se ha efectuado un contraste de igualdad de medias (Anova
de un Factor) para las dos variables. Asi, se obtienen dos patrones de comportamiento diferente
para el nimero de incendios y las hectareas quemadas, estando por un lado las provincias de
Ourense y Pontevedra, con un comportamiento similar, sin diferencias significativas, y por otro las

otras dos provincias, A Coruia y Lugo, donde las hectdreas quemadas son significativamente
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inferiores a las provincias del sur. Sin embargo, no se encuentran diferencias significativas en cuanto

al ratio hectareas /n2 de incendios. Estos resultados (p-valor) se muestran en la tabla 2.

Tabla 4. Estadisticos y frecuencias mayores y menores de hectareas quemadas y ratio hectareas

/n2 incendios

Variabl Estadisti A Ponteved p-
es cos Total | Coruna Lugo Ourense |ra valor
1.19 0,00
Media 7,08 880,19 622,49 1.807,57 1.387,5 0
1.55 1.038,2
Hectare D.T. 3,93 7 892,8 2.053,29 1.580,42
as Median 612,
Quemadas |2 1 443,74 333,94 1.282,78 658,18
Minimo 3,37 3,37 4,46 8,53 16,71
10.6 4.430,0 5.813,8 10.607,0
Maximo | 07,0 7 6 1 8.206,2
Asimetri
a 2,53 1,59 3,52 2,10 1,77
Manzan
Carnota Quiroga | eda Cerdedo
(4.430,07) |(5.813,86) |(10.607,01) |(8.206,2)
Navia de Viana do Pazos de
Lousam |Suarna Bolo Borbén
Mayor e(3.918,33) | (2.589,45) |(8.320,55) |(5.287,12)
Muxia Cervant Cualedr Caiiiza, A
(3.621,15) |es(2.327,9) | 0(8.295,56) |(3.808,47)
Carballe
Mazaric Savifiao, | da de Ponte
0s 0] Valdeorras | Caldelas
(3.532,43) |(2.177,89) |(6.797,34) |(3.800,34)
Palas de
Negreir | Rei Laza Forcarei
a(3.504,23) [ (2.159,99) |(6.422,35) |(3.694,03)
Mugard Barreiro Beade Bueu
Municipi os (3,37) s (4,46) (8,53) (16,71)
oS Menor Mondariz-
Cabanas Alfoz Pontede | Balneario
(4,34) (8,28) va (18,93) (32,06)
Carifio Rabade Arnoia, Cambados
(8,08) (8,58) A (58,46) (34,22
Mifio Lourenz Leiro Ribadumi
(14,14) a(17,77) (93,44) a (34,99)
Illa de
Bergon Burela Rua, A|Arousa, A
do (15,5) (23,83) (103,31) (41,85)
. Media 4,28 3,99 3,83 4,71 4,58 0,63
Ratio 9
hectareas/n D.T. 5,07 5,18 4,97 3,21 6,97
¢ incendios Median
a 2,76 2,18 2,26 3,85 1,94
Minimo 0,15 0,15 0,18 0,20 0,15
37,4
Maximo |7 30,22 32,29 18,35 37,47
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Asimetri

3,05 3,07 3,63 1,62 2,63
Ribeira
Capela, |de Piquin Laza Cerdedo
A (30,22) (32,29) (18,35) (37,47)
Camarifi Quiroga Avidn Pazos de
as (26,7) (19,06) (14,86) Borbén (22,5)
Campo
Mayor Carnota Trabada Larouco | Lameiro
(21,2) (13,83) (13,99) (20,49)
Carballe
Navia de | da de
Padréon | Suarna Valdeorras Qia
(17,48) (13,56) (11,2) (19,28)
Cee Cervant Cualedr Pontecesu
(13,06) es (11,25) 0(10,46) res (17,63)
Municipi Mugard Barreiro Beade Cambados
os os (0,15) s (0,18) (0,2) (0,15)
Cabanas Rabade Leiro Bueu
(0,18) (0,26) (0,83) (0,17)
San
Menor Bergon Alfoz Amaro Vigo
do (0,22) (0,39) (0,92) (0,17)
Cambre Viveiro Pontede Nigran
(0,23) (0,44) va (0,95) (0,25)
Mifio Ribadeo Arnoia, Grove, O
(0,26) (0,55) A (1,03) (0,35)

Fuente: Elaboracién propia a través de datos del BDN

ANALISIS DE TENDENCIA

Galicia sigue siendo la comunidad autdnoma espafiola mas afectada por los incendios forestales

desde comienzos del siglo XX. La figura 1 ofrece una comparacién entre Galicia y Espafia con
respecto a las hectareas quemadas y virulencia, evidenciando el peso que tiene esta comunidad

dentro de estas catastrofes.

Figura 4: Relacion entre Galicia (G) y Espaiia sin Galicia (E-G). 2001-2015(15). Ha quemadas y

virulencia
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Fuente: Elaboracion propia a partir de los datos obtenidos del BDN.

Efectuado el correspondiente andlisis de tendencia para las hectdreas quemadas y el ratio de
ambas variables por municipio y por afio, desde el 2001 al 2015 (n=4710) en la tabla 3, se observa
una disminucidn significativa en las hectdreas quemadas; sin embargo, el ratio de virulencia no

ofrece una tendencia significativa.

Tabla 5: Analisis de tendencia Ha quemadas y Virulencia

2001-2015 Cte 10863,468 -103,649
afno -5,370*** 0,054
R? 0,007*** 0,000
2001-2006 Cte -89921,607 -4412,669
afo 44,948%** 2,205***
R? 0,047%x* 0,034***
Cte -2574,172 -647,956
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2007-2015 ano 1,302 0,324**

R2 0,000 0,002**

Fuente: Elaboracién propia a través de los datos del BDN

No obstante, se pueden identificar dos periodos claramente diferenciados: el primero va desde el
2001 hasta el 2006 y se caracteriza por que las hectareas quemadas medias por municipio aumentan
de forma significativa. En el segundo periodo no hay una tendencia significativa. Asi, desde el 2006
hasta el 2015, se produce una drastica disminucién de las hectareas medias quemadas por municipio
en los afios 2007 y 2008, para continuar con un repunte los afios siguientes hasta el 2011; en los
ultimos tres afios de este periodo se produce un descenso, pero en menor proporcién que lo
ocurrido en los afios 2007 y 2008. En definitiva, existe un aumento significativo en el primer periodo

y no significativo en el segundo.

Por su parte, si se observa el ratio separadamente en ambos periodos temporales, se ve una
tendencia creciente significativa en ambos periodos, al 1% y al 5% respectivamente, siendo los afios

mas virulentos, (donde mas hectareas quemadas ha habido por incendio) el 2006 y el 2011.

RELACION DE LAS CARACTERISTICAS AMBIENTALES, TERRITORIALES Y SOCIOECONOMICAS CON
LOS INCENDIOS FORESTALES

Para determinar la posible existencia de una relacién entre las variables que recogen las
diferentes dimensiones ya comentadas (ambientales, territoriales, sociales y econémicas) y las dos
variables consideradas, esto es, Hectdreas quemadas y ratio hectareas/n® de incendios se ha
estimado el coeficiente de correlaciéon de Spearman, cuyo valor y significatividad pueden observarse
en la Tabla 4. Asi, se observa una correlacidn significativa y positiva entre las hectdreas quemadas
con el indice de reemplazo, Hectareas Rusticas y el indice de estructura de poblacién activa; y
significativa y negativa con la Densidad, Proporcién de poblacién extranjera, Valor Catastral, Renta
Bruta per Cdpita, PIB y Nucleos diseminados. Esto pone de manifiesto que aquellos municipios
donde mayor es el indice de reemplazo, donde mayor nimero de hectdreas rusticas y donde mayor
indice de estructura de poblacién activa, mayor es el nimero de hectareas quemadas; y donde
mayor es la densidad, mayor proporcion de poblacidn extranjera, mayor valor catastral, mayor renta

bruta per capita, mayor PIB y mayor diseminacion menor es el numero de hectareas quemadas.

Por su parte, se observa una correlacién significativa positiva entre el ratio hectareas
quemadas/n?2 de incendios con las variables nimero de personas mayores de 64 afios, indice de
reemplazo, indice de estructura de poblacién activa y nimero de Hectdreas rusticas; y correlacién

significativa negativa con la Densidad, Proporcidn de poblacidn extranjera, Renta bruta per capita,
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PIB y nucleos diseminados. Por lo que, a mayor poblacién envejecida, mayor indice de reemplazo,
mayor estructura de poblacidn activa y mayor nimero de hectdreas rusticas mayor virulencia de los
incendios forestales, y a mayor proporcidn de poblacién extranjera, mayor renta bruta, mayor PIB y

mayor diseminacidon menor virulencia.

No se observa relacidn significativa con las variables climaticas, posiblemente debido al agregado

de 15 afios realizado, y consecuente falta de variabilidad en dichas variables.

Segun lo anterior, fruto de un analisis de dependencia bidimensional, parece que existe una
relacién significativa entre, al menos, alguna de las variables de las dimensiones territoriales,
sociales y econdmicas y las hectdreas quemadas, asi como también con la virulencia fruto de los
incendios forestales acaecidos en los municipios gallegos entre el afio 2001 y 2015. Por lo tanto, los
incendios forestales acaecidos en Galicia estdn vinculados o relacionados con variables de cardcter

socioecondmico.

No obstante, es bien sabido que en la ocurrencia de los incendios forestales suelen incidir varios
factores simultdneamente, presentando un marcado caracter multidimensional. Es por ello, por lo
gue en el siguiente apartado se va a tratar de explicar la ocurrencia de dichos incendios

considerando, ahora, conjuntamente las variables en las diferentes dimensiones ya comentadas.

MODELO DE REGRESION LINEAL MULTIPLE
La especificacion de los modelos para explicar la incidencia de las variables seleccionadas en las
diferentes dimensiones sobre las hectareas quemadas y el ratio hectareas /n2 de incendios o

virulencia en los municipios de Galicia entre 2001-2015 ha sido la siguiente:
(Hectareas quemadas); (ratio hectareas /n2 de incendios) =

Lo + PBiLln Poblacion>64 + [zLnDensidad + BsLnl.Remplazo +f+.Masculinidad +
L5 RecACT + LsLnPoblacionEXT + f7LnValorCAT + s LnGanBov + [9 LnRBruHab
+flnDeudaHab+F1:LnPIB+F12LnDisNucleos+[13L.nGanaderias+[f1+LnHaRusticas +
PisMediaTaEST+ fisMediaHaEST +[F1:MediaVoEST + £

Para determinar si existian diferencias segun las provincias se realizo el test de Chow (Fisher,
1970) para la region norte (A Coruiay Lugo (Norte)) y region sur (Ourense y Pontevedra (Sur)) y el
mismo test dentro de cada drea para comparar cada par de provincias. Asi, para la variable
Hectareas quemadas se observa un comportamiento diferenciado para las cuatro provincias, y para
el ratio hectareas /n? de incendios se observan diferencias estructurales entre el norte y el sur, y

dentro del sur entre las provincias de Pontevedra y Ourense, y no asi entre A Coruia y Lugo.
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El modelo se llevd a cabo, por lo tanto, para todos los municipios del territorio gallego (Total) y
posteriormente en los municipios de cada provincia por separado, en funcién de los resultados del

analisis estructural efectuado.

Por otra parte, para solucionar la cuestién de la heterocedasticidad que se presentaba en el
modelo se utilizaron desviaciones tipicas robustas. Asimismo, para contrarrestar los problemas
ocasionados por las variables con gran rango de variacidn y/o asimetria a la derecha, o los efectos
marginales no constantes fueron tomados logaritmos en los casos necesarios, como ya se ha

comentado con anterioridad.

En la tabla 4 se muestran los nueve modelos finales utilizados para explicar las dos variables
dependientes consideradas: dos modelos para todo el conjunto de municipios gallegos (Total, uno

por cada variable dependiente), cuatro para la variable hectareas quemadas (uno por cada una de

las cuatro provincias) y otros tres para la variable ratio (uno para el norte y otros dos para cada una

de las provincias del sur de Galicia).
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Variables Ha Quemadas PropHaIlNC
Rho de Pontevedr | Rho de
Spearman Total A Coruia Lugo Ourense a Spearman | Total Norte Ourense Pontevedra
Variable
Dimensiones Independiente b b b b b b b b b
const 34475,5 43163,1 -3008,16 25563,7 -20713,7 86,885 73,617 54,154 123,022
POBLACIONAL LnPoblacion>64 0,013 516,043 745,470* 1029,28** 731,580 -434,757 |-0,299** |0,435 0,825 -0,088 -5,855%*
LnDensidad -0,305%* -815,686*** -126,459 -794,095* -1407,82%** 167,303 -0,418% | -1,372 -1,268 -0,819 2,074
Lnl.Remplazo 0,196** —-3045,47*** -4627,59*** -2148,76 -3913,79* -4919,60* | 0,318** -9,728** | -17,064** | -3,219 -20,806
I.Masculinidad -0,012 9,535 -19,719 10,516 43,763 -83,078 0,042 -0,069 -0,000 -0,0560 -0,324
|.RecACT 0,191** 0,390 0,872 4,478 -0,036 31,131%** 0,317** 0,002 0,022 0,000 0,147
LnPoblacionEXT -0,214** -133,962 -90,473 -81,172 -148,923 -385,480 | -0,344** -0,801 -0,260 -0,790 -2,417*
ECONOMICA LnValorCAT -0,118* -195,784 -304,080* 264,563 -408,628* 742,252* | -0,068 0,567 -0,709 -0,837* | 4,122**
LnGanBov 0,045 -11,242 371,063 -50,909 268,228 104,331 -0,022 -0,690** | -0,056 0,417 -0,695
LnRBruHab -0,419** -2884,11*** -2311,25** 174,959 -1017,47 477,174 -0,403** -3,409 -3,234 -0,765 6,514
LnDeudaHab 0,027 -219,184 -371,887 1157,50 -748,519 113,281 -0,055 -0,388 -0,934 0,304 -1,146
LnPIB -0,095 389,200 -349,768 -120,204 472,919 550,867 -0,340** 0,084 -0,535 0,601 3,657
LnDisNucleos -0,247** -220,629*** -42,272 -90,990 -32,021 94,475 -0,208** -0,252 -0,385 -0,100 -0,330
TERRITORIAL InCerEdErEs -0,239** -781,133* | -0,345**
-331,411%** -1347,08** -594,550 -401,420 * -0,499 -3,242* -1,274* -2,169
LnHaRdUsticas 0,245%* 287,965 2637,15** -5048,10 2587,31* 839,736 0,323** 1,158 10,815* 6,142*** -0,978
METEOROLOGICA MediaTaEST 0,007 -90,686 -216,110 -3,165 -431,255 1108,77 | -0,006 -0,327 0,337 -1,132 -2,445
MediaHaEST -0,004 -23,037 -33,551 7,717 -60,110 293,342 0,008 0,017 0,216 -0,257** 0,0277
MediaVoEST 0,007 14,725 40,182 76,422 -377,927 -1788,39 | 0,018 0,379 0,453 0,0932576 | -6,071
R2 0,375 0,490 0,595 0,544 0,637 0,167 0,266 0,333 0,525
n 314 93 67 92 62 314 160 92 62

