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RESUMEN

En el Plan de Investigacion presentado, el enfoque era exclusivamente dedicado al
fendmeno de los grandes incendios forestales y sus impactos en el paisaje del territorio del Alto
Minho. Una vez recopilada la informacién cartografica oficial y con un primer analisis de
control de calidad, utilizando imagenes de satélite, se encontraron varios errores gque no
permitian realizar un estudio, deseablemente riguroso, sobre los incendios forestales en el
territorio. Por otra parte, durante las visitas sobre el terreno, se identificaron muchas zonas
guemadas que no estaban cartografiadas en la base a fuentes oficiales. Estas condiciones
obligaron a un esfuerzo afiadido para crear una serie historica de superficies quemadas con el
maximo rigor y detalle posible, cuyo trabajo Unico en Portugal, al final, permitio identificar y
describir el régimen de fuego y sus impactos reales en el territorio.

El fuego en el Noroeste Ibérico y muy particularmente, en la zona de estudio, no es un
fendmeno aislado y ajeno al paisaje. Por lo contrario, los datos resultantes del largo proceso
sistematico de obtencidn de superficies quemadas y su clasificacion en cuanto a la tipologia de
fuego, permitieron identificar la existencia de un uso del fuego muy arraigado en determinadas
zonas del territorio, donde no constaban grandes superficies quemadas resultantes de incendios
forestales. Sin embargo, este uso del fuego por las comunidades rurales es completamente ilegal
y, aun asi, no originaba incendios forestales. Esto me llevd a intentar comprender su origen en
un contexto de conocimiento tradicional y averiguar por qué este fuego esta legalmente tan
condicionado, cuando es tan recurrente en el Alto Minho. La investigacion y revision
bibliografica me hizo retroceder en el tiempo y los numerosos manuscritos y documentos
legales histdricos, obtenidos de varios siglos, me permitieron identificar patrones asociados a
los diferentes usos del fuego y cuéles fueron los impactos normativos sobre este uso a lo largo
del tiempo y como, en su conjunto, han condicionado los paisajes.

Por otro lado, la investigacion sobre el uso tradicional del fuego ha permitido identificar
un problema transversal al territorio nacional, particularmente en las zonas rurales, donde reside
una poblacion envejecida en un paisaje en continuo cambio. Los resultados revelaron un
elevado nimero de accidentes mortales como consecuencia de este uso tradicional del fuego y
permitieron abrir una linea de investigacion en la que practicamente no hay trabajos publicados.

Una vez finalizado el proceso de cartografiado de todas las superficies quemadas y
clasificadas segun su origen, fue posible identificar patrones asociados a un régimen de fuego
en el territorio, asi como su impacto en la alteracion o conservacion del paisaje del Alto Minho.
Por altimo, el paisaje ademas de resultar como producto del impacto de los diferentes fuegos,
también condiciona la evolucion de futuros incendios forestales.

Palabras Clave: Paisaje; Fuego tradicional; Uso del fuego; Incendios forestales; Régimen
de fuego; Legislacion, Conocimiento tradicional del fuego, Noroeste Ibérico



RESUMO

No Plan de Investigacion presentado, o foco era exclusivamente dedicado 6 fenémeno dos
grandes incendios forestais e 0s seus impactos na paisaxe do territorio do Alto Minho. Unha
vez recollida a informacion cartografica oficial e cunha primeira anélise de control de calidade,
mediante imaxes de satélite, constataronse varios erros que non permitian realizar un estudo
desexablemente rigoroso sobre os incendios forestais no territorio. Por outra banda, durante as
visitas de campo identificaronse moitas zonas queimadas que non estaban cartografiadas na
base das fontes oficiais. Estas condicions obrigaron a un esforzo engadido para crear unha serie
histdrica de superficies queimadas co maximo rigor e detalle posible, cuxo traballo Unico en
Portugal permitiu, 06 final, identificar e describir o réxime de lume e os seus impactos reais sobre
o territorio.

O lume no noroeste ibérico, e particularmente na zona de estudo, non é un fenémeno illado
alleo & paisaxe. Pola contra, os datos derivados do longo proceso sistematico de obtencion de
superficies queimadas e a sua clasificacion en funcién do tipo de lume, permitiron identificar a
existencia dun uso do lume moi arraigado en determinadas zonas do territorio, onde non existian
grandes superficies queimadas derivadas dos incendios forestais. Non obstante, este uso do
lume por parte das comunidades rurais € totalmente ilegal e, ainda asi, non orixinaba incendios
forestais. Isto levoume a tratar de comprender a sua orixe nun contexto do cofiecemento
tradicional e descubrir por que este lume esta tan condicionado legalmente, cando é tan
recurrente no Alto Minho. A investigacion e a revision bibliografica levoume atras no tempo e
0S numerosos manuscritos e documentos legais historicos, obtidos dende varios séculos,
permitironme identificar patrons asociados 0s diferentes usos do lume e cales foron os impactos
normativos sobre este uso 6 longo do tempo e como no seu conxunto, condicionaron as
paisaxes.

Por outra banda, a investigacion sobre o uso tradicional do lume permitiu identificar unha
problematica transversal ¢ territorio nacional, particularmente no rural, onde unha poboacién
envellecida reside nunha paisaxe en constante cambio. Os resultados revelaron un elevado
numero de accidentes mortais como consecuencia deste uso tradicional do lume e permitiron
abrir unha lifia de investigacion na que practicamente non hai traballos publicados.

Unha vez finalizado o proceso de cartografia de todas as superficies queimadas e
clasificadas segundo a sua orixe, foi posible identificar patréns asociados a un réxime de lume
no territorio, asi como o seu impacto na alteracion ou conservacion da paisaxe do Alto Minho.
Por Gltimo, a paisaxe, ademais de ser produto do impacto dos distintos lumes, condiciona tamén
a evolucion dos futuros incendios forestais.

Palabras Chave: Paisaxe; Lume tradicional; Uso do lume; Incendios forestais; Réxime de
incendios; Lexislacion, Coflecemento tradicional do lume, Noroeste Ibérico



ABSTRACT

In the Research Plan presented, the focus was exclusively dedicated to the phenomenon of
large wildfires and their impacts on the landscape of the Alto Minho territory. After compiling
the official cartographic information and a first quality control analysis using satellite images,
several errors were found that did not allow for a study, which should be rigorous, on wildfires
in the territory. Furthermore, during field visits, many burnt areas were identified that were not
mapped on the basis of official sources. These conditions obliged an additional effort to create
a historical series of burnt areas with the greatest possible precision and detail, whose unique
work in Portugal, in the end, made it possible to identify and describe the fire regime and its
real impacts on the territory.

The fire in the Northwestern Iberian Peninsula, and particularly in the study area, is not an
isolated and foreign phenomenon to the landscape. On the contrary, the data resulting from the
long systematic process of obtaining burnt areas and their classification in terms of fire
typology, made it possible to identify the existence of a very deep-rooted use of fire in particular
areas of the territory, where large burnt areas resulting from wildfires were not recorded.
However, this use of fire by rural communities is completely illegal and, even so, did not cause
wildfires. This led me to try to understand its origin in a context of traditional knowledge and
to find out why this fire is so legally conditioned, when it is so recurrent in the Alto Minho. The
research and literature review took me back in time and the numerous manuscripts and historical
legal documents, obtained from several centuries, allowed me to identify patterns associated
with the different uses of fire and what were the regulatory impacts on this use over time and
how, as a whole, they have conditioned the landscapes.

On the other hand, the research on the traditional use of fire allowed to identify a cross-
cutting problem in the national territory, particularly in rural areas, where an ageing population
resides in a continuously changing landscape. The results revealed a high number of fatal
accidents as a consequence of this traditional use of fire and opened up a line of research in
which there is practically no published work.

At the end of the process of mapping all burnt areas and classifying them according to their
origin, it was possible to identify patterns associated with a fire regime in the territory, as well
as its impact on the alteration or conservation of the Alto Minho landscape. Finally, the
landscape, in addition to being the product of the impact of the different fires, also conditions
the evolution of future wildfires.

Keywords: Landscape; Traditional fire; Fire use; Wildfires; Fire regime; Legislation,
Tradicional Fire Knowledge, Northwestern Iberia
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PROLOGO

Puede decirse que inicié el proceso de investigacién desde una posicion basada en la
experiencia como tecnico sobre el terreno, del uso institucional del fuego, también conocido
como quema prescrita (fuego controlado en Portugal) y de la lucha contra los incendios
forestales. Aunque la experiencia es una parte fundamental, sobre todo en las multiples
cuestiones que se plantean, el conocimiento cientifico es imprescindible para encontrar las
respuestas de forma razonada. Por ello, los principales motivos que desencadenaron el deseo
de elaborar esta tesis fueron principalmente, continuar mis estudios dedicados a los incendios
forestales y tambien buscar respuestas a cuestiones relacionadas con el impacto de los grandes
incendios, cada vez mas recurrentes y de mayores dimensiones.

Rehén de mi experiencia con los incendios, el enfoque inicial en la elaboracion de esta tesis
se basa en el impacto de los grandes incendios forestales en la region del Alto Minho, desde un
enfoque de los incendios forestales como el problema. Por el contrario, segun avanzaba la
investigacion, mi percepcion de los grandes incendios fue cambiando. El cambio se debid
principalmente al periodo de trabajo de investigacion dedicado al levantamiento cartografico y
a la clasificacion de los incendios. Una vez finalizado este trabajo, el proceso de clasificacion
me llevo a investigar los usos ancestrales, mediante la recopilacion y lectura de documentos
historicos, manuscritos y legislacion. Esta etapa de la investigacion, motivada también por mi
experiencia de campo con comunidades tradicionales e indigenas, me llevé a buscar usos del
fuego nativos de Portugal, de modo que sélo en los documentos histdricos se puede identificar
y recuperar informacion sobre técnicas y practicas de comunidades pasadas. Esta tarea fue
fundamental, la cual permitié ampliar la vision y comprender la evolucién del uso del fuego en
el territorio portugues, asi como la relacion con los grandes incendios forestales. Estos grandes
incendios son, al final, una consecuencia y no el problema.

La gran cantidad de informacion y el detalle de los datos obtenidos convirtieron la
investigacién en un abordaje holistico respecto a todos los fuegos forestales que se propagan de
diferentes formas en el paisaje del Alto Minho.
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INTRODUCCION

Antes del proceso de antropizacion, los incendios de origen natural formaron y
condicionaron la distribucion de los bosques durante millones de afios (Pyne and Goldammer,
1997; Bowman et al., 2009; 2011). Con la humanizacion de los territorios, el fuego de origen
antropogeénico no solo fue asumido como herramienta de trabajo, sino que dio paso a la primera
eraenergética (Smil, 2004). Hace mas de 300.000 afios, cuando los seres humanos sustituyeron
el uso oportunista y ocasional del fuego por un uso regular y habitual para obtener los beneficios
del fuego, se produjo un proceso determinante en la humanizacion (MacDonald, 2018;
Roebroeks and Villa, 2011). Este control de la energia 'y su uso regular, para procesar alimentos,
protegerse de las inclemencias del tiempo, de la oscuridad de la noche y de los animales
salvajes, para alterar las materias primas, para modificar deliberadamente el uso de la tierra,
cambid la especie humana a nivel fisico, cognitivo y social (Shimelmitz et al., 2014). A medida
que avanzaba la humanizacion de los territorios, el fuego acompariaba, como aun hoy, los
cambios del paisaje.

Las primeras poblaciones humanas se dedicaban sobre todo a la caza y la recoleccion de
vegetales y frutos silvestres, por lo que el uso del fuego ha acompafiado a las primeras
sociedades némadas (Fabregas Valcarce, 1988; Fabregas Valcarce and Otero, 1999; (Jorge,
2000). A partir del Neolitico, el uso del fuego permitié abrir claros para la instalacion de
pequefios asentamientos y las primeras tierras agricolas (Aira Rodriguez and Ramil Rego,
1995). Con la domesticacion de los animales se inici6 la actividad pastoril y el fuego desempefio
su papel en la renovacion de los pastos. Sin embargo, estas practicas se complementaban con
la caza y la recoleccion (Bettencourt, 2008).

Las primeras sociedades agrosilvopastorales mantuvieron practicas itinerantes, por lo que
el fuego adquirié el mismo caracter itinerante (Fabregas Valcarce et al., 1997; Sanches, 2003).
A medida que se desplazaban en el territorio y se expandia la poblacion humana, el fuego
acompafd los movimientos demogréaficos y migratorios. Con la aparicion de los primeros
asentamientos fijos, el fuego se hizo sedentario en el paisaje, manifestandose de forma
recurrente por la mano del hombre, segln las necesidades, para roturar nuevas tierras agricolas,
para quemar rastrojos y abonar los campos, para renovar pastos, para mantener alejados a los
animales salvajes y para controlar plagas y enfermedades en los cultivos. Igualmente, segin los
registros historicos, el fuego también se ha manifestado en el territorio como resultado con fines
defensivos en tiempos de guerra, de causas accidentales y por motivaciones asociadas a una
intencionalidad para provocar dafios. Desde entonces, estas practicas han continuado a lo largo
de los siglos en el Noroeste Ibérico y, en este caso, particularmente en el Alto Minho. El paisaje
de esta region, asi como el de otros territorios rurales, es un paisaje cultural resultante de usos
y practicas ancestrales, incluyendo el uso del fuego, de diferentes sociedades en la gestion de
los recursos (Davidson-Hunt, 2003; Miller and Davidson-Hunt, 2010).

La firma humana en el paisaje fue el fuego, principalmente en los territorios donde la
densidad demografica era mas elevada, lo que provocé a lo largo del tiempo la alteracion de los
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ecosistemas, que a su vez se adaptaron a las practicas y usos de las sociedades rurales (Pyne
and Goldammer, 1997; Pyne, 1999; 2006). Los cambios de la sociedad, conllevan a cambios de
usos y ocupaciones del suelo y éstos pueden derivar de politicas y medidas soportadas por la
legislacion en cada periodo de vigencia.

La necesidad de legislar sobre el uso del fuego se remonta a la época anterior a la fundacion
de Portugal, debido a la incompatibilidad de usos y ocupaciones del suelo, donde el régimen de
propiedad tenia un peso considerable. Desde el momento en que la sociedad existe, se impone
la necesidad del Derecho y éste evoluciona segun la evolucion de la sociedad y los conflictos
que genera. Estos conflictos seran més diversos cuanto mas desarrollada y organizada esté la
sociedad, por lo que el establecimiento de normas y leyes es fundamental para su
funcionamiento. La investigacion sobre la evolucion histérica legislativa nos permite identificar
y comprender el impacto de determinados conflictos, en este caso particular los relacionados
con el uso del fuego y los incendios forestales.

En la actualidad, los incendios forestales constituyen un importante impacto
medioambiental, econdémico y social, y también tienen una fuerte repercusién mediatica.
Aunque la legislacion ha evolucionado, mas concretamente desde principios del siglo XX, y se
ha reforzado en las dos uUltimas décadas, la poblacién sigue utilizando el fuego de forma
generalizada. Este uso popular surge de practicas ancestrales, pero se puede constatar que no es
mas que un vestigio de usos pasados. Sin embargo, el uso del fuego esta asociado al elevado
numero de incendios que se producen anualmente en el pais. Identificar los usos del fuego en
el pasado permite comprender el uso actual del fuego por parte de las poblaciones rurales y el
fendmeno de los incendios forestales.

En las Gltimas décadas, el resultado de los cambios sociales ha tenido un impacto decisivo
en el uso y la ocupacién del suelo, concretamente la despoblacion y el envejecimiento de la
poblacién. Un paisaje que fue construido por comunidades humanas esta ahora cada vez mas
despoblado o tiene una poblacion envejecida, lo que se traduce en un aumento de las zonas
forestales no gestionadas y en el proceso de rewilding de tierras agricolas, donde se acumulan
elevadas cargas de biomasa. Si por un lado aumenta el riesgo de incendios por el uso del fuego,
por otro aumentan considerablemente los incidentes con victimas, esencialmente personas
mayores. Sin embargo, este nuevo problema asociado a los incidentes con victimas mortales
fuera de la temporada (estival) de incendios no ha recibido la atencién que merece, ni por parte
del mundo académico ni de los responsables politicos.

El paisaje del territorio de estudio también es resultado de estos cambios. El Alto Minho,
al igual que el Noroeste Ibérico, es una de las regiones de Europa con mayor nimero y
recurrencia de incendios forestales (Pereira et al., 2006; Diaz-Fierros, 2019). Segun datos
oficiales del Instituto de Conservacion de la Naturaleza y de las Florestas (ICNF), el territorio
presenta para el periodo cubierto por esta investigacion (2001 a 2020), un total de 28.223
incendios forestales que corresponden a una superficie total quemada de 179.283 hectareas. Sin
embargo, en el d&mbito de esta investigacion, tras un riguroso trabajo de cartografia y
reconstruccion de los perimetros de las zonas quemadas, fue posible obtener datos muy
diferentes de los datos oficiales, sobre todo en lo que se refiere a la superficie quemada y a los
impactos reales de los fuegos pastorales, en su contexto mas tradicional de uso del fuego.

Este trabajo de reproduccion cartogréafica y clasificacion de superficies quemadas, también
permitio identificar la coexistencia en el territorio de diversos tipos de fuegos segun su origen.
A través de este estudio, fue posible verificar la contribucion de cada tipo de fuego en el proceso
de cambios del paisaje, asi como los efectos de la estacionalidad de los fuegos en los cambios
de los tipos de combustible en las tltimas dos décadas.
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HIPOTESIS Y OBJETIVOS

Portugal es el pais de Europa con mayor numero de incendios y superficie quemada, con
importantes impactos ambientales, econdémicos y sociales (Tarin-Carrasco et al., 2021; Tedim
et al., 2015). Los datos oficiales del ICNF (Instituto de Conservacion de la Naturaleza y
Florestas) indican una superficie quemada total acumulada de unos 2,7 millones de hectéreas,
resultado de aproximadamente 400.000 incendios ocurridos entre 2001 y 2020 en el territorio
continental.

En particular en la region del Alto Minho, como en otras regiones del Nororeste de la
Peninsula Ibérica, existe una relacion intima y larga con el fuego. Este ha sido un elemento
importante en la compartimentacion y modelacion del paisaje, asociado a las practicas
culturales del uso y ocupacién milenaria del suelo, definiendo patrones paisajisticos de gran
diversidad ecoldgica y cultural (Bowman et al., 2009; Fernandes et al., 2013; Johansson et al.,
2012). Sin embargo, en las ultimas décadas, los incendios forestales se presentan en el territorio
con una elevada incidencia y recurrencia y cada vez mas con mayores extensiones segun su
frecuencia. Esta caracteristica, en particular, de los grandes incendios presenta una dupla
accion, por una parte, el efecto directo sobre el paisaje, provocando serios dafios y prejuicios y
por otra parte conllevan a la homogeneizacion del paisaje y de los tipos de combustible
presentes. Al contrario, también los incendios de menores dimensiones y bajas intensidades
gue ocurren en invierno, asociados muchas veces a actividades ganaderas y del uso del fuego
tradicional, pueden presentar un rol importante en el paisaje. La distribucion en el espacio y en
el tiempo de estos fuegos, podran contribuir para un paisaje mas heterogéneo. Sin embargo, las
politicas y acciones de supresion y exclusion total del fuego en Portugal estan eliminando del
paisaje este fuego de baja intensidad y de baja severidad, aunque la carga legislativa no ha
disuadido su uso por parte de las comunidades rurales.

Esta investigacion busca identificar patrones que describan el régimen de fuego en el
territorio y cual la real contribucion de los fuegos asociados a las préacticas tradicionales y que
cambios estan ocurriendo que determinan la ocurrencia de grandes incendios mas frecuentes.

Objetivo general

e El principal objetivo de esta tesis es identificar el papel del fuego tradicional y su
contribucion para el régimen de fuego en la region del Alto Minho.

Objetivos especificos

1. Identificar los diferentes tipos de fuegos que se propagan el paisaje.

2. Comprender y evaluar la evolucion historica normativa y de conocimiento del uso
tradicional del fuego al largo de los tiempos y sus riegos.

3. ldentificar el régimen de fuego en el territorio de estudio.

4. Evaluar los impactos del fuego en los cambios del paisaje entre 2000 y 2020.

Para el cumplimento del primero y tercero objetivos fueron importantes los trabajos que
permitieron producir los articulos integrados como Capitulo IV y V. Los Capitulos I, 11 'y 111
responden al segundo objetivo. Finalmente, el articulo integrado como Capitulo VI responde al
cuarto objetivo especifico. El conjunto de los articulos que componen esta tesis responde
integralmente a su objetivo principal.
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MATERIAL CARTOGRAFICO, ESTADISTICO Y BIBLIOGRAFICO

Las series historicas de superficies quemadas constituyen una fuente de informacion
esencial para caracterizar los regimenes de fuego, asi como para definir las politicas de
prevencion de riesgos y de ordenacién del territorio. EI aumento del nimero de satélites y la
mejora de los sensores, asi como la facilidad de acceso a los numerosos datos procedentes de
las distintas fuentes disponibles, condujeron a un rapido desarrollo de las técnicas y aplicaciones
informaticas al servicio de la teledeteccion. Esta evolucidn tecnoldgica ha permitido un mejor
y sistematico monitoreo espacial del territorio, como son los cambios en la cobertura del suelo
y los impactos de los fuegos.

Esta tesis implico varias etapas de investigacion desde la raiz, es decir, supuso la obtencién
de datos, registros e informacién que no se habian recopilado o producido con anterioridad.
Para el estudio de caso del Alto Minho, la investigacion a esta escala, requeria trabajar con los
datos maés fiables posibles, por lo que las incongruencias detectadas en una evaluacion
preliminar de la informacién cartografica oficial exigieron un esfuerzo adicional (no previsto
inicialmente) de reconstruccion y cartografia de los perimetros de las superficies afectadas por
los fuegos.

La etapa inicial se caracteriz6 por la necesidad de producir cartografia de las superficies
afectadas por los fuegos y su clasificacion. En esta etapa, para el periodo correspondiente al
trabajo de investigacion, se adquirieron imagenes de los satélites Landsat 5 (TM), Landsat 7
(ETM+), Landsat 8 (Operational Land Imager - OLI) y Sentinel-2 (Multispectral Instrument -
MSI). Estas imagenes se obtuvieron a partir del Plugin de Clasificacion Semiautomatica (SCP)
desarrollado por Congedo (2016), para el software QGIS y directamente a través de la
plataforma del U.S. Geological Survey - Earth Explorer. En este proceso se obtuvieron
alrededor de 450 iméagenes de varios satélites, sin nubes o con una nubosidad minima, con el
fin de cubrir el maximo ndmero de meses en cada afio del periodo de analisis. A partir de las
imagenes (NBR y RGB falso color), se digitalizaron los perimetros de las zonas quemadas, y
el proceso se realizé de forma totalmente manual y supervisada, apoyandose en informacion
auxiliar como ortofotos de alta resolucion, con el fin de evitar interpretaciones erroneas
derivadas de la aparicion de cambios en la ocupacion del suelo que pudieran alterar los
resultados finales (Chuvieco and Congalton, 1988; Ruiz Gallardo, 2007; Tanaka et al., 1983).
Una vez concluida la fase de digitalizacion, se procedio a la datacion y clasificacion de los tipos
de fuegos. Las fechas de ocurrencia registradas por los Servicios Forestales y los datos de los
focos de los sensores MODIS y VIIRS, con la superposicion de imagenes de satélite,
permitieron datar los perimetros obtenidos y clasificarlos segln su origen. Del mismo modo,
las fechas de obtencidn de las imagenes de satélite permitieron identificar la estacionalidad de
los fuegos cuando no se disponia de registros o de informacion mas precisa.

Esta produccidn cartografica se desarrollé en dos periodos diferentes. En el primer periodo,
la cartografia se generd entre los afios 2001 y 2020, con el fin de superponer los datos
estadisticos oficiales de ese periodo, asi como otra informacion disponible que permitiera
clasificar cada uno de los perimetros obtenidos: fuegos pastorales, incendios forestales y
quemas prescritas.

Un segundo periodo de produccién cartogréafica fue acometido para el periodo 1995-2000,
solo basada en informacion recogida a partir de imagenes de satélite, ya que no existen datos
fiables para la clasificacion de los perimetros de los fuegos en este periodo. Unicamente fue
posible diferenciar la ocurrencia estacional de los fuegos en aquel periodo. El objetivo de esta
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ultima elaboracion de reconstruccion histérica de los perimetros de fuego y su clasificacion
estacional, fue identificar los efectos de la perturbacidn del fuego en el territorio en los cambios
de los tipos de combustible. Junto con la produccion cartografica elaborada en la primera fase,
permitié con mas detalle comprender los cambios provocados por los fuegos en el territorio
mediante la superposicion y andlisis de los mapas oficiales de ocupacién del suelo producidos
entre 1995 y 2018.

El proceso de investigacion, en la fase intermedia, se tradujo en un proceso de recogida,
recopilacion y tratamiento de documentacion historica asociada al uso del fuego y las préacticas
tradicionales y documentos legislativos centrados en la regulacion del uso del fuego y la
prevencion de incendios forestales.

Los datos documentales se obtuvieron principalmente de bibliotecas digitales. EI analisis
siguié una metodologia cualitativa con el enfoque exploratorio-descriptivo utilizando la técnica
de analisis de contenido (Bardin, 1995). El criterio utilizado para los datos recogidos para este
estudio fue que estuvieran disponibles en linea, fueran de libre acceso y estuvieran escritos en
portugués o espafiol. En esta fase, se recopilaron y analizaron 205 documentos legales,
sentencias y cartas de perddn relacionados con el uso del fuego y los incendios forestales
publicados entre los siglos V' y XXI, asi como 250 documentos historicos producidos entre los
siglos VI a.C y XIX referentes a técnicas y practicas relacionadas con el uso del fuego en
actividades rurales.

Durante esta etapa de investigacion bibliografica, se obtuvo igualmente informacion y
registros sobre incidentes relacionados con la quema de rastrojos y restos agricolas y forestales
por parte de la poblacion rural entre 2008 y 2021. Se realiz6 una revision exhaustiva de los
periddicos nacionales y regionales, tanto impresos como en linea, desde 2008 hasta 2021 para
recopilar datos sisteméticos sobre incidentes relacionados con el uso del fuego tradicional,
particularmente asociado a las quemas de rastrojos y quemas de restos agricolas y forestales
amontonados. Para evitar posibles duplicidades, cada incidente notificado se contrasté en
maultiples fuentes de los medios de comunicacion (diferentes revistas, en linea e impresas), y la
informacidn recopilada de cada incidente se revisd minuciosamente para comprobar si estaba
completa. La localizacion de cada incidente se georreferencio aproximadamente utilizando el
centroide de la parroquia 0 municipio de la Carta Administrativa Oficial de Portugal de 2022.

La dltima etapa consistio en la obtencion de los mapas del tipo de combustible que
permitieran obtener informacion sobre los efectos de los diferentes tipos de fuegos y su
estacionalidad en los cambios del paisaje.

Para este fin, se utilizaron los modelos de combustible desarrollados por Fernandes et al.
(2009). Los tipos de combustible se construyeron combinando datos publicados e inventarios
de campo y también del Inventario Forestal Nacional (DGF, 2001) que describe la composicion
y la estructura vertical de la vegetacion. La combinacion de criterios estructurales y de tipo de
vegetacion que define los modelos de combustible de Fernandes et al. (2009) permite su facil
reconocimiento sobre el terreno, asi como su asociacion con las clases de ocupacion del suelo.
Por lo tanto, la construccién de los mapas del tipo de combustible referidos a los afios 2000 y
2018 se basé en los mapas oficiales de ocupacion del suelo elaborados por la Direccion General
del Territorio (DGT). Los diferentes mapas elaborados a la escala 1:25000, tienen una unidad
cartografica minima de 1 ha, lo que permite un gran detalle en la obtencion de los datos
necesarios para el estudio. Esta serie de mapas tiene asi una coherencia tematica, espacial y
temporal que permite realizar analisis comparativos entre distintos periodos (Caetano et al.,
2018; DGT, 2019), incluidos los mapas de ocupacion del suelo de los afios 1995, 2007, 2010,
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2015y 2018. Como datos auxiliares para identificar divergencias y convergencias en las clases
de cobertura del suelo, en particular entre 1995 y 2000, se utilizaron los datos de cobertura del
suelo de CORINE Land Cover 2000 (CLC2000).

En la siguiente etapa, a partir de esta informacion, se elaboraron los articulos cientificos
que gque conforman esta tesis que se presenta mediante compendio de articulos.

ESTRUCTURA DEL DOCUMENTO

El presente trabajo esté estructurado en dos partes que suman seis capitulos.

La Parte | se compone de tres capitulos resultantes de la revision documental histérica y
legislativa y de los datos de incidentes obtenidos. Su contenido es transversal a todo el territorio
nacional.