Contraste de Chow Norte/Sur

Chi-cuadrado (18) = 62,3332 con valor p 0,0000 forma F: F (18, 278) = 3,46295 con valor p 0,0000

Chi-cuadrado (18) = 32,8619 con valor p 0,0173 forma F: F (18,
278) =1,82566 con valor p 0,0223

Contraste de Chow Este/Oeste

Chi-cuadrado (18) = 65,0765 con valor p 0,0000forma F: F (18, 278) = 3,61536 con valor p 0,0000

Chi-cuadrado (18) = 37,8473 con valor p 0,0041 F (18, 278) =
2,10263 con valor p 0,0061

Contraste de Chow Norte (A Corufia-Lugo)

Chi-cuadrado (18) = 37,5733 con valor p 0,0044 forma F: F (18, 124) = 2,08741 con valor p 0,0098

Chi-cuadrado (18) = 22,1267 con valor p 0,2264 forma F: F (18,
124) =1,22926 con valor p 0,2484

Contraste de Chow Sur (Ourense-Pontevedra)

Chi-cuadrado (18) = 47,929 con valor p 0,0002 forma F: F (18, 118) = 2,66272 con valor p 0,0008

Chi-cuadrado (18) = 34,8025 con valor p 0,0100 forma F: F (18,
118) = 1,93347 con valor p 0,0192

Contraste de Chow Este (Ourense-Lugo)

Chi-cuadrado (18) = 39,4922 con valor p 0,0024 F (18, 123) = 2,19401 con valor p 0,0063

Chi-cuadrado (18) = 29,1174 con valor p 0,0470 F (18, 123) =
1,61763 con valor p 0,0655

Contraste de Chow Oeste (A Corufia-Pontevedra)

Chi-cuadrado (18) = 57,9621 con valor p 0,0000 F (18, 119) = 3,22012 con valor p 0,0001

Chi-cuadrado (18) = 25,5935 con valor p 0,1094 F (18, 119) =
1,42186 con valor p 0,1336

Tabla 6: Coeficiente de correlacién de Spearman, modelos de regresion lineal multiple Fuente:

Elaboracion propia
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La R2 que presentan los modelos se pueden considerar representativa ya que se logra una
capacidad predictiva alta de las variables dependientes en todos los modelos, oscilando entre el
16,7% para el modelo Total explicando la variable hectareas /n? incendios hasta el 63,8% en el
modelo para Pontevedra explicando las Hectareas quemadas. Por lo tanto, la incidencia de los
incendios forestales en Galicia tiene una alta relacién con las variables socioecondmicas y
territoriales que caracterizan a los municipios de esta comunidad, al resultar los modelos estimados

significativos conjuntamente.
Variable dependiente: Hectareas quemadas

En el modelo Total, las variables que resultan significativas al 1% son “densidad”, el “indice de
reemplazo”, la “renta bruta por habitante” y “nucleos diseminados”. Ninguna de las variables

climaticas resulta significativa.

Al no haber estabilidad estructural entre las cuatro provincias se ha realizado una estimacién del
modelo para cada una de las mismas. Asi, en A Corufia han resultado significativas al 1% el “indice de
reemplazo”, al 5%, la “renta bruta por habitante”, el “nimero de granjas ganaderas” y el “nimero
de hectdreas rusticas”, y al 10% la “poblacién mayor de 64 afios” y el “valor catastral”. En Lugo han
resultado significativas, al 5% la “poblacidn mayor de 64 afios” y al 10% la “densidad”. En Ourense

|ll

las variables significativas han sido, al 1%, la “densidad”, y al 10% el “indice de reemplazo”, el “valor

catastral” y el “nimero de hectdreas rusticas”. Y, finalmente, en Pontevedra, las variables

significativas resultantes al 5% han sido el “indice de estructura de poblacién activa” y “el nimero de

|ll

granjas ganaderas, y al 10% el “indice de reemplazo” y el “valor catastral”.

Variable dependiente: Ratio hectareas /n2 de incendios (virulencia)

Ill

En el modelo Total, las Unicas variables que resultan significativas al 5% son el “indice de

|ll

reemplazo” y el “nimero de cabezas de ganado bovino”.

|H

En el modelo Norte, la Unica variable que resulta significativa al 5% es el “indice de reemplazo”, y

Ill

al 10% el “numero de granjas ganaderas” y el “nimero de hectdreas rusticas”.

En el Sur, al no haber estabilidad estructural se han estimado dos modelos, uno por provincia. Asi
en Ourense, resulta significativa al 1%, el “ndmero de hectdreas rusticas”, al 5% la “humedad
relativa” y al 10% el “valor catastral” y “el nUmero de granjas ganaderas”. Por su parte en
Pontevedra, las variables significativas al 5% ha sido la “poblacién mayor de 64 afios” y el “valor

catastral”, y al 10% “la proporcién de poblacién extranjera”.
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Si nos fijamos en el signo que tienen los coeficientes (B), las relaciones, directa o inversa, con las
variables dependientes, esto es, “hectareas quemadas” o “ratio hectareas /n2 de incendios”

coinciden en todos los modelos para casi todas las variables y se explican de la siguiente manera:

e Llarelacién es inversa en el caso de la “densidad”,” indice de reemplazo” “la renta bruta por

|ll

habitante”, el “nimero de granjas ganaderas” y el “niUmero de cabezas de bovino”, lo que indica
gue, a menor valor de estas variables, mayor incidencia en las hectdreas quemadas o en el grado de
virulencia de los incendios medido a través del ratio hectareas /n2 de incendios hay. Asi, la mayor
densidad de poblacidn, el mayor indice de reemplazo, la mayor renta por habitante y el mayor
numero de ganaderias son factores de proteccién para los municipios ante la incidencia de los
incendios forestales. Con relacién a las variables meteorolégicas, la Unica que resulta significativa e

inversa es la humedad relativa, en Ourense; ello supone una mayor incidencia de incendios cuanto

menor sea la humedad, como es ldgico.

e Larelacidén es directa para las “hectareas rusticas”, esto es, a mayor cantidad de hectareas
rusticas mayor incidencia de los incendios forestales, actuando claramente como un factor de riesgo
para este fendmeno. También se detecta una relacidn directa en el caso del “indice de estructura de
poblacién activa”, lo que indica que cuanto mayor es este indice, esto es, mayor porcentaje de
personas mayores en edad de trabajar respecto al porcentaje de jovenes, mayor incidencia en la
ocurrencia de incendios, lo que puede estar vinculado, a un mayor envejecimiento de la poblacién.
mayor numero de personas de mayor edad hay, esto a la larga favorece el envejecimiento por la
falta de jovenes. Esto esta relacionado con los incendios a través de la variable de poblacion mayor

de 64 afios, que ha resultado ser significativa.

e  Elresto de las variables presentan una relaciéon o bien directa o inversa dependiendo del
modelo especificado. Asi, la “poblacion mayor de 64 afios” tiene un impacto directo en las hectareas
guemadas en A Coruia y Lugo, mientras que es inverso sobre la virulencia de los incendios en la
provincia de Pontevedra. El “Valor Catastral” presenta un impacto negativo sobre las hectareas
guemadas en A Coruia y Ourense y positivo en Pontevedra, y negativo también sobre la virulencia
en Ourense y positivo en Pontevedra. En el caso concreto del valor catastral, un menor valor implica
gue las parcelas tengan un menor valor, y por lo tanto se descuiden las labores de gestion y cuidado,

favoreciendo las Ha quemadas y/o la virulencia cuando tiene lugar algln incendios forestales.

e Por su parte la “proporcion de extranjeros” presenta un signo negativo y significativo sdélo
cuando se trata de explicar la virulencia de los incendios y sélo en Pontevedra, lo que implicaria que,
a mayor porcentaje de extranjeros, menor virulencia de los incendios en los municipios gallegos. En

todo caso, debe resefiarse que el porcentaje de extranjeros en Galicia es bajo, supone, a fecha del
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afio 2019, el 3,7% de la poblacidn (INE, 2019). Ademas, entre los afios 2019 al 2017, el nimero de
ayuntamientos gallegos cuya poblacion extranjera supera el 5% del total se ha desplomado casi a la

mitad, pasando de los 36 que habia en 2010 a los 20 de finales de 2017 (La opinién, 2018) .

Con los datos obtenidos se puede observar primeramente una clara diferencia entre el Norte y el
Sur en general y entre las provincias en particular. Por lo tanto, los requerimientos para mitigar los
efectos de las variables socioecondmicas sobre las caracteristicas de los incendios son diferentes

dependiendo de donde nos situemos.

Dentro de las variables poblacionales y sociales destaca el envejecimiento de la poblacién como
causa de aumento de las hectdreas quemadas y la virulencia. También destaca la densidad: donde
esta es menor, se producen mas incendios debido a un abandono del territorio. Las dos variables en
conjunto reflejan que zonas deprimidas, con indices que envejecimiento alto, presentan mas
hectdreas quemadas y virulencia. Ademas, se produce una reduccién del valor catastral que conlleva

un abandono de los terrenos, lo cual de nuevo favorece el nimero de incendios.

En referencia a los datos climaticos la explicacidon de que no exista una relacidn entre estas
variables y el nimero de incendios y las hectareas quemadas puede deberse al hecho de que las
variables se han obtenido a través de la media anual de cada distrito forestal y luego se ha realizado
la media para los 15 afios que representa el abanico temporal del estudio. Al realizar este calculo
estas medias tienden a igualarse y no se pueden observar los casos extremos que son los que
verdaderamente pueden influir en la ocurrencia de incendios forestales y afectar en las
caracteristicas de estos, por una clara carencia de variabilidad de las variables de estas

caracteristicas.

6. Discusion y conclusiones

En este trabajo se analizan las dindmicas de la produccion de incendios forestales en los
municipios de Galicia, entre 2001 y 2015, y su posible vinculacién con factores de indole
fundamentalmente socioecondmica. De esta manera, se pretende contribuir al mayor conocimiento
de aquellos factores anteriores a la produccién de un incendio, que han sido mucho menos

abordados en una literatura cientifica centrada en el andlisis de la extincidn y sus consecuencias.

No obstante, algunos estudios anteriores que tratan sobre incendios forestales y variables
socioecondmicas en Galicia establecen una relacién entre estos dos conceptos (Barreal et al, 2011,
Balsa y Hermosilla, 2013 y Loureiro y Barreal, 2015). En este trabajo también se ha podido
comprobar que las distintas variables socioeconémicas seleccionadas son importantes a la hora de

determinar tanto las hectareas quemadas como la virulencia de los incendios. Uno de los principales
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hallazgos de la presente investigacion es que los efectos son distintos dependiendo de la zona de
Galicia a la que nos refiramos. Asi, a través de la prueba de Chow, se constaté la presencia de un
cambio estructural en el analisis de los datos. Se realizaron varios modelos para diferentes zonas de
la Comunidad, sin la necesidad de usar variables ficticias como se ha hecho en otros estudios

(Barreal et al, 2011 y Barreal et al, 2012).

Las variables climaticas, en cambio, no han sido tan determinantes. Esto se ha debido a la que la
media de dichas variables agregada en quince afios tiende a igualarse y por tanto no se pueden
comprobar los efectos de los casos extremos en grandes incendios forestales (Rodriguez y Ramil-

Rego, 2007; Martinez-Fernandez et al, 2013).

El hecho de que exista relacién entre las variables socioecondmicas relacionadas con la
vulnerabilidad social y los incendios forestales permite centrar la atencién en aquellas cuestiones
clave para lograr una mayor incidencia en las actuaciones de minimizacion de su produccion y/o

prevencion de los mismos.

Asi, el abandono progresivo del medio rural es uno de los principales problemas que favorecen
los incendios forestales (Wigtil et al, 2016, Varela et al, 2007 y Rigueiro et al, 2002). A su vez, este
lleva asociadas cuestiones sociales (envejecimiento, baja densidad, etc) y cuestiones econdmicas
(baja renta bruta por habitante, bajo valor catastral, etc.). Es, por ello, importante tomar medidas
destinadas, por ejemplo, a mejorar las condiciones de trabajo femenino en el medio rural,
reduciendo asi el indice de masculinidad, aumentando la densidad de poblacién y disminuyendo el
envejecimiento a medio-largo plazo; todas ellas variables que cémo se ha visto en los modelos

anteriores, impactaban sobre los incendios forestales.

Otro aspecto relevante es la falta de gestion del territorio forestal, que lleva asociados la pérdida
de valor del monte y el aumento de combustible, con el consecuente incremento del riesgo de
incendios (Vilarifio,1998). Una manera de contrarrestar este efecto adverso es revalorizar el
territorio forestal, lo cual produce un aumento del valor catastral, minimizando la produccién y/o el
impacto de los incendios (ya sea en nimero de hectareas quemadas o en su virulencia). De cara a
alcanzar esta revalorizacién, seria necesario aumentar las inversiones en estas explotaciones
buscando ademas sinergias con otras medidas, como por ejemplo la creacién de sistemas de
mosaicos agroforestales (Martinez-Fernandez et al, 2013). Todo ello conllevaria una mejora de la
calidad de vida en las zonas rurales, incidiendo finalmente en variables como la densidad de
poblacién y la renta por habitante. Otorgando valor al bosque se cambia la percepcidn que se tiene
de los medios forestales y por tanto se pueden reducir los incendios. Hay que tener en cuenta que el

monte gallego es un recurso para la obtencién de materias primas y también un espacio de suma
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importancia dentro del sector del turismo (Balsa-Barreiro y Hermosilla,2013), esto es, el monte tiene
un valor intrinseco. Por esta razon, si la poblacién local tomara conciencia de esta realidad, se

lograria el objetivo de mantener y conservar estos territorios forestales.

Asimismo, la manera mas eficiente de mantener las funciones econdmicas, sociales y ambientales
de una zona es tomar medidas antes de la ocurrencia de un evento catastrofico (Birkmann, 2013):
aumentar el gasto en prevencién y disefiar estrategias para ello se convierte en una prioridad. Por
ejemplo, en lo que respecta a los modelos desarrollados en este articulo, estas medidas pasarian por
la gestion de las zonas de interfaz urbano forestal, relacionadas con variables como la proporcion

diseminados/nucleos y el PIB.

Los trabajos que se llevan a cabo en materia de prevencién son competencia de las instituciones
publicas, concretamente de la Administracion Central del estado. No obstante, estas competencias
estdn transferidas a las Comunidades Auténomas. Por este motivo, para mejorar la gestién de los
riesgos naturales y en concreto de los incendios forestales, resulta necesario implicar a las entidades
locales, primeras conocedoras de la realidad socioecondmica que afecta a cada uno de sus
municipios (Loureiro y Barreal, 2015). Esto resulta complicado a corto plazo, pero una mayor
incidencia en la mejora de la calidad de vida en el medio rural previsiblemente modificaria de
manera positiva estas variables de cara a su relacidn con los incendios forestales. Se detecta la
necesidad de establecer modelos de desarrollo sostenible donde se tengan en cuenta los aspectos

sociales que destacan como una causa de los incendios forestales.

Los cambios propuestos deben potenciarse a medio-largo plazo, donde se promueva un
intercambio entre las diferentes estructuras poblaciones y a la vez se pueda incidir en ciertos
comportamientos tradicionales dafiinos, asociados a sociedades envejecidas (Balsa-Barreiro y
Hermosilla,2013). Ello permitiria mejorar los indices de recambio de poblacién activa y la estructura

demografica.

La relevancia de los resultados que establecen una relacidn entre las variables socioeconémicas
relacionadas con la vulnerabilidad social y hectdreas quemadas y virulencia debe ser tomada en
consideracion por los decisores técnicos y politicos. No solo es necesario actuar sobre las cuestiones
climaticas, medioambientales y naturales a la hora de disminuir el riesgo; hay que incidir en todos
los aspectos que tienen influencia. Se deben elaborar estrategias de medio-largo plazo que sean
complementarias a las labores de prevencién, donde se mitiguen los impactos adversos de algunas
variables socioeconémicas (como abandono rural, renta baja o envejecimiento). Las investigaciones

demuestran esta relacién reflejando, por tanto, un problema presente en la sociedad.
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Como se ha venido demostrando en este articulo, uno de los grandes desafios es establecer la
unién entre todos los factores que intervienen en un incendio forestal, desde la prevencién hasta la
extincion, entendiendo su comportamiento y minimizando sus efectos. En definitiva, este trabajo ha
permitido probar la influencia de las variables socioecondmicas en las hectdreas quemadas y en la
virulencia de los incendios forestales en Galicia. Sus conclusiones permiten sugerir que, trabajando
sobre estas cuestiones, se puede generar un cambio en los efectos destructivos de los incendios de

origen antropico.
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Capitulo 3

The effect of socio-economic variables related to social vulnerability on the wildfires in

Galicia (Spain). A panel data analysis.

Abstract. This paper studies the effect of the socio-economic variables related to social
vulnerability on wildfire characteristics (ignitions, hectares burned, and intensity) in Galicia, Spain.
Our final aim is to identify those variables that are relevant to the starting of wildfires that can help
improve the prevention of wildfires. Panel data of 15 years (2001-2015) of the municipalities of
Galicia was used in this study. The results show that vulnerability-related socio-economic factors
affect the number of wildfires and the extent of the destruction they cause. Indeed, the progressive
abandonment of rural areas is one of the most important problems that increase the occurrence of
wildfires. This abandonment is connected to population factors such as aging or low density of
population, economic factors such as the decrease in or low cadastral value, and territorial factors
such as the decrease in rustic hectares and ranches. We conclude that prevention focused on areas

prone to wildfires could be enhanced taking into account these variables.

Keywords: Forest fires, wildfires, socio-economic variables, vulnerability, panel data, Galicia,

Spain.

Introduction

Vulnerability is a construct that depends on multiple variables and differs over territory and time.
For the purposes of this article, it is defined as the capacity of a person or group to avoid or
anticipate, cope with, resist and recover from the impact of a natural hazard (Wisner, 2016). The
vulnerability level and the capacity of people to face the risk depend on different social, economic,

political, and cultural factors (Alexander, 2013).

A hazardous natural phenomenon (e.g. wildfires) that affects a defined place in a specific time is
only considered a natural disaster as far as human population is involved (Alcantara-Ayala, 2002;
Birkmann, 2013). In fact, the importance of a disaster is measured by the damage it causes to a
population (Del Moral and Pita, 2002). In this respect, scholars have commonly analyzed how, when
a natural disaster occurs, the most vulnerable people or communities suffer the greatest impact and
its consequences (Birkmann, 2013). However, it has been much less studied whether the greater or

lesser vulnerability of a community can influence the characteristics of certain disasters.
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To investigate this question, we are going to follow Faas developments (2016). This author
defines an overall place vulnerability that arises from the interaction of social and biophysical
characteristics. Vulnerability affects the occurrence of a disaster, which, in turn, impacts social
vulnerability. Therefore, it is important to differentiate pre-disaster vulnerability from post-disaster
vulnerability (Faas, 2016; Wisner, 2016). Post-disaster vulnerability is defined by the characteristics
of the population after being affected by a certain disaster. Pre-disaster vulnerability is defined by
those variables related to economy, demography, and territory that are consequence of a previous

socioeconomic situation.

Moving on to the wildfires issue, it must be taken into account that most wildfires are caused by
human activity and meteorological variables together (Vaiciulyte et al., 2019; Ballart et al., 2016,
Amatulli et all, 2007). So, socio-economic variables such as the structure and density of the
population, income per capita, or GDP, in a territory affected by wildfires, become as important as
meteorological variables (Padilla and Vega-Garcia, 2011; de Diego et al., 2020; Faas, 2016).
Furthermore, an unfavorable socio-economic situation in such territories (represented by rural
abandonment, non-management of the territory, low investment, etc.) could reduce the effectivity
of local and regional authorities’ prevention efforts, (Guisdn and Aguayo, 2009; Guisan, 2017,
Loureiro and Barreal, 2015). In sum, a population and its socio-economic characteristics (like
poverty, aging rural abandonment, lacking resources, etc) become paramount factors to be

considered for risk management (McCaffrey et al., 2013).

Additionally, it should be highlighted that knowing the characteristics that affect the occurrence
of wildfires, their extent, and intensity turns out to be very useful in preventing the occurrence of

wildfires in the future (Murphy, 2005).

Spain is one of the European countries most affected by forest fires; concretely, the Autonomous
Community of Galicia (the north-west Spanish region) recorded most of forest fires occurred in the
country in the last few decades (Loureiro and Barreal, 2015, de Diego et al., 2020). The vast majority
of scholars have analyzed the influence of meteorological and territorial variables in the region’s
wildfire production (Prestemon, 2013; Molina et al., 2019); only a few works have paid attention to
the relation between wildfires and socio-economic variables (Balsa and Hermosilla, 2013; Loureiro
and Barreal, 2015; Barreal et al., 2012); research on socio-economic variables connected to the pre-

disaster social vulnerability is practically nonexistent (Prestemon et al., 2013).

Thus, the objective of this paper is to study the effect of the socio-economic variables related to
social vulnerability on the characteristics of wildfires (ignitions, hectares burned, and intensity) over

time in Galicia, Spain. For this purpose, we have used the panel data methodology. Our last aim is to
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identify those relevant variables in the production of wildfires that will help improve wildfires’

prevention actions.

Social factors and wildfire management

Although the characteristics of fires (ignition, extension, and intensity) change over time and vary
in response to the interaction and dependencies between fire, people, and biophysical features, the
most influential driver of change in fire frequency comes from the population, rather than from the
existing climate and flora (Archibald, 2016; Vaiciulyte et al., 2019). However, research on social
factors and wildfire risk, is much less well known than investigation focused on the effect of climate
variability on forest fires (Mancini et al., 2018). This is due to the higher complexity of the human

factors in comparison to the biophysical drivers (Ager et al, 2015; Archibald, 2016).

In any case, as a natural event like a forest fire becomes a natural disaster only if the human
population is affected, the knowledge of the territory, the people living within the areas exposed to
forest fires, and their social and economic factors related to social vulnerability is essential in

determining the magnitude of the event (Del Moral and Pita, 2002; Alcantara-Ayala, 2002).

As mentioned before, the determination of vulnerability is complex and depends on the territory
and the time frame (Faas, 2016). Indeed, vulnerability is a construct that can be split into the

following dimensions (de Diego et al., 2019; Birkmann, 2013):

e Social and population dimension: It includes aspects such as social differences and social
organization. Variables related to this dimension are poverty, social marginalization,
demographics or education.

e Economic dimension: This dimension includes variables such as per capita income, GDP,
poverty, and property.

e Environmental and territorial dimension: This dimension includes meteorological
variables such as temperature, humidity, and wind velocity, and where territory is

involved, variables like ranches, rustic hectares, and infrastructures.

Groups with a higher socio-economic vulnerability tend to be located in more dangerous areas
and are more exposed to hazardous events and greater damage (Wilches, 1993; Cirella et al., 2016).
In effect, these less favored groups are overrepresented in the rural areas and peri-urban deprived
areas that surround the main towns and cities. Rural areas are usually affected by deprivation,
principally due to decreasing employment in the primary sector and the subsequent reduction in

farm density and livestock (Viedma et al., 2018). For its part, urban development in forestry areas
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aggravates the risk of wildfire as the wildland-urban interface areas (WUI) increase the wildfire risk

and threat to the surrounding population (Kolden and Helson, 2019).

In disaster management, it is important to minimize the risk of a disaster event; in fact, local
governments’ ability to improve prevention is as important as their focusing on the extinguishing
measures (PEPCEIF). For this reason, it is necessary to identify the factors that could play an
important role on prevention (Kulig and Westlund, 2015; McCaffrey, 2004; McCaffrey et al., 2013;
Padli et al., 2018). However, there is a lack of integration between social and biophysical systems in
community wildfires-protection planning and very few studies describe how prevention could be
improved considering the analysis of social and biophysical factors together (Ager et al., 2015;

Molina et al., 2019; Vaiciulyte et al., 2019; Witgil et al., 2016).

Additionally, wildfire studies are dissimilar in the timelines, so there is a great difference in the
analytical approach used to investigate pre- and post-fire situations. Both situations are closely
connected, and the study of socio-economic characteristics related to social vulnerability and
climatological variables is equally important (Bergstrand et al., 2015). The pre-fire situation, which is
determined by socio-economic variables, specifically the ones related to social vulnerability, affects
the wildfires’ ignitions and behavior (hectares burned and intensity). The post-fire situation shows
the impact of wildfires on the socio-economic variables in a particular area (Prestemon et al., 2013).
In other words, when analyzing pre-fire situations, socio-economic variables are the independent
variables, while when analyzing post-fire situations, the characteristics of the fire become the

explanatory variables.

The present article is specifically focused on the pre-fire situation. It mainly aims to identify
relevant socio-economic variables related to social vulnerability in Galicia that affect the wildfires’
characteristics, with the purpose of helping improve the prevention of wildfires in a medium-long

term.

Wildfire and social variables in a specific area: The northwestern Spanish region of Galicia

Spain is one of the European countries most affected by forest fires. Every year, large areas of
forest are burned. Although wildfires in this country are considered natural disasters because they
involve forests (Pausas et al., 2009), most of the ignitions (around 96%) are of anthropogenic origin

(Hernandez, 2016).

So far in the 21% century, the Autonomous Community of Galicia (north-west of the country) is
the Spanish region with the highest number of forest fires (Loureiro and Barreal, 2015; de Diego et

al., 2020). According to different studies (Balsa and Hermosilla, 2013; Loureiro and Barreal, 2015;
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San-Miguel et al., 2018), wildfires are directly related to social and economic factors mixed with
environmental factors. Figure 1 shows the number of wildfires in Galician municipalities in the first

15 years of the 21 century.

Figure 5: Number of wildfires in Galician municipalities between 2001 and 2015.
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Source: Own elaboration by IGE (Galician Institute of Statistics) data.

Galicia has 2,060,453 hectares of forest that cover 69% of the area of the region. The forest
produces, in certain years, about 50% of Spain’s timber and about 4.5% that of the European Union.
Forest territories are divided chiefly among small owners, agricultural use, and a mixture of farmed
and forested lands. Additionally, over the past 40 years, there has been an abandonment of rural
activities due to the decrease in the rural population and the resultant thinning of population

density (Brufia and Marey, 2018).

Over 96.6% of forestlands in Galicia are privately owned. According to Rodriguez and Marey
(2010), approximately 700,000 individual proprietors manage 63.7% of these forestlands. Of these
forest-land owners, 29.8% are farmers and 19.5% are woodland producers. This is a fire-prone
region, and abundant literature points at the anthropogenic origin of the majority of fires

(Hernandez, 2016; Loureiro and Barreal, 2015; Ballart et al., 2016; de Diego et al., 2020).

Galicia stands out as one of the most deprived regions in Spain (Guisan, 2017), marked by an

aging population, abandonment of rural activities, lack of job opportunities in its rural areas,
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migration of young people to urban areas, significant reduction of the forestry sector, and increase
in the social vulnerability of the population that remains in the region (Barreal et al., 2011). All these
macro-level characteristics can be translated to the micro-level, as they match the description of the
typical fire-starter in Galicia: a low-income, low-educated, ailing elderly man, frequently a farmer,
landowner in the wildfire location. Furthermore, this character usually lacks environmental
consciousness and does not feel the wildfires as a risk as the forest has no value for him. (Ponte and

Bandin, 2008).

As pointed out before, defining the social and ecological reasons for wildfires is of paramount
importance in developing a realistic and comprehensive framework for estimating the risk of a forest
fire, its reduction, and prevention (Tedim et al., 2018; Mancini et al., 2018; Kulig and Westlund,
2015; Alonso, 2002; Kelman et al., 2016). Thus, the objective of this research is to study the effect of
the socio-economic variables related to social vulnerability over the characteristics of wildfires in
Galicia. Specifically, we considered the pre-fire socio-economic characteristics to establish their
effect on the ignition, extension (hectares burned), and intensity of wildfires. To study the causation,
we used a panel data methodology. The identification of these variables and the knowledge of their
effect on wildfire characteristics could be used to ultimately improve wildfire prevention and

management (Kulig and Westlund, 2015).

Materials and Methods

As mentioned earlier, of the 17 Spanish regions, Galicia is the one worst affected by wildfires (de
Diego et al., 2019; Barreal et al., 2011; Loureiro and Barreal, 2015), and therefore, it is necessary to
delve into the effect of socio-economic variables related to social vulnerability on the wildfires
“characteristics in Galicia. These effects need to be studied together with the meteorological

variables as a possible driver for the risk of origin of wildfires (Murphy, 2015).

Although in wildfire research, the number of fire ignitions is commonly used as an essential
variable, recent studies (Urbieta et al., 2015; Boubeta et al., 2019; Costafreda-Aumedes et al., 2018)
are progressively highlighting the importance of the ignitions to know the other characteristics of
fires such as their extension and intensity (ratio of hectares burned/number of wildfires). Besides,
some authors (Michetti and Pinar, 2013; Costafreda-Aumedes et al., 2018) have used statistical and
econometric models (panel data and predictive models) to demonstrate the fire frequency and

extension originated by socio-economic variables related to social vulnerability.

Panel data models are used when there are repeated observations of a sample of individual units
over time. It can be said that for a variable “Yit,” there are ... N individuals observed alongt=1 ... T

periods (Arellano, 1992). This technique is not often used in wildfire research. However, some
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authors have already demonstrated it as a useful tool for risk analysis (Michetti and Pinar, 2018;

Padli et al., 2018; Prestemon and Butry, 2005).

Panel data were used with the intent to explain the effect of the socio-economic variables related
to social vulnerability on the characteristics of wildfires for 15 years in Galician municipalities (314 in
total). To capture the dynamics of forest fires, a balanced panel dataset for the 314 municipalities
was produced for the 2001-2015 period. The municipalities were chosen as the observational unit
since they are the smallest entity of information on forest fires. Also, municipalities are the smallest
territorial division for which accurate and consistent socio-economic information related to social
vulnerability is available. We also selected updated data covering the period 2001-2015. These data
are compiled every five years by the Ministry of Agriculture, Fisheries, and Food® and are the most
accurate and comprehensive statistical information on wildfires. A decision was taken to extend the
research timeframe beyond those used in the previous studies. Different but shorter time spectrums
were used in these studies: 2001-2006 used by Barreal et al. (2011), 2001-2009 used by Barreal et
al. (2012), 2006 used by Balsa and Hermosilla (2013), and 2001-2010 used by Loureiro and Barreal
(2015).