El Capitulo | se refiere a la evolucion legislativa a lo largo de 17 siglos, cuya regulacién ha
evolucionado a medida que lo han hecho las sociedades y con los cambios en el régimen de la
propiedad ruastica. Este Capitulo reconstruye la historia legislativa, profundizando en la
problematica de la regulacion del uso del fuego, segun la evolucion de los conflictos generados
en las diferentes sociedades, desde la Fundacion de Portugal hasta 2021.

El Capitulo 11 es el resultado de la recopilacion, revision y analisis de un amplio conjunto
de documentos histéricos que describen los diferentes usos del fuego en los paisajes
portugueses antes de la motorizacion agricola 'y de la introduccion de los fertilizantes quimicos.
Estos usos, similares en toda la Peninsula, se practicaron durante varios siglos y los
conocimientos tradicionales se transmitieron de generacion en generacion, siendo
interrumpidos abruptamente por la fuerza de la ley. Solo las comunidades rurales mas remotas
han conseguido mantener vestigios de este fuego tradicional o nativo, que desempefié un papel
esencial en la conformacion y conservacion de los paisajes durante todo el tiempo que ha
perdurado. Este Capitulo reconstruye el uso del fuego nativo de Portugal, también Ibérico,
segun los registros escritos desde el siglo VI a.C., destacando los conflictos entre los usos y el
régimen de propiedad. Estos conflictos se agravaron en la segunda mitad del siglo XIX con las
reformas liberales y la introduccion de nuevas précticas asociadas a la modernizacion de la
agricultura, esencialmente cerealista, la introduccion de la motorizacion agricola y los
fertilizantes inorganicos. Estos cambios tuvieron efectos legislativos y, por consiguiente, los
cambios de usos y el abandono de practicas milenarias produjeron profundos cambios en los
paisajes.

El Capitulo 111 concluye la Parte | y aborda un tema de actualidad, aunque inédito, abriendo
una nueva linea de investigacién. Este Capitulo analiza desde una perspectiva mas social, la
evolucion de los incidentes provocados por el uso del fuego por parte de la poblacion rural, en
la quema de rastrojos y de restos amontonados agricolas y forestales, entre 2008 y 2021. Los
incidentes son relacionados con el envejecimiento de la poblacion rural, su aislamiento y la
presion legislativa en materia de lucha contra incendios forestales.

La Parte Il estd compuesta igualmente por tres capitulos que resultan integralmente del
trabajo de cartografia de las superficies afectadas por los fuegos y su clasificacion en la region
del Alto Minho.

El Capitulo IV presenta una metodologia para la elaboracion de una cartografia detallada
y rigurosa de las superficies afectadas por fuegos en las dos ultimas décadas (2001 a 2020) en
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el territorio del Alto Minho. Los resultados obtenidos muestran la necesidad de reconstruccion
de las series historicas cartograficas. Todos los estudios realizados hasta ahora en Portugal se
basaron en la cartografia oficial, aunque varios autores reconocen sus inconsistencias
cartograficas y estadisticas. Esta falta de precision tendera a agravarse a una escala regional o
municipal con consecuencias en los resultados finales, como la caracterizacion del régimen de
fuego y sus impactos reales o implicaciones y limitaciones a la ciudadania, por la aplicacién de
aquella cartografia en los planes de ordenacion y desarrollo urbano y en la ejecucion de medidas
de prevencion de incendios forestales. Una cartografia detallada es fundamental para
caracterizar el régimen de incendios y estudiar sus impactos y efectos en los cambios del paisaje
y en la aplicacion de los planes de defensa contra incendios forestales.

El Capitulo V profundiza en la contribucion de los incendios pastorales en el régimen de
fuego de la regidn de estudio. La identificacion de estos fuegos que ocurren en las estaciones
de otofio, invierno y primavera resultd del trabajo de cartografia y clasificacion descrito en el
capitulo anterior, para los cuales no existe un registro de ocurrencia asociado a la base de datos
oficial, por lo tanto, sin intervencion de los equipos del dispositivo de extincion. Normalmente
estos incendios estan asociados a la renovacion de pastos, y no siendo controlados acaban
autoextinguiéndose. Aunque ilegales, representan una parte sustancial de la superficie total
guemada en el territorio, contribuyendo a regimenes de incendios y ecosistemas mas
sostenibles.

El Capitulo VI analiza y describe los cambios en el paisaje como resultado de los diferentes
fuegos, considerando los tipos de combustible en dos periodos, coincidiendo con las
publicaciones de los Mapas de Uso y Ocupacion del Suelo, producidos por la DGT, mas
concretamente entre 1995 y 2007 y entre 2007 y 2018. Para este capitulo fue necesario
cartografiar los perimetros de los fuegos producidos entre 1995 y 2000, aplicando la misma
metodologia descrita en el Capitulo IV. En este capitulo se tratd de identificar el efecto del
fuego en la homogeneizacion del paisaje, diferenciando los efectos de los fuegos pastorales y
de los incendios forestales en los cambios del paisaje.

Por altimo, culmina este trabajo con la discusion de los resultados segun los hallazgos de
otros autores y a continuacion se exponen las conclusiones generales, derivadas de los
principales resultados, a partir de una perspectiva global basada en la informacion y el
aprendizaje adquirido en el proceso de investigacion. También se presentan al final las futuras
lineas de investigacion.
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CAPITULO I - THE USE OF VEGETATION FIRE IN PORTUGAL :
HISTORICAL LEGISLATIVE AND NORMATIVE ANALYSIS

Abstract. Fire has been a widely used tool in habitat and landscape management, mainly
associated with land use dynamics of deforestation, pasture renewal, hunting, and reclaiming
new agriculture and rangeland areas. Ancient societies followed norms and rules to use fire.
However, as these societies developed and land ownership changed, the conflicts generated by
using fire triggered the need to regulate this practice by establishing the first laws. Such laws
became of a broader type and narrower application over time until the twenty-first century. This
research hypothesises that imposing constraints and regulations on using agro-silvopastoral fire
throughout legislation in Portugal did not discourage its traditional use by communities.
Through the historical legislative reconstruction of fire uses before Portugal's Foundation until
2021, it was possible to confirm the hypothesis and conclude that a paradigm change is needed
by setting up an adequate legal framework for the different uses of fire in the land.

Keywords: Traditional fire use; fire legislation; sanctions; historical reconstructions.

Resumen. El uso del fuego en Portugal: analisis historico legislativo y normativo

El fuego ha sido una herramienta ampliamente utilizada en la gestion de habitats y paisajes,
principalmente asociada principalmente a la dinamica del uso del suelo por deforestacion,
renovacion de pastos, caza y recuperacion de nuevas zonas agricolas y pastizales. Las antiguas
sociedades seguian normas y reglas para utilizar el fuego. Sin embargo, a medida que estas
sociedades se desarrollaban y cambiaba la propiedad de la tierra, los conflictos generados por
el uso del fuego desencadenaron la necesidad de regular esta practica estableciendo las primeras
leyes. Con el paso del tiempo, dichas leyes fueron de tipo mas amplio y de aplicacion mas
restringida, hasta llegar al siglo XXI. Esta investigacion parte de la hipotesis de que la
imposicion de limitaciones y normativas sobre el uso del fuego agrosilvopastoral a través de la
legislacion en Portugal no desincentivéd su uso tradicional por parte de las comunidades. A
través de la reconstruccion legislativa historica de los usos del fuego antes de la Fundacion de
Portugal hasta 2021, fue posible confirmar la hipotesis y concluir que es necesario un cambio
de paradigma mediante el establecimiento de un marco juridico adecuado para los diferentes
usos del fuego en el territorio.

Palabras clave: Uso tradicional del fuego; legislacion sobre incendios; sanciones;
reconstrucciones historicas.
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Resumo. O uso do lume en Portugal: analise histérica lexislativa e normativo

O lume foi unha ferramenta amplamente utilizada na xestion de hébitats e paisaxes,
principalmente asociada principalmente a dindmica do uso do chan por deforestacion,
renovacion de pastos, caza e recuperacion de novas zonas agricolas e pastos. As antigas
sociedades seguian normas e regras para utilizar o lume. Con todo, a medida que estas
sociedades desenvolvianse e cambiaba a propiedade da terra, os conflitos xerados polo uso do
lume desencadearon a necesidade de regular esta practica establecendo as primeiras leis. Co
paso do tempo, ditas leis foron de tipo mais amplo e de aplicacion mais restrinxida, ata chegar
ao século XXI. Esta investigacion parte da hipotese de que a imposicion de limitacions e
normativas sobre o uso do lume agrosilvopastoral a través da lexislacién en Portugal non
desincentivd o seu uso tradicional por parte das comunidades. A través da reconstrucion
lexislativa historica dos usos do lume antes da Fundacién de Portugal ata 2021, foi posible
confirmar a hipotese e concluir que é necesario un cambio de paradigma mediante o
establecemento dun marco xuridico adecuado para os diferentes usos do lume no territorio.

Palabras chave: Uso tradicional do lume; lexislacion sobre incendios; sancions;
reconstrucions historicas.
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1.1 INTRODUCTION

Fire has been essential to societies' development over time. Fire use, its constraints and
conflicts, and the consequences arising from its use can be reconstructed based on historical
legislative and normative analysis.»? Worldwide, indigenous societies created their own rules
for co-living, passing them between generations, and the Iberian Peninsula in southwestern
Europe was no exception. Later, between the first century bce and the fourth century ce, the
Roman Empire created the first laws.? After the fall of the Roman Empire and the beginning of
the Middle Ages (fifth century ce), Germanic cultures, such as Visigoths and Swabians,
dominated the Iberian Peninsula, which led to the continuous merging of their cultures and
political organisations, along with the inherent laws. The Visigoth Law lasted until the fifteenth
century when the Alfonsine Ordinances were published, giving rise to Portuguese Law.*

During the Visigoth period, the "village community” territorial organisation was
established in the northern Iberia Peninsula, which now encompasses northern Portugal and
Spain. This organisation was rooted in pre-Roman indigenous societies and consisted of
autonomous communities without dependence on a landlord.® Each family had farmland and
had the right to use common lands and shared farm tools, associate with other owners for shared
cereal farming, or maintain shared flocks.® At that time, the use of fire would depend on each
community's individual, family, or collective objectives, where the local practices and customs
would solve the conflicts generated by its use.

Land use rearrangements were significant in the mid-Middle Ages since it was when the
Iberian Kingdoms, including the Kingdom of Portugal, were founded. At that time, the
Manorial regime was widespread, with land ownership passed to the king and his successors
and shared among clergy and concessions to the nobles.” As a result, Portugal had a tripartite
division of property, the Crown's, private and common assets; communities managed the latter
according to Title LXVII "Of the Sesmarias".®

King Ferdinand | of Portugal enacted the Sesmarias Law in 1375 to farm the land and
reduce depopulation. It forced landowners to cultivate their lands under penalty of
expropriation, encouraging the use of common lands for agro-silvopastoral activities as
established by the Charter Letters, granted by the Portuguese Kingdom's first Monarchs to the
local communities. Charter Letters were legal documents, mandatory for the communities,
containing norms and essentially ruling public Law.* However, what was not included in
public Law continued to be ruled by local practices and customs, which were transmitted orally

1 C. Montiel (ed.), Presencia historica del fuego en el territorio (Madrid: Ministerio de Agricultura, Alimentacién y Medio
Ambiente, 2013).

2 C.R. Sequeira, C. Montiel-Molina and F.C. Rego, ‘Historical fire records at the two ends of Iberian Central Mountain System:
Estrela massif and Ayllén massif’, Investigaciones Geograficas 72 (2019): 31-52.

3 E. Fernandes and A. Régo, Histéria do Direito Portugués. Simula das ligdes proferidas pelo Ex.mo Prof. Doutor Marcelo
Caetano ao Curso do 10 Ano Juridico de 1940-41 na Faculdade de Direito de Lishoa (Lisboa: Faculdade de Direito de Lisboa,
1941).

4 M. Lobo da Costa, ‘A Revogacdo da Sentenca no Direito Lusitano (Perfil Histdrico)’. Revista da Faculdade de Direito 78
(1983): 110-140.

5 J.A.G. Cortazar, Organizacién social del espacio en la Espafia medieval. La Corona de Castilla en los siglos VIII a XV,
Working paper (Barcelona: Ariel, 1985).

6 C. Fabido, ‘O Passado Proto-Histérico e Romano’, in J. Mattoso (ed.), Histéria de Portugal, Volume I: Antes de Portugal
(Lisboa: Circulo de Leitores, 1992), pp. 79-299.

7 C. Barros, ‘La humanizacion de la naturaleza en la Edad Media’, Edad Media: Revista de historia 2 (1999): 169-194.
8J.J.A. Dias, Ordenagdes Manuelinas: Livros | a V. Reproducéo em fac-simile da edicdo de Valentim Fernandes (Lishoa, 1512-
1513), Volume V, First edition (Lisboa: Universidade Nova de Lishoa. Centro de Estudos Histéricos, 2002).

9 E. Carra, As Sesmarias do Reino a Coldnia. (MsC Thesis, Universidade de Coimbra, 2020).

10 E.C. Pereira, Concelhos e Ordens Militares na Idade Média. Relac@es de dependéncia e de confronto dos séculos XII a XIV.
(MsC Thesis, Universidade do Porto, 2013).
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until the mid-thirteenth century, when they started to be recorded in writing and be called fori
and customs. !

Portuguese rural landscape started evolving in the Middle Ages with cereals and wine. The
mercantilist economy and the Sesmarias Law fostering have led to the broader use of fire for
clearing land, which allowed new agro-silvopastoral activities. However, this much broader use
of fire also led to land use conflicts between landowners, triggering the need for official
regulation.? Nevertheless, between the fifteenth and nineteenth centuries, there were no major
changes in Law to use fire. Changes have only occurred by replacing the Ordinances with the
Penal Code of 1886.

Portuguese forest legislation followed the European trend from the last decades of the
twentieth century, in which the regulations and norms produced with a particular focus on
wildfires sought to operationalise a wide range of measures aimed at the suppression in the
short-term and mainly investing in excluding fire from the landscape.!® Several authors have
addressed and analysed the impact of Portuguese forest legislation over the last few decades,
especially from the beginning of the twentieth century. Rego et al.'* focused on the Portuguese
Forest Regime's historical evolution and its impact on communities from the beginning of the
twentieth century. Mour4o et al.*® studied the nature of legislation published between 1997 and
2017 on wildfires to argue that legislation is reactive to previous large wildfires, but their
approach was simplistic and biased.*® Devy-Vareta,’’” among other authors such as Trapaga
Monchet,*®1® Labrador Arroyo?’, Radich?* and Melo,?>%*2425 analysed the evolution of
protecting woodlands and Royal fenced-game lands in Portugal between the fifteenth and
seventeenth centuries. Other authors, such as Costa Lobo,?® Caldas,?’ Oliveira et al.,> Monteiro

1 A.M. Pinto, O Lavrador de Forais - Estudo dos forais outorgados por D. Dinis. (Msc Thesis, Universidade de Coimbra,
2008).

12 E.V. de Oliveira, F. Galhano and B. Pereira, Alfaia agricola portuguesa (Lishoa: Etnografica Press, 1995).

13 C. Montiel-Molina, ‘Comparative assessment of wildland fire legislation and policies in the European Union: towards a Fire
Framework Directive’, Forest Policy and Economics 29 (2013): 1-6.

14 F. Rego and I. Skulska, ‘Evolucao Histdrica do Regime Florestal em Portugal’, in M.J. Antunes and D. Lopes (eds.), Florestas
e Legislagdo: Que Futuro?, (Coimbra: Faculdade de Direito da Universidade de Coimbra, Instituto Juridico, 2019), pp. 75-82.
15 P.R. Mourao and V.D. Martinho, ‘Discussing structural breaks in the Portuguese regulation on forest fires- An economic
approach’, Land Use Policy 54 (2016): 460-478.

16 p.M. Fernandes, N. Guiomar, P. Mateus and T. Oliveira, ‘On the reactive nature of forest fire-related legislation in Portugal:
A comment on Mourdo and Martinho (2016)’, Land Use Policy 60 (2017): 12-15.

17 N. Devy-Vareta and A.A.M. Alves, ‘Os avancos e os recuos da floresta em Portugal - da Idade Média ao Liberalismo’ in J.S.
Silva (ed.), Floresta e sociedade, uma histéria em comum, (Lisboa: Publico SA e Fundagdo Luso-Americana, 2007), pp. 55—
75.

18 K. Trapaga Monchet, ‘El estudio de los bosques reales de Portugal a través de la legislacion forestal en las dinastias Avis,
Habsburgo y Braganza (ca. 1435-1650)’, Philostrato. Revista de Historia y Arte 1 (1987): 5-27.

19 K.Trapaga Monchet and F.L. Arroyo, ‘Politicas forestales y deforestacién en Portugal, 1580-1640: realidad o mito?’, Ler
Historia 75 (2019): 133-156.

20 F, Labrador Arroyo, La Casa Real en Portugal (1580-1621) (Madrid: Polifemo, 2009).

21 M.C. Radich and A.A.M. Alves, Dois Séculos da Floresta em Portugal (Lisboa: CELPA, 2000).

22.C.J. de Melo, “‘Guerra, impérios e Corte Joanina nas Coutadas de Caca: Alavancas de Regeneracdo Florestal em Portugal,
em Meados do século XVIII’, Manuscrits 42 (2020): 199-220.

2 C.J. de Melo, “Menos coutadas melhores pinhais: império, inundagdes, fisiocracia, guerra e especializacdo das matas reais
em Portugal (1777-1824)’, Tiempos Modernos 39 (2019): 456-487.

24 C.J. de Melo, An Analysis of the Royal Preserves in Portugal: issues of privilege, power, management and conflict (Sheffield:
Wildtrack Publishing, 2015).

%5 C.J. de Melo, Coutadas reais (1777-1824): privilégio, poder, gestdo e conflito (Lisboa: Montepio Geral, 2000).

% A, Costa Lobo, Historia da Sociedade em Portugal no Seculo XV - Secgéo I: Populagdo; Aspecto Geral do Paiz e do seu
Estado social; Pesos e Medidas; Moeda; Os Haveres Individuais (Lisboa: Imprensa Nacional, 1903).

27 E.C. Caldas, A Agricultura na Histdria de Portugal (Lisboa: Empresa de Publicagcdes Nacionais, Lda., 1995).
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Alves? and Pinho et al.,? studied general fire conflicts between agro-silvopastoral practices.
However, none of the studies published to date address specifically what were the constraints
imposed by the legislation regulating the use of fire in Portugal.

This paper aims to identify the source of the conflicts associated with the use of fire as an
activity related to traditional practices and the respective associated legislation based on
searching, compiling and analysing fire-use-related documentary sources, mainly legal
documents until 2021. We hypothesise that despite the imposed legislative constraints on using
agro-silvopastoral fire in Portugal, its traditional use by communities was not discouraged.
Moreover, the disconnection between fire and landscape will likely decrease community
empowerment and fire-resilient landscapes. We aim to answer two research questions: (1) Did
the legislation type of approach to the uses of fire change over time?; and (2) Were
sanctions/legislation applied consistently throughout the country?

1.2 MATERIALS AND METHODS

We retrieved, compiled and analysed documentary sources, namely legislation, judicial
sentences and pardon letters related to the use of fire and wildfires, for the last seventeen
centuries in Portugal's mainland. Data were retrieved according to the following criteria and
availability of the sources: being publicly and freely available online; rules and norms
concerning the use of fire in the Iberian Peninsula and later in Portugal, thus excluding other
forest regulations. Although references are made to related actions, such as prevention, the
study focuses on using fire as an activity above all related to traditional practices.

Documentary data were retrieved mainly from sixteen digital libraries (Table 1). Several
types of legal documents were considered in the compilation, such as Laws, Decree-Laws,
Orders, Ordinances, Regiments, Permits, Royal Decrees, Penal Codes and Royal Charters. In
addition, Pardon Letters for damages caused by the use of fire were analysed to understand the
sanctioning regime. Pardon letters are documents granting the King's pardon, regardless of what
was established in the legislation, and show the relationships of power and negotiation of the
time. The twentieth and twenty-first centuries specific documentation was retrieved from
Portugal's Portuguese National Official Gazette. Judicial sentences and Pardon letters for
damages caused by the use of fire were found in the three following sections of the Portuguese
Digital Archive of Torre do Tombo: House of Abrantes (fourteenth century); Chancelleries of
King Alfonso V of Portugal (fifteenth century); and Chancelleries of King Manuel | of Portugal
(sixteenth century). Concerning all the other documentation, no library or repository platform
was devoted to a specific century, and documents from different centuries were found in all
archives mentioned above.

28 A.A. Monteiro Alves, N. Devy-Vareta, A.C. Oliveira and J. Santos Pereira, ‘A floresta e 0 fogo através dos tempos’, in J.
Santos Pereira, J.M. Cardoso Pereira, F. Castro Rego, J.M. Neves Silva and T. Pereira da Silva (eds.), Incéndios Florestais em
Portugal. Caracterizagdo, Impactes e Prevencdo (Lisboa: ISAPress, 2006), pp. 15-40.

29], Pinho and P. Mateus, ‘Retrato a carvio: A gestdo do fogo no ambito da Administragéo Florestal e do Ordenamento Florestal
do Territério. Subsidios para uma perspectiva historica e de futuro’, Territorium 26 (2019): 61-88.
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Table 1. Sources of historical data retrieved for the study. Source: Elaborated by the authors.

Source

Available at

Portuguese National Digital Library

Luso-Brazilian Digital Library

Portuguese Digital Library of the Court of Auditors
National Digital Library of Brazil - SophiA
Brasiliana Guita and José Mindlin Library

Digital Library of the Federal Senate of Brazil)

Digital Library of the Chamber of Deputies of Brazil

Centre for Historical Studies of the Nova University of
Lisbon

Digitalis Library of the University of Coimbra
Digital Parliamentary Debates Library
Portuguese National Official Gazzette of Portugal

https://bndigital.bnportugal.gov.pt
https://bdlb.bn.gov.br/acervo/browse
https://bdigital.tcontas.pt/titulos/o.shtm
http://acervo.bndigital.bn.br/sophia/index.html
https://digital.bbm.usp.br/handle/bbm/1
https://www2.senado.leg.br/bdsf/
https://bd.camara.leg.br/bd/

https://ceh.fcsh.unl.pt

https://digitalis-dsp.uc.pt
https://debates.parlamento.pt
https://dre.pt/dre/home

https://www.boe.es/bibliotecajuridica/index.php?ti
po=L&modo=2
https://www.rae.es/biblioteca/biblioteca-academica

https://archive.org
https://books.google.pt
https://digitarg.arquivos.pt

Digital Law Library of the State Agency of the Official
Bulletin of Spain

Academic Library of the Spanish Royal Academy

Non-profit Digital Library Internet Archive

Google Books

Portuguese Digital Archive of Torre do Tombo

First, the search was conducted by keyword in all digital libraries identified, using the
words "ignis™ in Latin, and "fire", "burn" and “extensive burn™ in their Portuguese and Spanish
variations (i.e., fogo, incéndio, queima, queimada, fuego, incendio, quema and quemada). Then,
the pertinent data was thoroughly analysed and integrated using worksheets and geographic
information systems and resorting to content analysis. First, the references to geographical
locations throughout legislation were plotted to understand the geographical distribution over
the country. Secondly, the following categories were defined as a result of the content analysis
for identifying what wildfire topic is the focus of the legislation at each of the four periods:
damage, fire use limitation, management, firefighting and prevention. Handwritten sources
were not included in the study because they do not allow a keyword search, and none of the
authors have knowledge of palaeography.

We divided the historical analysis into four periods, according to the changes in history we
have identified and related to possible triggers of change in fire legislation. The four periods
are as follows: (1) Common Law in the Kingdoms of the Iberian Peninsula: from the pre-Roman
period to the Foundation of the Portuguese Kingdom; (2) Portuguese Law: from Portugal's
Foundation (1143) to the mid-nineteenth century; (3) Forest Regime: from the late nineteenth
century to the late twentieth century; and (4) Large fires: the twenty-first century (until 2021).

1.3 RESULTS AND DISCUSSION

We consulted and retrieved 205 legal and historical documents related to the use of fire
between the fifth and twenty-first centuries. The Alfonsine Ordinances (fifteenth century), one
of the first collections of laws of the Modern Era, omitted the use of fire.

Until the nineteenth century, 26 legislative documents were published on fire-use
limitations and penalties for damaging fires. In contrast, fifteen legislative documents were
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published on the same subject in the twentieth century. Furthermore, the twenty-first century
stands out in the entire historical legislative path for producing, in about two decades, the most
significant number of documents in such a short period (nineteen documents), surpassing the
twentieth century in the number of publications and even exceeding the entire period since the
Foundation of Portugal (1143) until the end of the nineteenth century when fire was widely
used throughout the country (Figure 1). Concerning the territorial application level, 45 were
national, two were regional and five were municipal/local.

Common Law in the Kingdoms of the Iberian
Peninsula: from the pre-Roman period to the 5 ‘
Foundation of the Portuguese Kingdom

Portuguese Law: from Portugal's Foundation (1143) to 11
the mid-19th century

Forest Regime: from the late 19th century to the late
20th century

15 |

Large fires: the 21st century (until 2021) 19 |

O lberian Peninsula DO National ®Regional ®Local

Figure 1. Number of legal documents compiled and consulted on the use of fire between the fifth and
twenty-first centuries ce. This graphic did not consider pardon letters because they are not legal
documents. Source: Elaborated by the authors.

Across all periods, the legislation focused not only on a specific use of fire but on several
uses of fire instead. Moreover, these different uses of fire are associated with numerous
practices characteristic of rural societies' agro-silvopastoral systems, particularly those of the
Iberian Peninsula, where fire use has always been intrinsically cultural. Furthermore, the
legislation limiting fire use over the centuries has maintained a sanctioning regime to reduce
the damage caused by fire and hold perpetrators accountable. In this context of fire use as a
cause of wildfires, the legislation published for several centuries should not be viewed as
directly reactive to large wildfires, at least until 2004, as defended by Fernandes et al.®,
rejecting what Mourdo et al.'® had previously suggested. Before the large fires period (the
twenty-first century), the published legislation was in the frame of the coexistence of fire and
society over time. Significant changes were implemented during the large fires period in
response to the devastating wildfires of 2003, 2005 and 2017, which burned four to five per
cent of the country each time. These changes included establishing the first national system of
forest defence against wildfires in 2004,% developing the first forest national strategy process
in 2006,% and publishing several pieces of legislation to support these efforts.

30 portuguese Government (Ministério da Agricultura, Desenvolvimento Rural e Pescas), Decreto-Lei n.o 156/2004, de 30 de
Junho, Diério da Republica n.° 152/2004, Série I-A, pp. 3968-3975, Sistema Nacional de Prevengdo e Prote¢do da Floresta
contra Incéndios (Portugal: Imprensa Nacional da Casa da Moeda, 2004).
https://www.pgdlisboa.pt/leis/lei_mostra_articulado.php?nid=2542&tabela=Ileis&so_miolo (accessed 13 Mar, 2023).

31 Portuguese Government (Presidéncia do Conselho de Ministros), Resolugdo do Conselho de Ministros n.o 114/2006 -
Estratégia Nacional para as florestas. Diario da Republica, 12 série, Nr 179, 15 de Setembro, pp. 6730-6809 (Portugal: Imprensa
Nacional da Casa da Moeda, 2006). https://diariodarepublica.pt/dr/detalhe/resolucao-conselho-ministros/114-2006-539852
(accessed 10 Mar, 2023).
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1.3.1 Common Law in the Kingdoms of the Iberian Peninsula: from the pre-
Roman period to the Foundation of the Portuguese Kingdom

As expected, no specific written documents on limiting fire use were found until the
thirteenth century bce. For that reason, this first period was reconstructed based on literature.
One of the first worldwide descriptions of the penalty applied to support the costs of the
damages caused by a fire spreading to cultivated fields can be found in the Mosaic Law. The
Mosaic Law is associated with the Torah and is composed of a code of laws formed by Orders
and Prohibitions, which were allegedly implemented in Mesopotamia around the thirteenth
century bce (32 and Book of Exodus, Psalm 22:6 ). Given its temporal and spatial context, this
record shows the conflicts generated by using fire and agricultural activities at the time.
However, we did not find any historical document recording it, as no written documents
legitimised these sanctions, and the community generally punished the perpetrator.