The dataset includes three dependent variables -Number of wildfires (N2 WF), Hectares burned
(HaBur), Intensity (ratio of hectares burned/number of wildfires) - and 16 explanatory variables
(Table 1). These panel data allow visualizing statistics for every municipality of each year and the

information allows us to observe changes over time (Hsiao, 2003; Moreno-Brieva et al., 2019).

Table 7. Variables Selected for the Models. Source: Own Elaboration

Dimension Explanatory Variables

Population > 64 Population > 64 years
Density N° of people divided by Has
l.active Population between 40 and 64 divided by population between 15
(active population) and 39
Population
l.replacement Population between 60 and 64 divided by population between 15
(replacement index) and 19.
P. Foreign Foreign population divided by total population
(percentage of foreign)
ParcelVal Plots in thousands of euros divided by people registered in the Real
Territorial (parcel Value) Estate Cadastre

Lhttps://www.mapa.gob.es/es/desarrollo-rural /estadisticas/Incendios_default.aspx
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DisCenter Buildings and dwellings of a singular entity divided by set of towns
(buildings and dwellings) |with less ten buildings, which are forming streets, squares, or other
urban roads.
RusticHa Rustic Has per municipality
(rustic hectares)
Ranch Livestock farms per municipality
Livestock Cattle heads per municipality
IncCap Gross Income per habitant
E : DebtHab The debt of the town councils divided by habitants of each
conomic . L
(debt per habitant) municipality
GDP Gross Domestic Product
T°Sum Average summer temperature
Meteorological [HUSum Average summer Humidity
WiSum Average summer Wind velocity

The variables were selected following different criteria and due to the data available.

For the period 2001-2015, the dependent variables were the number of forest fires, the hectares
burned, and the intensity (ratio of hectares burned/number of wildfires) per municipality. These
dependent variables are the most commonly analyzed ones in wildfire research (Prestemon et al.,
2013). It must be pointed out that the factors that mostly influence intensity have to do with a
particular type of vegetation and soil characteristics (Martinez-Fernandez et al., 2013, Boubeta et al.,
2019). As this article is focused on socio-economic factors and not a particular fire behavior, these

variables have not been included in the model.

The socio-economic explanatory variables related to social vulnerability were extracted from the
literature analyzed about wildfires in Galicia (Barreal et al., 2011; Loureiro and Barreal, 2015; Balsa
and Hermosilla, 2013); they were also selected depending on their availability in statistical sources
for the observational unit selected (municipalities). Variables such as the population over 64 years of
age, density, active population, replacement index, and percentage of foreigners representing the
population dimension of social vulnerability. Economic variables related to social vulnerability were
also used, such as livestock, income per capita, debt per habitant, and GDP (Modica and Zoboli,
2016; Faas, 2016). The territorial dimension of vulnerability is also important in wildfires (Bergstrand
et al., 2015). Therefore, variables such as parcel value, buildings and dwellings, rustic hectares, and
ranches were selected. Finally, meteorological variables were added to the dataset, as these are

common important drivers for wildfire characteristics (San-Miguel et al., 2018).

82



The first step was to gather the data available using different information sources and
databases—IGE (Galician Institute of Statistics) and INE (National Institute of Statistics)—and
variables of different types and formats. To ensure uniformity, completeness, and accuracy of the
available data, a process of screening and quality assurance was conducted. Every variable added to
the database was carefully selected and subjected to a standardization process of units and
meanings, codified, and re-codified, if considered necessary. First, we divide certain variables by the
total population or the total Ha of the municipality (Table 1); Second, we take logarithms to

normalize the needed variables, described in the models ahead (results).

It is also important to mention that the principal limitation of this research is related to the
available data. We tried to obtain information about wildfire prevention funds in the Galician
municipalities. The authors repeatedly (and unsuccessfully) attempted to contact regional and
municipal authorities. It could also be useful to obtain information about the sources of wildfires
because the official reports do not include accurate evidence on these issues, or simply do not

provide this information at all.

Panel data are useful when there is evidence that the dependent variable is influenced by non-
observable independent variables that are correlated with the observed independent variables. If
these non-observable independent variables are constant over time, the real effect on the selected
fire variables can be determined (Schmidheiny, 2013). The panel data model is represented as

follows (Hsiao, 2003; Arellano, 2003; Moreno-Brieva et al., 2019):
Yie = 0+ X +Uir i=1,..N;t=1,..T

i subscripts the independent variables (cross-section dimension) and t denotes time-series

dimension (years).

y represents the dependent variables: the number of wildfires, hectares burned, and intensity

(hectares burned/number of wildfires). Therefore, the three models are run.
x is the it™" observation on K explanatory variables.
u denotes the unobservable individual-specific effect.
o is a scalar and B is the variable coefficient.

The software STATA.16 was used to run three-panel data models, establishing the data as cross-
sections of individuals observed over time. Panel data models turn out to be very useful when

applied to long-time periods and enable examination of changes over time (Hsiao, 2003). The
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models were run for three different dependent variables, namely, “number of wildfires” (N2 WF),

“hectares burned” (HaBur), and “intensity.”

Results

The 16 selected independent variables were the ones most commonly used in scientific articles

related to wildfires in Galicia, provided they were available in the municipality information (Barreal et
al., 2011; Loureiro and Barreal, 2015; Balsa and Hermosilla, 2013). Figure 2 shows, for mere illustrative
purposes, the evolution of these independent variables over time. This figure represents the

aggregated average annual values of all municipalities for each variable. Time-series analysis for every

variable was performed to detect any remarkable result.

Figure6: Time evolution of the variables selected. 2001-2015.
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Source: Own elaboration by IGE (Galician Institute of Statistics) data.

The insights to be gleaned from the above figure are that some variables are mutually indirectly
related, such as ranches and livestock. During the 15 years under consideration, while ranches
significantly decreased in number, average livestock increased (though not significantly), indicating a
more extensive livestock farming (Varela et al., 2007). In the case of the population in the 64-and-
older group, the 15-year increase pattern is similar to the Spanish trends during the past decades,

but according to the time series analysis, it is not significant (Martinez-Fernandez et al., 2013). The
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growing value of density is consistent with the increasing urban population, while rural areas show
diminishing density. However, this value is not significant in time (Viedma et al., 2018). There are
other variables, such as the percentage of foreigners, buildings, and dwellings or the meteorological
variables (summer temperature, summer humidity, and summer wind velocity), whose evolution
over time is not remarkable but emerges as significant in the time series analysis. Therefore, these
small changes turn out to be useful in panel data analysis where the models compare every

municipality every year, so the former variation is usually bigger (Arellano, 2003; Baltagi, 2008).

The results of the multivariate models are shown in Table 2. These different models show the
effect of the 16 selected variables on the characteristics of wildfire (number of wildfires, hectares
burned, and intensity). In the case of the “number of wildfires,” we chose a fixed-effect model, but
for the two other variables, random-effects models were selected. The use of fixed effects derives
from the contrast of Hausmann (Hsiao, 2003), which demonstrated that fixed effects, in this case,
are better than random effects?. Besides, robust standard deviations were used to solve the

heteroscedasticity problems. Logarithms were taken when necessary.

Table 8. Models. Fixed Effects (N2 WF) and Random Effects (Ha Bur and Intensity). Source:

Own Elaboration

Variables description Variables N° WF HaBur Intensity
const 324.70 463.38 24.43
-Population > 64 years LnPopulation > 64 9.184 34.38* -0.06
-N° of people / Has LnDensity -13.95 -70.15%** -2.34%**
-Population between 40 and  Lnl.active -43.07*** -137.35*** -7.52%*
64 / population between 15 and 39
-Population between 60 and l.replacement -0.013 -0.12** 0.00
64 / population between 15 and
19.
-Foreign population/total LnP.Foreign -1.12 -2.60 -1.14%*
-Plots in  thousands of  LnParcelVal -1.90 -25.47%** -0.01

euros / people registered in the
Real Estate Cadastre
-Buildings and dwellings of a  LnDisCenter -0.99 -17.40%** -0.38**
singular entity / set of towns with
less ten buildings, which are
forming streets, squares, or other
urban roads.
-Rustic Has per municipality LnRusticHa -5.28*** 15.03* 1.06**

Z Fixed effect panel data models identify the effects of explanatory variables based on within-
municipality variation and random panel data models assume that the overall effect of omitted variables is
randomly distributed over time and municipalities and therefore, uncorrelated with other explanatory

variables (Hargraves and Kis-katos, 2013).
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-Livestock farms per  LnRanch 8.84*** 4.30 -0.15

municipality
-Cattle heads per municipality LnLivestock -2.80** -10.86* -1.12**
-Gross Income per habitant IncCap -3.25 -2.87 0.10
-The debt of the town  LnDebtHab 0.08 -1.84 -0.06
councils / habitants ~ of  each
municipality
-Gross Domestic Product LnGDP -3.86 8.08 0.62
-Average summer temperature T°Sum -0.22%** 4.92%** 0.21***
-Average summer Humidity HuSum -0.14%** 0.93*** 0.07***
-Average summer ~ Wind  WiSum 0.36** -1.26 0.29
velocity

(***: significant at 1%, **: significant at 5%, *: significant at 10%.)
As pointed out above, the objective of this paper is to study the effect of socio-economic

variables, specifically, the ones related to social vulnerability, on wildfire characteristics (number of
wildfires, hectares burned, and intensity) in Galicia. The results demonstrate this effect and also
illustrate the importance of meteorological variables, considering that wildfires are caused by

human activity as well as by natural phenomena (Vaiciulyte et al., 2019).

The wildfires in Galicia are mostly caused by human activity. Therefore, the effect of the selected
variables that relate to social vulnerability (the variables that describe population characteristics in
the pre-fire situation) is paramount in understanding the fire dynamics in this region. Those relevant
variables are useful to possibly improve wildfire preventive actions (Kulig and Westlund, 2015). The
coefficients’ (8) sign shows direct or inverse relations with the dependent variables. Significant

relations are highlighted with asterisks. However, there are differences among the models:

In the case of the “number of wildfires” (N2 WF), all meteorological variables are significant, but
the one that stands out is the inverse relationship between the temperature (“T2Sum”) and
wildfires. In other words, if the temperature is lower, there are more wildfires. This reinforces the
idea of the anthropogenic origin of wildfires because forests are naturally prone to wildfires when
the temperature rises (Fernandez-Couto, 2006; Padilla M. and Vega-Garcia C., 2011). Furthermore,
the variables related to rural areas like ranches and livestock are significant. Their effect is due to the
management and control of the bush and pasture. The direct effect of ranches has proven to be
because, if the stakeholders do not manage them, these areas tend to have bush and pasture
(Rodriguez and Marey, 2010). This kind of vegetation is, specifically, more prone to wildfires.
Nevertheless, the effect of livestock is in inverse proportion because grazing on vegetation helps

control it (Varela et al., 2007). Rustic hectares also cause the same issue.

Finally, the relationship between the size of the active population and the number of wildfires is
inverse. In other words, when the younger population, which is the active population, diminishes

(due to the lowering employment in the primary sector), the number of wildfires increases.
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Probably, this is due to two important factors: first, the disconnection of the young population from
their natural surroundings so that their collaboration in mitigation and prevention efforts decreases,
and second, the prevailing (land-burning) cultural behavior of the increasing proportion of the aging

population. (Balsa-Barreiro and Hermosilla, 2013; de Diego et al, 2020).

When the dependent variable is “hectares burned” (HaBur), the significant determinants are
those related to the management of the territory (parcel value, buildings and dwellings, and rustic
hectares) and the population of these areas (population aged 64 years or more, density, and the
active population). The relation between these variables is connected to the abandonment of the
rural areas, which is reflected in the direct relationship with the population over 64 and the rustic
hectares and the inverse relation with the rest of the variables (Wigtil et al., 2016, Varela et al.,
2007; Rigueiro et al., 2002). In other words, lands would be more prone to big wildfires due to the
lack of management of forest areas (Vega-Garcia and Chuvieco, 2006). This rural depopulation is a
consequence of the lack of job opportunities in these regions (Guisan and Aguayo, 2009). The main
reason for this is the industrial-scale market, which damages small-scale traditional agricultural

businesses run by poor rural landowners (Bowman et al., 2019).

In the case of fire “intensity,” the results are similar to the hectares burned, although the foreign
population is noteworthy. This may be because foreigners (mostly migrant people) have a lower
economic capacity and therefore live in such deprived places as rural areas. Also, these areas are
populated largely by aged people and the proportion of the active population is low and the overall
density of population is low. As a result, the lands are not properly managed or are abandoned
(PLADIGA, 2020). This leads to a situation of fuel increase, which results in a greater probability of

high-intensity wildfires (Hernandez, 2016).

In sum, some socio-economic variables related to social vulnerability stand out among the three
models that were run. Most of them are connected to the abandonment of the territory, which
results in a lack of management of the lands. There are also some variables linked to the population,
which point to the problem associated with the increasing proportion of the aged and the
decreasing population of the young in rural areas due to factors as a scarcity of job opportunities.
Insofar as these variables related to social vulnerability form a complex situation in Galicia, the
identification of those that are relevant to the occurrence of wildfire production will possibly help

improve the wildfire prevention measures.

Discussion
This research has revealed the effect of the socio-economic variables related to social

vulnerability on the characteristics of wildfires in Galicia, such as the number of wildfires, hectares
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burned, and fire intensity. As mentioned before, research on wildfires has not delved into socio-
economic variables related to social vulnerability (Prestemon et al., 2013). Therefore, knowledge of
these key variables that affect the characteristics of wildfires could be used to improve wildfire

prevention management (Kulig and Westlund, 2015; Tedim et al., 2018).

Together with other research (Wigtil et al., 2016; Varela et al., 2007; Rigueiro et al., 2002), this
paper demonstrates that the progressive abandonment of the rural areas is one of the most
important factors that boost wildfires. This abandonment is related to population factors—aging or
low density— territorial factors—a decrease in rustic hectares and ranches—and economic factors—
low GDP due to low cadastral value. In turn, all these factors, which are strongly related, contribute

to people’s social vulnerability (Faas, 2016).

Population variables, such as aging, low population density, and the decreasing young people,
have become a problem in some areas of Galicia. Aging becomes particularly relevant: as some
harmful traditional behaviors of the senior population (for example, scrub-burning) turn out to be
closely related to the origin of wildfires (Balsa and Hermosilla, 2013; de Diego et al., 2020). The
involvement of the aged people in raising awareness campaigns and prevention plans could be
effective because, as they represent the majority of Galician landowners, they could participate both

actively and directly in the preventive measures.

Variables related to territory increase the challenges of fire management in areas with a
scattered population. This is the case of Galicia where rural properties are mostly smallholdings, thus
complicating fire control and control of wildfire ignitions (Barreal et al., 2012). Furthermore, the
values of parcels are generally low, so the owners do not take much care of their land for minimizing
the risk of wildfires. As indicated before, land management, particularly to control the accumulation
of fuel, is critical to limit the impact of wildfires (Micheti and Pinar, 2013). Besides, municipalities
with higher GDP tend to have more individual houses; this means larger WUI extensions (Galiana,
2012). In this regard, fuel control and land management contribute to improve the management of
these WUI areas and make them less prone to wildfires (Kolden and Henson, 2019; Coughlan et al.,
2019). Additionally, it is crucial to maintain a balance between the number of ranches and livestock.
Controlling bush and grasslands could be positive to wildfire characteristics (Varela et al., 2007), but
it also could be negative because owners tend to burn forest areas to expand pasture areas (Viedma

et al., 2018).

Concerning the economic variables, the most relevant challenge in rural areas (in terms of
reducing the impact of wildfires) is the necessity to improve life quality, the level of education, and

income per capita (PLADIGA, 2020). These recommendations could sound naive or simple; however,
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the Galician reality leads to the adoption of these measures in a medium-long term. As explained in
previous sections of this paper, the typical fire-starter in the region is a low-income, low-educated,
ailing elderly man, frequently a farmer, landowner in the wildfire location. This character usually
lacks environmental consciousness and does not feel the wildfires as a risk, as the forest has no
value for him. (Ponte and Bandin, 2008). So, this socioeconomic challenge could be met by
improving land management through the reduction of rural abandonment (Padli et al., 2018).
Education becomes important as it opens more job opportunities in these rural areas. It is also
relevant to add to the value of the forest. This could be achieved through measures such as
agroforestry-mosaic systems and investments in forest improvement. As already pinpointed in the
literature (Rigueiro et al., 2002), if people can derive something valuable from the forest, they might
be more inclined to protect it. Consequently, enhancing the quality of rural life in the affected areas
would predictably and positively improve job opportunities and land management, cut rural

abandonment, thus reducing the incidence of forest fires.

Therefore, the best way to preserve the economic, social, and environmental characteristics of an
area is to work on disaster prevention (Birkmann, 2013). Considering these socio-economic variables
together might be useful to improve wildfire prevention and management and policymakers’
decision-making. Indeed, preventive actions go beyond just emergency improvement. They are also
related to the implementation of policies to improve social wellbeing in some areas. As pointed out
above, to enhance prevention it is important to focus, as a medium and long-term solution, on
education, the spread of risk awareness, and participation of the population in the implementation

of the policies (Padli et al., 2018; Balsa-Barreiro and Hermosilla, 2013).

Conclusion

The results of this study demonstrate the adverse effect of the aging population and the lack of
young residents on the occurrence of wildfires. So, it may be concluded that, concerning socio-
economic variables, it is necessary to involve security forces and social fabric (Witgil et al., 2016) in
promoting interactions among various sections of the population and age cohorts. Variables related
to the territory are also important. Some of these variables are complex and comprise a duality that
is at times difficult to measure. For example, livestock controls the fuel available in most of the

territories, but sometimes, the ranch owners burn forest areas intentionally to expand the pasture.

It is necessary to increase public spending on the prevention of wildfires and to develop
anticipation strategies. This should be the priority in contrast with the more common practice of
prioritizing emergency actions (PLADIGA, 2020). Climatic, environmental, and natural variables are

not the only important issues. To reduce disasters risk, the focus should be put on those aspects
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from which such disasters arise. Prevention might be focused on wildfire-prone areas and take into
account their vulnerability-related, socio-economic variables, which, as has been demonstrated in

this paper, influence wildfire characteristics.
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Abstract

The Northwestern Spanish region of Galicia accounts most of the forest fires that have occurred
in the last decades, not only in Spain but throughout Europe. The vast majority of these wildfires are
directly or indirectly related to human causes; so, the characteristics and status of the human
population significantly influence the degree of people’s vulnerability to wildfire. Furthermore, the
causes and distribution of forest fires differ among regions and may also differ spatially and

temporally within the same region.

The main aim of this paper is to study the effects of socioeconomic characteristics related to
vulnerability over the wildfires ignitions and hectares burned in Galicia. We developed a panel data
regression model to analyse both the temporal and spatial influence of natural and human variables.
We established the municipality as the smallest geographical section with relevant information on
socioeconomic factors and forest land wildfires. In addition, we unified the municipalities that share

similar characteristics.

The results show that socioeconomic variables related to social vulnerability can become as
important as meteorological variables in wildfire occurrences and hectares burned. This could be
useful in the design of prevention policies best suited to the socioeconomic, cultural, and

environmental circumstances of each region.
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Introduction

Wildfires are a significant natural hazard that has affected nearly 178,000 hectares of European
land and forests in varying ecosystems in just 2018 alone (Jiménez-Ruano et al. 2017; Molina et al.
2019; San-Miguel-Ayanz et al.2019). Effective management of risks associated with potential wildfires
depends on managers having an accurate understanding of the many factors and processes that
influence wildfire occurrence and behavior before, during, or following wildfire events. Such
information is of great importance for ensuring safety and minimizing negative effects for affected
communities where wildfires occur (Maccfrey et al. 2013; Mancini et al. 2018; Bowman et al. 2019),
as well as accurately anticipating potential future wildfire risks (Michetti and Pinar 2013; Moreno et

al. 2014; Mansuy et al. 2019).

Although the influence of biophysical factors, such as topography, vegetation, and climate, on
wildfire have received significant research attention in wildfire literature, the potential role of human
factors can be fundamental in different fire regimes, because of their potential influence on wildfire
ignitions, area burned, and severity and intensity (Moritz et al. 2014). In many regions, humans
account for a majority of ignitions and burned area, with lightning being the most common ignition
source for natural wildfires (Prestemon et al. 2013; MclLauchlan et al. 2020). Disentangling the
influence of human factors from natural factors in wildfire ignition and behavior can be useful for both
evaluating wildfire risks and identifying potential policy and management approaches for addressing

risks in different locations (Mansuy et al. 2019, Cattau et al. 2020).

From a human perspective, the current characteristics and status of the human population
significantly influence the degree of vulnerability to wildfire present in any given population. Natural
hazards research literature suggests that vulnerability is determined in part by the capacity of people
to avoid or anticipate, cope with, resist and recover from the impact of a natural hazard (e.g., Wisner
2016). Additionally, different social, economic, political, and cultural factors can determine the
vulnerability situation (e.g., Alexander, 2013) and existing vulnerability can be a significant factor in
anthropogenic disasters such as human-caused wildfires (Michetti and Pinar 2013, de Diego et al.
2019). For this reason, wildfire researchers have shown increasing interest in identifying and
evaluating the potential influence of socioeconomic characteristics and other human factors on
peoples’ vulnerability in wildfires (Ager et al. 2015; Archibald 2016; Costafreda-Aumedes et al. 2018).
Moreover, joint analysis of both biophysical factors and socioeconomic characteristics associated with
wildfire vulnerability could facilitate better understanding of wildfires occurrence and behavior, and
thus could contribute to the development of improved wildfire prevention strategies (Syphard et al.,

2007; Mavsar et al., 2013; Ager et al., 2015; Grala 2017). Therefore, managers and decision-makers
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should be made aware of the importance of socioeconomic variables and include them in their wild-

land fire management decisions (McCaffrey et al. 2013).

Each year, European Mediterranean countries account for 85 percent of the total burned area in
Europe (San-Miguel-Ayanz and Camia 2010). Between 2006 and 2010, 96 percent of forest fires in the
Mediterranean region were directly or indirectly related to human causes (Ganteaume et al. 2013).
Some explanatory factors included: changes in human behavior associated with socioeconomic
development, increasing mobility of people, increases in tourism and recreational activities (San-
Miguel-Ayanz 2017), as well as traditional uses of fire as management tool in agriculture, silviculture,

and livestock breeding (Rodriguez-Vicente and Marey-Pérez 2010).

Among Mediterranean counties, Spain is among those that suffer the most from wildfires. The
Autonomous Community of Galicia, for example, situated in the Northwest of the country experiences
the highest number of forest fires, with a total burned area equivalent to 42% for the entire country
from 2001 and 2010 (MAPAMA 2012; Arellano et al 2018). Galicia comprises 2,060,453 hectares of
forest, accounting for 69 percent of all land in the region. Forest lands are almost exclusively (96.6%)
under private ownership and comprised of small forest parcels, agricultural operations, and livestock
farms totally around 700,000 small proprietors (Brufia and Marey 2018). The region has been affected
by rural abandonment and a pronounced decline in population in recent decades (Rodriguez and

Marey 2010).

Galicia provides a useful study area for examining human factors in wildfire occurrence and
behavior, because some socioeconomic characteristics prevalent there are often found to be
associated with vulnerability to natural hazards and thus wildfires. Recent research (Birkmann 2013;
Faas 2016; de Diego et al. 2020) has tended to categorize these various factors into three primary

dimensions:

e land and environment: including meteorological variables (temperature, humidity and wind
velocity) and land-management related variables (cattle/livestock farms, rustic lands, and
infrastructures).

e Population: Focusing on demographic variables, such as the vegetative balance, the number
of foreigners, and the ageing of the population; and socioeconomic variables, such as the
retirement and unemployment rates

e Economy: Taking into account variables that measure wealth, such as per capita income or or
grosss domestic product (GDP).

These three factor categories present a synergic interdependence. For example, population largely
depends on land and the economy, but in turn population can influence both land uses and the
economy (Adger 2005). As a consequence, interactions and interdependencies between climate, fire,

people, and vegetation can change over time, along with the effect each of these factors can have on

98



fire regimes in different locations (Archibald 2016). In sum, the causes and distribution of forest fires
differ among countries and may also differ spatially and temporally within the same country (Calvifo-

Cancela et al. 2017).

We sought to improve understanding of the causes of forest land wildfires by examining potential
relationships between natural or human explanatory variables. We developed a panel data regression
model to enable account for both the temporal and spatial influence natural and human variables over
time (Lora 2008; Moreno-Brieva et al. 2019). In this way, we build upon previous research examining
the influence of multiple anthropogenic factors on fire frequency and size at regional scales using
statistical and econometric approaches, including the panel data strategy (e.g., Michetti and Pinar,

2013; Costafreda-Aumedes et al., 2018; Padli et al., 2018 and Prestemon and Butry, 2005).

Our specific objective was to study the effects of socioeconomic characteristics related to
vulnerability over the wildfires ignitions and hectares burned in the region of Galicia. Thus, this
research seeks to understand the aforementioned effects by studying a minimal area with similar
characteristics (Prestemon et al. 2013). In this sense, we have established the municipality as that
minimal area, given the fact that it is the smallest geographical section with readily available
information on socioeconomic factors and forest land wildfires. In addition, we have unified the
municipalities that share similar characteristics. This could be useful in the design of prevention
policies best suited to the socioeconomic, cultural, and environmental circumstances of each region
(Ganteaume et al. 2013; Coughlan et al. 2019). Indeed, eradicating and reducing the number of

wildfires becomes easier when there is better knowledge of their causes (Keeley and Syphard 2018).

Materials and methods

Galicia is the area in Spain most affected by wildfires, and it also is one of the most affected regions
in Europe (Molina et al. 2019). Although the biophysical factors involved in Galician wildfires have
been studied extensively in recent decades (Diaz-Avalos 2001; Turco et al. 2014), less research has
focused on socioeconomic factors related to wildfire vulnerability (Costafreda-Aumedes et al. 2018;
Charnley et al. 2018). Still, a few research studies do suggest potential relationships between
socioeconomic factors and the prevalence of wildfires in the region (Barreal et al. 2011; Balsa and
Hermosilla 2013; Loureiro and Barreal 2015; de Diego et al. 2019). We sought to build on this previous
work, by using panel data to further evaluate potential relationships between socioeconomic factors

and vulnerability to wildfire.

We assembled panel data covering 15 years for all Galician municipalities. The dataset is balanced
across all 314 municipalities and includes numerous socioeconomic variables that are available from

the Galician Institute of Statistics (IGE) for the 2001-2015 period. We chose to use municipalities as
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the observational unit since they are the smallest entity for which information on wildfires and the
smallest territorial division for which accurate, and consistent socioeconomic data are available. The
“Wildfire Dataset” is compiled every 5 years by the Ministry of Agriculture, Fisheries, and Food® and
is the most accurate and comprehensive statistical information available on wildfires in Spain. We
applied a process for screening and quality assurance to the data to ensure uniformity, completeness,
and accuracy. First, we divide certain variables by the total population or the total Ha of the
municipality (Table 1); second, we take logarithms to normalize the needed variables, described in the
models ahead (results). The research timeframe is larger than others offered in different studies
related to this region: 2001-2006 used by Barreal et al. (2011), 2001-2009 used by Barreal et al.
(2012), 2006 used by Balsa and Hermosilla (2013), and 2001-2010 used by Loureiro and Barreal
(2015).

We used the data to estimate an empirical model that described numbers of wildfires and hactares
burned as a function of both biophysical and socioeconomic factors (Table 1). Our panel data set
enabled us to take advantage of both the spatial and temporal variation in fire and socioeconomic
data, which is necessary for designing wildfire risk mitigation and prevention policies adapted to
different regions (e.g., Costafreda-Aumedes ed al. 2018). Numbers of wildfires and area burned are
one of the most studied variables in wildfire research along with the area burned and include studies
by Turco et al. (2017), Boubeta et al. (2019), McLauchlan et al. (2020), and also in Leone et al. (2003)
or Amatulli et al. (2007). We build upon these studies by using similar dependent variables in a panel

data methodology for Galicia Region; in this sense the variables are specific for this given area.

Table 9: Variables panel-summary.

Dimension Variable Statistics* Mean Std. Dev. Min Max
WiSum overall 4,598 3.164 0.558 17.092
Wind velocity during between 0.358 3.516 7.512
summer within 3.143 0.243 15.661
HuSum overall 66.664 10.775 27.333 85.583
Humidity during between 3.818 62.419 80.143
LAND AND 'SI'L:,Snmer Withi?l 22.485 130.202737 268.688636 ;2;.‘(533
oSum overa . . . .
ENVIRONMENT Temperature during between 0.643 19.206 22.934
summer within 3.159 8.277 29.488
DisCenter overall 4.882 1.119 0.0114 116
Proportion between between 1.115 0.0114 116
disseminate dwelling within 0.968 3.147 4.435
and buildings.