During the Romanisation and its so-called Roman Law, the Iberian Peninsula peoples
integrated part of the Mosaic Law into their daily lives through the influence of the empire's
religion.3* In the fifth century bce, the implemented Laws of the Twelve Tables (Lex Duodecim
Tabularum) stood at the Foundation of Roman Law. In the Seventh Table (De Delictis), it is
understood that the origin of conflicts derived from rural activities that are closely
interconnected, such as grazing, fire and agriculture, which overlaps with the first reference
found in the Mosaic Law.® However, the penalties seem harsher than in the Mosaic Law.
Whether the fire was caused by arson or negligence, the perpetrator was sentenced to be beaten
with rods and thrown into the fire.®® Roman society was generally ruled by several nature
conservation norms and regulations, especially about trees, livestock, crops and the severity of
fire-caused damage.?” Still, in the Roman period, likely around 286 bce, conflicts in the use of
fire, grazing and agriculture were subjected to the principle of reparation of damage, i.e., the
plebiscite lex Aquilia. This principle stated that in the event of damage caused, the respondent
must pay the owner the corresponding value within thirty days. Later, it merged with the vast
legislative compilation of the Justinian Code of the first half of the sixth century bce at the end
of the Roman Empire.%

The former Western Roman Empire, i.e., the Iberian territory under Visigoth domination,
established the first written laws and instituted Euric's Code in 476 ce, followed by Leovigildo's
Code (580 ce) and the Visigoth Code (654 ce), all built over the previous, assimilating
conceptions of Roman Law and bringing together the norms and laws of common Law.% The
Visigoth Code intended to regulate the local practices and customs of the Hispano-Roman and
Visigoth communities. This Code references the penalty applied to arsonists, set to be arrested
and subjected to 100 or 150 lashes, in case the recipient was the master or the servant,
respectively. According to experts' evaluation, the arsonist would repay the amount due for
what was burned. Negligent fires were also considered, and the damage was reimbursed, with

32 F L. Castro, Historia do Direito Geral e Brasil (Rio de Janeiro: Livraria e Editora Lumen Juris Lda Rio, 2010).

33 B.S. Childs, The Book of Exodus: A Critical, Theological Commentary (Kentucky: Westminster John Knox Press, 1974).
3 E. Carrasco Jiménez, ‘Derechos humanos y Régimen de garantias en la legislacion Mosaica’, POLIS, Revista
Latinoamericana 6 (17) (2007): online.

3 A. Santos Justo, ‘As actiones do dafio aquiliano’, in A.D-B. Cremades and J.G. Sanchez (eds.), Fundamentos
Romanisticos del Derecho Contemporaneo. Volume VI (Spain: Asociacion Iberoamericana de Derecho Romano,
Boletin Oficial del Estado, 2021), pp. 571-605.

% E.M.A. Madeira, ‘A Lei das XII Tabuas’, Revista da Faculdade de Direito de S&o Bernardo do Campo 136 (2007): 125-138.
87 R. Aramburu Cordoba, La evolucion de la Lex Aquilia: desde la Lex de las X1l Tablas hasta el Digesto de Justiniano. First
edition (La Plata: Editorial de la Universidad Nacional de La Plata, 2021).

% L. Dal Ri, ‘A Tradicdo Romanistica em Periodo Medieval: entre praxis e esquecimento - Roman Legal Tradition in Medieval
Period: between oblivion and praxis’, Seqiiéncia: Estudos Juridicos e Politicos 74 (2016): 269-294.
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particular reference to the most relevant assets of the time (cereal crops, stubble, vineyards,
houses, or orchards).%

1.3.2 Portuguese Law: from Portugal’s Foundation (1143) to the mid-nineteenth
century

During the first three centuries of the Kingdom of Portugal, the country followed the
Visigoth Code until the publication of the Alfonsine Ordinances in 1446. Therefore, until that
moment, the sources of Portuguese Law were mainly Charter Letters, "general laws", municipal
customs or fori, and Canon Law.? The Ordinances of King Edward | of Portugal (1433-1438),
likely published in 1436,%° gives powerful insights from the past as it compiles legislation back
to King Alfonso Il of Portugal (1211-1223). Furthermore, a reference to King Denis | of
Portugal and the Algarves (1279-1325) was found in cases where the Church should not
intervene if the perpetrator seeks protection, namely, arsonists that destroy vineyards, trees,
grainfields and roads.*® This request from the King to the Church is a symptom of the conflicts
between the Crown and the religious orders about land ownership and their power to protect
perpetrators in the Church's lands, sheltering them.*!

Moreover, the Royal Chancelleries of King Denis | of Portugal contains a Charter of Barter,
dated June 3, 1300, between King Denis and Infante Alfonso of Portugal. This charter refers to
not damaging vineyards or trees, not starting fires in his lands, nor demanding to do so unless
Infante Alfonso of Portugal starts a war with King Denis, and a fire could start as a weapon to
destroy the land.*° The limitation of not using fire unless there is a war shows the importance
of protecting vineyards and trees from fire.

In the fourteenth century, personal conflicts and their settlement started to be recorded in
written documents, indicating that they became more relevant within communities. The first
record found is from 1373 and reports on an agreement between inhabitants of Redondo to pay
off a debt related to a fire that damaged the vineyards of a private owner (Casa de Abrantes,
box 88, document 4920, Portuguese Digital Archive of Torre do Tombo).

Despite previous legislative records on limiting, sanctioning and sentencing regarding the
use of fire, burned areas continue to be usual in hunting areas belonging to the Crown.?42 For
instance, according to records of King John 1 (1415-1433) of Portugal’ Livro de Montaria/Book
of Wild Boar Hunting, all hunting dogs should be trained to prey for wild boars outside of
burned areas.*® Therefore, it is pretty surprising that the Alfonsine Ordinances, published ten
years later (1446), did not reference fire uses and restrictions, considering the eight records in
King Alfonso V of Portugal's Letters of Pardon about fire damage between 1440 and 1471, i.e.,
during his reign (1438-1477). In addition, there is also a Charter of Privilege by King Alfonso
V, dated 1464, limiting the use of fire on the banks of the Mondego River, and a Letter of
Pardon, dated 1473, mentioning a personal pardon for destroying some vineyards in Evora.**

3% Fuero Juzgo en Latin y Castellano cotejado con los mas antiguos y preciosos Codices. Por La Real Academia Espafiola
(Madrid: Ibarra, Impresor de Camara de S. M., 1815).

40 M. Albuguerque and E.B. Nunes, Ordenagdes Del-Rei Dom Duarte. First edition (Lisboa: Fundacdo Calouste Gulbenkian,
1988).

41, Pais and F. Reboredo, ‘A construcdo naval e a destruicdo do coberto florestal em Portugal - Do Século X1l ao Século XX,
Ecologi@ 4 (2012): 31-42.

42 C. Baeta Neves, Alguns documentos do Arquivo Nacional da Torre do Tombo sobre Monteiros-mores, Cagadores-mores e
Cacadores e Couteiros de perdizes (Lisboa: Sociedade Astoria, Lda., 1965).

43 F, Pereira, Livro da Montaria, feito por D. Jo&o I, Rei de Portugal (Coimbra: Academia das Sciéncias de Lisboa, 1918).

44 L. Duarte, Justica e criminalidade no Portugal medievo 1459-1481. (PhD Thesis, Universidade do Porto, 1993).
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Therefore, we assume that the punitive Visigoth Code, or local customs, was still applied at the
time to solve fire-related conflicts and not that there were no more fire-related conflicts to solve.
In effect, King John Il of Portugal's Royal Charter, dated 1491, designated a kind of guard
(monteiro) to monitor the banks of the Mondego as far as Linhares at the request of the
inhabitants of Coimbra, indicating the continuity of conflicts over the use of fire and the several
fires starting in the woods and banks of the river.

Moreover, there are 39 registers of Pardon letters compiled in the Chancelleries of King

Manuel | of Portugal (1495-1521), dated between 1496 and 1517, referring to damage caused
by using fire, mainly agricultural damage, of which 32 registers report to the year 1501 (Figure
2). It was impossible to identify the Law by which the use of fire was regulated at that time, but
it is evident from the Kings Manuel | Ordinance descriptions that there would be a license
requirement. Additionally, the severity of the penalty for causing a fire would depend on
whether there was a license and the extent of damage. According to Freitas do Amaral,* this
more significant effort to comply with legislation can be due to the reformist impulse of King
Manuel I's reign in the justice field.
The records of the Pardon letters of the Chancelleries of King Alfonso V and King Manuel |
show a geographical distribution more concentrated in the south of the country (79 per cent),
followed by the Centre region (15 per cent), and lastly, northern Portugal (6 per cent) (Figure
2).

% D. Freitas do Amaral, ‘As reformas juridicas, administrativas e financeiras de D. Manuel | e a construcéo do
Estado Moderno em Portugal’, in CMGuimaraes (ed.), Livro de Atas de Conferéncia Internacional - I11 Congresso
Historico de Guimardes. D. Manuel e a sua época. 1la Seccdo: Administracdo, Justica e Direito (Guimaraes:
Camara Municipal de Guimardes, 2001), pp. 50-60.
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Figure 2. Geographical distribution of the Pardon letters related to the use of fire, granted during the
reigns of King Alfonso V of Portugal (1438-1481) and King Manuel | of Portugal (1495-1521), and
geographical locations of other conflicts found in legislation. Sources: District limits of Portugal 2022,
DGT, http://id.igeo.pt/cdg/198497815bf647ecaa990c34c42e932¢€; Elevation Coverage map
2019, ESRI. Elaborated by the authors.

On the one hand, this geographic distribution may be related to the beginning of the
Montados in the Alentejo through shrubland clearings. Oliveira Marques*® describes the
excessive use of fire in the extensive, uninhabited southern Portugal to clear shrubland, expand
farmland and create/maintain hunting areas. On the other hand, there is no reference in the
Chancelleries to sentences related to fire use in northwestern Portugal (Alto Minho), despite
mid-sixteenth century local descriptions of a traditional system where fire use would be
present.”*” The local practices and customs of the Alto Minho common lands might explain
this lack of fire-related sentences: the rights were shared among the rural communities and
allowed the use of fire for pasture renewal, hunting and the opening and fertilisation of land for
cereal crops, in particular rye,* making the use of fire acceptable even today.

4 A, Oliveira Marques, Introducéo a histéria da agricultura em Portugal: a questdo cerealifera durante a idade média. Third
edition (Lisboa: EdicGes Cosmos, 1978).

47 J. Lencar, Geographia d’Entre Douro e Minho e Tras-os-Montes por Jodo de Barros (Porto: Camara Municipal do Porto,
2019).
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The Manueline Ordinances published in 1521 already included specific chapters about
fire, such as LXXXIII, "Penalties for those who set fires",*® dedicated exclusively to the
improper use of fire. It must have been considered so relevant that it was again inserted in the
Ordinances of 1533 and 1565. The Manueline Ordinances maintained the sanctioning and
punitive regime for arson fires that would damage crops and rangelands in common lands,
imposing that no person was allowed to set fire anywhere. Simultaneously, if the author of the
fire could not be identified, hunting, grazing, and charcoal production activities would be
temporarily restricted in the burned area. Likewise, it is mentioned for the first time the need
for a municipal license to use fire and the obligation of the population to extinguish fire when
it could cause damage. Later, in the Royal regulations and charters of the following centuries,
the municipalities maintained their role in regulating these fire uses. However, municipalities
also took part in mediating conflicts, as can be understood by the record of a Charter of Juiz de
Fora of Tavira (Algarve), detailing the community needs for using fire for agriculture (with
shipbuilding activities compromised), the imposed end of the use of fire and the subsequent
outcome of conflicts.*® The same group of documents included the Extravagant Laws of 1578,
which mentioned a Pardon when there was a license and restitution for the damage. The
amounts due depended on social class, location and the damage caused, with no pardon for the
use of intentional fire.

The legislation follows societal changes, and fire use in Portugal is historically associated
with different land uses. The Philippine Ordinances of 1603 is an example because of the
distinction between the uses of fire for rangeland management, stubble-burning, weed-burning
for crops and soil fertilisation, hunting and charcoal production. These Ordinances, like the
previous references, disclose the relationship between fire and other traditional practices and
how these, as a whole, were subject to regulation by the Crown. The reference to the significant
lack of wood for shipbuilding stands out in the introduction of the Ordinances. For this reason,
the regulation was extended to well-identified private forests.>%>! The regulations also restricted
charcoal production, which fed several industries, to protect the woodlands from
deforestation.*!

One of the first records on the need for fire prevention appears in the Regiment of Verdes
e Montados do Campo de Ourique, 1699, establishing the need for fuel management and the
determination of fire-use days by municipal councils, either to burn heaps and stubbles or in
broadcast burning for crops or pastures. In 1751, an institutional reference to using fire to
decrease fuel hazard in maritime pine stands was displayed in the Royal forest management
book orgzered by the King, likely the first reference to a proto-prescribed burning practice in
Europe.

At the beginning of the nineteenth century, when the Portuguese forest reached its
minimum extent,** municipal councils' had to supervise fire prevention performed by

48 Codigo Philippino, ou, Ordenacdes e leis do Reino de Portugal: recopiladas por mandado d'EI-Rey D. Philippe I, ‘Titulo
LXXXVI — Dos que poem fogos. Quinto Livro das Ordenacdes’, Volume V, Fourteen edition (Rio de Janeiro: Typographia do
Instituto Philomathico, 1870), pp. 1233-1235.

4 Pportuguese Digital Archive of Torre do Tombo, Corpo Cronoldgico, Part |, file 104, nr. 68.
https://digitarg.arquivos.pt/details?id=3767258 (accessed 13 Nov 2019).

%0 H. Vilela, ‘Ordenages Filipinas e Cddigo Criminal do Império do Brasil (1830) — Revisitando e Reescrevendo a Historia’,
Revista Juridica Luso-Brasileira 3(4) (2017): 767-780.

51 A. Silva (ed.), ‘Carta de Regimento para as Matas, Montarias e Coutadas Reais de 20 de marco de 1605, Colleccédo da
Legislacao Portugueza desde a ultima compilagao das Ordenagdes. Legislacao de 1603 a 1612 (Lisboa: Typografia Maigrense,
1854), pp. 109-124.

52 A. Silva (ed.), ‘Regimento do Guarda Mér do Pinhal de Leiria de 25 de julho de 1751’, in Colleccéo da
Legislacdo Portugueza desde a ultima compilacdo das Ordenacfes. Legislacdo de 1750 a 1762 (Lishoa:
Typografia Maigrense, 1830), pp. 68-75.
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landowners around villages and the forestry facilities along the road network and made them
responsible for the damage caused by fires. The legislative documents focused on southern
Portugal, showing the impact of fires and the conflicts generated, and the substantially lower
tolerance and acceptance of fire compared to the northern and central regions.>3 Such difference
may partially arise from the relative vicinity of these southern areas to Lisbon, a city demanding
a huge amount of wood for reconstruction after the 1755 earthquake.!” Despite all these
legislative measures and diplomas, the references to wildfires increase, and the need for means
to avoid them, particularly in pine forests and vineyards, is repeated throughout the years.>* It
led to increased restrictions on fire use, postfire land use (including the prohibition of using
ashes from fires), and increased fuel management, namely the increase in the size of mandatory
fuel breaks and heavy penalties for non-compliance. The ordinance also establishes workers'
obligation to fight fires within a 5-6.6 kilometre radius. The Penal Code of King Manuel and
King Philip's Ordinances, characterised by penalties reflecting oppression of the Crown and
clergy towards populations,® was finally replaced in 1886 after the Liberal Revolution (1820)
and the end of the Manorial Regime.>® The 1886 Penal Code maintained the exile penalty in all
cases but did not clarify the fire cause behind the damage.>®

1.3.3 Forest Regime: from the late nineteenth century to the late twentieth century

During the Constitutional Monarchy (1820-1910) that followed the Liberal Revolution, the
courts and the Parliament urged the need to implement a forest reform that would enable greater
control by the State to ensure forest protection. Nevertheless, the records of the late nineteenth
century parliamentary debates, referring to the need for legislative forest reforms and a Forest
Code, show that delays in their implementation and the continuous degradation of national
forests were still issues of concern.>":8

The more complex and diversified the use of fire, the more significant conflicts arose.
Likewise, these conflicts worsened and were more important wherever private properties border
common lands ruled by traditional local practices and customs. For example, it was only in the
twentieth century that the limitation of fire use was generalised for all rural activities, mainly
because burning agricultural and forest residues had led to wildfires. In 1901, legislation on the
use of fire became conditioned by the legislation on the Forest Regime,*® whose Decree defined
the conditions for the use of fire and grazing, target inspection and Forest Police.>® From then
on, the State Forest Service took control over the common lands traditionally managed and

53 A, Silva (ed.), ‘Portaria ocorrendo com providéncias as queimadas que se frequentdo ao Sul do Tejo, 2 de Outubro de 1813’,
de 2 de julho de 1816°, in Colleccdo da Legislacdo Portugueza desde a ultima compilacdo das Ordenaces. Legislacdo de
1811 a 1820 (Lisboa: Typografia Maigrense, 1825), pp. 280.

54 A. Silva (ed.), ‘Portaria, providenciando acerca de incéndios’, de 2 de julho de 1816, in Colleccéo da Legislacdo Portugueza
desde a ultima compilagéo das Ordenacoes. Legislacéo de 1811 a 1820 (Lisboa: Typografia Maigrense, 1825), pp. 516-519.
55 A, Silva (ed.), ‘Decreto n.° 49 de 7 de abril de 1821°, in Collec¢do da Legislacdo Portugueza desde a ultima compilacéo das
Ordenagdes. Legislagao de 1821 a 1823 (Lishoa: Typografia Maigrense, 1825), pp. 57-29.

5% J. Rebello (ed.), ‘Capitulo IV — Do incéndio e damnos. Seccdo | — Fogo pdsto’, in Codigo Penal Annotado (Porto:
Typographia Gutenberg, 1895), pp. 184-187.

57 Portuguese Government, Sessdo 28 de abril de 1887 - As legislagbes Florestais (Portugal: Imprensa Nacional da Casa da
Moeda, 1887). https://debates.parlamento.pt/catalogo/mc/cd (accessed 8 Nov 2020).

%8 Portuguese Government, Sessdo N.o 12 de 26 de janeiro de 1900 - Propostas de lei apresentadas pelo Sr.
Ministro das Obras Publicas. Proposta de lei n.o 1-L, 1900 (Portugal: Imprensa Nacional da Casa da Moeda,
1900). https://debates.parlamento.pt/catalogo/mc/cd (accessed 8 Nov 2020).

59 Portuguese Government (Ministério do Reino), Decreto de 24 de Dezembro de 1901, do Estabelecimento do Regime
Florestal, pp. 1312-1355 (Portugal: Imprensa Nacional da Casa da Moeda, 1901).
https://www.pgdlisboa.pt/leis/lei_mostra_articulado.php?artigo_id=2799A0002&nid=2799&tabela=leis&ficha=1&nversao
(accessed 17 Jan 2023).
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headed by rural communities, even conditioning grazing and cereal rotation, thus imperilling
livelihoods. Control was then centralised in the public administration and reinforced through a
sanction regime in the forest common lands at the beginning of Estado Novo (1933-1974). Such
sanction regime and policing withdrew and limited the rights based on local uses and customs
that took place since before Portugal's Foundation.°

During the twentieth century, as afforestation progressed, so did the conflicts between the
communities, the State Forest Service and other authorities. Simultaneously, the legislation on
fire and grazing became increasingly limiting. The Law of Forest Settlement®® gave room to
the afforestation of common lands, and over the following twenty years (1940-1960),
approximately 370,000 hectares of common lands were subjected to the Forest Regime.** Such
increase in area under the Forest Regime (mainly in northern and central Portugal) and the State
Forest Service's excessive authority resulted in local resistance, partly due to the restrictions
imposed on the use of fire, particularly on silvopastoral activities.®?®3 Restrictions could imply
heavy penalties, increased minimum distance from forest perimeters to burn without a permit,
and new Forest Police reinforcements.®* In that context, the difficulty of maintaining traditional
practices, the need for industrial labour, the Portuguese Colonial War (1961-1974) effect, and
the consequent emigration fostered the progressive abandonment of rural areas. In 1970, a new
diploma was published, where, for the first time, the need for fire prevention education
campaigns and wildfire risk assessment was recognised as an outcome of the increase in forest
areas extent,?%>6 difficulties in hiring rural labour, increased wildfire activity in the sixties,
and the death of 25 soldiers while fighting the 1966 Sintra wildfire.

On the one hand, there was again a return to local authorities' involvement. On the other
hand, fines and sanctions for the widespread use of fire were increased. The referred diploma
advocated innovation and flagged the European Year of Nature Conservation of 1970, but it
maintained the vision of a "forest without fire" as in a typical fire suppression policy that was
in force at the time and that has been mostly applied for decades until today.®’

After April 25, 1974, the common lands were returned to rural communities,® remaining
under the Forest Regime. The consequences of this long process were that common lands
became more vulnerable to wildfire, mainly because of the rural population reduction, the
abandonment of traditional land management, the existence of vast maritime pine stands,'* and

60 Comando Geral da Guarda Nacional Republicana, Reorganizacéo dos Servigos de Policia Florestal. Decretos n.os 12625, e
12793, respectivamente de 3 e 30 de Novembro de 1926 (Lisboa: Tipografia da G.N.R, 1926).

81 Portuguese Government (Ministério da Agricultura), Lei n.o 1971 de 15 de junho de 1938, Lei do Povoamento
Florestal. Diario da Republica, 12 série, Nr 136, 15 de Junho (Portugal: Imprensa Nacional da Casa da Moeda,
1938). https:/files.dre.pt/15/1938/06/13600/09710974.pdf (accessed 17 Jan 2023).

62 A. Arala Pinto, ‘Fogos’, in Direcdo Geral dos Servicos Florestais e Aquicolas, Separata das Publicac6es da Direccdo Geral
dos Servicos Florestais e Aquicolas. Volume X, Tomo Il, (Portugal: DGSFA, 1943), pp. 355-372.

63 1. Skulska, C. Montiel-Molina and F. C. Rego, ‘The role of forest policy in Mediterranean mountain community lands: A
review of the decentralization processes in European countries’, Journal of Rural Studies 80 (2020): 490-502.

64 Portuguese Government (Ministério da Economia - Direccdo-Geral dos Servigos Florestais e Aquicolas), Decreto-Lei n.o 39
931, de 24 de novembro de 1954. Diario do Governo n.° 263/1954, Série | de 1954-11-24, pp. 1400-1405 (Portugal: Imprensa
Nacional da Casa da Moeda, 1954). https://diariodarepublica.pt/dr/detalhe/decreto-lei/39931-1954-680793 (accessed 17 Jan
2023).

% F. Ferreira-Leite, A. Gongalves and L. Lourenco, ‘Grandes incéndios florestais na decada de 60 do século XX, em Portugal
Continental’, Territorium 21 (2014): 189-195.

% Portuguese Government (Ministério Ministério das Financas e da Economia), Decreto-Lei n.o 488/70, de 21 de Outubro.
Diario do Governo n.° 244/1970, Série I,. pp. 1508-1511 (Portugal: Imprensa Nacional da Casa da Moeda, 1970).
https://files.dre.pt/1s/1970/10/24400/15081511.pdf (accessed 17 Jan 2023).

67 M.C. Colago, Bases para uma educacdo ambiental orientada para a diminuicdo do risco e aumento da resiliéncia das
comunidades aos incéndios florestais em Portugal. (PhD Thesis, Universidade de Santiago de Compostela, 2017).

% Portuguese Government (Ministério da Agricultura e Pescas), Decreto-Lei n.o 39/76, de 19 de janeiro, Diario do Governo
n.© 15/1976, Série I, pp. 89-91. (Portugal: Imprensa Nacional da Casa da Moeda, 1976). https://portal.oa.pt/upl/%7Bb7108909-
3a78-4b47-ac93-d7cdbd838729%7D.pdf (accessed 17 Jan 2023).
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the materialisation of conflicts through arson, resulting in the onset of a new fire regime in the
mid-1970s.%°

In the last decades of the twentieth century, numerous legal diplomas focused mainly on
the following topics: organisation of fire management agencies; spatial and temporal
restrictions to the use of fire; mandatory fuel treatments and inspection; creation of fuel breaks
around buildings and infrastructures; and a continuous increase in restrictions, sanctions and
fines applied to the improper use of fire, expected to discourage it further and reduce the number
of wildfires, "0 71:72.73,74.75,76,77,78,79,80,81.82 pragcribed burning as a fuel-reduction technique by
the State Forest Service personnel or accredited by them was instated in 1981.2 Finally, fire
use, namely bonfires, burning of heaps and broadcast pastoral burnings, was, from then on,
faced as an activity of essentially urban nature, therefore subject to the same type of licensing
and punishments for infractions.®

69 P, M. Fernandes, C. Loureiro, N. Guiomar, G. Pezzatti, F. Manso and L. Lopes, ‘The dynamics and drivers of fuel and fire
in the Portuguese public forest’, Journal of Environmental Management 146 (2015): 373-82.

0 Portuguese Government (Presidéncia do Conselho de Ministros e Ministério da Agricultura e Pescas), Decreto-Lei n.o
327/80, de 26 de Agosto. Diario do Governo n.° 196/1980, Série I, pp. 2375-2377 (Portugal: Imprensa Nacional da Casa da
Moeda, 1980). https://dre.pt/dre/home (accessed 12 Nov 2020).

"1 Portuguese Government (Assembleia da Republica), Lei n.o 10/81, de 10 de Julho. Diario da Republica n.° 156/1981, Série
I, pp. 1649-1651 (Portugal: Imprensa Nacional da Casa da Moeda, 1981). https:/files.dre.pt/15/1981/07/15600/16491651.pdf
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https://dre.pt/dre/home (accessed 11 Nov 2020).
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1990). https://diariodarepublica.pt/dr/detalhe/decreto-lei/341-1990-565861 (accessed 11 Nov 2020).
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https://dre.pt/dre/home (accessed 11 Nov 2020).
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dezembro, Diario da Republica n.® 304/1993, Série I, pp. 7242-7244 (Portugal: Imprensa Nacional da Casa da Moeda, 1993).
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80 portuguese Government (Ministério das Cidades, Ordenamento do Territério e Ambiente), Decreto-Lei n.o 310/2002 de 18
de Dezembro, Diario da Republica n.° 292/2002, Série I-A, pp. 7896-7903 (Portugal: Imprensa Nacional da Casa da Moeda,
2002). https://diariodarepublica.pt/dr/detalhe/decreto-lei/310-2002-405693 (accessed 12 Mar 2019).

81 Portuguese Government (Ministério da Administragdo Interna), Decreto-Lei n.o 252/92, de 19 de Novembro. Diario da
Republica n.° 268/1992, Série 1-A, pp. 5334-5338 (Portugal: Imprensa Nacional da Casa da Moeda, 1992).
https://www.igf.gov.pt/leggeraldocs/DL_252_92.htm (accessed 11 Nov 2020).

2 Portuguese Government (Ministério da Administracao Interna), Decreto-Lei n.o 316/95 de 28 de Novembro, Diario
da Republica n.° 275/1995, Série I-A, pp. 7375-7382 (Portugal: Imprensa Nacional da Casa da Moeda, 1995).
https://www.igf.gov.pt/leggeraldocs/DL_316_95.htm (accessed 2 Feb 2019).
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1.3.4 Large fires: the twenty-first century (until 2021)

Fire legislation significantly changed in the first decade of the twenty-first century. In 2002,
administrative decentralisation was reinforced for the benefit of the population, as the licensing
powers of Civil Governments were transferred to Municipal Councils,®® which meant that
licensing the use of fire returned to local authorities, as it was until the mid-nineteenth century.

In the awakening from Portugal's devastating 2003 fire season, the measures and actions
defined within the scope of the National Forest Fire Defense System were implemented in 2004,
determining a set of rules to prevent wildfires.8 For the first time, concepts related to the
different uses of fire were defined. Again, fire use limitations were reinforced, expanding the
limitations to the whole rural land, i.e., not just in forest areas, limiting its use according to fire
danger and banning it during the so-called "critical period" that replaces the previous "normal
fire season”. In truth, it is not a matter of regulating fire use but restraining it. Finally, this
decree-law establishes the use of technical fire with its implementation ensured by the State
Forest Service (Chapter IV, "Preventive Measures"). The first Prescribed Burning Regulation
was published in that context, focusing mainly on defining the accreditation and planning
processes.?

In 2006, a diploma was published establishing the National Forest Fire Defense Plan
(PNDFCI),% and the corresponding National Forest Fires Defense System (SNDFCI) was
implemented.®® After several amendments, it was republished in 2017,%” maintaining
limitations to the widespread use of fire. Furthermore, it introduced more technical monitoring
and support for communities, e.g., it made technicians, firefighters or forest hand crews
compulsory to assist in the use of fire within traditional activities. Likewise, the value of fines
for infractions increased once more, again seeking a restrictive effect on the use of fire.

The concepts, definitions and rules for technical fire use were established in one of the
amendments in 2009 when the legislation considered the use of suppression fire (backfire and
counterfire).® In the meantime, the Fire Analysis and Use Group (GAUF) was established
within the State Forest Service to use technical fire for land management goals and wildfire

8 portuguese Government (Ministério da Agricultura, Desenvolvimento Rural e Pescas), Decreto-Lei n.o 156/2004 de 30 de
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84 portuguese Government (Ministério da Agricultura, Desenvolvimento Rural e Pescas), Portaria n.o 1061/2004 de 21 de
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https://dre.pt/dre/home (accessed 17 Feb 2019).

8 Portuguese Government (Presidéncia do Conselho de Ministros), Resolugdo do Conselho de Ministros n.o 65/2006 de 25 de
Maio, Diario da Republica n.° 102/2006, Série I-B, pp. 3511-3559 (Portugal: Imprensa Nacional da Casa da Moeda, 2006).
https://dre.pt/dre/home (accessed 17 Mar 2023).
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28 de junho, Diario da Republica n.° 123/2006, Série I-A (Portugal: Imprensa Nacional da Casa da Moeda, 2006).
https://www.pgdlisboa.pt/leis/lei_mostra_articulado.php?nid=1931&tabela=leis (accessed 30 Dec 2020).
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Série |, pp. 4734-4762 (Portugal: Imprensa Nacional da Casa da Moeda, 2017). https://dre.pt/dre/home (accessed 27 Aug 2019).
8 Portuguese Government (Ministério da Agricultura, do Desenvolvimento Rural e das Pescas), Decreto-Lei n.o 17/2009, de
14 de Janeiro, Diario da Republica n.° 9/2009, Série I, pp. 273-295 (Portugal: Imprensa Nacional da Casa da Moeda, 2009).
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suppression.t88%9 The competencies for using technical fire were published in 2014 and
introduced the National Civil Protection Authority to the context of using fire in firefighting.®!

At the end of the 2017 fire season (which resulted in 114 fatalities), a conceptual review of
the principles of wildfire defence moved the terminology "forest fire" to "rural fire".%? This
change led to the replacement in 2021 of the SNDFCI by the Integrated Rural Fire-Management
System (SGIFR).%® Between 2017 and 2021, some other diplomas have been published on
administrative decentralisation and local authorities' autonomy in rural fire prevention and
licensing fire use, fuel management and inspection. Moreover, the broadcast burning concept
was revised.%* %% The new definition of broadcast burning conditioned the use of technical
fire for habitat management objectives other than rangeland,®” further limiting a more
immediate response to the management needs.

The SGIFR reinforces the restrictions to all uses of fire by rural communities, maintaining
the fire ban period and the mandatory municipal license, as in the Middle Ages.®® Instead, using
fire without a license is subject to the provisions of the 2011 amendment to the Penal Code, i.e.,
punishable with a prison sentence of one to eight years.®® The focus seems to be on increasing
the restrictions on traditional fire use to reduce the number of ignitions and the resulting
impacts. Limitations to burn heaps and stubble have become more flexible but depend on
municipal licensing. However, the use of fire is discouraged, and its replacement by biomass
shredding is recommended.®
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In 2020, a new plan that will be in force until 2030 was approved, the Integrated Rural
Fire-Management Plan.*® The plan implies a follow-up on the restriction to the use of fire and
describes non-technical fire uses as the primary sources of ignition originating rural fires. It
also identifies the need to replace fire as an ancestral rural tool with other fuel treatments,
indicating that techniques used to manage residual biomass from agricultural and forestry
activities are no longer suitable.

1.3.5 The approach of legislation to using fire through all four periods

The use of fire was regulated throughout the four defined periods. However, the type of
approach taken has changed over time. Results showed that, initially, i.e., in the first period
(Common Law in Kingdoms of the Iberian Peninsula), the focus was to monetarily compensate
for the damages inflicted by fires that unintentionally affected farmlands (Figure 3). Then, from
the second period (Portuguese Law) on, legislation became broader in its approach to fire use,
adding four other categories: prevention, firefighting, management and limitations. The
distribution of all five categories over the last three periods has not been even as well. The focus
on damage and restrictions was overall slightly reduced in the fourth period (large fires), as the
focus on prevention, firefighting and management has increased. Legally imposed restrictions
on the use of fire had a big share since the foundation of Portugal (Figure 3). Fire and land
management were present in the legislation of the last three periods. In the second period, it
aimed to protect trees and forests due to the heavy deforestation and high demand for wood by
the different industries. In the fourth period, it referred mostly to using technical fire to manage
the land and to assist in wildfire suppression.
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Figure 3. Type of approach in legislation about using fire, by period, with identification of the number of legal
documents considered by period. Source: Elaborated by the authors.
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The different uses of fire, including for management purposes, are generalised throughout
the Portuguese legislation, and the corresponding penalties are the same as those applied to set
wildfires (accidental and negligent) intentionally or to arsonism. The legal requirements and
harsh penalties imposed over time (such as lashing or exile), increased prison sentences, fines,
the bureaucracy volume and decreased temporal and spatial windows of opportunity for
responsible burning practices. Such measures, plus the recent awareness campaigns for using
shredders, did little to discourage the use of fire within agro-silvopastoral systems still active
nationwide. Suppressing all fires from the landscape and legally eliminating the use of fire by
rural communities, through the heavy limitations imposed, can foster the illegal use of fire,
particularly under weather conditions leading to large and damaging fires, rather than
empowering and holding the population accountable. Moving away from traditional
community-led fire use and imposing strict punitive measures while simultaneously promoting
institutional fire use may result in communities that do not fully understand the natural context
of fire, making it more difficult to accept it as a natural process.*®

Worldwide, there are examples of countries or regions that already acknowledged
traditional ecological knowledge and burn practices as crucial to building more fire-resilient
landscapes and, thus, are currently applying fewer restrictions to the use of fire. ¥* Some
examples are in Australial®®1%! and France (which allows pastoral burning),°? Canada, 103104105
California in the United States of America,'%1%7 and Aragdn,'% Cantabrial® and Catalonia in
Spain.% In 2010, European researchers in the Fire Paradox project policy brief advocated that
Integrated Fire management should include central aspects of fire use regulation. It included
traditional burning management, among other technical and professional uses of fire for
prevention, nature conservation and suppression. !t
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1.4 CONCLUSION

The retrieval and analysis of historical legal documents in Portugal have allowed us to
validate the hypothesis that imposing constraints and regulations on the use of agro-
silvopastoral fire throughout the centuries did not discourage its traditional use by communities
over time. Since Portugal's Foundation, the legislation on the use of fire has been consistent in
restrictions and constraints and continuous sanctions, fines and penalties. Moreover, the
legislation on the use of fire over the last two centuries did not consider the different needs,
timings and purposes of fire use, not relating the uses of fire with traditional practices and the
need to maintain them. The legislation type of approach to the uses of fire became broader over
time. Additionally, the legislation was not consistently enforced throughout the country.
Nevertheless, fire was, and still is, an essential tool in traditional agro-silvopastoral systems.

Several countries are adopting less restrictive legislative regulations regarding fire's
traditional and cultural uses. In this context of change, it is essential to rethink the old and
current paradigm, especially since the beginning of the twentieth century, by elaborating an
adequate legal framework for the different uses of fire, training communities and increasing
their accountability.
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CAPITULO Il - REMAINS OF THE TRADITIONAL FIRE USE IN
PORTUGAL: AHISTORICAL ANALYSIS

Abstract. Traditional, rural, native, or indigenous fire has coexisted with lightning-caused
fire since the origin of Humanity. In Portugal, several uses of fire played an essential role in
supporting communities from the settlement of the Portuguese territory within complex
agrosilvo-pastoral systems. Previous studies approached traditional fire knowledge from
different perspectives, but none comprehensively described the concept. Resorting to histori-
cal documentary sources, this paper identifies and describes the traditional practices involving
the different fire uses in Portuguese rural communities from the foundation of Portugal until
the end of the 19th century. The approach showed a general abandonment and progressive loss
of many of those traditional uses of fire at the end of the 19th century. It led to the breakdown
of the conventional traditional agrosilvo-pastoral system and the disarticulation of the
interdependence of Human and Nature processes. Due to legal conditionings and prohibi-tions,
the current traditional uses of fire are only remains of the past. As a result, academia is essential
to pro-mote and revive traditional fire knowledge in the country.

Keywords: broadcast burning; cultural burning; traditional fire knowledge; native fire,
wildfire.

Resumen. Vestigios del uso tradicional del fuego en Portugal: un analisis historico

El fuego tradicional, rural, nativo o indigena ha coexistido con el fuego provocado por el
rayo desde el origen de la Humanidad. En Portugal, diversos usos del fuego desempefiaron un
papel esencial en el sustento de las comunidades desde el poblamiento del territorio portugués
dentro de complejos sistemas agrosilvo-pastorales. Estudios anteriores abordaron el
conocimiento tradicional del fuego desde diferentes perspectivas, pero ninguno describio el
concepto de forma exhaustiva. Recurriendo a fuentes documentales de caracter historico, este
trabajo identifica y describe las practicas tradicionales relacionadas con los diferentes usos del
fuego en las comunidades rurales portuguesas desde la fundacion de Portugal hasta finales del
siglo XIX. El analisis muestra un abandono general y una peérdida progresiva de muchos de
esos usos tradicionales del fuego a finales del siglo XIX. Esto llevo a la ruptura del sistema
agrosilvo-pastoral tradicional convencional y a la desarticulacion de la interdependencia de los
procesos Humanos y de la Naturaleza. Debido a los condicionamientos legales y a las
prohibiciones, los actuales usos tradicionales del fuego son so6lo vestigios del pasado. En
consecuencia, la academia es esencial para promover y revivir el conocimiento tradicional del
fuego en el pais.
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Palabras clave: quemas extensivas; quemas culturales; conocimiento tradicional del
fuego; fuego nativo, incendios forestales.

Resumo. Vestixios do uso tradicional do lume en Portugal: unha analise histérica

O lume tradicional, rural, nativo ou indixena coexistiu co lume provocado polo raio desde
a orixe da Humanidade. En Portugal, diversos usos do lume desempefiaron un papel esencial
no sustento das comunidades desde o poblamiento do territorio portugues dentro de complexos
sistemas agrosilvo-pastorais. Estudos anteriores abordaron o cofiecemento tradicional do lume
desde diferentes perspectivas, pero ningun describiu o concepto de forma exhaustiva.
Recorrendo a fontes documentais de carécter historico, este traballo identifica e describe as
practicas tradicionais relacionadas cos diferentes usos do lume nas comunidades rurais
portuguesas desde a fundacién de Portugal ata finais do século XIX. A analise mostra un
abandono xeral e unha perda progresiva de moitos deses usos tradicionais do lume a finais do
século XIX. Isto levou a ruptura do sistema agrosilvo-pastoral tradicional convencional e a
desarticulacion da interdependencia dos procesos Humanos e da Natureza. Debido aos
condicionamentos legais e &s prohibicions, os actuais usos tradicionais do lume son s vestixios
do pasado. En consecuencia, a academia € esencial para promover e revivir o cofiecemento
tradicional do lume no pais.

Palabras chave: queimas extensivas; queimas culturais; cofiecemento tradicional do lume;
lume nativo, incendios forestais.
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2.1 INTRODUCTION

The abilities to make, control, and use fire have been determining skills in the evolution of
the human species since the dawn of Humanity. The first energy Era began more than 300,000
years ago when Humanity started to use fire energy by burning biomass (Smil, 2004). With the
control of this powerful energy, humans shaped their territory and themselves as individuals on
physical, cognitive, and social levels (Bowman et al., 2011; Shimelmitz et al., 2014). The use
of fire changed landscapes, allowing hunter-gatherer societies to emerge and develop. It was a
determining factor in creating and expanding pastoral societies during the Neolithic (Bird &
Cali, 1998; Jones, 1968; Monteiro Alves et al., 2006; S. Pyne & Goldammer, 1997).

In the context of this paper, traditional, rural, native, or indigenous fire uses are synonyms
(Huffman, 2013) and refer to fire uses that have coexisted with lightning ignitions since the
origin of Humanity and that have been passed down through generations by cultural
transmission, i.e., the process through which cultural elements are passed down from one
generation to the next (Liacos, 2015; S. Pyne & Goldammer, 1997). In other words, traditional
fire use is the use of fire by rural communities for land and resource management purposes
based on traditional know-how (Silva et al., 2010). In addition, traditional knowledge of fire
has evolved as a branch or dimension of traditional ecological knowledge (Berkes et al., 2000;
Vazquez-Varela et al., 2022). “Tradition” is from an anthropological point of view related to
culture in its basics, i.e., something conventional (Vazquez-Varela et al., 2022).

Traditional fire uses are often associated with grazing, pruning, planting, harvesting,
hunting, and beekeeping (Williams, 2003). Therefore, traditional fire, in its many forms, has
shaped our landscapes beyond its use in cooking and advances in agriculture (Berkes et al.,
2000). In Portugal, for e.g., before the plow introduction, the first crops were grown in clearings
opened on burned native forest, and the soil was easily mobilized with a simple sharpened stick
(Caldas, 1998). Traditional fire uses provided enough energy to supply the local communities,
and also defined until the mid-19™ century, a traditional agrosilvo-pastoral system that shaped
the Portuguese landscape. After that, agriculture intensification with increased motorization,
use of fossil fuels, and reduced rural labor left behind millennia-old traditional practices like
manure, burning for soil fertilization, fallow, and fire as a working tool in general. A sharp
decrease in the use of fire within the agrosilvo-pastoral systems accompanied the reduction of
these activities. An exceptional accumulation of vegetation fuels in landscapes followed these
processes that likely had never existed in the Mediterranean basin (Diaz-Fierros, 2019; Meira
Castro et al., 2020; Moreira et al., 2023; Pyne & Goldammer, 1997; Vélez, 2005).

Nowadays, the purposes of traditional fire use are variable. Pasture renewal, creation of
new pastures by forest clearing, crop installation, facilitating hunting, biomass management and
fuel reduction, increasing fruit production, pest and disease control, wildlife management,
biodiversity conservation, or cultural and ceremonial purposes are some to be mentioned
(Eriksen, 2007; Garde, 2009; Mistry et al., 2016; Moura et al., 2019; Shaffer, 2010). Currently,
the use of fire by communities in Portugal is often disconnected from the agrosilvo-pastoral
systems practices (Meira Castro et al., 2020). Over the last century, the abandonment of
traditional practices and the constraints and regulations on the uses of fire have blurred
traditional knowledge, making it difficult to understand its traditional roots. Currently, the
concept of fire use is generic, therefore, contemporary legislation in Southern Europe focused
on decreasing the number of ignitions (Agéncia para a Gestdo Integrada de Fogos Rurais
(AGIF), 2020; D’Amelio, 2022). The linkage between traditional fire uses (e.g., pasture
renewal), traditional practices (e.g., grazing) and the need to maintain them is currently
underrated and overlooked. Several studies use the concept of traditional fire knowledge when
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referring to burning for pasture renewal, burning of heaps, fuel management, or for hunting
purposes (de Oliveira et al., 2022; Mateus & Fernandes, 2014; Meira Castro et al., 2020; Tedim
etal., 2019, 2022). However, none of them comprehensively describes the concept.

This paper identifies and describes the traditional practices involved in the different fire
uses by Portuguese rural communities. We analyzed the historical documentation on the uses
of fire, investigated its links with other traditional practices, and compared it with the current
uses of fire. The temporal scale considered was from the foundation of Portugal (12" century)
until the end of the 19" century. We aim to (1) assess the traditional Portuguese fire uses before
implementing policies and measures to regulate them (late 19" century CE) and (2) to know
what remains of traditional fire practices in Portugal.

2.2 MATERIALS AND METHODS

This study was based on the research, compilation, and analysis of historical documentary
sources such as manuscripts, manuals, reports, chronicles, treatises, essays, and scientific
journals produced from the 12" century to the late 19" century in Portugal, aiming to collect
historical data and information about the techniques and purposes of fire use in Portuguese rural
communities in that period.

The criterion used for the data gathered for this study was to be freely accessible and
available online, and written in Portuguese or Spanish. Accordingly, the historical documentary
sources used in this study were retrieved from 11 online libraries, covering the period from the
15t century to the 19" century (Table 1). The search string used for each library search was fogo,
fuego (fire, in Portuguese and Spanish respectively), queimas, queimadas, and quemas (burns
and broadcast burns, in Portuguese and Spanish), and no filter for date was considered. To the
best of our knowledge, there are no regionalisms in archaic Portuguese, and the same keywords
are still used in contemporary Portuguese. Spanish (Castilian) was a common language in
Portugal until the middle of the 17" century CE, but was banned after 1640. However, the
search string chosen can constitute a limitation of our research. This analysis followed a
qualitative methodology with the exploratory—descriptive approach using the content analysis
technique (Bardin, 1995). The results were thoroughly analyzed and selected by the title,
followed by the reading part of the document. The data in each document describing fire uses
was selected and put together by transcribing the selected quotes into a table and properly
categorizing it with the use of fire identified (e.g., pasture renewal, stubble burning for
fertilization, or charcoal production). The season/month for each use of fire was also retrieved.
Some of the most relevant quotes were transcribed in the results section. The two aims of this
paper were addressed by designing a calendar of traditional fire use and a diagram to illustrate
the traditional fire regime with the information gathered during this study. The monthly
calendar was based on the documentary descriptions analyzed. The monthly detail is also
described in the crops, livestock, or charcoal production documents found.
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Table 2. Historical documentary sources consulted.

Source Available at
Portuguese National Digital Library https://bndigital.bnportugal.gov.pt
Bank of Portugal https://www.bportugal.pt/
Digital Library of the University of Coimbra http://webopac.sib.uc.pt/
Almamater - Digital Library of Botany of the University of Coimbra https://am.uc.pt/
Repository of the University of Lisbon https://www.repository.utl.pt/
Centre for Historical Studies of the Nova University of Lisbon https://ceh.fcsh.unl.pt
Royal Botanic Gardens Digital Library (Spain) https://bibdigital.rjb.csic.es/
Non-profit Digital Library Internet Archive https://archive.org
National Digital Library of Brazil https://bndigital.bn.gov.br/
Guita and José Mindlin Brasiliana Library https://digital.bbm.usp.br/
Google Books https://books.google.pt

Our initial search returned 250 documents that were thoroughly reviewed. 135 of them
referred to the use of fire and were considered for the study. The remaining 115 were rejected
because they did not meet our aim of assessing the traditional Portuguese fire uses before
implementing policies and measures to regulate them. From the final sample of 135 documents,
we finally extracted 124 relevant quotes. They were categorized according to the topics in Table
2. Each quote can be related to more than one topic.
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Table 2. Number of quotes by category of fire use.

Categories of . . . Number of Quotes
; Topics used in categorization .
fire use quotes time span
Burn of shrubland to facilitate troops movement
War (defense) Put out enemy fire 3 1440—1868
Fire as a war method
No training of dogs on burned land
Use fire to control hunting prey that affects crops
Hunting Use fire to keep away wild animals that destroy crops 3 14151872
Use fire to burn forest and shrubland that served as hunting
grounds
Ash from fires as soil fertilizer
Soil Ovens to incorporate fertilizers
fertilization Burn of brushwood in sandy soils to improve fertility 34 1513—1886
Burn of potato branches, vineyard prunings, or dry peat for
fertilization
Pastoral burns
Losses caused by burns
Pasture L .
Using fire to open up grazing areas 26 1513—1886
renewals - ' i
Prohibitions of burning and grazing
Negligent fire use by shepherds
Beekeeping Precautions when using fire in beekeeping 2 1483—1513
Imp_ortqnce for Fire as a key element for the origin and conservation of life 4 1610—1789
livelihood
Use fire in weed control
Plowing Use fire to increase soil porosity 34 1513—-1821
Use fire before sowing wheat and rye
Charcoal production (coal pits)
Firewood for industr
Charcoal [neustry 12 17891886
production Charcoal certification
Burn heathlands for farming and to obtain charcoal
Crop pests and Gather of leaves to burn
disegfe control Burning cereal straw, corn canes, rye, and pine forest to 7 1513—1868
fight pests and diseases
. Use fire to keep wolves, wild boars and bears away
\::Vcl)lntilr'cfﬁ Use fire to keep the game away 5 1790—1868
Use fire to favor heath growth
Agalr_15t Bonfires to produce smoke to protect crops against frost 1 1860
frosting
Firefighting
(use of Fighting wildfire using fire 1 1837
suppression
fire)
Fuel
Fuel- and fire-breaks
mangger_nent ) i 3 1751—1859
(wildfire Prescribed burning
prevention)
Break rocks Bonfires to break rocks 1 1513
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Concerning the characteristics of the documents found, there were different issues to
consider, as follows.

Until the second half of the 18" century, few Portuguese publications on agrarian themes
documented fire’s full integration into the agrosilvo-pastoral system. Difficulties in finding
these types of documents are acknowledged in the preface of Catdlogo das Obras de
Agricultura entre os séculos XVII e XIX (Catalogue of Works on Agriculture, 17" and 19"
centuries” (Simdes, 1937), referring that no work on agriculture had been published in the 15%-
century. Instead, all knowledge was passed down by the friars, who developed practices based
on the Roman classics. Simdes (1937) also states that in the 17" century, technical literature
was limited to the translation of the so-called Eclogas e Gedrgicas de Vergilio (Vergil’s
Eclogues and Georgics, Agricultural topics, from the 29 BCE, translated by Leonel Costa
Lusitano in 1626 (Felix Pereira, 1875). In the 18" century, the book De re Rustica, originally
from the 6" century BCE (Varron, 1773), also stands out among the republished Roman classics
accessed for this study. Fire was a widely used tool, particularly in Portugal and Spain. There
were writings about it only if incidents arose from its use, putting private property and crops at
risk (Montiel-Molina et al., 2013).

Given the cultural similarities between the different Iberian peoples, we considered the
outputs translated into Spanish by authors from the Iberian Peninsula, such as Os Doze Livros
de Agricultura (The Twelve Books on Agriculture, (Columela, 1824) originally from Lucio
Junio Moderato Columela (60 to 70 AD), born in Cadiz, and Livro de Agricultura (EI Awam,
1802) originally by Ebn EI Awan, a 12"-century Muslim writer from the city of Seville. In
addition to these two books describing the uses of fire, we included the 16™-century book Obra
de Agricultura Compilada de Diversos Auctores (Agricultura General de Gabriel Alonso
Herrera, 1818) by the Spanish author Gabriel Alonso de Herrera, which is an agricultural
treatise with the collaboration of several authors of the time and containing interesting
descriptions of the uses of fire.

From the 18" century on, several technical and scientific outputs were published
disseminating agricultural practices, following the new rationalist and Newtonian science
introduced and driven by the Marquis of Pombal (Nunes, 2001). During this century, several
works on agriculture covering the uses of fire were gathered in the Jornal Encyclopedico
Dedicado & Rainha; N. Senhora, e Destinado para Instruccao Geral com a Noticia dos Novos
Descobrimentos em todas as Sciencias, e Artes (Ordem de Cister. Mosteiro de Santa Maria
(Alcobaca), n.d.) and in the Memorias Economicas da Academia Real das Sciencias de Lisboa,
para o adiantamento da Agricultura, das Artes, e da Industria em Portugal (Academia Real
das Sciencias de Lisboa, n.d.), and both were included in the present study.

For the 19" century, when several agronomy works were published, we included the
relevant O Archivo Rural - Jornal de Agricultura, Artes e Sciencias Correlativas.

We plotted the Portuguese Regions to locate the places addressed in the paper (Figure 1).
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Figure 1. Regions of Portugal (Level 2 of the Nomenclature of Territorial Units for Statistics).

37224



EMANUEL RENATO SOUSA DE OLIVEIRA

2.3 RESULTS

Results from documentary sources from the 12" century until the end of the 17™" century
showed that several uses of fire were essential for establishing the Portuguese nation. Rebelo
da Silva (1868) described the establishment of Portuguese settlements and the use of fire and
plowing to open up the first arable land during the Foundation period (12" century). The author
also mentioned that agriculture was nearly a nomadic and itinerant activity because of the
instability created by war. As a result, fire followed the same path, being applied every time the
peasants of the newly founded Portuguese nation moved to new lands.

From the 13" century until the first half of the 14™ century, farming in the mainly
mountainous territory of what was the Portuguese nation at the time was a difficult process,
having favored the pastoral system (Rebelo da Silva, 1868). Furthermore, as early as the 1%
century BCE, the Iberian Roman author Columela said that lands with few trees should be
converted by cutting them from the base, burning them, and incorporating them into the land
through tillage (Columella, 1773).

In the 15" century, pastoral communities started the first conflicts with clergy and nobility
as they became deprived of enough arable land due to the increase and expansion of these social
classes’ agricultural and Royal hunting properties. In response, regulations and punishments for
those who set fire to the woods within hunting properties and forests in south Portugal
(Santarém, Alentejo) were promulgated by Order of May 23, 1474, limiting grazing activities
and the inherent use of fire to October, November and December (Rebelo da Silva, 1868).

In the first centuries of Portugal’s foundation (until the 15" century), farming techniques
were disseminated directly from the classic authors to the friars, who implemented the
techniques and improved them with the peasants (Columella, 1773; EI Awam, 1802). Gedrgicas
de Vergilio (70 BCE) compiled the agricultural techniques of the time in poems, which were
widely disseminated in Romanised territories until the 18" century. This book described the
need to use fire for soil fertilization and the associated constraints and risks. It also mentioned
that neither legislation nor religion forbade critical agricultural practices during holidays, such
as using fire for pasture renewals and plowing (free translation from the original):

“It is often convenient to throw the fire

Into the barren ground, where it blazes
Stubble, the flames crackling;

Or because the soil, thus hidden, is vigorous
Receive its nourishment most gracious;”

Agriculture practices in the Middle Ages (5™ century to 15" century) employed very few
amounts of manure on the soil and overstated burning for plowing (Campos, 1913; Oliveira
Marques, 1978). The use of fire was diverse and followed ancient Roman knowledge. Such
knowledge included using fire in stonemasonry, fertilizer production, increased pasture
productivity for goat production, sterilizing manure, cattle disease control, and weed control in
crops (Agricultura General de Gabriel Alonso Herrera, 1818). The 16™ century author Alonso
Herrera highlighted the need to burn the hills in September, as the renewal by sprouting and
herbs made better pastures for goats, improving the fattening of the animals and preventing
diseases.

Fire was fundamental to agricultural development based on the agrosilvo-pastoral system
until the 19" century. The need to share fire among the community led to selecting a house to
keep the fire lit to supply other houses when they ran out of fire, a widespread custom in
Portuguese villages (Caldas, 1998). This practice still occurred in the 16" century, named
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Tocheiro (man with a torch), according to a record dated March 14, 1500, of the Chancellery
of King Manuel I (Arquivo Nacional da Torre do Tombo, 2008).

The 18" century Europe witnessed the stimulation and spread of the scientific, political,
and philosophical discourse within the Enlightenment. In Portugal, one of the first agricultural
publications was written by the Spaniard Jodo Antdnio Garrido in 1749. In one of the chapters
(“Farming in the fields”), the author describes the advantages of using fire over using manure,
highlighting the burning in August of plants of the genus Cistus (rockrose) for cereal production
(Garrido, 1749, p. 37) (free translation from the original):

“In the absence of manure, it is very useful and advantageous to burn in August,
which opens the soil’s pores to receive more heat, together with the water when
it rains in autumn. Experience has shown that more grain (bread, the original
version) is produced from burned rockrose lands than from soil with manure,
and so in the absence of rockroses, straw, stubble and shrubs brought from
elsewhere should be laid on the land, to burn, and fertilize the lands (...)”

Several scientific journals focused on agricultural activity were launched in Portugal in the
second half of the 18" century (Gomes Dias, 2014). Jornal Encyclopedico (1779—1793) and
Memorias Economicas da Academia Real das Sciencias de Lisboa (1779—1820) are among
these publications (Nunes, 2001). At the apogee of natural philosophy, the Portuguese Academy
of the time sought to develop applied Portuguese studies and promote the so-called New
Agriculture. It encouraged a model of an educated farmer with enough economic units of
farmland and whose practices should be based on techniques derived from scientific
knowledge, testing, and innovation, as opposed to conventional and traditional practices
(Nunes, 2001). Such a mindset would be reinforced in the following century by liberal reforms
and emerging interests for the common lands. The first written documents proposing changes
to the conventional agrosilvo-pastoral system and replacing traditional practices, such as the
use of traditional fire, with a new scholarly-based agrarian system, were published in the middle
of the 18™ century (Nunes, 2001). Foreign authors’ knowledge deeply influenced the proposed
new practices without considering the different countries’ landscapes and realities. The first
criticism of the use of fire and the instruction for what were believed to be better practices with
the same aim came under the influence of foreign authors such as Duhamel du Monceau,
Rozier, and Fourcroy (Nunes, 2001). Instead, Portuguese authors described the importance of
traditional practices, including the benefits of using fire, such as using fire in soil fertilization
and the importance of livelihood (Ferber, 1788; Lisboa, 1789; Paiva, 1788). A clear divergence
existed between the authors who rejected the use of fire based on the practices performed in the
Alentejo Region and those who advocated the conservation of these uses based on the practices
carried out north of the Tejo River. E.g., Baptista (1789, pp. 287-288) described the importance
of burnings and of burning cereal crops (free translation from the original):

“Some renowned agriculture engineers order small furnaces of clods to be made
around some paves of shrubs, and on the eve of the rain, they order a fire to be
light in them, so that by burning the shrubland the clods are toasted, and turn
black with the smoke, so that these same clods fertilized by the fire, and spread
over the land make it all equally fertile.”