4 Note that Stata lists three different types of statistics: overall, between, and within. Overall statistics
are ordinary statistics that are based on all the observations. “Between” statistics are calculated on the basis
of summary statistics of 314 municipalities (entities) regardless of time period, while “within” statistics by
summary statistics of 15 time periods regardless of municipality. (Park 2011)
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Ruralhotels overall 2.062 2.139 1 28
Rural hotels per between 2.077 1 2.353
municipality within .5115 1.271 6.528
PropBush.Pasture overall 1768.01 2.503 1 16073.01
Proportion of bush between 2.440 1 15716.4
and pasture per within 5.588 3.926 10101.12
municipality
PropForest.tree overall 0.468 0.145 0.064 0.807
Proportion of tree between 0.144 0.075 0.802
forest per within 0.0129 0.407 0.526
municipality
PropLivestock.Farm. overall 1.533 1.519 1 1.856
Percentage of cattle between 132.471 1 1.089
heads per farm within 7.492 8.313 9.208
RoadDensity overall 0.0137 0.0213 0.0004 1
Road km per between 0.0577 0.0004 1
municipality within 0.002 .0396 .0597
Veg.balance overall -27.125 47.577 -638 405
Difference between between 44.018 -361.466 207.6
the number of births within 18.213 | -326.525 | 327.141
and number of
deaths per
municipality
Waste.Hab overall 661.784 1.722 1.00e-06 9.684
Waste produced per between 1.724 1.00e-06 9.662
habitant per year. within 0.066 6.287 6.902
Unemploy overall 6.624 1.394 0.0643 369.294
Population between 1.294 0.085 2.335
POPULATION temporarily off per within 518.751 -1.029 1.423
municipality
PropForeign overall 0.024 0.054 0.0003 1
Percentage of between 0.0618 0.001 1
foreigners per within 0.043 0.312 0.953
municipality
Population>64 overall 1.356 0.123 1 1.739
Population over 64 between 0.122 1 1.695
per municipality within 0.020 1.265 1.444
Retirement.Pension overall 9.594 1.793 1 1996
Number of between 1.788 1 1.906
retirement pensions within 1.390 4.599 1.854
per municipality
PlotVal.Hab overall 1.166 1.565 0.064 2.120
Plot value per person | between 1.212 0.084 1.255
within 0.990 8.310 982.383
GDP.Hab overall 1.804 2.721 0.419 5.094
GDP per person between 2.698 0.430 4.352
within 3.603 5.906 9.225
ECONOMY Income.Hab overall 10460.56 | 2189.017 4651 28653
Income per person between 1679.083 5939.8 1921727
within 1407.429 | 3256.359 | 1989629
Debt.Hab overall 0.356 0.425 0.0004 8.192
Municipality debt between 0.323 0.001 2.934
per person within 0.278 2.264 5.615

Source: Own elaboration

Recent wildfire research suggests a need for improved analysis of biophysical and socioeconomic

factors in wildfire occurrence and area burned, in order to begin to understand wildfire dynamics
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within regions as well as differences between territories (Ganteaume et al. 2013; Costafreda-Aumedes

et al. 2018). We structured the present analysis following on our own previous research, by defining

regions according to their similar socioeconomic characteristics. First, we used factor analysis with the

main explanatory variables to identify major classes or themes represented by variables. We then

used these factors to in a cluster analysis to identify regions having similar biophysical and

socioeconomic characteristics. Lastly, we developed regression models of wildfire occurrence and

burned area for each cluster (or “region”) identified by the combined factor and cluster analysis. The

result is a set of regression models for each cluster characterizing wildfire occurrence and burned area

as a function of biophysical and socioeconomic variables over time.

Results
Factor and Cluster analysis

1. Factor analysis

Factor analysis generally is used to reduce a large number of variables into a fewer number of

factors (Table 1). It calculates the maximum common variance for all variables and translates it into a

common score. As an index of all variables, this score can be used for further analysis.

Table 10: Factor loadings.

Own elaboration

Factor2 Factor3 Facto4 Factor5

Factor6

Facto7

Factor 8

Uniqueness

Variable Factorl
Ageing

LnPlotVal.Hab -0.8882

Lnforeign.% 0.8788

LnPopulation>64 0.7315

LnLivestock.Farm -0.6906

LnRetirement.Pens 0.5200

ion

HuSum

To°Sum

WiSum

Unemployment

(%)

LnWaste.Hab
GDP per person
Income.Cap
LnDisCenter
Lnbush.Pasture
PropForest.tree
Veg.balance
LnRoadDensity
LnRuralhotels
LnDebtHab

Meteo Deprivation Wealth Forest
0.9510
-0.9364
0.8851
0.8624
0.8415
0.8428
0.6888
0.4008
-0.8011
0.7898

Veg.Balance

-0.7802
0.5869

Rural H

0.8276

Debt

0.9638

0.1787
0.1585
0.1669
0.2832
0.2692

0.0906
0.1215
0.2069
0.2113

0.2591
0.2316
0.2701
0.4603
0.2542
0.2948
0.2847
0.2716
0.3071
0.0478

Each factor loading is the correlation coefficient between a given variable and a given factor. It

shows the variance explained by the variable on that particular factor. The criteria for any given factor

selection generally are determined by values above 0.4. Our analysis resulted in the following 8

factors:
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— Factor 1: We identified an “Ageing” factor that was positively correlated with population over
64 years of age, retirement pensions, and the percent of foreigners, and negatively correlated
with ageing pasture lands which increasingly are being abandoned in the study area. The
presence of foreigners can be explained either by their employment in the elderly care sector
or by their occupying low-price lands.

— Factor 2: We identified a “Meteorological: factor that included variables describing
temperature, humidity, and wind velocity. The relation between temperature and humidity
and wind velocity is inverse. Therefore, low temperatures usually mean high levels of humidity
and increased wind velocity.

— Factor 3: We identified a “Deprivation” factor that represents the relationship between
unemployment and waste production per person. A higher population density implies a higher
unemployment rate. Also, a larger population generates a greater waste accumulation
(Jiménez and Medina, 2001).

— Factor 4: We identified a “Wealth” factor, represented by GDP and Income. These variables
are strongly related--specifically municipalities with high GDP tend to also have high incomes
per capita.

— Factor 5: We identified a “Forest” factor related to the physiognomy of land. It has a positive
correlation with wooded territory and a negative correlation with bush and pasture lands.

— Factor 6: We identified a “Population density” factor, representing the relationship between
an increase in population (positive vegetative balance) and higher road densities. Generally,
more populated areas tend to have greater road and infrastructure networks, which can
influence the prevalence of wildland-urban interface which account for a high percentage of
wildfires (Coughlan et al. 2019).

— Factor 7: We identified a “Tourism” factor that includes rural hotel infrastructure, showcasing
the increasing importance of the tourism sector in the region from both the ecological and
the economic point of view.

— Factor 8: We identified a “Debt” factor that addresses the economic situation of different
municipalities. Those municipalities with high levels of debt usually face more direct economic
conditions.

Together, these factors reasonably align with the dimensions of Land, Population and Economy as

we have labeled them (table 2)

Table 11: relation between factors and dimension. Own elaboration

Dimension
Variable Factor (according to
literature)
WiSum
HuSum Meteo
TeS
um Land and
LnRuralhotels Tourism environment
Lnbush.Pasture F ¢
PropForest. tree ores
Veg.balance Population density
LnWaste.Hab . . .
Deprivation Population
LnUnemploy.
Lnforeign.%
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LnPopulation>64 .
; X Ageing
LnRetirement.Pension
LnGDPperHab
P Wealth
Income.Cap Economy
LnDebtHab Debt

2. Cluster analysis

Cluster analysis is used to classify objects or cases into relative groups (or clusters). We cluster
analysis to group together municipalities possessing similar biophysical and socioeconomic
characteristics. We used dendrogram criteria (Kaufman and Rousseeuw, 2009) o create the
minimum number of clusters with sufficient information. This resulted in four clusters. We also
explored possible relation between those clusters and their distribution by province. Table 3 and
Figure 1 show factor scores for each cluster of observation units (municipalities). Map 1 is a visual

the geographical distribution of the clusters.

Table 12: Cluster distribution. Own elaboration

Clusters
Dimensions Factors
CLUSTER 1 CLUSTER 2 CLUSTER 3 CLUSTER 4

Meteo 0,329 -0,099 -0,227 -0,08
Land +environment Forest 0,635 0,193 -0,536 -0,346
Tourism -0,468 0,687 -0,556 0,472
Population 0,661 -0,851 -0,401 0,256

density
Population Ageing 0,034 1,054 -0,224 -0,596
Deprivation 0,416 -0,033 0,062 -0,464
Wealth -0,036 -0,079 -0,764 0,744

Economy
Debt -0,245 -0,401 0,707 -0,059
n/% 91/28,98 62/19,75 74/23,57 87/27,71

of
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Figure 7: Cluster distribution graph. Own elaboration
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Figure 8: Cluster distribution Map. Own elaboration
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As we can see in Figure 2, each municipality can belong to one cluster, and there is a clear
geographical distribution pattern: municipalities belonging to cluster 1 are more prevalent in the
Galician Northwest, where as cluster 2 is mosyt prevalent in the Southwest, cluster 3 in the Southeast,
and cluster 4 in the Northeast. To confirm this distribution, we analyzed the relation between the
clusters and the Galician provinces using both Chi and Crammér’s V tests (p-value = 0.000 / Crammér’s
V = 0,4603) (Table 3) (Heumann and Shomaker, 2016). Our results of both tests suggest that the

geographical distribution of the municipalities belonging to the four clusters has a similar pattern to

105



that of the Galician provinces: cluster 1, NW, A Coruiia; cluster 2, SW, Pontevedra; cluster 3, SE,

Ourense; and cluster 4, NE, Lugo.

Cluster 1 (Northwest): Encompassing 29% of the municipalities, cluster 1 is mainly located in the
Galician NW, although some of the municipalities can be found near the center of the region. Climate
variables are especially relevant in this cluster for two reasons: the proximity of the whole area to the
sea, and the predominance of forestry areas over pasture lands. Three important Galician cities are
located in this cluster (A Corufia, Santiago de Compostela, and Ourense). These cities have a high
population density, which inevitably implies high unemployment rates, but their relative prosperity
has resulted in reasonably low debt rates. As far as the risk of wildfires is concerned, this region could
be affected by accidental fires related to the interface zones between wild lands and urban areas, and

to ill-managed forestry areas (Table 4)

Cluster 2 (Southwest): Including 20% of Galician municipalities, cluster 2 is mainly composed of
unpopulated areas (more or less forestry areas) dedicated to rural tourism, with the exception of the
two urban cores present in the cluster: Pontevedra and Vigo. Cluster 2 is characterized by a low
population density, aging population and, consequently, low unemployment rates. Its reasonably
good economic situation can be linked to the prosperity of the region’s urban centers, and also to the

two decade-long booms of rural tourism.

Cluster 3 (Southeast): With 24% of Galician municipalities, this subregion is mainly made up of
depopulated areas and abandoned pasture lands, with a scarce presence of the tourist sector. There
are no noteworthy urban centers; Cluster 3’s municipalities have the lowest income and the highest
debt rate of those studied. This situation, together with the peculiarities of the climate variables (low

wind, low humidity, high temperatures) may be associated with anthropogenic fire risks.

Cluster 4 (Northeast): 28% of Galician municipalities belong to this cluster, mainly those of the
NE of the Autonomous Region, but also some towards the center. There is only one urban core to
speak of, Lugo, the rest being a relatively low-populated, rural region, dedicated to the exploitation
of pasture lands and agro-tourism. Its high per capita income and low debt ratio explain the

economic prosperity Cluster 4 enjoys (Table 4).

Clusters’ characteristics:

Table 4 illustrates the differences between clusters using factor mean.

Table 13: cluster analysis of variance (ANOVA). Own
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Dimension Factor ANOVA. p-value | Cluster means
1 (Northwest) | 2 (Southwest) | 3(Southeast) | 4(Northeast)

g Meteo 0.018 0,329 -0,099 -0,227 -0,08
and Forest 0.000 0,635 -0,536 -0,346
+environment

Tourism 0.000 -0,468 0,687 -0,556

Population density 0.000 0,661 -0,851 -0,401
Population | Acaing 0.000 0,034 -0,224

Deprivation 0.000 -0,033 0,062

Wealth 0.000 -0,036 -0,079
Economy

Debt 0.000 -0,245 -0,355 -0,059
Dependent | N2 Wildfires 0.000 222,46 375,52 343,85 242,13
variables Ha Burned 0.001 809,65 931,46

Scores difference
0-0,30 (<40*)
>0,30 (>40%)

The p-value obtained through variance analysis (ANOVA) demonstrates that there is at least one
cluster whose variable values are statistically significantly different from the other three. Using the
mean of each one of the factors in each cluster, the similarities between those clusters can be

established. In Table 4, same-colored cells represent factors with similar means.

As we can see in Table 4, population density is the only factor that is different for every cluster.
Most of the clusters have two similar factors: Debt and Meteo, the ones that present the lowest
variability in every cluster; the similar Meteo values in every cluster can be explained by the nature of
the time series, which present the average values for the last fifteen years in every municipality, and
thus has a tendency towards equalization. Nonetheless, it is possible to observe the influence of the
sea in the NW area (Rodriguez Guitidan and Ramil-Rego, 2007). At the same time, the dependent
variables, Number of wildfires and Hectares burned, show an interesting behavior. For Number of
wildfires, the Northern clusters (Cluster 1 and Cluster 4) behave similarly but differently than the
Southern clusters (Clusters 2 and 3). With respect to Hectares burned, Northern clusters also behave
alike (that is, they show a similar quantity of Hectares burned for a similar Number of wildfires).
Nevertheless, in the Southern clusters, with a similar Number of wildfires, Hectares burned is higher

in the Southeast region (Cluster 3) than in the Southwest (Cluster 2).

We can conclude that there are territorial socioeconomic differences among regions in Galicia,
which could be used to inform and refine analysis and models of wildfire occurrence and burned area,

and the design of wildfire risk mitigation and prevention efforts in different regions.
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Panel Regression models

Our regression models for each cluster identified suggest that several socioeconomic variables are

at least corelated with and may influence wildfire occurrence and burned area in Galicia. Specifically,

we found a trend in the different clusters used, confirming the difference between territories in terms

of the socioeconomic effects over the number of ignitions and hectares burned. We present the panel

data models for Number of ignitions and Hectares burned, along with an additional table extracting

the variables that have a significant effect over the characteristics of wildfires. In those additional

tables, the variables highlighted in dark grey have a direct relation with the dependent variable

analyzed (higher values imply an increase in the dependent variable), while those highlighted in light

grey have an inverse relation with the dependent variable (higher values imply a decrease in the

dependent variable); the variables with no effect over the dependent one are shown in white.

Number of Wildfires

Table 14: Number of wildfires panel data model. Own

Dimension N° Wildfires Cluster 1 Cluster 2 Cluters 3 Cluster 4
Coef. P>t Coef. P>t Coef. P>t Coef. P>t
WiSum -.01183 0.286 -.03009 0.041 .02118 0.083 .00399 0.757
HuSum -.00984 0.000 -.01433 0.000 -.00918 0.000 -.00458 0.059
TeSum -.01582 0.014 -.01344 0.088 -.01777 0.010 -.00254 0.708
Land and LnDisCenter .15547 0.240 -1.4103 0.269 -.11133 0.241 .25372 0.112
Environment | | nRuralhotels -.21279 0.056 -.19625 0.075 -37618 0.007 -.07725 0.438
Lnbush.Pasture -1.5933 0.000 -.66432 0.213 -.58266 0.208 .2535 0.482
PropForest.tree -10.168 0.000 -8.5549 0.000 -.29113 0.863 -6.4757 0.001
LnLivestock.Farm. -.08887 0.286 -.19342 0.038 -.24270 0.000 -.73732 0.000
-.0021 0.980 -.23780 0.140 -.64574 0.008 .62055 0.142
LnRoadDensity
Veg.balance .00103 0.225 -.00014 0.886 -.0013 0.575 .00062 0.653
LnWaste.Hab .10676 0.149 .00301 0.951 -.0045 0.917 .00509 0.865
Population LnUnemploy. -.11372 0.441 -.34137 0.036 -.43534 0.001 17234 0.194
Lnforeign. -.07457 0.102 -.15793 0.087 -.06604 0.153 -.04223 0.265
LnRetirement.Pens .73193 0.000 .50857 0.050 .30486 0.003 .20861 0.122
LnPlotVal.Hab -.0321 0.482 -.05571 0.232 .06689 0.206 -.10407 0.157
Economy LnGDPperHab .3546 0.275 -.33950 0.368 -1.7156 0.000 -1.2344 0.000
Income.Cap -.00007 0.000 -.00001 0.348 -9.51e-06 0.593 -.00008 0.000
LnDebtHab .00380 0.884 .00271 0.933 -.05532 0.046 -.08246 0.000
_cons 14.343 0.000 10754 0.019 9.2605 0.020 11.345 0.008
n/Obs (n*years) 91/1.365 62 /930 7471.110 87/1.305
R2 within = 0.2946 within = 0.3795 within = 0.3368 within = 0.2831

between = 0.0545
overall =0.0114

between = 0.0381
overall =0.0014

between = 0.0026
overall = 0.0061

between = 0.1708
overall = 0.1642

Dimensions (variables)

INW SW

Land and
environment

WiSum

HuSum

4NE

TeSum

LnRuralhotels

Lnbush.Pasture
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PropForest.tree
LnLivestock.Farm.