The practice described is called forneiros in the rural communities of Paredes de Coura in

Alto Minho (Norte Region), which is still active. However, it is currently associated with a
simple slash-and-burn, not connected with the crop field fertilization practice that was

39 | 224



EMANUEL RENATO SOUSA DE OLIVEIRA

previously widely used in several regions (Lacerda Lobo, 1790; Lasteyrie, 1827; Miret | Mestre,
2014). In contrast with the latter quote, in the same book, Silveira (1789, p. 59) criticizes the
agricultural practices and the use of fire in the Alentejo Region (free translation from the
original):

“The farmers of Alentejo cultivate this ineffectively: they cleared them, set fire
in August, and sow wheat on the ashes. (...) To perform a clearing, eight years
must pass, all this time being necessary for the shrubland to grow and be able
to be cut again. (...) they should set the fire in calm weather and have many men
to extinguish the fire if it escapes, but to avoid the expense of so many workers,
they order to set the fire, not having in the land more than two or three men, and
for this reason, the fire escapes them repeatedly, without being able to stop it;
because if pastures are dry, it runs with incredible speed, burning woodlands,
destroying pastures many times in the extent of leagues (...)”

Additionally, the same author questioned the municipal management of common lands
(lands characterized by traditional collective use, carried out and controlled by rural
communities) in the Alentejo Region, which is based on sortes (lots) as an annual exploitation
method and the inherent practice of itinerant agriculture, bringing the uses of fire with it. The
concept goes back to pre-Roman times when communities divided the common land into sortes.
Then, they distributed plots for cultivation every year and specified the crop to be cultivated
according to the drawing of lots (Dias, 1984). Common lands provided pasture for livestock
production until the mid-20" century, and fire was used for their renewal and improvement (S4,
1791). In some locations where land for cereal crops was in shortage, particularly rye, common
lands were plowed by clearing and burning (Estévao, 1983). Fire was also used in long fallows
within the crop rotation system (Monteiro Alves et al., 2006), soil fertilization and sanitization
(Andnimo, 1791; P. F. Sequeira, 1790; Villa Nova Portugal, 1790) and for hunting and crop
protection. However, recurrent fire was believed to be linked to negative effects, e.g., wolf
extinction and a significant decrease in the wild boar population in Setdbal District, particularly
in Serra da Arrabida, near Lisbon (Gomes de Oliveira, 1791). Gomes de Oliveira (1791) shed
light on the decreasing pine forest due to the high demand for wood and charcoal for the cotton
factory of SetGbal and the increasing population of Lisbon. Wood and charcoal were crucial
energy resources for ceramics, glass, iron, steel, and food (bakeries) production in Lisbon and
SetUbal districts at the end of the 18" century. The need to provide these fuels had contributed
to cork and holm oaks logging in Alentejo and Middle Tejo (Centro Region) (M. A. P. de
Almeida, 2002; Rocha, 1998), as stated in the Order of March 29, 1792, from the Court of the
Senate of the Council. The increasing population of urban Lisbon at the end of the 18" century
triggered a socioeconomic process of increased demand in the construction sector, energy
supply, and food resources. It ultimately led to the overexploitation of rural resources,
particularly in the surrounding regions, i.e., the Alentejo and Middle Tejo (Centro Region), by
forcing the plowing of new lands for cereal and olive crop installation. Large areas of pine
forests were logged for wood for the reconstruction of Lisbon after the earthquake of 1755 and
for establishing new extensive livestock production areas using fire for clearing and pasture
renewal.

The existence of vast common lands allowed the use of fire in the pastures that annually
received transhumant cattle. In the second half of the 18" century, the extensive areas of
common lands in the Alentejo became of great economic interest, i.e., implying privatization,
to some of the influential layers of Portuguese society (Fonseca, 1996). The pressure on
common lands and the objections against traditional practices, such as the use of fire, as a barrier
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to economic and agricultural progress was reinforced from the beginning of the 19" century
(Estévéo, 1983).

In the first half of the 19" century, Portugal’s agricultural modernization was still behind
compared to other European countries, such as the UK, France and Germany, which had already
introduced the steam engine created at the end of the 17" century (Broadberry et al., 2008).
Initially developed for agriculture, the steam engine was soon applied to industry, giving rise
to the first phase of the Industrial Revolution (Custddio, 2020). In 1742, Portugal bought two
steam engines. The press published an article describing some of the advantages of adopting
the new technology, highlighting the country’s abundant availability of wood to feed the
machines (Mascarenhas, 1742). Their industrial application in Portugal would only occur in
1820. Until then, Portuguese agriculture maintained its millenary and sustainable agrosilvo-
pastoral system covering the whole country and using the common lands. Plowing and
processing agricultural products were powered by human force, animal traction, and hydraulic
and windpower machines of the pre-industrial age. In this context, fire was still the main tool
supporting resource management.

Throughout the 19" century, the different perspectives on the positives and negatives of
fire uses continued (Aguiar, 1869; Andrada e Silva, 1815; Andnimo, 1872; da Matta, 1859;
Ferreira Lapa, 1859; Lima, 1867, 1868; Maria, 1849; Menezes, 1860; J. F. Pereira, 1868;
Visconde de Vilarinho de S. Roméo, 1857). Despite this controversy about traditional fire use,
we found the first documented reference at the professional level of firefighting to the use of
suppression fire in Pinus pinaster stands, published in 1837 by Joaquim Luiz da Cruz (J. L. da
Cruz, 1837).

From the end of the 19" century, plenty of publications refer to pasture renewals and
charcoal production as the causes of wildfires, which assisted in disbelieving traditional
practices and eliminate fire from the landscape, particularly in the Ribatejo (Centro Region)
and Alentejo Regions. The poor and less educated rural society was blamed for damaging and
destroying the landscape. However, such dynamics were likely associated with processes of
large urban centers’ population growth and new industrialization, not by pressure from rural
communities. Matos (2002, p. 134) described the concern of the Civil Governor of Portalegre
district (Alentejo) in 1850 with the high demand for charcoal by the country’s capital and its
impacts on rural areas (free translation from the original):

“The interest generated by the sale of charcoal in Lisbon, where many loads are
taken, has destroyed an incalculable number of trees on the Alentejo farmsteads.
It would be convenient to establish limits for such devastation.”

One of the greatest problems of the end of the 19" century was Portugal’s general
deforestation because of the growing demand for charcoal for domestic consumption and
industry and the appropriation of common lands to increase agriculture (Abel, 1988). However,
these facts seem to have been overlooked by several authors whose articles solely focus on
blaming the rural population, e.g., the historian Alexandre Herculano (1898), in Abel (1988),
considered that the common lands were constraining the agricultural progress in the country
and thus were an obstacle to the interests of the liberal reformists during the 19" century.

After the civil war of 1832-1834, due to the reforms led by Mouzinho da Silveira (a deputy
elected for the Alentejo Region), property ownership was transferred and land redistributed, in
particular, the disentailment of common lands. The south of the country, particularly the
Alentejo Region, would suffer the effects of the prevailing liberalism, with the individual
appropriation of common lands, consolidating large rural properties, and giving rise to the
latifundio (large estate) (Abel, 1988; Hespanha, 1983). According to several scholarly authors
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implicated in the Royal Courts of the time and often strangers to the rural reality, fire was one
of the main excuses used for stating that common lands were mismanaged, and that eventually
led to their privatization (A. M. Cruz, 1865; Lima, 1865; Mendes, 1980; A. Pereira, 1862).
Manuscripts from the end of the 19" century showed differences between Portugal’s southern
and northern regions concerning the use of common lands and the use of fire, which was better
tolerated by the northern population. Augusto Vieira (1886, p. 365) described in his book O
Minho Pitoresco his experience in a burn carried out in Serra Amarela (currently Peneda-Gerés
National Park, Northwestern Portugal), highlighting the use of fire by the rural community for
charcoal production by burning heathland (free translation from the original):

“It is not, therefore, a broad vault that exists with any economic organization; it
is the need of the moment that produces the association of wills directed by the
same intention.

The mayor says it is necessary to pay, and then those from Germil, to get rid of
the burden, say to each other -let us do this- and so they agree to carry out the
burning. These burnings sometimes last hours and days, and it is from the
heather charcoal that the mountain people take the most advantage of for their
small businesses. Whoever spends the night at some distance from the burnings
enjoys a magnificent and beautiful show, watching the fire plowing through the
extent of the rockroses, wide and vast, like the high flux of a beautiful aurora
borealis.”

The end of the 19" century marked the beginning of deep socioeconomic changes imposed
by liberal reforms to keep up with other European countries. This approach took decades and
continued through the following century until Portugal entered the European Economic
Community (EEC) in 1986. In this context of reforms, 19" century Portugal was able to
modernize various sectors such as agriculture, industry, transportation and communications,
education, and the rule of law of the population. However, agriculture, mainly cereal-based,
and the emerging steam engine-based industry, strived for forest resources, and common lands
were a barrier to the growth of both sectors of activity because of their shared pastoralism
activities and subsistence agriculture using frequent fire.

AKkin to the industrialization process at the end of the century, Portuguese agriculture also
started a process of great changes that broke with the conventional system that shaped and
maintained landscape diversity for centuries. The new motorized agriculture started in the
country’s southern regions in 1855, particularly in the newly established latifundios in the
Alentejo and Ribatejo (Centro Region) (Custddio, 2020). Inorganic fertilizers were introduced
at the end of the second half of the 19" century to meet soil fertility decrease. Inorganic
fertilizers, motorized agriculture, and land tenure changes gave rise to an irrevocable
breakdown of the traditional agrosilvo-pastoral system, disarticulating the interdependence of
agricultural, livestock, and livestock and forest productions. Thus, these three activities went
from benefiting from each other to being unconnected, losing the balance and spending more
resources. These changes heavily impacted rural communities’ landscape and social structure,
as well as soil fertility and structure (Carmo, 2018). Changes were faster in southern Portugal,
particularly in Alentejo and Ribatejo (Centro Region), which had a greater extent of cereal crops
on larger farms and whose geomorphological and edaphic characteristics helped agricultural
motorization and the application of fertilizers to supply greater needs for nutrients. Previously
mentioned land tenure changes and agriculture expansion have conditioned grazing activities
and fire use due to conflicts generated by new land uses and land covers. In the following
decades, the changes that happened at the end of the 19" century progressively spread to the
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whole country, with different degrees of impact and speed of change according to the
characteristics of each region. As new technologies and techniques were being implemented
and improved with time, and as the agrosilvo-pastoral system was being broken down, the
different uses of fire were progressively abandoned, replaced, conditioned, or even forbidden
by law (Carmo, 2018).

2.4 DISCUSSION

2.4.1 The traditional Portuguese fire uses before implementing policies and
regulatory measures (late 19th century CE)

The human presence in the Portuguese territory has always implied a continuous use of fire
to manage the landscape (Sweeney et al., 2022). The Portuguese landscape was shaped by fire
associated with traditional practices within a deep-rooted and complex agrosilvo-pastoral
system, developed and improved from generation to generation (Fabregas Valcarce et al., 1997;
Jorge, 2000; Sanches, 2003; Sweeney et al., 2022). From the Neolithic until the 19" century,
fire kept up with the initially itinerant and later rotational agriculture and transhumant grazing,
generating cultural landscapes. Cultural landscapes are, thus, the outcome of different societies’
resource management activities, and the evolution of the Portuguese landscape was led by the
societies that became dominant in the different periods (Davidson-Hunt, 2003; Miller &
Davidson-Hunt, 2010). As a result, the importance and perceptions of usefulness and benefits
that the leading society had about fire uses impacted and changed the uses of fire in Portugal
over time.

The historical documentary sources reviewed on the uses of fire allowed us to identify its
various purposes in managing resources by rural communities in Portugal and the techniques
and uses of fire throughout the centuries until it was conditioned. It was also possible to
understand the difference between traditional fire knowledge transfer and traditional fire
knowledge transmission. The first assumes the generational transfer of knowledge, i.e., with
the inherent applicability of practices and techniques for sustainable resource management and
environment for the inhabitant communities. The second does not imply practice and can be
theoretical (Armatas et al., 2016; Berkes, 2012; S. J. Pyne, 2006).

Currently, there is a reductive view of the traditional use of fire, but the records found
showed the existence of several uses in the past (Figure 2). Therefore, traditional fire knowledge
is much broader and as diverse in a community as the complexity of managing the various
resources to support the different activities (Vazquez-Varela et al., 2022).
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JANUARY

Extensive burnings for
cattle and hunting pasture

renewals.

MAY

No historical records of
fire uses were found.

SEPTEMBER

Beginning of Autumn

Burning and distribution
of ashes and seeding of
rye and wheat. Burning
for renewal of pastures
for goats.
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FEBRUARY

Extensive burnings for
cattle and hunting pasture

renewals.

JUNE

Beginning of Summer

No historical records of
fire uses were found.

OCTOBER

Charcoal production. For-
neiros technique, with
spreading the ashes over
the field.

Apply manure to the field
and sow the rye seed.

MARCH

Beginning of Spring
Slash-and-burn from pru-
ning with bushes covered

with soil or clay (forneiros

technique).

JULY

Charcoal production.

NOVEMBER

No burnings are carried
out to protect the prey of
hunting interest.

Clearings and tillage in the
Alentejo Region on the
long fallow period (10 to

APRIL

Slash-and-burn.

Tree logging for charcoal.

AUGUST

Burnings for clearings and
plowing.

Cereal stubble burnings
and burnings of shrub
heaps.

Honey harvesting.

Charcoal production.

DECEMBER

Beginning of Winter

From the middle of the
month, extensive burnings
for cattle and hunting pas-
ture renewals.

Harvesting honey. 14 ) field
years elds.

Charcoal production.
Figure 2. Calendar of the traditional use of fire in Portugal based on literature and historical records.

The data retrieved in this study enabled the characterization of the several traditional uses
of fire, going from an energy source useful for resource management at an individual level to a
tool for supporting the whole community. Within traditional communities, subsistence depends
on the phenology of food crops or wild plants, the breeding seasons and the type of farm
animals, the hunting and protection periods for the juveniles of hunting species, the sanitary
needs, pest control, protection against wildlife, beekeeping areas and charcoal production. As
traditional rural communities depend on seasonality to obtain provisions, fire uses should be
adapted to immediate or post-fire needs, i.e., the traditional fire regime should be considered
(Figure 3).

The traditional fire regime should apply fire according to specific seasonality, severity,
intensity, and recurrence criteria to achieve the different purposes. First, fire for pasture renewal
should be low intensity to promote the sprouting of shrubs and grasses and the germination of
certain herbaceous plants for livestock feeding in summer. Such fire occurs mainly during
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winter and usually allows easy control and self-extinguishing. Second, fires associated with
plowing are carried out after grazing and cutting and demand higher intensity to facilitate the
breaking up of the soil by the plow using animal traction and seeking the maximum quantity of
ash for its fertilization. In this case, August is the appropriate month for this challenging task.
Finally, fire recurrence is a condition that varies according to the exploitation regime and the
associated crop.

SUPPLIES AND NEEDS
Phenology: Har-
. Reproduction
vesting, gather-
. . seasons of li- .
ing, sowing, Hunting seasons
) vestock and hun-
planting, and )
grazing ting preys

Health and de- Other, such as
fense against beekeeping and
pests and wild charcoal produc-

animals tion

Figure 3. Fire use within a traditional fire regime

Until the second half of the 19" century, the diversified role of Portuguese communities’
use of fire was part of a balanced system. Then, the liberal reforms and the country’s
industrialization brought powerful interests that would forever break with the conventional
agrosilvo-pastoral system. The disentailment of common lands, the mandatory agriculture
intensification of mainly cereal crops, and the charcoal demand for the emerging industry
supported by steam engines and domestic uses strongly contributed to deforestation (Abel,
1988; Graga, 1999; Matos, 2002). At that time, fire was used for land management practices of
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converting the new properties from disentailment into cereal crops, meeting the high demand
for charcoal for industry and domestic uses (Henriques, 2006). Old practices were kept in
territories where pastoralism used common lands and agriculture based on sortes prevailed.
Nevertheless, according to our findings, rural society was blamed as the main perpetrator of the
country’s deforestation for practices such as pastoralism and the use of fire.

2.4.2 The remains of the traditional fire in Portugal

In the late 19" to mid-20™ century, cereal agriculture and industry sectors competed for
forest resources, supported by legislation that constrained pastoralism and the use of fire (M.
A. Almeida, 2020; Graca, 1999). This conditioning and prohibition over more than 150 years,
together with other factors such as agricultural motorization and intensification, inorganic
fertilization, and forestry based on monocultures, led to a decrease in most rural uses and to the
abandonment of most uses of fire, which broke the generational transfer of knowledge
(Huffman, 2013; Meira Castro et al., 2020). This loss resulted in a generalization and reduction
of diversified uses to a generic and simplistic definition of the use of fire associated with rural
practices that remain. Several European authors refer to this use of fire as traditional, associating
it with the current practices of rural communities, such as the slash-and-burn of agricultural,
forest heaps, and pastoral burning (de Diego et al., 2023; Ganteaume et al., 2013; Tedim et al.,
2022; Torres-Manso et al., 2014).

Current fire use practices by rural communities represent only remains of past fire uses,
essentially slash-and-burn, and agricultural, forest heaps, and pastoral burning, which were
associated with many of the causes of wildfires in Portugal (Lourenco et al., 2013; Meira Castro
et al., 2020; OTl et al., 2020; Parente et al., 2018; J. M. C. Pereira et al., 2006; M. G. Pereira et
al., 2011). The slash-and-burn lost its purpose of obtaining agricultural fertilizer and is now
only about pruning and crop residue removal through fire. The use of fire in pasture renewals
became illegal, but the communities in the north of the Iberian Peninsula maintain extensive
livestock and shared land management and still use fire. It brings together some of the
knowledge and applicability of the past (seasonality, low-intensity nature, recurrence period),
but legal impositions and constraints have eliminated the possibility of its implementation by
pastoralist communities and changed the traditional practices of the past (Oliveira et al., 2023,;
Oliveira & Fernandes, 2023).

The Portuguese process of conditioning the use of fire by traditional communities is quite
similar to what settlers imposed on American and Australian natives (Dominguez & Luoma,
2020; Hoffman et al., 2022; Marks-Block & Tripp, 2021; L. E. C. Pereira et al., 2018). For
native communities, fire is the way to control and manage an important energy source and
natural resources, thus very important for traditional communities’ empowerment. Therefore,
limiting and forbidding its use meant removing power from communities, thus impacting its
sustainability (Dominguez & Luoma, 2020; Hoffman et al., 2022; Marks-Block & Tripp, 2021;
Seijo, 2005).

Fire in Portugal is no longer a community-shared activity because of the legislation in
force. Users choose to set and not “shepherd” the fire to avoid criminal charges, sometimes
leading to wildfires, particularly between autumn and spring (Celaya et al., 2022; de Diego et
al., 2021; Gonzalez-Hidalgo, 2023; Lopez-Rodriguez et al., 2021; Marey-Pérez et al., 2015;
Seijo, 2005; A. C. Sequeira, 2020; C. R. Sequeira et al., 2019). It is impossible to refer to the
current most commonly used fire practices by rural communities in Portugal as traditional fire,
as it is just a remnant of the past. It is now a traditional fire use because of its local application.
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However, it does not derive from traditional fire knowledge generational transfer anymore, as
it still is in some traditional and native communities in other regions worldwide, such as in East
Africa, Australia, Brazil, and the Basque Country in France (Butz, 2009; Coughlan, 2013;
Eriksen, 2007; Lake et al., 2017; Moura et al., 2019; Myers, 2006).

Restoring fire to traditional rural communities is imperative. It must be carried out by
creating mechanisms for training and responsibility for its use. It is especially important in the
rural communities of the Iberian Peninsula because of the loss of traditional fire knowledge. It
also implies that prescribed fire managers should receive broader training beyond the weather
prescription designed to control fire and its direct on-site impacts. The training should replicate
traditional fire knowledge to suit fire uses to local ecosystems and the local community needs.
All the practices should comply with a wildfire risk analysis to protect the landscape from
severe wildfires and enhance the positive role of fire instead of its negative impact.

2.5 CONCLUSION

Fire in traditional rural systems is connected and integrated into all components and
processes that form these socioecological systems. In this context, traditional fire regimes are
characterized by specific frequency, intensity, severity, and seasonality. Based on historical
sources, our research identified and described the traditional practices involving the different
fire uses in Portuguese rural communities by designing a calendar of the traditional use of fire
in Portugal and detailing the characteristics of the traditional fire regime. It was possible to
understand that the gradual loss of traditional fire uses and disruption in the traditional fire-
knowledge transfer were derived from the changes, mainly in land tenure, inorganic fertilization
and agriculture motorization, introduced at the end of the 19™ century. The breakdown of the
conventional traditional system has disjointed the interdependence of human processes with
nature. Moreover, the cultural landscape has changed because of leading societal changes, such
as depopulation and population aging, traditional activities and land abandonment, and land use
policies. New societies influencing rural areas fostered fire exclusion from the landscape,
misleading the importance of anthropogenic fire in ecological processes in fire-adapted and
fire-dependent ecosystems. Currently, fire is no longer connected with the landscape, and fire
uses are dealt with from a simplistic and reductive perspective mirrored in the legislation. In
the research, development, training, and designing of regulatory proposals for political
decision-makers, much effort from academia will be needed to recover ancestral knowledge,
restore traditional fire knowledge, and empower rural communities again, considering the new
challenges climate change poses.
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CAPITULO Il - INCIDENT ANALYSIS OF TRADITIONAL
BURNS IN PORTUGAL

Abstract. In Portugal, each year, the news typically report one or two cases of elderly
farmer fatalities or injuries. However, in 2018, a startling 20 incidents were documented. This
study aims to analyse the various factors that may account for this unusual surge in the numbers.

To gather comprehensive and organized data on the incidents, a meticulous review of both
regional and national news sources was conducted from 2008 to 2021. This enabled the
collection of various variables, including date, location, gender, age, and other pertinent
information. Additionally, meteorological data related to wildfire risk, sociodemographic
indices, and the legislative context were also incorporated to provide a more complete
understanding of the incidents.

Between 2008 and 2021, a total of 54 incidents were recorded, with fatalities accounting
for 78% of cases. The exceptional rise in incidents in 2018 constituted 37% of the total
incidents. The majority of incidents involved elderly individuals (82%) and were primarily
males (80%). March and October were the months when most incidents occurred. After
conducting meteorological, social, and legislative analyses, it was found that the primary driver
behind the unusual increase in incidents in 2018 was most probably the intense pressure to
manage the vegetation, due to an impending deadline for fuel reductions, along with stricter
inspections and law enforcement that doubled the fines for non-compliance.

Keywords: Fire use; Traditional fire; Wildfire prevention; Fatalities; Injuries; Rural
population; Legislative pressure; Slash-burn; Huddled agriculture and forestry leftovers.

Resumen. Analisis de incidentes en quemas tradicionales en Portugal

En Portugal, cada afo, las noticias suelen informar de uno o dos casos de agricultores
ancianos muertos o heridos. Sin embargo, en 2018, se han registrado 20 incidentes. Este estudio
pretende analizar los diversos factores que pueden explicar este inusitado aumento del nUmero
de casos.

Para recopilar datos completos y organizados sobre los incidentes, se llevé a cabo una
revision meticulosa de las fuentes de noticias tanto regionales como nacionales desde 2008
hasta 2021. Esto permitié recopilar diversas variables, como la fecha, la ubicacion, el sexo, la
edad y otros datos pertinentes. Ademas, también se incorporaron datos meteorolégicos
relacionados con el riesgo de incendios forestales, indices sociodemograficos y el contexto
legislativo para proporcionar una comprension mas completa de los incidentes.

49 | 224



EMANUEL RENATO SOUSA DE OLIVEIRA

Entre 2008 y 2021 se registraron un total de 54 incidentes, con un 78% de victimas
mortales. EI aumento excepcional de los incidentes en 2018 constituy6 el 37% del total de
incidentes. La mayoria de los incidentes afectaron a personas mayores (82%) y fueron
principalmente hombres (80%). Marzo y octubre fueron los meses en los que se produjeron mas
incidentes. Después de realizar analisis meteoroldgicos, sociales y legislativos, se constatd que
el principal impulsor detras del inusual aumento de incidentes en 2018 fue, muy probablemente,
la intensa presion para gestionar la vegetacion, debido a un plazo cada vez més limitado para
reducir el combustible, junto con inspecciones mas estrictas y una aplicacion de la ley que
duplicé las multas por incumplimiento.

Palabras clave: Uso del fuego; Fuego tradicional; Prevencidn de incendios forestales;
Victimas mortales; Heridos; Poblacion rural; Presion legislativa; Quema de amontonados
Restos agricolas y forestales amontonados.

Resumo. Analise de incidentes en queimas tradicionais en Portugal

En Portugal, cada ano, as noticias adoitan informar dun ou dous casos de agricultores
ancians mortos ou feridos. Con todo, en 2018, rexistraronse 20 incidentes. Este estudo pretende
analizar os diversos factores que poden explicar este inusitado aumento do nimero de casos.

Para recompilar datos completos e organizados sobre os incidentes, levou a cabo unha
revision meticulosa das fontes de noticias tanto rexionais como nacionais desde 2008 ata 2021.
Isto permitiu recompilar diversas variables, como a data, a localizacion, o sexo, a idade e outros
datos pertinentes. Ademais, tamén se incorporaron datos meteoroldxicos relacionados co risco
de incendios forestais, indices sociodemograficos e o contexto lexislativo para proporcionar
unha comprension mais completa dos incidentes.

Entre 2008 e 2021 rexistraronse un total de 54 incidentes, cun 78% de vitimas mortais. O
aumento excepcional dos incidentes en 2018 constituiu 0 37% do total de incidentes. A maioria
dos incidentes afectaron a persoas maiores (82%) e foron principalmente homes (80%).

Marzo e outubro foron os meses nos que se produciron mais incidentes. Despois de realizar
analises meteoroloxicas, sociais e lexislativos, constatouse que o principal impulsor detras do
inusual aumento de incidentes en 2018 foi, moi probablemente, a intensa presion para xestionar
a vexetacion, debido a un prazo cada vez mais limitado para reducir o combustible, xunto con
inspeccions mais estritas e unha aplicacion da lei que duplicou as multas por incumprimento.

Palabras chave: Uso do lume; Lume tradicional; Prevencién de incendios forestais;

Vitimas mortais; Feridos; Poboacion rural; Presion lexislativa; Queima de amoreados; Restos
agricolas e forestais amoreados.
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3.1 INTRODUCTION

Portugal has a long history and numerous legislative references related to the use of fire in
rural regions [1,2]. The practice of utilizing fire for managing huddled agriculture and forestry
leftovers with small burns (slash-burns) and for the renewal of pastures has been widely
employed in rural areas and is still used today. However, these areas are becoming depopulated,
remaining aged and often isolated populations [3-5]. In the 1950s, the rural areas in Portugal
were characterized by a network of agricultural and woodland patches maintained by local
farmers. However, due to land abandonment, this is no longer the case. As a result, biomass
accumulates in unused areas, increasing fuel loads and creating a high risk of wildfires[6-8].
Despite this, the remaining population in rural areas continues to use fire for land management
[9], although not always with the necessary control [10,11]. The use of fire use in agricultural
and pastoral practices is considered traditional burn, and it includes the practice of slash-burns
and the use of fire for pasture renewal. These practices have played a significant role in shaping
the landscape, creating a rich mosaic for biodiversity [12,13]. Additionally, prescribed burning
- an institutional and professional fire technique, performed by fire managers, with both fuel
reduction and ecological objectives - is also employed in land management [14,15] In recent
decades, fire policies have encouraged the use of prescribed burning [8,16], while also
restricting and controlling traditional fire use [17,18]. According to official data from the
Portuguese Institute of Nature and Forest Conservation (ICNF), traditional burns, which are
included in the negligent category, are a common cause of wildfires. For example, in 2020, fires
caused by rural burns accounted for 27% of the total of 9,619 fires in Portugal’s mainland
[20].However, the fires caused by these burns occurred with very low meteorological severity
and only accounted for 2% of the burned area [9]. This finding is consistent with the study by
Parente et al. (2018) [21], which found that intentional fires have a much larger average size
than negligent fires.

Nevertheless, as mentioned in the report of WWF [22]:

“(...) the traditional use of fire in the maintenance of pasture and agricultural
land can have disastrous effects when the flames spread onto abandoned plots
and turn into uncontrollable wildfires”.

Traditional burns can not only be a starting point for wildfires but also pose a risk of injuries
or even fatalities. Each year, there are records in the media about incidents in Europe,
particularly in the Mediterranean basin, mostly involving elderly people who use fire in the
landscape. In 2018, the number of incidents in Portugal was much higher than the usual one or
two records per year. While wildfire fatalities worldwide are often attributed to factors such as
fire weather, slope, and vegetation type [23-25], no explanations are found in the literature
regarding the incidents related to traditional burns. The present study aims to investigate the
injuries and fatalities caused by slash-burns in mainland Portugal from 2008 to 2021, as
reported in national and regional newspapers, and determine the factors (social, meteorological,
legislative) that contributed to the significant increase in incidents in 2018. The incidents were
classified into three periods: before 2018 (2008-2017), during 2018, and after 2018 (2019-
2021), with a particular focus on the year 2018 due to the high number of incidents reported.
The findings of this study can help the rural population to burn safely by providing valuable
information about the drivers that lead to these incidents and initiate a research line related to
the use of fire outside the critical wildfire period defined by law, a topic that has not been
explored in previous research. Although incidents related to fire use in Portugal are prevalent
and worsened after 2017, they have not been adequately addressed by academia or
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policymakers. Similar situations may also occur in other European countries, indicating a need
to study the trend of such incidents in the context of rural change.

3.2 MATERIALS AND METHODS
3.2.1 Data collection

A comprehensive review of national and regional newspapers, both in print and online,
from 2008 to 2021 was conducted to gather systematic data on incidents related to traditional
burns. Search terms such as “incidents”, “death”, “fatalities”, “injury,” combined with “fire*,
“agricultural burns”, “traditional burn”, “slash-burn”, “farmer” and “elderly population” were
used for the online search. The data collected from the media sources included variables such
as date, place, gender, age and whether the person was burning alone. To avoid potential
duplication, each reported incident was cross-checked in multiple media sources (different
magazines, online and print), and the collected information for each incident was thoroughly
reviewed for completeness. The location of each incident was approximately geo-referenced
using the parish or municipality centroid of the Official Administrative Map of Portugal of
2022.

Newspapers were used as a data source due to the absence of official data regarding slash-
burn incidents. For instance, incidents data that do not result in wildfires are not included in the
official database (Forest Fire Information Management System (SGIF), [20]). The majority of
incidents are classified as accidents and are recorded in a separate information system related
to relief and emergency services of the Portuguese Institute of Medical Emergency (INEM) and
of the Portuguese Authority of Emergency and Civil Protection (ANEPC). However, access to
these data is restricted. Moreover, the emergency recording system relies on toponymical
location, not allowing for rigorous geo-referencing. The study utilized data from various
sources to supplement the information gathered from newspapers. Meteorological data
associated with wildfire risk provided by the SGIF [20], namely, Temperature (°C), Relative
Humidity (%), Wind Speed (km h'), Fine Fuel Moisture Code (FFMC), Initial Spread Index
(1SI) and Daily Severity Rating (DSR). Sociodemographic indices were obtained from the
National Statistics Institute [26], and the legislative context from the Electronic Republic
Gazette (DR) [27]. To monitor public interest, a Google Trends proxy was used to track the
popularity of the term, in Portuguese, "Limpeza de terrenos™ (land clearing).

Only incidents from mainland Portugal were included in the study, as the climate and,
consequently, the fire triggers in Portuguese islands are not comparable to those on the
mainland.

3.2.2 Sociodemographic indices

The study considered two sociodemographic indices at the municipality level: population
density (number of inhabitants per km?) and the ageing index (the ratio of people above 65
years by people below 15 years old x 100). Previous studies [5,10,28-30], have indicated that
these indices are directly related to social vulnerability to natural hazards.

Each sociodemographic index was grouped into three classes (Table 1). As the incident
data covered only the 2011 national census and the study ran until 2021, the middle interval
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was set to reflect the national average from the 2011 census and the national statistics projection
for 2020. The statistical data refers only to mainland Portugal.

Table 1. Class intervals for the sociodemographic variables.

Class Low Medium High
Ageing Index <130.5 130.5 - 169.6 > 169.6
Population density <110.0 110 112.6 > 112.6

Source: National Institute of Statistics [26]

3.2.3 Meteorological indices

The Fire Weather Index (FWI) is used in Portugal to assess the meteorological risk of
wildfires and to regulate certain practices such as the use of fire. The FWI is based on daily
measurements of air temperature, relative humidity, wind speed, and previous 24-h
precipitation at noon. For this study, two FWI sub-indices were used: the Fine Fuel Moisture
Code (FFMC), which indicates the relative ease of ignition, and the Initial Spread Index (ISI),
which indicates the potential spread of fire in its early stages shortly after ignition. Additionally,
the Daily Severity Rating (DSR), which is calculated as a function of FWI, will also be analysed
as it indicates the difficulty of controlling wildfires and the expected effort required for their
suppression [19,31,32].

3.2.4. Legislation

The legislation related to the use of fire and fuel management in the wildland-urban
interface (WUI) was examined before and after 2018.

3.2.5. Statistical analysis

To determine whether there was a statistically significant difference between the incidents’
expected frequencies and the observed frequencies in the categorical variables (period vs.
month, day of the week, ageing index or population density classes), the Pearson's chi-squared
test was performed. For continuous variables, a one-way analysis of variance (ANOVA) was
performed to test for significant differences between periods (before, during, and after 2018,
respectively, 2008-2017, 2018, 2019-2021). When statistically significant differences were
found, post hoc Tukey HSD test was used for multiple comparisons of period means. Statistical
analyses were conducted with IBM SPSS Statistics 26 (IBM Corporation, USA). All statistical
relationships were considered significant at p < 0.05. For continuous variables, results are
presented by mean = standard error of the mean (SE).
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3.3 RESULTS
3.3.1 Temporal trends

Between 2008 and 2021, there were 54 reported incidents in the media relating to huddled
agriculture and forestry leftovers burning (slash-burns). Of these incidents, 78% resulted in
fatalities. From 2016 onwards, there was an increase in the number of incidents, mostly
resulting in fatalities (Fig. 1 and Fig. 2a). As seen in fig. 1, the incidents occurred all over the
country from the North to the South, with some predominance in the central part of Portugal.
In 2018, a significant surge in reported incidents occurred, accounting for 37% of the cases.
Following 2018, the number of incidents decreased, returning to values identical to 2017. The
average incidents (Fig. 2b) by year before 2018 (2008-2017) was 1.7+0.5, which was much
lower than in 2018 (20) or after 2018 (2019-2021), during which period an average of 6.3+0.9
incidents per year were reported (Fig. 2b). When the anomalous year of 2018 is excluded, a
statistically significant increase in the incidents before and after 2018 was observed (p < 0.05)

Type of Incidents {2008 - 2021}

+ Inj
. njury

[ dkm + ¥+ Fatality

Fig. 1. Geographical distribution of incidents (fatalities and injuries) during 2008-2021 in Portugal.
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Fig. 2. (2) Number of incidents (fatality and injury) during 2008-2021 in Portugal. (b) Mean number of incidents
by year before, during, and after 2018, respectively, 2008-2017, 2018, and 2019-2021. Error bars represent the
standard error of the mean (SE).

Overall, the incidents occurred predominantly in October and March, representing 28%
and 17% of the total cases, respectively (Fig. 3a). Only 7% of the incidents were reported during
the summer months, without any occurrence in July and August. However, when comparing
the different periods, i.e., before, during, and after 2018 (Fig. 3b), a shift in the primary
occurrence of incidents can be observed from the last months of the year (September-
December) to the first months of the year (January-June), although this change is not
statistically significant (p > 0.05). Before 2018, the majority of incidents were reported between
September and November (67 % of the incidents in the 2008-2017 period). After 2018, most
incidents occurred between January and March (58% of the incidents in the 2019-2021 period).
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Fig. 3. (a) Percentage of incidents summed by month for the three periods considered: 2008-2017, 2018, and
2019-2021. (b) Percentage of incidents occurring in the first and second half of the year (in July and August, no
incidents were reported), before, during, and after 2018.

Regarding the day of the week on which the incidents occurred, weekdays accounted for
85% of the total data. The beginning of the week, i.e., Monday (28%) and Tuesday (22%), were
the most frequent days of incidents (Fig. 4a). The number of incidents was approximately the
same on Wednesday through Saturday, (around 11% each day), with some variability between
periods. There was no noticeable or significant (p > 0.05) change on the days of incidents
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occurrence before, during, or after 2018 (Fig. 4b). Nevertheless, it is worth noting that two
fatalities occurred on Sundays in 2018.
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Fig. 4. (a) Percentage of incidents summed by day of the week for the three periods considered: 2008-2017,
2018, and 2019-2021. (b) Percentage of incidents occurring by day of the week, before, during, and after 2018.

3.3.2 Sociodemographic trends

Most of the victims were male (83%) and aged 65 years or older (80%). All the female
victims were over 70 years old. The age of the victims ranged from 35 to 99 years old, with
2018 reporting the youngest and oldest victims. All fatalities under 60 years old and the oldest
fatality victim (99 years old) were reported in 2018. However, there was no significant
difference in the age of victims between periods (p > 0.05). Information on whether the victims
were alone or accompanied during burning is incomplete, as 72% of media reports did not
mention this context. However, available data showed that 60% of incidents occurred when
victims were burning alone. The sparse data did not allow for the inference of whether being
accompanied reduced the number of fatalities. The incidents reported were scattered throughout
the country, with a higher concentration in central and northern mainland Portugal (Fig. 5a).
They were not related to population density (p > 0.05, Fig. 5b) or ageing index (p > 0.05, Fig.
5¢). However, most incidents occurred in low-population areas (57 % in municipalities with
less than 110 inhabitants/km2) and/or high ageing index (65% > 169.6).
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Fig. 5. (a) Mainland Portugal with the location of the incidents per period 2008-2017; 2018; 2019-2021; (b)
Mainland Portugal with the incidents per period and sociodemographic variables, namely population density (c)
and ageing index.
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3.3.3 Meteorological conditions when incidents occurred

The incidents occurred under a variety of meteorological conditions, but seldom in extreme
situations, as evidenced by Fig. 6. In fact, a trend over time can be observed towards better
meteorological conditions with a lower temperature and DSR. Still, no statistically significant
differences between periods were found for any meteorological variable or fire weather indices,
namely FFMC, ISl and DSR (p > 0.05 for all considered variables).
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Fig. 6. Meteorological conditions and related fire indices. (a) Air temperature (° C). (b) Relative humidity (%).
(c) Wind speed (km h-1). (d) Fine Fuel Moisture Code (FFMC). (e) Initial Spread Index (ISI). (f) Daily Severity
Rating (DSR). The horizontal solid lines indicate the median, the horizontal dashed lines indicate the mean for
each period. The dots indicate the outliers.

3.3.4 Legislation context

Following the devastating wildfires that caused a dramatic number of fatalities (117) in
Portugal in 2017, with 92% of the victims being in the wildland-urban interface [10,11],
wildfire prevention and fuel management became a top priority. Specifically, there was a
greater emphasis on areas around isolated houses, the WUI, and roads, with increased demands
from both the government and the authorities responsible for their management. Although
legislation existed since 2006, [17] in 2018, the authorities increased public announcements,
the inspection by police forces was intensified and doubled the fines for non-compliance. Table
2 illustrates the legislation that was in place before the fire season of 2017 (generally from July
to September) and the subsequent changes that were implemented following the catastrophic
event.
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Table 2. Portuguese legislation before and after the 2017 fire season in relation to fuel management on the
wildland-urban interface (WUI).

Timeline Legislation Short description

Art 15°
2 - Fuel management is mandatory for landowners
with properties in the WUl (50 m or 100 m buffer)

Before 2017 fire Decree-Law nr.124/2006 April 3 - Fuel managemen’tA 'iiﬁ)igfhrmed every year until
season 4th. pArt 380 ’

1 - Fines from 140€ to 5.000€ for individual
landowners in case of non-compliance.

Art 15°
During the 2017 3 - Fuel management is mandatory for landowners
ng Law nr. 76/2017 August 17th with properties in the WUI (50m or 100m buffer) until
fire season -
April 30th.
Art 153°
After the 2017 Law nr. 114/2017 December 1 - Fuel management_ls mandatory until M_arch 15th.
Fire Season - 29th 2 - Fines double in case of non-compliance.

Extraordinary Order nr. 191372018, February 2 - Increase inspection from March 16th to April 30th
laws were to be

. 22nd
implemented o - .
only in 2018. Decree-Law nr. 19-A/2018, Ar_t 2° Extension of thc_e fuel mar]agement deadline
until May 15th. Inspections and fines after May 15th.
March 15th
New rules about the use of fire where it is mandatory
In 2019 Decree-Law nr. 14/2019, to ask permission from the municipality or parish. If
January 21st consent is not requested, the use of fire is considered
arson.

Between 2019 and the end of this study (2021), the deadline for fuel management remained
to be March 15", However, due to weather restrictions or the COVID-19 pandemic, extensions
were granted until May 31% in 2020 and May 15" in 2021.

As a result of the 2018 regulations, there was a rush to comply with the law, leading to
price speculation for hiring qualified personnel to perform the necessary cleaning operations,
as seen on the cover of several newspapers. This resulted in high costs that were unaffordable
for many, particularly the elderly, who had meagre retirement pensions. According to the
Portuguese Statistics Institute (INE), in 2018, the annual mean value for retirement pensions
was 5,436 euros.

The concern shown by the citizens to perform fuel management operations around the

houses is well expressed in Fig. 7, with Google Trends displaying increased interest in this
subject.
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Fig.7. Number of searches retrieved from the Google Trends tool for the three periods considered: before
(2008-2017), during 2018, and after 2018 (2019-2021). Values are mean + SE.

3.4 DISCUSSION

In 14 years, between 2008 and 2021, there were 54 reported incidents due to slash-burns.
In 2018 occurred 37% of the incidents. The results showed that the victims were mostly male
and above 65 years old. The incidents reported were scattered throughout the country, and
occurred in low-population areas and with high ageing index. They occurred predominantly in
March and October. The first period coincides with the legal deadline for the fuel management
before the fire season (Table 2), while the second period in October corresponds to the
preparation of fields for new agricultural crops and the lifting of fire season restrictions [2].
Incidents that occurred in September were still within the period of fire use restrictions and can
be classified as illegal fires.

While the statistical comparison between different periods was not significant (Fig. 2b),
there seems to be a shift from a more traditional use of fire in agriculture (Sept-Dec) before
2018 to a greater focus on fuel reduction mandated by wildfire prevention legislation (Jan-Jun)
after 2018. In 2018, incidents were reported in almost all the months, with no significant
difference in the monthly distribution. The transition from agricultural fire use to fuel reduction
practices can have several implications, not only social but also ecological. A traditional fire
use encompasses knowledge concerning not only production but also ecology. When burning
during spring for fuel reduction purposes, ecological concerns such as the nesting period, or
plant cycle renewal are not safeguarded. Furthermore, individuals who are new to burning for
fuel reduction purposes may lack knowledge regarding safe burning practices.

Age can be considered a critical factor since all the female victims were over 70 years old,
and 80% of the male victims were over 65. Despite all the safety recommendations from the
Portuguese Authorities about the use of fire, including the request to perform burning
accompanied, there is not enough data to confirm if burning alone was one of the drivers of the
incidents in all the periods. Burning practices in the Iberian Peninsula have traditionally been
gendered, with men usually responsible for field burning while women mostly tended to small
fires for cooking and heating homes. However, this gender "rule” was often disregarded,
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especially when women lived alone and needed to do the job themselves. Data from the
incidents indicate that burning is still predominantly a male occupation. Nevertheless, the
relatively small number of incidents involving women can also be attributed to their greater
caution when using fire, as reported in previous studies [10,33].

3.4.1 Could an ageing territory explain the incidents with a low-density
population?

The vulnerability to wildfires and fire use is increased by a high ageing index and low
population density. Initially, it was hypothesized that a more isolated population without the
resources to control a potential fire escape may have been the cause of the incidents. However,
there was no statistically significant evidence to support this hypothesis, explain the increase in
incidents in 2018 or the occurrence of all 54 incidents.

Nevertheless, only 22% of the incidents occurred in areas or regions with very high ageing
index (above 300), and 39% occurred in sparsely populated areas (below 50 inhab/km?). These
findings highlight the risk associated with the use of fire by elderly populations, who are
isolated and lack population renewal. This renewal would enable the continuation of traditional
practices, with increased safety in rural areas where fire use is a common tool. Nonetheless,
these factors constitute only a minor portion of the overall number of incidents and do not
provide a statistical explanation for the rise in incidents observed in 2018.

3.4.2 Could the incidents be explained by meteorological severity that creates
hazardous burning conditions?

Meteorological variables are crucial in determining fire behavior and controlling it.
Temperature, relative humidity, and wind influence fuel moisture, affecting the ignition and
spread of wildfires [34,35]. These variables were below the safe burning thresholds. Among
other meteorological data, an analysis of the DSR, FFMC, and ISI of the day and area where
the incident occurred was performed. DSR index indicates the difficulty in fire extinguishing
operations, reflecting the amount of effort required to its deletion [29]. Thus, the higher the
DSR value, the more complex and challenging will be fire control and extinction. The analysis
showed that 89% of the incidents occurred on days with very low to moderate values of DSR,
indicating that there was no relationship between the difficulty of controlling burning and the
subsquent incidents. Other FWI sub-indices are related to the moisture of the fine fuel (FFMC)
and the easiness of spreading the fire (IS1). The percentage of incidents that occurred in high,
very high, and extreme danger classes (FFMC above 88 and ISI above 5) represented 33% and
37% respectively. While they cannot explain the increase in 2018, since there were no
significant differences between periods, they can, to some extent, explain the incidents, showing
that in some of them, the radiant heat, the intensity, and velocity of spread [36] was more
substantial than what the elderly victims could manage. The implementation in 2018 of the new
rule and platform requiring slash-burn permit requests may aid in enhancing burn safety.
However, it remains uncertain whether agencies such as firefighters and forest sappers can offer
assistance to farmers requesting permits, as this varies across the country. Nonetheless, these
factors constitute only a minor portion of the overall number of incidents and do not provide a
statistical explanation for the rise in incidents observed in 2018 .
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3.4.3 Could the incidents be explained by a change of legislation and an increase in
law enforcement?

Extreme wildfires often trigger national fire policy changes [32]. For Portugal, this was
demonstrated by Mateus and Fernandes (2014) [8] and Fernandes et al., (2017) [37], who
analyzed the extreme fire seasons of 2003 and 2005. In 2017, Portugal experienced its most
severe wildfire season on record, with the highest number of fatalities, damages, and burned
areas in the country’s history [38]. More than 100 people lost their lives, over 500,000 hectares
were burned and several emblematic forests were affected. The impact of this fire season on
society led to increased awareness of the dangers of wildfires, with people becoming more
fearful of being in forest areas, particularly during summer. This is reflected in Google Trends
(Figure 6), which show a sustained increase in interest in wildfires after 2018, particularly in
what concerns land clearing, due to a more restrictive and punitive legislation.

The significant increase in incidents in 2018 can be attributed to several factors. The
extension of the deadline twice for fuel reduction, along with the increase in fines' value and
the intensification of police inspections, may have pressured the elderly population to become
careless about safe burning practices and disregard safety guidelines from authorities like
municipalities, ICNF, and ANEPC. Most incidents occurred due to the victims' physical
condition, which resulted from their advanced age, causing them to neglect safety measures like
creating fuel breaks or a mineral soil strip. These factors ultimately compromised the success
of suppression and control, even though there were no significant differences in meteorological
conditions between periods, as discussed earlier.

The pressure to reduce fuel decreased after 2019, despite maintaining the fines and
deadlines. The requirement for burn permits from municipalities and parishes also became
mandatory, potentially contributing to a reduction in the number of incidents, although not
returning to the pre-2018 levels of one incident per year. The decrease in incidents in 2019 and
2020 may be linked to the COVID-19 pandemic, which resulted in a higher population presence
in rural areas, allowing for more time for rural work and relaxation of enforcement.

3.5 CONCLUSION

Based on the legislative, social, and meteorological analysis, the increase in incidents can
be attributed to the extreme pressure placed on managing vegetation, with strict enforcement
measures in place, including fines for non-compliance. In response, the forest authorities have
taken several actions to monitor and support slash-burn activities, particularly for elderly
individuals in high fire-risk areas who may require assistance from fire teams in the field. It
may also be helpful to include a field in the slash-burn request platform [39] for birth date and
whether the person intends to burn alone or accompanied. However, it is important to note that
mandatory laws enforced with high pressure must be complemented with pedagogical and
supportive measures, or it can lead to unsafe practices and potential injuries or fatalities.
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CAPITULO IV - UMA CARTOGRAFIA APERFEICOADA DAS
AREAS ARDIDAS NO ALTO MINHO (NOROESTE DE
PORTUGAL) ENTRE 2001 E 2020

Resumo. O Alto Minho é uma regido do Norte de Portugal, situada no noroeste da
Peninsula Ibérica que é uma das regides da Europa onde a recorréncia do fogo é maior. A
cartografia historica das areas ardidas tem sido fundamental para caraterizar o regime de fogo
e na determinacdo de politicas de prevencao contra incéndios e de medidas de ordenamento
urbanistico. Ao longo das ultimas décadas, inUmeros estudos caraterizaram o impacto do fogo
no territdrio, baseando-se nesta fonte cartografica oficial, disponibilizada pelo Instituto de
Conservacao da Natureza e das Florestas — ICNF. Neste estudo desenvolveu-se uma cartografia
detalhada e rigorosa das areas afetadas por fogos nas ultimas duas décadas (2001 a 2020) no
territorio do Alto Minho. Estas areas foram apuradas com base na analise de 400 imagens dos
satélites Landsat 5 (TM), Landsat 7 (ETM+), Landsat 8 (Operational Land Imager - OLI) e
Sentinel-2 (Multispectral Instrument — MSI), cujos perimetros resultaram da digitalizacdo de
forma manual apoiada em series histéricas de ortofotos. Foram digitalizados 12 692 perimetros
de fogos que correspondem a 235 060 hectares ardidos no territorio do Alto Minho. Os
resultados obtidos divergem substancialmente da informac&o cartogréfica oficial, em relacéo
ao rigor cartografico, nimero de perimetros de incéndio (3873) e area ardida (179 283 hectares).

Palavras-chave: Fogos; incéndios florestais; mapeamento; detecdo remota.

Abstract. An improved mapping of burned areas in Alto Minho (northwest Portugal)
between 2001 and 2020.

Alto Minho is a region of northern Portugal, located in the northwest of the Iberian
Peninsula, which is one of the regions in Europe where the recurrence of fire is higher. The
historical mapping of burned areas has been fundamental to characterize the fire regime and to
determine wildfire prevention policies and urban planning measures. Over the last decades,
several studies have been published seeking to characterize the impact of fire on the territory,
its frequency and recurrence, based on the official cartographic, provided by the Instituto de
Conservacdo da Natureza e das Florestas — ICNF. In this study developed a detailed and
rigorous cartography of the areas affected by fires in the last two decades (2001 to 2020) in the
territory of Alto Minho. These areas were determined based on the analysis of 400 images from
Landsat 5 (TM), Landsat 7 (ETM+), Landsat 8 (Operational Land Imager - OLI) and Sentinel-
2 (Multispectral Instrument - MSI) satellites, whose perimeters resulted from manual digitizing
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supported by historical series of orthophotos. Were digitalized 12,692 fire perimeters
corresponding to 235 060 hectares burnt in the territory of Alto Minho. These results
substantially differ from the official cartographic information, in terms of cartographic
accuracy, number of fire perimeters (3,873) and burnt area (179,283 hectares).

Keywords: fires, wildfires, mapping, remote sensing

Resumen. Una cartografia mejorada de las superficies quemadas en el Alto Minho
(Noroeste de Portugal) entre 2001 y 2020.

El Alto Minho es una region del norte de Portugal, localizada en el noroeste de la Peninsula
Ibérica, que constituye una de las regiones de Europa donde la recurrencia de los incendios es
méas elevada. La cartografia historica de las zonas quemadas ha sido fundamental para
caracterizar el régimen de fuego y determinar las politicas de prevencion de incendios y las
medidas de planificacién urbana. A lo largo de las Gltimas décadas, numerosos estudios
publicados han tratado de caracterizar el impacto del fuego en el territorio, basandose en esta
fuente cartogréfica oficial, proporcionada por el Instituto de Conservacdo da Natureza e das
Florestas — ICNF. En este estudio se desarrollé una cartografia detallada y rigurosa de las
superficies afectadas por los fuegos en las dos Ultimas décadas (2001 a 2020) en el territorio
del Alto Minho. Estas superficies se calcularon a partir del analisis de 400 imagenes de los
satélites Landsat 5 (TM), Landsat 7 (ETM+), Landsat 8 (Operational Land Imager - OLI) y
Sentinel-2 (Multispectral Instrument - MSI), cuyos perimetros resultaron de la digitalizacion
manual apoyada en series historicas de ortofotos. Se digitalizaron 12 692 perimetros de fuegos,
correspondientes a 235 060 hectareas quemadas en el territorio del Alto Minho. Los resultados
obtenidos difieren sustancialmente de la informacion cartografica oficial, en lo que respecta a
la precision cartogréafica, el numero de perimetros de incendio (3873) y la superficie quemada
(179 283 hectéreas).

Palavras clave: Fuegos; incendios forestales; cartografia; teledeteccion.

Resumo. Unha cartografia mellorada das superficies queimadas no Alto Minho (Noroeste
de Portugal) entre 2001 e 2020.

O Alto Minho é unha rexion do norte de Portugal, localizada no noroeste da Peninsula
Ibérica, que constitle unha das rexions de Europa onde a recorrencia dos incendios é mais
elevada. A cartografia historica das zonas queimadas foi fundamental para caracterizar o réxime
de lume e determinar as politicas de prevencion de incendios e as medidas de planificacion
urbana. Ao longo das Gltimas décadas, numerosos estudos publicados trataron de caracterizar o
impacto do lume no territorio, baseandose nesta fonte cartografica oficial, proporcionada polo
Instituto de Conservacdo da Natureza e das Forestas — ICNF. Neste estudo desenvolveuse unha
cartografia detallada e rigorosa das superficies afectadas polos lumes nas duas Gltimas décadas
(2001 a 2020) no territorio do Alto Minho. Estas superficies calcularonse a partir da anélise de
400 imaxes dos satelites Landsat 5 (TM), Landsat 7 (ETM+), Landsat 8 (Operational Land
Imager - OLI) e Sentinel-2 (Multispectral Instrument - MSI), cuxos perimetros resultaron da
dixitalizacion manual apoiada en series historicas de ortofotos. Dixitalizaronse 12 692
perimetros de lumes, correspondentes a 235 060 hectareas queimadas no territorio do Alto
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Minho. Os resultados obtidos difiren substancialmente da informacion cartografica oficial, no
que respecta a a precision cartografica, o numero de perimetros de incendio (3873) e a superficie
queimada (179 283 hectéareas).

Palavras clave: Lumes; incendios forestais; cartografia; teledeteccion.
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4.1 INTRODUCAO

Segundo dados oficiais do ICNF (Instituto de Conservagéo da Natureza e das Florestas),
Portugal registou entre 2001 e 2020 uma area ardida total acumulada de cerca de 2,7 milhdes
de hectares, resultante de aproximadamente 400 mil ocorréncias de incéndios. Estes niUmeros
demonstram o impacto dos incéndios no territorio, quer a nivel ambiental como a nivel
socioeconémico. O Alto Minho, situado no Norte de Portugal, em conjunto com as demais
regides do noroeste da Peninsula Ibérica, concentram a maior percentagem de ocorréncias de
fogos florestais da Europa (Pereira et al., 2006; Trigo et al., 2013).

A producao cartogréafica das areas ardidas, tal como os dados estatisticos relacionados com
as ocorréncias, é de vital importancia para a analise dos processos derivados do impacto dos
fogos num dado territorio e num determinado periodo de tempo (Ferreira-Leite et al., 2012).

Os dados estatisticos anuais sobre incéndios florestais apenas foram disponibilizados a
partir da década de 80 do seculo XX, permitindo, com algumas limitacdes, uma analise desde
a escala nacional a escala local. Desde entdo, as bases estatisticas relacionadas com as
ocorréncias de incéndios melhoraram ao longo dos anos com a introducdo de dados Uteis para
a caraterizacao de cada incéndio. No ano 2000 € criado o Sistema de Gestdo de Informagdo de
Fogos Florestais (SGIF), o qual constitui uma robusta base de dados que centraliza até aos dias
de hoje a informagé&o relacionada com cada ocorréncia, proveniente de trés organismos (APIF
& ISA, 2005) com competéncias na gestdo e prevencao florestal (Instituto da Conservacédo da
Natureza e das Florestas - ICNF), na investigacdo de causas (Guarda Nacional Republicana -
GNR) e na gestdo da emergéncia e socorro (Autoridade Nacional de Emergéncia e Protecao
Civil - ANEPC). Desde 2002 passou a integrar a informacdo meteoroldgica proveniente do
Instituto Portugués do Mar e da Atmosfera (IPMA) referente aos valores observados nas
estacOes meteoroldgicas mais proximas do local de cada ocorréncia, recentemente substituida
pelos dados de reanalise ERA5-Land do European Centre for Medium-Range Weather
Forecasts.