LnRoadDensity
Population J LnUnemploy.

LnGDPperHab
Economy Income.Cap
LnDebtHab

Cluster 1 (NW) is characterized by the effects of land-related, meteorological, and economic
variables over the number of ignitions and, most notably, by the inverse relation linking the variables
bush/pasture and forest on the number of wildfires. As a consequence, the low number of fires is
connected to the predominance of forest areas and the existence of big cities with greater wildland-
urban interface. Therefore, abandoned or ill-managed shrub-lands are more prone to fires (Calvifio-
Cancela et al., 2017). The relative prosperity of those cities (A Corufia, Santiago de Compostela, and
Ourense) results in economic variables having little effect on the number of wildfires. Even so, the
model shows some evidence of how economic deprivation can have an influence over the
anthropogenic origin of wildfires. Indeed, the number of wildfires has a positive relation to the number
of pensioners and is inversely linked to the income per capita: disadvantaged homes with various
members perceiving government aids (i.e. retirement pensions and subsidies given to the unemployed
if they help with the efforts of extinguishing forest fires) can consider the occurrence of wildfires as
an additional income source. The hypothesis of the anthropogenic source of ignitions can also be
reinforced by the contradictory behavior of the variables related to the climate in this sub region. On
the hand, the negative relation between wildfires and humidity seems to make sense, as drought-
strike lands show a higher propensity for fires; on the other hand, the inverse relation between

temperature levels and wildfires could reinforce the anthropogenic source of ignitions.

Cluster 2 (SW) is characterized by the coexistence of unpopulated areas and prosperous cities. The
behavior of land-related variables (negative impact of abandoned pasture lands and the lack of
forests) is similar to that of Cluster 1, but reinforced by the effect of the decrease in livestock farms as
an additional factor in the degradation of pasture lands that, abandoned, become shrub-lands
(Lasanta et al. 2019). In other words, for Cluster 2 fires are caused by climate conditions (drought
brought on by low humidity) and their effect on neglected or abandoned areas. This is proven by the
negative values of the variables Rural hotels, Livestock farms, and Unemployment (the inverse
relationship between the unemployment rate and the number of fires can be explained because
unemployment is concentrated in urban centers). It is further proven by the positive value of the
variable Retirement pensions (that shows the positive relationship between the number of fires and

the number of pensioners living in deprived areas). The positive connection between lower
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temperatures, low wind velocity and wildfire occurrence may reinforce the hypothesis of an

anthropogenic source of the ignitions.

In Cluster 3 (SE), mainly made up of deprived, depopulated areas, all the analyzed dimensions
(climatological, land-related, population, and economic dimensions) contribute to explain the
anthropogenic origin of wildfire occurrences. While the behavior of the land-related and
environmental variables is similar to that of the other clusters, there is a higher, and more significant,
direct effect of the economic and population variables on wildfires. Fires in this region are mostly
caused by climate conditions (drought brought on by low humidity and high wind speeds) and their
action on neglected or abandoned areas inhabited by a decreasing number of ageing, low-income
population. This is shown by the negative value of the variables Rural hotels, livestock farms,
unemployment rate, and GDP; and by the positive value of the variable Retirement pensions. The
weight of deprivation in fire occurrence is strengthen by the negative value of the variable Debt per
capita: a low level of debt per capita also means a low level of investment in preventive actions and

infrastructures.

The results for Cluster 4 (NE), a mainly rural, prosperous, and scarcely populated, region, dedicated
to the exploitation of pasture lands and to agro-tourism, corroborate previous findings. The lesser
impact of land-related and environmental variables in wildfire occurrence can be explained by the
greater importance given in the region to the conservation of the environment, which has a positive
impact in its economy. Economic variables associated with poverty (low GDP, low income) and
deprivation (low investment in fire prevention or in infrastructure) explain the anthropogenic origin

of wildfires in this area.).

In short, the anthropogenic causes of wildfires in Galicia are reinforced by the contradictory
relationship between temperature (low) and humidity (low). According to the results of our model,
rural abandonment and neglect of the environment, together with ageing, deprivation and low

investment in prevention and infrastructure turn out to be the main fire catalysts in Galicia.

Hectares burned

Table 15: Hectares burned panel data model. Own

Dimension Ha Burned Cluster 1 Cluster 2 Cluster 3 Cluster 4
Coef. P>t Coef. P>t Coef. P>t Coef. P>t
Wisum 02801 | 0.145 | -0605824 | 0.011 10669 0.003 | .04468 0.047
HuSum 00223 | 0517 | -01431 0.008 00738 | 0088 | .00708 0.057
TeSum 00004 | 099 100189 0.842 00805 | 0512 | 01912 0.056
Landand = nter 17163 0.187 ~3179 0.887 25961 | 0030 | .03178 0.863
environment
LnRuralhotels 20130 | 0311 | -31360 0.230 51579 | 0177 | -03847 | 0847
Lnbush.Pasture 30286 | 0000 | -3.4749 0.023 28869 | 0005 | -34483 | 0.725
PropForest. tree 15550 | 0005 | -16.052 0.006 64288 | 0109 | -9.5839 | 0.057
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LnLivestock.Farm. -.28676 0.067 -.56377 0.004 -.25846 0.043 -.86850 0.031
LnRoadDensity .21189 0.000 -.01169 0.957 -1.7110 0.002 -.36098 0.586
Veg.balance .00039 0.717 -.00132 0.570 .00184 0.693 .00066 0.824
LnWaste.Hab .03017 0.809 .05754 0.540 .02610 0.768 .02302 0.651
Population LnUnemploy. .12995 0.603 14741 0.658 .09595 0.755 .01529 0.944
Lnforeign. -.12844 0.138 -.22934 0.174 -.2812 0.002 -.14476 0.045
LnRetirement.Pens .85544 0.040 .76612 0.148 .78235 0.000 .02389 0.946
LnPlotVal.Hab -.16374 0.046 -.12050 0.273 -.37516 0.002 -.30552 0.220
LnGDPperHab .10595 0.877 -1.5639 0.049 -2.3881 0.001 -2.1871 0.002
Economy Income.Cap -.0001 0.000 .00002 0.630 .00002 0.496 -.00009 0.033
LnDebtHab .02321 0.635 .01553 0.800 -.12473 0.012 -.06769 0.223
_cons 25.309 0.000 33.277 0.005 21.167 0.009 15.18622 0.114
n/obs (n*years) 91/1.365 62 /930 74 /1.110 87 /1.305

R2 within = 0.1537 within = 0.1936 within = 0.1594 within = 0.1115

between = 0.2560 between = 0.3876 between = 0.2056 between = 0.0618

overall = 0.0693 overall = 0.0958 overall = 0.0709 overall = 0.0490

Dimensions (variables)

INW

2SW | 3SE | ANE

WiSum

HuSum

TeSum

Land and

LnDisCenter

Environment

Lnbush.Pasture

PropForest. tree

LnLivestock.Farm.

LnRoadDensity

Population

Lnforeign.

LnRetirement.Pens

Economy

LnPlotVal.Hab

LnGDPperHab

Income.Cap

LnDebtHab

For the municipalities in Cluster 1 (NW), the number of hectares burned depend, rather than on

the variables associated with climate, on the abandonment of the land (shown by the negative value

of the coefficients for the variables Proportion of forest, bush, and pasture and Number of livestock

farms. The presence of large cities in the Cluster underlines the importance of some economy and

population variables in wildfire occurrence, shown by the negative values of the coefficients for

variables such as Plot value, and income per capita; and by the positive value of the variable retirement

pensions.

Cluster 2 (SW), although similar to cluster 1, presents a stronger connection between the number

of hectares burned and land-related and climate variables; and a weaker effect of the population and

economic variables. This can be explained by the absence of big cities in this cluster, and the presence

of a larger number of abandoned, unpopulated areas.
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Cluster 3 (SE) is one of the most fire-stricken areas. Here, land-related and environmental variables
are as important as those related to the population and the economy. This fact reflects the
socioeconomic vulnerability of this low-income area. Depopulated dress with abandoned pasture
lands result in a negative effect of the land-related variables, shown by a higher percentage of shrub-
lands and a low rate of livestock per farm. Climate variables demonstrate the direct effect of wind
velocity and the inverse effect of humidity over the spread of wildfires. The negative relation between
the number of foreigners and the number of hectares burned deserves special attention: foreigners
in Galicia live mainly in bigger urban centers, where they are employed in the elderly care sector, and

thus their number is an indicator of urban prosperity.

In Cluster 4 (NE), climate variables (mainly wind velocity) and temperature) have a remarkable
weight in the number of hectares burned. In any case, these variables have to be considered together
with those describing land abandonment (a decreasing number of livestock farms results in larger
shrub-land areas) and precarious economic conditions (lower GDP and/or income per capita). As in
Cluster 3, the low number of foreigners indicates that these people live in larger cities, where they are

employed in the elderly care sector.

In sum, in order to explain the number of hectares burned, the variables related to the different
uses of the land, and to the climatological conditions, seem to bear more weight than others. Indeed,
economic and population variables also fall behind in their ability to explain the size of wildfires, but
our analysis shows that social variables have more to do with the causes of fires than with their
consequences. Therefore, Cluster 3 is the most affected one in terms of hectares burned. Its difference

with the other cluster lies in the economic and population characteristics explained above.

Discussion and conclusions

Previous literature suggests that there is a need for greater integration of social and biophysical
systems in wildfire research to support community planning for wildfire risk mitigation and protection.
Our findings contribute to fulfilling this need by confirming the potential role that socioeconomic
variables can play in evaluating community vulnerability to wildfire, including wildfire occurrence and

burned area, in the fire-prone regions.

Taking into consideration these variables may help community officials and wildfire managers
optimize prevention activities. The factor and cluster analysis described demonstrated the existence
of a geographical difference in the region of Galicia, and allowed us to run a much more accurate
analysis of the characteristics of wildfires which may, in turn, also help enhance fire management
decision making. This type of in-depth analysis is of use in adjusting the prevention efforts to the

socioeconomic and environmental situation of each area.
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Some valuable insights can be extracted from the previous analysis:

e Regarding the variables: In the first place, factor analysis splits the set of previously selected
variables into various dimensions; this demonstrates the relation between certain variables,
but also the existence of different socioeconomic components. These factors, similar to the
dimensions described in the relevant literature (Adger 2006; Faas 2016), allow us to analyze
the region with higher precision. In the second place, cluster analysis has made it possible to
unearth geographical differences within the region; these geographical differences have
proven to be very useful for fire management, as the variables within the factors affect the
number of ignitions and the hectares burned differently. In general terms, Cluster 3 clearly
presents a stronger connection between socioeconomic vulnerability and the characteristics
of wildfires.

e Concerning the dependent variable ‘Number of wildfires’, the importance of the land and
environmental dimensions is remarkable. Ignitions turn out to be directly related to an
increase in available fuel load and in turn unveil the existence of ill-managed lands (Moreira
et al. 2011). The presence of farms and livestock has also been suggested as an explanation
for ignitions in rural areas (Ganteaume 2013); in this sense, the results confirm the direct
relation between these variables and the number of ignitions. In addition, together with the
relevant literature, this paper has considered the ageing of the rural population as one of the
primary causes of ignitions through traditional fire-use practices (Grala et al.2017). The
existing relation between economic deprivation and ignitions, especially visible in Cluster 3
and 4, corroborates that the economic dimension plays an important role in wildfire
occurrence. Nevertheless, the behavior of the unemployment rate shows contradictory
findings: in Mercer and Prestemon (2005) it is considered as a proxy for economic activity, so
there is a positive relationship between the number of ignitions and the unemployment rates;
the negative relationship between unemployment and ignitions shown by this research could
be explained because the unemployment variable is part of the ‘Population’ factor, and so it
describes the features of urban centers, where number of ignitions is much lower.

e As far as the dependent variable ‘Hectares burned’ is concerned, the effects of the
independent variables are slightly different, as it is related to the fire’s behavior, that is, its
intensity and spread (Calvifio-Cancela et al. 2017). For this reason, the hectares burned are
mostly affected by land-related variables or biophysical factors, at the expense of the
economic and population variables (Balch et al 2017). Our results corroborate these previous
findings, showing a significant impact of the meteorological variables, as well as the land-
related variables, in the hectares burned. The remarkable and positive relationship between
road density and hectares burned can be explained by the importance of roads in the spread
of a wildfire; this finding confirms the results of some pieces of research. In contrast, roads
have also proven to be of great help in stopping the spread of wildfires in some regions
(Ganteaume 2013). Additionally, as it has already been pointed out by other authors (Grala et
al. 2017; Cattau et al. 2020), to better explain the characteristics of fire it is still necessary to
consider the interaction between climate, land and socioeconomic factors; this is reflected on
the results of this research, where the population and its socioeconomic characteristics are
statistically significant. In this respect, land abandonment, one of the main problems in rural
areas, directly affects the quantity of fuel available, as it increases the presence of shrub and
grassland, along with non-managed forest areas (Vega-Garcia and Chuvieco 2006; Padli et al.
2018; Arellano-Pérez et al. 2018).
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In addition to the findings described above, the most important outcome of this research is given
by the use of cluster analysis, which allowed for a detailed exploration of the differentiated areas of
the Galician region. The possibility of identifying significant inter-territorial differences in fire
determinants may be paramount to the design of prevention actions with more precision. Indeed, a
bespoke —and consequently more efficient- regional fire prevention system would result in great

benefits for both the land and the people who inhabit it.

In conclusion, empirical evidence has shown that socioeconomic variables related to social
vulnerability, such as population and its characteristics, income per capita, GDP, etc., can become as
important as meteorological variables in wildfire occurrences and in the number of hectares burned.
As a result, measures targeted to the development of the economy of rural areas, and to the
improvement of land management, would contribute to reducing the occurrence and impact of
wildfires. Moreover, in order to reduce the number of ignitions and hectares burned, it is necessary
to revise the policies and practices of every territory involved: it is to be expected that working on the

specific issues affecting each particular area will lead to a reduction in disasters like wildfires.