A informagcéo cartografica em formato vetorial (shapefile) apenas comeca a ser produzida
anualmente no inicio da década de 90. Entre 1990 e 1992 o processo de producdo cartogréfica
foi elaborado por aquisicéo de servi¢os a uma empresa e a partir de 1993 até 2004, a cartografia
foi elaborada mediante um protocolo de colaboragéo entre a Direcdo Geral das Florestas e o
Departamento de Engenharia Florestal do Instituto Superior de Agronomia (ISA) (Ferreira-
Leite et al., 2012). A partir de 2006 a elaboracdo do registo cartografico das areas ardidas €
assegurada pela entdo Direccdo-Geral dos Recursos Florestais (atualmente ICNF) enquanto
autoridade florestal nacional. Desde ent&o, a producdo cartografica resulta do mapeamento com
recurso a imagens satélite complementado pelo levantamento no terreno das areas ardidas iguais
ou superiores a um hectare, executado pela GNR e técnicos dos Gabinetes Técnicos Florestais
dos municipios.

Tal como refere Ferreira-Leite et al. (2012) foram detetadas algumas incoeréncias nas
bases de dados estatisticas das ocorréncias de incéndios, o que levou a um processo de
reformulacéo do SGIF em 2010. O mesmo ocorre com a série histdrica cartografica das areas
ardidas, devido a metodologia adotada (Oliveira et al., 2012), limitacdes no tratamento das
imagens de satélite e caréncia de validacdo da informacdo no terreno (Ferreira-Leite et al.,
2012).

Atualmente, a base historica cartogréfica disponibiliza informac6es de 1975 até a presente
data, sendo que a informacéo do periodo de 1975 a 2005 resulta do atlas anual de incéndios
(Pereira & Santos, 2003). Segundo Oliveira et al. (2012), o atlas anual resulta da obtengédo das
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areas ardidas a partir de imagens dos satélites Landsat do final do periodo verdo-outono de cada
ano, permitindo o mapeamento através de classificacdo semi-automatica das areas com
dimensdo minima de 35ha no periodo de 1975 a 1983 (imagens Landsat MultiSpectral Scanner
- MMS). A partir de 1984 ate 2005, a area minima cartografada através do mesmo procedimento
foi de cinco hectares, dada a melhoria da resolucdo espacial das imagens satélite Landsat
(Thematic Mapper - TM e Enhanced Thematic Mapper - ETM+).

De 2006 até ao momento atual, a cartografia oficial das areas ardidas resulta de diversas
fontes, quer de levantamentos no terreno realizados pela GNR, maioritariamente com recurso a
desenho sobre ortoimagens, quer por mapeamento através de imagens de satélite com diversas
escalas de resolucéo e diferentes métodos de obtencdo (MODIS, Landsat, Sentinel-2). A partir
desse ano até ao presente, a cartografia oficial passou a integrar areas minimas de incéndios
rurais inferiores a cinco hectares.

A cartografia oficial integra parte da informagdo produzida pelo European Forest Fire
Information System (EFFIS) desde 2017, embora néo seja identificado 0 modo de obtencéo das
areas ardidas. A informacéo produzida pelo EFFIS a partir de imagens do satélite MODIS com
uma resolucao espacial de 250m, permitia cartografar uma area igual ou superior a 30ha no
periodo de 2008 a 2017. A partir de 2018, com recurso as imagens do satélite Sentinel-2, o
EFFIS tem mapeado areas ardidas com dimensao inferior a 30ha, sendo estas corrigidas por
meio da interpretacdo visual das imagens (EFFIS, 2021).

Em termos gerais, as fontes estatisticas e cartograficas produzidas no pais ao longo de
décadas sdo suficientemente robustas e completas para comparar a escala nacional os impactos
dos fogos, tornando Portugal o pais que dispde de melhor informacéo puablica e acessivel,
quando comparado com outros paises da Europa (Pereira et al., 2006). Contudo, a analise das
tendéncias historicas frequentemente ignora as alteracdes de metodologia e de critério que
ocorreram ao longo do tempo (Fernandes et al., 2017).

Independentemente da escala espacial, varios autores tém como base de investigacdo a
informacdo cartografica oficial para caracterizarem o regime de fogo (Marques et al., 2011;
Pereira et al., 2022), a sua distribuicdo espécio-temporal (Silva et al., 2019), a frequéncia e
recorréncia dos fogos (Fernandes et al., 2012; Ferreira-Leite et al., 2011; Oliveira et al., 2012),
0s seus impactos (Fernandes & Guiomar, 2017; Ferreira-Leite et al., 2013; Scotto et al., 2014;
Silva & Catry, 2006; Tedim et al., 2015), o risco e a suscetibilidade do territério (Bergonse et
al., 2021; Verde, 2008; Verde et al., 2010) e a gestdo do risco (Tedim et al., 2013).

No entanto, para uma escala regional de ambito distrital ou para uma escala espacial menor,
a cartografia das areas ardidas tem uma funcdo fundamental no condicionamento da
edificabilidade e na instalacdo de projetos agricolas e florestais. Baseada nesta cartografia, a
classificacdo da perigosidade de incéndio rural do territério (ICNF, 2020; Oliveira et al., 2020),
sdo aplicadas medidas de prevencdo (planeamento da defesa da floresta contra incéndios).
Nestas escalas, a informacao cartografica devera ter o maximo rigor no mapeamento das areas
ardidas e sua classificacdo quanto a origem do fogo (OTI, 2019). Neste contexto, face a variacdo
temporal nas metodologias utilizadas, este trabalho tem por objetivo reconstruir as series
histdricas das areas ardidas do periodo de 2001 a 2020 no territorio do Alto Minho e comparar
0s resultados obtidos com os dados historicos oficiais.
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4.2 MATERIAL E METODOS

4.2.1 Regido de estudo

A regido de estudo abrange todo o territorio do Alto Minho (Nomenclatura das Unidades
Territoriais para Fins Estatisticos - NUTS 1l1), situado no extremo Noroeste de Portugal, na
unidade territorial NUTS Il - Norte de Portugal (fig. 1). A Norte e Este faz fronteira com a
Comunidade Auténoma da Galiza (Espanha) através do rio Minho e do Planalto de Castro
Laboreiro e rio Laboreiro e Serra Amarela, respetivamente. Ao sul faz fronteira com o distrito
de Braga e a Oeste o territdrio € limitado com o oceano Atlantico. A regido do Alto Minho
corresponde a totalidade do territdrio do distrito administrativo de Viana do Castelo, ocupando
cerca de 2219km? e encontra-se distribuido por dez municipios. Em Portugal, os municipios
encontram-se ainda subdivididos em unidades administrativas mais pequenas — as freguesias.
O Alto Minho é constituido por 208 freguesias, o que confere elevada dispersdo populacional
e fragmentacao administrativa do territério.
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Fig. 1 - Enquadramento geografico da regido de estudo, Alto Minho. Figura a cores disponivel online.
Fig. 1 - Geographical context of the study region, Alto Minho. Colour figure available online.
Fonte: Carta Administrativa Oficial de Portugal (DGT, 2020a); Limites Administrativos de Espanha (IGN, 2019)

O territorio € essencialmente ocupado por espacos florestais (72%) com uma importante
atividade pecuéria em regime extensivo e com ocupacéo agricola em 18% (DGT, 2020b). A
excecdo da estreita faixa costeira e dos principais vales dos rios Minho e Lima, o relevo €
predominantemente montanhoso, com altitudes superiores a 400 metros e, aproximadamente a
50 km do litoral, os cumes mais elevados excedem os 1000 metros de altitude (Monteiro et al.,

2005).

69 | 224



EMANUEL RENATO SOUSA DE OLIVEIRA

Quanto ao clima, o territorio apresenta duas regides climéticas tipificadas por uma estacéo
invernal moderada em toda a fachada atlantica (Ribeiro et al.,1988). Por outro lado, a época
estival é moderada junto a costa, frequentemente afetada por ventos que sopram forte do Norte
e por neblinas matinais de adveccdo e fresco nos lugares mais elevados das montanhas. Em
alguns fundos de vales abrigados e expostos a radia¢do solar o verdo costuma ser quente ou
muito quente. Segundo o Plano Intermunicipal de Adaptacédo as Alteraces Climaticas (CIM
Alto Minho & IPVC, 2017) a generalidade do territorio tem baixa amplitude térmica anual,
com temperatura média anual predominantemente entre 14°C e 16°C. Quanto a precipitacdo, o
territorio apresenta uma grande variacdo do litoral para o interior, registando, em termos médios
anuais, precipitacdes superiores a 1100mm, podendo atingir médias em zonas mais interiores
na ordem dos 2400 a 2800mm.

O relevo, a ocupacdo e uso dos solos e o clima séo fatores determinantes no regime de
incéndios rurais. Por outro lado, as comunidades rurais do Alto Minho, a semelhanga de outras
comunidades do Noroeste Ibérico, usam o fogo ha varias geracbes dentro de um sistema
tradicional agréario, desde o arroteamento, fertilizagdo dos solos, renovagdo de pastagens e
queima de sobrantes agricolas e florestais (Diaz-Fierros, 2019). Este uso do fogo, associado as
condic¢oes fisicas do territdrio, é também uma das muitas causas de incéndios rurais.

4.2.2 Metodologia

Analisou-se um conjunto de imagens dos satélites Landsat 5 (TM), Landsat 7 (ETM+),
Landsat 8 (Operational Land Imager - OLI) e Sentinel-2 (Multispectral Instrument — MSI) para
o0 periodo 2001-2020. Estas imagens foram extraidas do Semi-Automatic Classification Plugin
(SCP) desenvolvido por Congedo (2016; 2020; 2021) para o software QGIS e diretamente por
via da plataforma da U.S. Geological Survey — Earth Explorer.

Foram selecionadas 400 imagens dos diversos satélites, preferencialmente sem nuvens ou
com uma cobertura minima, permitindo cobrir 0 maximo de meses do ano, com o fim de
identificar padrdes estacionais das areas ardidas no Alto Minho. Através do SCP para QGis, foi
realizado o pré-processamento de todas as imagens para correcdo atmosférica. Posteriormente,
as areas ardidas foram identificadas atraves do indice Normalized Burn Ratio (NBR) e pela
composicdo de Falsa Cor RGB (Congedo, 2016; 2020; 2021). Identificaram-se também as areas
ardidas no ano 2000, de modo a evitar que estas areas fossem erradamente somadas ao ano
seguinte.

A determinacdo do indice NBR foi efetuada para todas as imagens de satélite. O NBR ¢
um indice amplamente usado na identificacdo de &reas ardidas, a partir da diferenca
normalizada entre o pico de refletdncia no infra-vermelho préximo (NIR - near-infrared) e do
infravermelho de ondas curtas (SWIR - short-wave-infrared) do espetro eletromagnético (Key
& Benson, 2006; Lopez-Garcia & Caselles, 1991), com base na seguinte férmula:

NBR = (NIR - SWIR) / (NIR + SWIR)
(Eq.1)

Esta formula foi aplicada as diferentes imagens obtidas a partir dos diversos satélites
conforme o quadro I.
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Quadro | - Carateristicas das fontes de imagens satélite usadas na obtenc¢ao das areas percorridas por fogos
entre 2001 e 2020.

Table | - Characteristics of the satellite imagery sources used to obtain the areas affected by fires between
2001 and 2020.

LANDSAT 5 LANDSAT 7 LANDSAT 8 SENTINEL-2
Instituicses NASA (National Aeronautics and Space Administration) ESA (European Space
¢ e USGS (U.S. Geological Survey) Program)
Pais/Regido EUA UE
Lancamento 01/03/1984 15/04/1999 11/02/2013 23/06/2015
Situacéo Atual Inativo (22/11/2011) Ativo Ativo Ativo
Altitude (km) 705 705 705 786
Tempo de Duragéo da
Orbita (min) 99 98,9 99 97,2
Periodo d_e Revisita 16 16 16 5
(dias)
Instrumentos Sensores MSS e TM ETM+ OLI e TIRS SAR e MSI
N° de Imagens
Utilizadas 75 84 41 193
Periodo das Imagens 2000 - 2011 2000 - 2014 2013 - 2020 2015 -2020
) - NBR = (B4 - B7) / NBR=(B4-B7)/ NBR=(B5-B7)/ NBR = (B8 - B12) /
NBR - Bandas Utilizadas (B4 + B) (B4 + BY) (85 + B7) (B8 + B12)
Composicédo de Falsa
Cor 4-3-2 4-3-2 5-4-3 8-4-3
(Bandas Utilizadas)
Area Minima 0,4ha 0,4ha 0,4ha 0,04ha
cartografada
Resolucao Espacial (m) 30 30 30 10

Fonte: Embrapa (2021)

Para facilitar a interpretacdo de dados e permitir uma identificacdo mais imediata das areas
ardidas, e complementar o produto NBR para cada uma das imagens, recorreu-se a Composi¢do
de Falsa Cor (RGB). Esta composicao de bandas é muito usual, pois permite observar alteracoes
na vegetacdo (Riebeek & Simmon, 2014), através das bandas do infravermelho préximo
(vermelho), verde (azul) e vermelho (verde).

4.2.2.1 Mapeamento das &reas ardidas

Uma vez obtidas as imagens (NBR e RGB falsa cor) com a diferenciacgéo das areas ardidas,
os perimetros foram digitalizados. Alguns autores sugerem que o processo de digitalizacédo
destas areas seja executado de forma manual e supervisionada apoiada em informac&o auxiliar
com o fim de evitar erros de interpretacdo derivados da ocorréncia de mudancas na cobertura
do solo (Chuvieco & Congalton; 1988; Ruiz-Gallardo, 2007; Tanaka et al., 1983). Para reduzir
estes erros e aumentar o rigor no delineamento dos perimetros das areas ardidas entre 2001 e
2020, procedeu-se a digitalizagdo manual com base na série histérica de imagens obtidas e
apoiada em ortofotos dos anos 2003 e 2004, 2007 (DGT, 2022) e 2018".

No processo de digitalizacdo manual, dada a necessidade de um maior detalhe, foi
considerada a escala de acordo com a resolucdo das imagens dos diferentes satélites, entre 1:25
000 e 1:3 000. Este processo, apoiado em ortofotos de diferentes anos permitiu diferenciar os
objetos, evitando que areas de rocha, campos agricolas ou pequenos planos de agua, entre
outros, fossem confundidos com superficies atingidas pelo fogo. Para o efeito foram
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consideradas alteracbes num conjunto minimo de 4 pixéis, ou seja, uma area correspondente a
0,4ha (Landsat 5, 7 e 8), a 0,03ha (Sentinel-2) e 0,1ha (ortofotos com uma resolucéo de 0,3 a
0,5m). Através dos ortofotos também foi possivel identificar e corrigir com maior rigor 0s
perimetros das areas afetadas por fogos, reduzindo assim a area minima cartografada (fig. 2).

Fig. 2 - Perimetro de incéndio delineado manualmente com base em imagem de satélite (Landsat 5)
para posterior corre¢do pela sobreposicdo sobre ortoimagem de 2004.
Fig. 2 - Wildfire perimeter manually delineated based on a satellite image (Landsat 5) for subsequent
correction by overlaying on an orthoimagery from 2004.

O delineamento dos perimetros com base em imagens de satélite foi executado sem se
ajustar excessivamente aos pixéis queimados e ndo sendo incluidas as areas sem dano
observavel (Key & Benson, 2006). De igual modo, as ilhas interiores ndo ardidas também foram
delimitadas e excluidas dos perimetros das areas ardidas para ndo serem agregadas
incorretamente como areas afetadas pelo fogo. De modo a evitar a perda de informacéo, foram
também delineados e incluidos os perimetros de areas queimadas localizadas no limite da area
de estudo até 500 metros, bem como delimitados na totalidade os perimetros associados a uma
mesma ocorréncia e que cruzaram o limite da area de estudo.

Por ultimo, os dados cartogréaficos anuais de fonte oficial foram obtidos em formato vetorial
(shapefile) a partir da pagina oficial do ICNF (2021). As manchas ardidas que ndao puderam ser
aferidas por via das imagens tratadas por respeitarem a &reas muito reduzidas ou a povoamentos
florestais densos, foram integradas na base de dados deste estudo. A informacédo cartografica
oficial foi comparada com a informacdo cartogréafica obtida no presente estudo através da
sobreposicao dos perimetros. Do mesmo modo, com base na informacéo cartografica referente
ao fogo controlado (ICNF, 2021) foi possivel identificar e classificar o tipo de fogo que esta na
origem da area ardida. Finalmente, a cartografia resultante deste estudo permitiu comparacdes

72 |224



Capitulo IV

com a cartografia oficial em termos do posicionamento e dimenséo das areas ardidas, bem como
em termos de sazonalidade da ocorréncia dos fogos (incéndios rurais e outros).

4.2.2.2 Relacdo entre as areas percorridas por fogos e as ocorréncias da base estatistica e
os focos de calor dos sensores MODIS e VIIRS

Apos a fase de digitalizacdo de cada perimetro procedeu-se a sua datagéo e classificacdo
do tipo de fogo, através da importacdo e georreferenciacdo dos dados estatisticos anuais do
Sistema de Gestdo de Informacdo de Fogos Florestais (SGIF) do periodo de 2001 a 2020,
disponibilizados pelo ICNF (2021) e dos focos de calor georreferenciados provenientes dos
sensores MODIS e VIIRS. Os focos de calor foram obtidos a partir do arquivo na pagina web
do Fire Information for Resource Management System (FIRMS, 2021) da NASA, em formato
vetorial (ponto). Em relacdo aos dados oficiais do SGIF, ndo é possivel a georreferenciacdo
correta da larga maioria das ocorréncias, pois a localizagao adotada é toponimica e a coordenada
atribuida a cada ocorréncia é o centroide do poligono referente ao limite administrativo da
freguesia. Apenas nos Ultimos anos do periodo de analise é que a localizagéo esta mais proxima
da realidade da origem da ocorréncia, ja que os equipamentos de comunicacdo usados pelas
equipas de primeira intervencdo nas operagdes de extingdo permitem a sua geolocalizagéo.
Apesar desta fragilidade é possivel relacionar a ocorréncia com o perimetro da area ardida
resultante de incéndio, atraves das datas das ocorréncias com a interpolacéo das imagens satélite
e dos dados dos sensores MODIS e VIIRS.

Os dados do sensor MODIS (Moderate Resolution Imaging Spectroradiometer) estéo
disponiveis desde novembro de 2000 (sensor Terra) e de julho de 2002 (sensor Aqua) até ao
presente, detetando com fiabilidade focos de calor com chama ou chama latente com uma
resolucdo espacial superior a 1000 metros. Enquanto que os dados do sensor VIIRS (Visible
Infrared Imager Radiometer Suite) S-NPP estdo disponiveis desde janeiro de 2012 até o
presente, os dados do VIIRS NOAA-20 estdo disponiveis a partir de janeiro de 2020, ambos
possuem uma resolucdo espacial muito maior que o MODIS, de 375 metros (Giglio, 2015;
Nieman et al., 2021; Schroeder & Giglio, 2018).

Neste estudo foi considerado o conjunto de dados referente a focos de calor detetados pelos
sensores MODIS e VIIRS no territorio do Alto Minho para o periodo de analise de 2001 a 2020.
Atraveés dos focos de calor e a sobreposicdo destes com os perimetros mapeados, segundo as
datas de obtencdo das imagens de satélite, foi possivel atribuir uma data aos perimetros das
areas ardidas e classifica-los quanto a origem. Classificaram-se os perimetros como incéndio
rural quando associado a uma ocorréncia registada na base de dados do SGIF, ou seja, fogos
que implicaram o despacho de meios de extingdo e foram combatidos. Os demais perimetros,
identificados a partir da sequéncia cronologica das imagens satélite e das datas dos focos de
calor, para 0s quais ndo existe um registo de ocorréncia associada no SGIF, portanto sem
intervencdo na extin¢do por equipas do dispositivo de supressdo, foram classificados como
“outros fogos”, tendo ocorrido exclusivamente nas estagfes de outono, inverno e primavera
(fogos de outono-inverno-primavera e fogos controlados).

A datacdo obtida a partir da informacdo dos focos de calor, em complementaridade com as
datas das diferentes imagens de satélite e com a informacdo dos dados oficiais do SGIF,
permitiu ainda identificar a distribuicéo estacional dos diferentes tipos de fogos.
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RESULTADOS
4.3.1 Comparacao de areas ardidas

Os resultados obtidos neste estudo indicam valores muito dispares quando comparados
com os dados cartograficos oficiais. A fig. 3 apresenta exemplos de discrepancias entre a
cartografia oficial e das imagens utilizadas neste estudo. Os dados resultantes da reconstrugédo
sistematica e precisa das areas percorridas por fogos nos ultimos 20 anos que afetaram o
territério do Alto Minho (fig. 4) totalizam 12 692 perimetros, correspondendo a uma area total
afetada de 235 060 hectares (quadro 11).

Fig. 3 - Exemplos de erros cartogréaficos presentes na informacéo oficial (ICNF, 2021).
Fig. 3 - Examples of cartographic errors present in the official information (ICNF, 2021).

Comparando os dados oficiais estatisticos (SGIF) e cartograficos (quadros Il e IlI),
verificam-se diferencas consideraveis. O nimero de perimetros incluidos na cartografia oficial
(3873) apenas representa 13,7% do total de ocorréncias registadas no SGIF (28 223) e cerca de
49% do universo de ocorréncias registadas com &rea superior a um hectare (7888). Em
comparacdo com o numero de perimetros resultantes do estudo, 0 nimero de perimetros da
cartografia oficial apenas representa 30,5% do total obtido (12 692). Os perimetros obtidos no
estudo representam 45% do total das ocorréncias de incéndio registadas no SGIF. Quanto ao
total da area ardida no periodo, a cartografia oficial regista mais 7318ha em relacdo ao total
registado na base de dados estatisticos (171 964ha). A cartografia das areas ardidas referente
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aos anos 2003, 2004, 2008 e 2016 apresenta valores inferiores aos dados registados,
apresentando uma diferenca superior a 500 hectares.

Quadro Il - Area ardida acumulada anualmente na regifo do Alto Minho, de acordo com os registos oficiais
cartograficos e estatisticos e os resultados deste estudo.

Table Il - Burned area annually accumulated in the Alto Minho region, according to official cartographic and
statistical records and the results of this study.

Dados Oficiais

Dados do Estudo

Dados Cartograficos Dados Estatisticos
Poligonos  Area Ardida  Ocorréncias  Area Ardida Poligonos Area Ardida
Ano Ne ha Ne ha Ne ha
2001 139 5998 1688 4601 1005 13101
2002 156 10 587 2101 10 006 657 13 063
2003 26 713 1008 1506 89 1216
2004 55 2908 1657 3462 1052 7540
2005 124 28245 2597 27 091 822 33 069
2006 88 15 325 1116 15721 323 18 247
2007 83 3407 1366 1985 348 5078
2008 16 193 691 811 158 1114
2009 232 5765 2059 5864 579 9011
2010 333 24 775 2269 23 899 562 29 704
2011 373 6209 2428 4822 732 9282
2012 282 4207 1331 2743 490 5426
2013 251 12 767 1882 12 262 571 15 612
2014 31 864 382 883 222 2359
2015 151 10 208 1321 9100 757 13154
2016 287 30 477 1109 31324 1018 32912
2017 278 9276 1163 8927 1496 12 866
2018 125 1657 893 1522 586 2666
2019 472 2012 556 2007 762 4585
2020 371 3690 606 3428 463 5055
Totais 3873 179 283 28 223 171 964 12 692 235 060
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Quadro 11l - Comparacéo dos dados cartogréaficos referentes & area ardida anualmente na regiéo do Alto Minho,
de acordo com os registos oficiais cartograficos e os resultados deste estudo.

Table Il - Comparison of the mapping data regarding the annual area burned in the Alto Minho region,
according to official cartography and the results of this study.

Dados Cartogréaficos Oficiais

Dados do Estudo

Variacao entre Dados Oficiais

e Dados do Estudo

Poligonos Area Ardld,a . Poligonos Area Al’dld’a . Poligonos Area Ardida
Total Média Total Média

Ano Ne ha ha Ne ha ha Ne % ha %
2001 139 5998 43,2 1005 13101 13,0 -866 -623 -7103 -118
2002 156 10 587 67,9 657 13 063 19,9 -501 -321 -2475 -23
2003 26 713 27,4 89 1216 13,7 -63 -242 -503 -71
2004 55 2908 52,9 1052 7540 7,2 -997 -1813 -4632 -159
2005 124 28 245 227,8 822 33 069 40,2 -698 -563 -4824 -17
2006 88 15 325 174,1 323 18 247 56,5 -235 -267 -2922 -19
2007 83 3407 41,0 348 5078 14,6 -265 -319 -1671 -49
2008 16 193 12,0 158 1114 7,1 -142 -888 -921 -478
2009 232 5765 24,9 579 9011 15,6 -347 -150 -3246 -56
2010 333 24 775 74,4 562 29 704 52,9 -229 -69 -4928 -20
2011 373 6209 16,6 732 9282 12,7 -359 -96 -3073 -49
2012 282 4207 14,9 490 5426 11,1 -208 -74 -1219 -29
2013 251 12 767 50,9 571 15 612 27,3 -320 -127 -2845 -22
2014 31 864 27,9 222 2359 10,6 -191 -616 -1495 -173
2015 151 10 208 67,6 757 13 154 17,4 -606 -401 -2946 -29

2016 287 30 477 106,2 1018 32912 32,3 -731 -255 -2436 -8
2017 278 9276 33,4 1496 12 866 8,6 -1218 -438 -3590 -39
2018 125 1657 13,3 586 2666 4,5 -461 -369 -1009 -61
2019 472 2012 4,3 762 4585 6,0 -290 -61 -2573 -128
2020 371 3690 9,9 463 5055 10,9 -92 -25 -1366 -37
Totais 3873 179 283 54,5 12 692 235060 19,1 -8819 -228 -55 777 -31

Por outro lado, comparando ambas as cartografias é possivel comprovar que a cartografia
oficial agrega, por diversas vezes, em apenas um perimetro, 0s perimetros resultantes de
diversos incéndios e, em todos 0s anos do periodo de estudo, apresenta valores inferiores de
area ardida.
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Fig. 4 - Andlise comparativa da area ardida entre a cartografia oficial (linha negra) e a cartografia resultante
do estudo (cor cinza).
Fig. 4 - Comparative analysis of the burned area between the official cartography (black line) and this study
cartography (grey colour).
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Entre 2001 e 2020, os anos que apresentam menores registos sao 2003 e 2008, com valores
totais inferiores a dois mil hectares. No que se refere a 2003, estes valores tdo baixos devem-se
sobretudo ao nimero reduzido de imagens de satélite (seis) e ao periodo de cobertura, pois
apenas se obteve uma imagem referente ao periodo de inverno e as restantes cinco imagens
referem-se ao periodo de verdo. Contudo, € 0 Unico ano em que os resultados da rea ardida séo
inferiores aos dados registados no SGIF, correspondendo a uma diferenca negativa de 291
hectares, porém superior aos dados da verséo cartogréafica oficial. Nos restantes anos, os valores
obtidos da area ardida acumulada anualmente sdo sempre superiores, totalizando cerca de 37%
(63 095 hectares) acima do valor total registado no periodo. Em média, a diferenca anual é de
3155ha em relacdo aos dados registados no SGIF.

Comparando ambos 0s produtos cartograficos, verifica-se que o presente estudo obteve
valores muito superiores aos registados na fonte oficial, quer anualmente quer acumulados no
periodo (fig. 5). Comprova-se a existéncia de mais 8819 perimetros acima do valor apresentado
na cartografia oficial (3873), que correspondem a um valor superior em 55 777 hectares.
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Fig. 5 - Comparagao da area ardida anual obtida pela cartografia oficial e pelo presente estudo.
Fig. 5 - Comparison of the annual burned area obtained by official cartography and by the present study.

Do processo de classificacdo das areas ardidas quanto a tipologia do fogo, resultaram um
total de 5176 perimetros associados a incéndios rurais que ocorreram entre 2001 e 2020 (fig.
6), 0 que corresponde a uma area total ardida de 191 402 hectares. O nimero de perimetros
classificados como “outros fogos” totalizou 7516 no mesmo periodo, cerca de 59% do total de
perimetros obtidos neste estudo, correspondendo a 43 658 hectares de area ardida.
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Fig. 6 - Area ardida anual resultante de fogos classificados como incéndios rurais e outros fogos (outono-
inverno-primavera).
Fig. 6 - Annual burned area resulting from fires classified as wildfires and other fires (autumn-winter-spring).