As previously stated, prevention is essential in order to keep emergencies from happening, and
also to lessen the severity of this kind of events. A holistic approach encompassing all factors related
to that emergency should be a focus point in the planning process, so as to improve emergency
preparedness and fast response actions. Likewise, accurate knowledge of the land and its
characteristics has proven to be fundamental in achieving a noteworthy improvement in firefighting

in all its phases, from fire prevention to fire extinction.
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Principales resultados, contribuciones de este trabajo y lineas de

investigacion futuras

Resumen de resultados

El objetivo de la investigacidn, determinar la relacion de la vulnerabilidad social con los incendios

forestales en Galicia, se va alcanzado de una forma mds precisa y concreta a medida que se ahonda

en los cuatro articulos que configuran la tesis doctoral. En este sentido, el efecto de las variables

socioecondmicas relacionadas con la vulnerabilidad es significativo y ademas se observa una

delimitacion territorial que consigue afinar, en mayor medida, las conclusiones que se obtienen del

andlisis.

Los resultados mas importantes de los cuatro articulos son los siguientes:

1.

El primer articulo tiene como objetivo determinar las variables relacionadas con la
vulnerabilidad en la producciéon de incendios forestales. Atendiendo al resultado de la
investigacion, dichas variables son el envejecimiento poblacional y la densidad de poblacién.
Estas variables se relacionan con el abandono del territorio ya que juntas reflejan regiones
deprimidas, con altos valores de envejecimiento y gran nimero de incendios. Unido a esto se
aprecian valores referidos al abandono territorial, y poblacidn con bajos recursos e ingresos.
En el segundo articulo se pretende por una parte estudiar la distribucion espacial de las areas
afectadas por los incendios forestales y por otra establecer la relacién entre las variables
socioecondmicas y medioambientales en referencia a los municipios gallegos y las hectareas
quemadas y el ratio hectareas/n2 de incendios ocurridos. A través del anilisis realizado,
pudimos comprobar que las distintas variables socioecondmicas seleccionadas son
importantes a la hora de determinar tanto las hectareas quemadas como la intensidad de los
incendios. Uno de los principales hallazgos de la investigacion es que los efectos son distintos
dependiendo de la zona de Galicia a la que nos refiramos. Asi, a través de la prueba de Chow,
se constatd la presencia de un cambio estructural en el analisis de los datos. Se realizaron
varios modelos para diferentes zonas de la Comunidad Auténoma. Las variables climaticas, en
cambio, no fueron tan determinantes. Esto se debe a la que la media de dichas variables
agregada en quince afios tiende a igualarse y por tanto no se pueden comprobar los efectos de
los casos extremos en grandes incendios forestales.

El objetivo del tercer articulo es estudiar el efecto de las variables socioeconémicas
relacionadas con la vulnerabilidad social sobre las caracteristicas de los incendios forestales
(igniciones, hectareas quemadas e intensidad) a lo largo del tiempo en Galicia. En este

sentido, una vez mas, entre los resultados obtenidos destacan ciertas variables relacionadas
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con la vulnerabilidad como son la poblacién envejecida y la falta de poblacién joven. Ademas,
el modelo utilizado en este caso, los datos de panel, nos permite ser mas precisos en el tiempo
establecido ya que la estructura de datos de panel arroja uno resultados que se ajustan mejor
a la realidad de Galicia, pudiendo observar cambios en el territorio en cada uno de los 15 afios
de observacion.

4. Enelultimo articulo, con el objetivo de confeccionar nuestro propio mapa de la vulnerabilidad
social y la produccion de incendios forestales en Galicia se refinan los resultados obtenidos
en los anteriores, consiguiéndose de esta manera un analisis mds preciso tanto temporal como
territorialmente. Se obtuvieron siete factores de vulnerabilidad, que a su vez fueron agrupados
en tres dimensiones: Territorial-ambiental, poblacional y econdmica. Ademas, el andlisis
claster permitié dividir Galicia en cuatro grandes areas en cuanto a su comportamiento ante
los incendios. Resulta resefiable el hecho de que las areas obtenidas en el analisis estadistico
coinciden con la demarcacion de las cuatro provincias gallegas. Finalmente, la aplicacién de los
modelos da datos de panel (afios 2000-2015) a cada uno de los grupos obtenidos nos permitié
encontrar aquellas variables socioeconémicas mas relevantes en la produccién de incendios
para cada una de las cuatro areas geograficas seleccionadas. Este hecho ha permitido afinar en
las recomendaciones que se haga a los responsables de gestionar la prevencidon y mitigacion
de incendios forestales en Galicia, mejorando de esta manera la administracidon de recursos y

el servicio a la comunidad.

Conclusiones generales

La investigacidon realizada ha permitido establecer una relaciéon entre las caracteristicas
socioecondmicas relacionadas con la vulnerabilidad que definen Galicia y las caracteristicas de los
incendios forestales en esta comunidad auténoma. Estos resultados pueden ser de gran utilidad a la
hora de encarar un problema que cada afio acucia a esta regién, generando cuantiosas pérdidas

econdmicas, medioambientales y humanas en todos los sectores.

Los hallazgos de nuestra investigacién permitiran, pues, explorar la implementacién de medidas
de prevencion complementarias a todo el actual sistema de lucha contra incendios forestales
promovido por la Xunta de Galicia a través de PLADIGA, de cara a reducir el nimero de emergencias.
La relevancia de los resultados, que establecen una relacidn entre las variables socioecondmicas
relacionadas con la vulnerabilidad social y los incendios forestales, debe ser tomada en consideracion
por los decisores técnicos y politicos. Es necesario incrementar el gasto publico en prevencion de
incendios forestales y desarrollar las estrategias de anticipacion; esto deberia ser prioritario al igual

gue la practica comun actualmente: gasto en emergencias (PLADIGA, 2020).
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No solo es necesario actuar sobre las cuestiones climaticas, medioambientales y naturales a la hora
de disminuir el riesgo; hay que incidir en todos los aspectos relacionados con la poblacién que tienen
influencia. Por lo tanto, se deben elaborar estrategias que sean complementarias a las labores de
prevencion, donde se mitiguen los impactos adversos de algunos factores relacionados. El hecho de
gue se hayan identificado una serie de variables socioecondmicas muy concretas relacionadas con la
vulnerabilidad social y los incendios forestales permite centrar la atencion en aquellas cuestiones
clave para lograr una mayor incidencia en las actuaciones de minimizacién de su produccion y/o
prevencion de los mismos. Las medidas que tratamos en esta investigacidn estdn relacionadas con
caracteristicas poblacionales, territoriales y econdmicas. Los resultados se caracterizan por ser a
medio-largo plazo, pero con un gran impacto, ya no solo para la prevencion sino para el tejido social

en general.

Si nos centramos en las cuestiones poblacionales, la investigacion demuestra que una mejora de la
calidad de vida en el ambito rural puede alterar las variables relacionadas con este entorno y, por
tanto, con los incendios. Asi, el abandono progresivo del medio rural es uno de los principales
problemas que favorecen los incendios forestales. A su vez, este lleva asociadas cuestiones sociales
(envejecimiento, baja densidad, etc.) y el trabajo sobre estas debe promover un intercambio entre
las diferentes estructuras poblacionales y que a la vez se pueda incidir en ciertos comportamientos
tradicionales dafiinos, asociados a sociedades envejecidas. Ello permitiria mejorar los indices de

recambio de poblacidn activa y la estructura demogréfica.

Por otro lado, desde la perspectiva territorial, un aspecto relevante son las deficiencias en la
gestion del territorio forestal, que lleva asociados la pérdida de valor del monte y el aumento de
combustible, con el consecuente incremento del riesgo de incendios. Otro ejemplo de las variables
relacionadas con el territorio, que son complejas y frecuentemente comprenden una dualidad que es
dificil de medir; son las explotaciones ganaderas, que controlan el combustible vegetal disponible en
la mayor parte del territorio, pero, puntualmente, los propietarios queman areas forestales
intencionadamente para expandir las zonas de pasto disponible. En este sentido, afiadiendo valor al
entorno, cambia la percepcion de la poblacién hacia él, velando por su conservacion. La manera mas
eficiente de mantener las funciones econdmicas sociales y medioambientales de estas areas es a
través de medidas que enfaticen en la importancia de éstas antes de la ocurrencia de un evento
catastrdéfico. Todo ello conllevaria una mejora de la calidad de vida en las zonas rurales, incidiendo
como ya hemos comentado en variables como la densidad de poblacién y la renta por habitante.
Otorgando valor al bosque se cambia la percepcidn que se tiene de los medios forestales y por tanto

se pueden reducir los incendios.
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Asimismo, dentro de los factores econdmicos relacionados hay que tener en cuenta que el monte
gallego es un recurso para la obtencion de materias primas y también un espacio de suma importancia
dentro del sector del turismo, esto es, el monte tiene un valor intrinseco. Por esta razon, si la
poblacién local tomara conciencia de esta realidad, se lograria el objetivo de mantener y conservar
estos territorios forestales. Un ejemplo, en lo que respecta a los modelos desarrollados en esta
investigacion, es la gestidn de las zonas de interfaz urbano forestal, relacionadas con variables como
la proporcion diseminados/nucleos y el PIB, y el trabajo directo cuestiones econdmicas (baja renta

bruta por habitante, bajo valor catastral, etc.).

En este sentido, es importante destacar que los trabajos que se llevan a cabo en materia de
prevencion son competencia de las instituciones publicas, concretamente de la Administracion Central
del estado. No obstante, estas competencias estan transferidas a las Comunidades Auténomas. Como
se ha podido comprobar, los factores poblacionales, territoriales y econdmicos son igualmente
importantes en la toma de decisiones para la mejora de la prevencién. Esto es debido principalmente
a la estrecha relaciéon que hay entre todas las variables que conforman la vulnerabilidad de cada
territorio. Por este motivo, para mejorar la gestiéon de los riesgos naturales y en concreto de los
incendios forestales, resulta necesario implicar a las entidades locales, primeras conocedoras de la
realidad socioecondmica que afecta a cada uno de sus municipios. Esto resulta complicado a corto
plazo, pero una mayor incidencia en la mejora de la calidad de vida en el medio rural previsiblemente
modificaria de manera positiva estas variables de cara a su relacidn con los incendios forestales. Se
detecta la necesidad de establecer modelos de desarrollo sostenible donde se tengan en cuenta los

aspectos sociales que destacan como una causa de los incendios forestales.

Como se ha venido demostrando en esta investigacion, uno de los grandes desafios es establecer
la unién entre todos los factores que intervienen en un incendio forestal, desde la prevencion hasta
la extincion, entendiendo su comportamiento y minimizando sus efectos. En definitiva, este trabajo
ha permitido probar la influencia de las variables socioecondmicas en las caracteristicas de los
incendios forestales en Galicia. Sus conclusiones permiten sugerir que, trabajando sobre estas
cuestiones, se puede generar un cambio en los efectos destructivos de los incendios de origen

antrépico.

Sin embargo, también se ha demostrado que las medidas no pueden ser las mismas para toda la
region. Siguiendo la tendencia de las ultimas investigaciones, se ha precisado lo maximo posible el
efecto de las variables socioecondmicas, con el objetivo de detectar areas lo mas pequefias posible

donde se pueden observar efectos sobre incendios forestales. Esto es necesario para mejorar la
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prevencion, incidiendo sobre la problematica exacta que afecta a cada unidad observacional. Por lo
tanto, con el objetivo de reducir el nimero de incendios y las hectdreas quemadas, es necesario
revisar las politicas y practicas de cada territorio involucrado; en este sentido, trabajando en los
problemas especificos que afectan a las regiones estudiadas puede conllevar una reduccién de los

incendios forestales.

La prevencion es fundamental para evitar que se produzcan emergencias y también para atenuar
la gravedad de este tipo de eventos. Un enfoque holistico que abarque todos los factores
relacionados con esa emergencia debe ser tenido en cuenta en el proceso de planificacion, a fin de
mejorar la preparacidn para emergencias y las acciones de respuesta rapida. Asimismo, nuestra
investigacion ha demostrado que el conocimiento preciso del terreno y sus caracteristicas es
fundamental para lograr una mejora notable en la lucha contra incendios en todas sus fases, desde

la prevencidn hasta la extincidn.

Lineas de investigacion futuras

Entre los meses de febrero y mayo de 2020 se realizé una estancia doctoral en el Servicio Forestal
de Estados Unidos (https://www.fs.fed.us/), concretamente en su sede “Pacific Northwest Research
Station” de Corvallis, Oregdn. El objetivo de la estancia fue replicar la metodologia usada en Espafa
con datos de EEUU, bajo la supervisiéon del Dr. Jeffrey D. Kline

(https://www.fs.fed.us/research/people/profile.php?alias=jkline), investigador de esta institucidn.

Actualmente se estd trabajando con una base de datos muy completa que abarca tanto el estado
de Oregdn como el de Washington. Se han utilizado diferentes fuentes de datos como son el Census
de EE. UU. y la base de datos de incendios forestales del US Forest Service. Se han elaborado los
modelos correspondientes que permiten establecer la relacidon entre los incendios forestales y la
vulnerabilidad social en los sub-condados de los dos estados implicados. Con los resultados obtenidos
se elaborara un articulo en una revista alto impacto, todavia por determinar con el supervisor. De esta

manera, esta tesis opta a la mencion de Doctorado Internacional.

Por ultimo, se apuntan dos lineas adicionales de investigacion que permitirian complementar los
resultados, refinar las conclusiones obtenidas y, por ende, establecer unas recomendaciones politicas

gue redunden de manera mas efectiva en el beneficio de la poblacidn afectada.

En primer lugar, muchos de los actores implicados ponen inconvenientes a la hora de facilitar
informacién respecto de financiaciéon en incendios forestales, distribucién precisa de los fondos

destinados a prevencién, cuestiones relacionadas con la contratacion de personal de extincién y
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trabajos de prevencion, etc. En este sentido, disponiendo de mds informaciéon de las variables

implicadas o incluso nuevas variables, se puede mejorar la precisidon de los modelos desarrollados.

En segundo lugar, se puede recurrir a la utilizacién de técnicas cualitativas de investigacion
(entrevistas, grupos de discusion, observacidn participante, investigacion accién participativa), como
herramienta metodoldgica complementaria a la utilizada en esta tesis. A través de esta via se podrian
captar cuestiones relevantes en la tematica de incendios forestales tales como puede ser la percepcién
del riesgo, la valoracién del entorno natural, la educacién ante catdstrofes naturales, etc. Por ejemplo,
Seijo (2005), describe, a través de diferentes entrevistas a los actores implicados en los incendios
forestales, la tradicidon y cultura existente alrededor del fuego en Galicia. Ademads, no debe olvidarse
que Galicia siempre ha sido el foco de atencidon mediatico en lo que a incendios forestales se refiere.
No sdlo por la cantidad de incendios que se producen cada afio, sino por cuestiones politicas y la
intencionalidad, o conceptos como “economia del fuego”, “terrorismo incendiario”, “Galicia no arde,
la queman”, entre otros muchos. Al largo de las dos ultimas décadas han surgido distintas noticias y
afirmaciones relacionadas con los incendios que han puesto en el punto de mira a las empresas de
Galicia, a los servicios de extincidén y a la Xunta. En muchos casos han sido reprobados, como puede
ser la recalificacién de las zonas quemadas para obtencion de terreno edificable o las quemas para
producir zonas de plantacién de eucaliptos. Aun asi, hay otros hechos que siguen sin ser claros, como
la quema por parte de las cuadrillas contratadas temporalmente y las irregularidades alrededor de la
contratacién de estas, los procesos judiciales excesivamente laxos o el sobrado conocimiento de la

actividad incendiaria y quienes la realizan por parte de las autoridades locales, sin efecto alguno.
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