Quanto a distribuicdo estacional da &rea ardida ao longo de 20 anos verifica-se que 79%
dos perimetros concentram-se no outono, inverno e primavera e representam cerca de 39% da
area ardida total (fig. 7). A média da area ardida por perimetro mapeado no conjunto destas trés
estacdes é de 9,1ha. A estacdo do verdo concentra apenas 21,3% dos perimetros identificados e
representa 61% do total de area ardida acumulada. A média da &rea ardida por perimetro no
periodo estival é de 53,2ha.
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Fig. 7 - Distribuicao estacional da area ardida obtida através da reconstrucao da série historica entre 2001 e
2020.
Fig. 7 - Seasonal distribution of burned area obtained by reconstructing the historical series between 2001
and 2020.

Analisando a frequéncia com que o territério do Alto Minho sofre a perturbacdo do fogo
nos Gltimos 20 anos, verifica-se que 46,1% do total do espac¢o foi alguma vez afetado. O quadro
IV permite a comparacdo da frequéncia do fogo no territério de estudo, considerando os
produtos cartograficos produzidos no &mbito do estudo e da fonte oficial (ICNF). Os resultados
do estudo identificam maior frequéncia e mais area ardida por fogo recorrente, quando
comparados com a cartografia oficial. Esta discrepancia é muito superior nas areas afetadas por
fogos que se repetem mais de 4 vezes. Verifica-se que em 20 anos 28,4% territorio foi
percorrido por fogos mais do que uma vez e apenas 39 260 hectares arderam uma unica vez, 0
que corresponde a 17,7% do territorio. Neste periodo, uma pequena area de cerca de seis
hectares ardeu nove vezes.
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Quadro IV - Andlise comparativa da frequéncia dos fogos entre 2001 e 2020 no territério do Alto Minho com
base na cartografia elaborada no presente estudo e na cartografia oficial.

Table IV - Comparative analysis of the fire frequency between 2001 and 2020 in the territory of Alto Minho
based on the cartography developed in this study and on official cartography.

Estudo Cartografia Oficial

iy a6 ENS heaw s
0 119571 53,900 0 127 861 57,700
1 39 260 17,700 1 46 522 21,000
2 29 326 13,200 2 27 330 12,300
3 18 443 8,300 3 13 594 6,100
4 9437 4,300 4 4684 2,100
5 3688 1,700 5 1120 0,500
6 1619 0,700 6 447 0,200
7 288 0,100 7 150 0,100
8 74 0,030 8 2 0,001
9 6 0,003

As figs. 8 e 9 permitem identificar as zonas da area de estudo onde o fogo é mais frequente.
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Fig. 8 - Frequéncia do fogo entre 2001 e 2020 com base na cartografia oficial (ICNF, 2021). Figura a cores
disponivel online.

Fig. 8 - Fire frequency between 2001 and 2020 based on official cartography (ICNF, 2021). Colour figure
available online.
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Fig. 9 - Frequéncia do fogo entre 2001 e 2020 com base na cartografia elaborada no presente estudo. Figura a
cores disponivel online.
Fig. 9 - Fire frequency between 2001 and 2020 based on the cartography elaborated in this study. Colour
figure available online.

BARCELOS

ESPOSENDE

Ao examinar a diferenca dos resultados da frequéncia do fogo entre a cartografia elaborada
neste estudo e a cartografia oficial, verificam-se divergéncias nas areas percorridas pelo fogo,
bem como no nimero de vezes em que se repete esta perturbacdo no territorio. Na fig. 10 as
divergéncias sdo assinaladas por valores diferentes de zero (0), sendo que os valores negativos
da frequéncia correspondem as areas resultantes da cartografia oficial e os valores positivos da
frequéncia correspondem as areas resultantes do processo de mapeamento do estudo. Os
resultados obtidos no estudo permitiram identificar uma maior frequéncia do fogo nas regifes
do interior da regido do Alto Minho, correspondente as zonas mais montanhosas. Por outro
lado, a cartografia oficial identifica maior frequéncia do fogo nas serras proximas ao litoral da
regido (com maior incidéncia nos territorios coincidentes com os municipios de Vila Nova de
Cerveira, Caminha, Viana do Castelo e Ponte de Lima). As divergéncias identificadas derivam
do rigor e das metodologias utilizadas na elaboracédo de ambos os processos cartograficos.
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Fig. 10 - Diferenca da frequéncia do fogo entre as duas fontes cartogréaficas (cartografia elaborada neste
estudo menos a cartografia oficial). Figuras a cores disponivel online.
Fig. 10 - Difference in fire frequency between the two cartographic sources (cartography elaborated in this
study minus official cartography). Colour figure available online.

4.4 DISCUSSAO E CONCLUSOES

Tendo em consideracdo as evidéncias do impacte dos fogos registadas por via das séries
historicas das imagens de satélite, ao longo das diversas estacdes do ano, verifica-se quer pelos
perimetros quer pela area ardida acumulada que a area percorrida por fogos no territério do
Alto Minho é bastante superior a registada na cartografia oficial. Se por um lado a cartografia
oficial ndo integrou areas percorridas por fogos, por outro, inclui areas que de acordo com as
imagens de satélite e ortofotos utilizados neste estudo ndo aparentam ter ardido. Uma parte dos
perimetros detetados neste estudo e ausentes da cartografia oficial podera resultar de fogos que
ndo implicaram a intervencgdo de equipas do dispositivo de extingdo, pelo que também néo estéo
registados no SGIF. Noutros casos, a omissao resulta dos processos de mapeamento, 0s quais
por vezes ocorrem semanas ou meses apds o fogo. Note-se que a cartografia oficial das areas
ardidas era otimizada para os incéndios de verdo, baseando-se numa Unica imagem de satélite
obtida apds o suposto findar da época de incéndios (Oliveira et al., 2012), enquanto no presente
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estudo se procuraram analisar todas as imagens de satélite de cada ano. No que se refere aos
perimetros que na cartografia oficial delimitam areas ardidas, mas que neste estudo nao foram
identificadas como tal, a explicacdo podera resultar de erros de detecdo e de interpretacdo
resultante de processos de mapeamento automatico e sem supervisao, ou de levantamentos no
terreno com base em cartografia. Outro fator que podera ter contribuido para as grandes
diferencas de resultados cartograficos sera a limitada acessibilidade das imagens de satélite no
passado, principalmente na primeira década, ao contrario do que acontece atualmente.
Adicionalmente, a complementaridade pela sobreposicdo de outras fontes cartograficas, como
os focos de calor dos sensores MODIS e VIIRS e a producdo periddica de ortofotos, permitiram
apoiar o trabalho na identificagdo mais precisa das areas ardidas e a sua datacdo, bem como a
identificacdo dos perimetros dos incéndios rurais registados no SGIF.

A utilizacdo de dados oficiais para fins de ordenamento e de gestao do fogo no territorio a
escala distrital e municipal, ou para fins de investigacdo, recomenda uma prévia validacéo e
correcdo, com 0 objetivo de reduzir eventuais erros de interpretacdo. Os principais erros
identificados na cartografia oficial encontram-se sobretudo no insuficiente rigor na delimitacéo
dos perimetros dos fogos, na auséncia de areas ardidas, na falta de critérios de integracdo das
diversas areas percorridas por incéndios (com a alocagdo de meios de extingdo) e por outros
fogos (queimadas e fogos controlados) e na auséncia de dados integrados com o0s registos de
base estatistica (SGIF) de cada perimetro de incéndio (por exemplo: a data, o codigo de
ocorréncia, hora de alerta, ocupacéo do solo afetado e variaveis meteoroldgicas).

O aumento do numero de satélites e melhoria dos sensores radiométricos na Gltima década,
destacando-se a missdo do Sentinel-2, com uma recorréncia temporal alta para uma mesma
regido (intervalos de cinco dias), assim como 0 incremento de voos para obtengdo de
ortoimagens, permite um trabalho sistematico e cada vez mais rigoroso das areas percorridas
pelos fogos, a uma escala maior e adequada ao ordenamento do territorio (Navarro et al., 2017).
O rigor cartografico é fundamental, ndo sé para identificar e caraterizar o regime de fogos, mas
também pelas implicagdes e condicionamentos para 0 comum cidaddo, uma vez que o historico
cartogréafico determina a carta de perigosidade de um espaco, condicionando 0 seu uso e
ocupacéo.

A sobreposicdo da cartografia com os focos de calor dos sensores MODIS e VIIRS é
essencial para a datagdo daqueles fogos que ndo implicaram a atuacdo de meios de extingéo e
para 0s quais ndo existe registo, ocorrendo nas estacoes de outono, inverno e primavera. Estes
fogos constituem uma importante fracdo da area ardida na regido de estudo e com efeitos na
estrutura da paisagem e na acumulacdo e heterogeneidade espacial dos combustiveis florestais
e, consequentemente, assumem um papel na propagacdo dos incéndios de verdo, merecendo
um futuro estudo mais detalhado, nomeadamente comparando a sua influéncia com aquela
exercida pelo fogo controlado (Davim et al., 2021; 2022). E de salientar que, de acordo com a
metodologia oficial para o calculo da perigosidade espacial de incéndios, os perimetros dos
fogos que a cartografia oficial omite ndo sdo contabilizados no processo, do que resulta uma
subestimacéo da perigosidade.

E provavel que a ordem de grandeza das diferencas entre a cartografia oficial de areas
gueimadas e aquela produzida por este estudo seja extensivel a outros territorios de Portugal,
nomeadamente aqueles caraterizados por regimes de fogo influenciados pela atividade pastoril
e, portanto, com uma componente relevante de ocorréncias no outono-primavera (Pereira et al.,
2022). E importante melhorar a informag&o cartografica de todas as areas percorridas por fogos
e daquelas que, dada a sua natureza, tém implicacGes no condicionamento do uso e ocupacgao
do solo, em particular na classificacdo da perigosidade de incéndios rurais no territorio (OTI,
2019), bem como a criagdo de normas técnicas para o processo de mapeamento e classificagéo.
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CAPITULO V - PASTORAL BURNING AND ITS CONTRIBUTION
TO THE FIRE REGIME OF ALTO MINHO, PORTUGAL

Abstract. Alto Minho (in north-western Iberia) is one of the European regions most affected
by fires. Many of these fires originate from rangeland management of Atlantic heathlands, and
while being illegal, often are not actively suppressed. Pastoral fires (autumn to spring fires
unrecorded by authorities), spring wildfires, and summer wildfires were independently mapped
and dated from remote sensing. Alto Minho burned at a mean annual rate of 5.0% of the territory
between 2001 and 2020. Pastoral burning totalled 40,788 hectares during the period, accounting
for 20% of the total burned area. Rangeland burning occurs mostly from December to April,
the rainiest months that guar-antee the conditions for pasture renewal and fire self-extinction.
The mean fire return interval of pastoral burning is slightly higher than that of wildfires (13
years versus 11 years), except in part of the inner mountains where it dominates fire activity.
Pastoral fires are more frequent and largely prevail over wildfires in the parishes with higher
livestock quantities. Conversely, the largest wildfires and higher summer burned areas
correspond with very low livestock and nearly non-existing pastoral fires. Traditional fire
knowledge should not be overlooked by fire management, as it contributes to more sustainable
fire regimes and ecosystems.

Keywords: fire use, fire frequency, rangeland management, traditional fire knowledge

Resumen. Las quemas pastorales y su contribucion al régimen de fuegos del Alto Minho,
Portugal

El Alto Mifio (en el noroeste de Iberia) es una de las regiones europeas mas afectadas por
los incendios. Muchos de estos incendios tienen su origen en la gestion de los matorrales
atlanticos y, aunque son ilegales, a menudo no se extinguen de forma activa. Los fuegos
pastorales (incendios de otofio a primavera no registrados por las autoridades), los incendios
forestales de primaveray los incendios forestales de verano se cartografiaron y dataron de forma
independiente a partir de teledeteccion. El Alto Minho ha ardido a una tasa media anual del
5,0% del territorio entre 2001 y 2020. Las quemas pastorales totalizaron 40.788 hectareas
durante el periodo, lo que representa el 20% de la superficie total quemada. Las quemas de
pastos se producen sobre todo de diciembre a abril, los meses mas lluviosos que garantizan las
condiciones para la renovacion de los pastos y la autoextincion del fuego. El intervalo medio
de retorno del fuego de las quemas pastorales es ligeramente superior al de los incendios
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forestales (13 afios frente a 11 afios), excepto en una parte del interior de las zonas de montana,
donde domina la actividad del fuego. Los fuegos pastorales son mas frecuentes y prevalecen
ampliamente sobre los incendios forestales en las parroquias con mayor cabafia ganadera. Por
el contrario, los mayores incendios forestales y las mayores superficies quemadas en verano
corresponden a una ganaderia muy escasa y a fuegos pastorales casi inexistentes. El
conocimiento tradicional del fuego no debe ser ignorado por la gestion de incendios, ya que
contribuye a regimenes de fuegos y ecosistemas mas sostenibles.

Palabras clave: uso del fuego, frecuencia de los fuegos, gestidn de pastos, conocimiento
tradicional del fuego

Resumo. As queimas pastorais e a sua contribucion ao réxime de lumes do Alto Minho,
Portugal

O Alto Mifio (no noroeste de Iberia) é unha das rexions europeas mais afectadas polos
incendios. Moitos destes incendios tefien a sta orixe na xestion das matogueiras atlanticas e,
ainda que son ilegais, a miudo non se extinguen de forma activa. Os lumes pastorais (incendios
de outono a primavera non rexistrados polas autoridades), os incendios forestais de primavera
e os incendios forestais de veran cartografaronse e dataron de forma independente a partir de
teledeteccion. O Alto Minho ardeu a unha taxa media anual do 5,0% do territorio entre 2001 e
2020. As gqueimas pastorais totalizaron 40.788 hectareas durante o periodo, 0 que representa o
20% da superficie total queimada. As queimas de pastos prodicense sobre todo de decembro
a abril, 0s meses mais chuviosos que garanten as condicions para a renovacion dos pastos e a
autoextincion do lume. O intervalo medio de retorno do lume das queimas pastorais é
lixeiramente superior ao dos incendios forestais (13 anos fronte a 11 anos), excepto nunha parte
do interior das zonas de montafia, onde domina a actividade do lume. Os lumes pastorais son
mais frecuentes e prevalecen amplamente sobre os incendios forestais nas parroquias con maior
cabana gandeira. Pola contra, os maiores incendios forestais e as maiores superficies queimadas
no veran corresponden a unha ganderia moi escasa e a lumes pastorais case inexistentes. O
cofiecemento tradicional do lume non debe ser ignorado pola xestion de incendios, xa que
contrible a réximes de lumes e ecosistemas mais sostibles.

Palabras chave: uso do lume, frecuencia dos lumes, xestion de pastos, cofiecemento
tradicional do lume
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5.1 INTRODUCTION

Alto Minho, located in the northwest of the Iberian Peninsula, is one of the regions in
Portugal that has been more affected by fires in recent decades [1,2]. While Holocene fire
expansion in southern Europe was initially conditioned by high climatic seasonality, the use of
fire by the first agrarian societies in the Neolithic promptly shaped the fire regime [3]. The
frequency of fires increased with population increase, as new agricultural areas, areas for
grazing, and new settlements were established [4-6] . As in other regions of southern Europe,
fire has marked the structure and functioning of ecosystems that have adapted over thousands
of years to a human-shaped fire regime, as the primary causes of fires in the territory are
anthropogenic [6,7].

The Atlantic heathlands of NW Iberia have been traditionally maintained by a combination
of grazing, shrub cutting and burning [8] . The use of fire, rather than an isolated practice, was
integrated into the ancestral agro-silvo-pastoral system that lasted until the mechanization of
agriculture and the introduction of inorganic fertilisation in the second half of the 19" century
[9,10] . The abandonment of agricultural activity in NW Portugal contributed to increased fire
occurrence and burned area [11]. Traditional pastoral fires, mainly in shrubland, contribute to
create and maintain mosaic-structured landscapes [12]. The abandonment of small-scale
farming and traditional practices such as grazing dissolves the traditional mosaic and reinforces
the connectivity between homogenous and extensive high fuel-load patches derived from
contemporary afforestation and rewilding [6]. However, a number of studies point to a
relationship between wildfires and the traditional use of fire, particularly for range management
purposes [13-15]. This type of fire use may constitute a negligent or intentional cause of
wildfire, depending on each country legislation [16]. Other studies associate the replacement of
agriculture by extensive livestock production and the need to use fire as a tool for pasture
maintenance as the origin of the increase in frequent wildfires [17,18].

The impact of large wildfires in the Mediterranean Basin, including Portugal, fostered
studies linking components of the fire regime to weather and climate [19-21], and examining
how fire incidence relates with land use and biophysical variables [22—-25] and anthropogenic
causes [13,26,27], including social conflicts and recreational and leisure activities [10]. A
global study showed that farmlands are prone to recurrent fire, which given the human agency
involved is less affected by weather variability than in other land cover types [28]. In Portugal,
fire density is maximum in densely populated regions but it also increases with elevation, in
part because of pastoral burning of shrubland [22]. Recently, the first classification and
mapping of fire regimes in mainland Portugal was published [27], covering the period from
1980 to 2017 at parish scale, and highlighting the existence in northern and central Portugal of
frequent fire regimes with a marked autumn-to-spring component revealing of pastoral burning
activity.

Wildfire causality studies in Portugal have relied to date on official data from the Institute
for Nature Conservation and Forests (ICNF), which has inconsistencies because of variation in
mapping methods, database completeness, limitations in satellite image processing, and
insufficient field validation [2,29,30]. Here we seek to understand the relationship between
extensive livestock production and the use of fire, whose practice is currently a remnant of the
agro-silvo-pastoral system that has modelled Alto Minho and other European Atlantic
landscapes over the centuries, e.g. [31]. Based on rigorous and detailed fire mapping using
several cartographic sources and historical series of satellite images and orthoimagery, we
examine (i) the contribution of pastoral burning to fire activity in the Alto Minho, and (ii)
whether there is a relationship between pastoral burning and livestock in the region.
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5.2 MATERIALS AND METHODS
5.2.1 Study region

The study region is the entire Alto Minho, located in the extreme northwest of Portugal
(Figure 1). To the North and East, it is bordered by the Autonomous Community of Galicia
(Spain), to the South by the district of Braga and to the West by the Atlantic Ocean. Alto Minho
coincides with the Viana do Castelo district, occupying an area of approximately 2217 km? and
is divided into ten municipalities. These municipalities are further subdivided into smaller
administrative units, parishes, which were our sample units (n=208).
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Figure 1. Geographic context of the study region, Alto Minho. Source: Official Administrative Map of Portugal,
Directorate General of Territory - DGT (2020), Administrative Limits of Spain, National Geographic Institute of
Spain - IGN (2019)

Approximately 18% of Alto Minho is occupied by agriculture and 72% corresponds to
forests and shrublands, of which 52% are common lands (DGT, 2020). Portuguese common
lands were extensively afforested with pine in the 20" century, only to subsequently revert to
Atlantic heathland through fire [32]. Terrain is predominantly mountainous, with elevations
exceeding 400 meters, up to over 1000 meters, with the exception of the coastal zone and the
main valleys of the Minho and Lima rivers [33]. Annual temperature range is generally low,
with average annual temperature between 14°C and 16°C [34]. Mean annual precipitation
exceeds 1000 mm and varies markedly from the coast to the interior, where it can reach 2400
to 2800 mm at higher elevations. Similarly to other northwest Iberia regions, the use of fire in
the Atlantic heathlands of Alto Minho is intrinsic to the ancestral agro-silvo-pastoral system,
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both in ploughing, soil fertilisation, renewal of pastures and the burning of heaps and stubbles
[35], and is also thought to be a relevant wildfire cause.

5.2.2 Methodology
5221 Obtaining and processing satellite images

Images were acquired from Landsat 5 (TM), Landsat 7 (ETM+), Landsat 8
(Operational Land Imager - OLI) and Sentinel-2 (Multispectral Instrument - MSI) satellites for
the 2001-2020 period. These images were obtained from the Semi-Automatic Classification
Plugin (SCP) application developed by Congedo [36] for the QGIS software and directly via
the U.S. Geological Survey platform - Earth Explorer. Approximately 400 images cloud-free
or with minimum cloud cover spanning from 2001 to 2020 were collected from the satellites to
identify seasonal patterns of burnt areas in Alto Minho. This allowed for maximum coverage
of each year and accurate analysis of fire patterns.

All images were pre-processed for atmospheric correction using the SCP for QGis.
Burned areas were subsequently identified using the NBR index and the RGB false colour
composition [36]. The year 2000 fire scars were identified to avoid their potential inclusion in
the burned areas of the following year.

5222 Obtaining the burnt areas perimeters

The fire perimeters were digitised from the NBR and RGB false colour images. The
process was entirely manual and supervised, supported by ancillary information such as high-
resolution orthophotos, to avoid interpretation errors resulting from changes in land cover that
might alter the final result [37-39].

The manual digitisation process considered the resolution of the images from different
satellites, ranging from a scale of 1:25,000 to 1:3000. The use of historical orthophoto series
also allowed the identification and correction of the fire perimeters, increasing the accuracy and
detail of mapping.

5.2.2.3 Dating and classifying fire perimeters

Once the digitisation phase was concluded, the fires were dated and classified. To do
so, the georeferenced hotspots from the MODIS and VIIRS sensors were overlaid, after
download from the archive on the NASA Fire Information for Resource Management System
(FIRMS) website (https://firms.modaps.eosdis.nasa.gov/) in vector format (point).

Annual data on individual fire occurrences from 2001 to 2020, provided by ICNF, was
imported and georeferenced. Temporal and spatial cross-referencing between ICNF data and
remotely-sensed information enabled to match fire records and fire perimeters. Similarly,
institutional cartographic information in vector format (polygon) respecting to prescribed fire
was overlaid. The overlay of the different sources related to the fires allowed dating the
perimeters and classifying them according to their origin.

The fire perimeters were classified as "wildfire" when matching an official database
record, i.e. fires that involved the dispatch of suppression resources. We distinguished between
summer season fires, classifying them as "summer wildfire" (WFSUM), and fires occurring in
other seasons, classifying them as "autumn-winter-spring wildfire” (WFAWS). The remaining
fire perimeters were either classified as "autumn-winter-spring fires" (FAWS) or "prescribed

91 | 224


https://firms.modaps.eosdis.nasa.gov/

EMANUEL RENATO SOUSA DE OLIVEIRA

burning” (PB). The former were identified from the chronological sequence of satellite images
and hotspots dates, and correspond to fires absent from the official database, therefore
indicating that suppression operations were not undertaken. The reasons for such no-response
may vary, from no detection or lack of suppression resources to awareness and acceptance of
the land management goals of those fires. Fires transmitted from outside the study region were
included in the burned area estimates but were not typified.

5224 Other data

The agrarian nature or motivation of autumn to spring fires in Alto Minho recommends
an analysis of the evolution and distribution of livestock. Livestock data concerning extensive
and semi-extensive production at parish level, in particular ruminants and horses, was sourced
from the decennial Agricultural Censuses of 1999, 2009 and 2019 (National Statistical Institute
- INE) and adapted to the Official Administrative Map of Portugal (DGT, 2020).

Additional context for the fire-livestock analyses was given by retrieving the area
occupied by forest and shrubland in each parish.

5.2.25 Data analyses

Burned areas per fire type (FAWS, WFAWS, WFSUM) were summed for each year
and globally for the study period and month of the year. Fire frequency (or the mean annual
burn probability of each pixel) was calculated and mapped for each fire type as the number of
times it burned in the 2001-2020 period divided by 20. Five fire frequency classes (and their
corresponding fire return intervals, see Results) were considered to summarize cumulative
burned area distribution across the three fire types. Similar statistics were separately calculated
for the Union of Parishes of Castro Laboreiro and Lamas de Mouro, Melgaco, where the
frequency of pastoral burning is the highest in Alto Minho.

In order to detect relationships between fire and livestock production, burned area was
summed and distributed by fire type for several groups of parishes, defined by the mean number
of extant animals across the study period, respectively 0-250, 250-500, 500-1000, 1000-1500
and >1500 animals. Finally, a K-means cluster analysis was carried out to identify groups of
parishes with similar livestock amounts and fire frequencies per fire type, as well as similar
territorial contexts in terms of shrubland fraction. For this purpose, the reference to calculate
fire frequency was the area of forest and shrubland in the parish.
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5.3 RESULTS

5.3.1 Firein Alto Minho

The cumulative burnt area resulting from all types of fires during the 2001 — 2020 period
was 221,854 hectares (Table 1), or 5.0% of the Alto Minho region as an annual average. Fire
type distribution shows that 60.8% of the cumulative area is the result of summer wildfires.
Autumn to spring wildfires and autumn to spring fires have similar shares, respectively 19.9%
and 18.6% of the total burnt area in the period. Prescribed fire accounts for a very minor
component of the fire regime, comprising just 0.7% of the total burned area (Table 1). However,
interannual seasonal variation is high: summer wildfire can be almost absent, and autumn to
spring fire activity can account for more than 80% of the annual burned area, like in 2009, 2011,
2017 and 2018, with FAWS comprising a maximum of 57.2% of the burned area in the mild
fire weather year of 2014.

Table 1. Annual burned area (ha) distribution by fire type in Alto Minho (2001-2020), respectively autumn to
spring fire (FAWS), autumn to spring wildfire (WFAWS), summer wildfire (WFSUM), and prescribed fire.

Prescribed Total burnt

Year FAWS WFAWS WFSUM fire area
2001 4371 1824 5724 - 11,920
2002 2098 856 9505 - 12,459
2003 10 653 549 - 1212
2004 2890 1489 2708 - 7086
2005 2685 3299 26,578 - 32,562
2006 2631 367 14,701 - 17,699
2007 1266 3006 193 - 4464
2008 548 510 48 - 1105
2009 1946 4831 1525 52 8354
2010 1587 1723 23,570 444 27,324
2011 3432 3938 1747 43 9160
2012 2512 2978 65 67 5622
2013 2128 2642 10,111 103 14,984
2014 1322 916 11 63 2312
2015 2302 3903 6636 113 12,955
2016 2308 696 26,051 108 29,163
2017 3952 7607 1017 137 12,713
2018 895 1361 148 53 2457
2019 1603 1090 942 364 3999
2020 757 371 3164 10 4302
Total 41,244 44,060 134,994 1557 221,854
Mean 2062 2203 6750 130 11,093

The monthly distribution of precipitation based on the climatological normal of 1981 to
2010 (Portuguese Institute of Sea and Atmosphere - IPMA, 2022) reveals June to August to be
the driest months of the year, corresponding to a drought period lengthy enough to result in a
distinct wildfire activity peak in August but also implying that the window for significant fire
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activity is short in the oceanic climate of Alto Minho (Figure 2). FAWS are more prevalent
from December to April and during these months their extent is higher than that of wildfire.
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Figure 2. Total monthly burned area (2001-2020) by autumn to spring fires (FAWS) and by
wildfires in Alto Minho, and precipitation (mm) according to the 1981 - 2010 climatological
normal from the weather station of Viana do Castelo (Meadela)

Autumn to spring fire activity is dominated by fire return intervals greater than 10 years
and, especially, greater than 20 years (Table 2). However, fire frequencies higher than 0.05
year are more represented in summer wildfires, where the 0.1 — 0.2 fire frequency class is only
slightly less represented than the two lower frequency classes, implying that summer fires are
more frequent over much larger areas. Autumn to spring wildfires have lower burnt area in the
higher frequency classes and a much higher accumulated area in the lower frequency class when
compared with pastoral fires. Overall, the approximate mean fire return intervals for the
WFSUM, FAWS and WFAWS fire types are respectively 11, 13 and 20 years, and 13 years on
the whole.

The spatial patterns of fire extent and recurrence also vary by fire type (Figure 3). Pastoral
burning is mostly located in the inner mountain region, with greater relevance in the Melgaco
municipality, where rural communities still use fire as a tool for pasture renewal. Conversely,
coastal mountains in Caminha, Viana do Castelo and Ponte de Lima are more affected by large
summer fires, including relatively large high-frequency patches. It is also clear that autumn to
spring wildfires (Fig. 3b) are generically smaller than summer fires (Fig. 3c) and larger than
pastoral fires (Fig. 3a), which also feature substantially higher dispersion.
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Table 2. Absolute (relative, %) burned area (2001 - 2020) by fire frequency / fire return interval class and fire
type in the Alto Minho, respectively autumn to spring fire (FAWS), autumn to spring wildfire (WFAWS) and
summer wildfire (WFSUM).

Fire frequency (year?) .- tz:saﬁe(tylg;‘rs) FAWS WFAWS WFSUM
0-0.05 >20 17,090 (41.9) 28,075 (63.7) 44,137 (32.7)
0.05-0.1 10-20 12,098 (29.7) 11,722 (26.6) 43,564 (32.3)
0.1-0.2 5-10 10,864 (26.6) 3964 (9.0) 41,429 (30.7)
0.2-0.3 3-5 691 (1.7) 277 (0.6) 5653 (4.2)
0.3-0.4 2-3 45 (0.1) 24 (<0.1) 237 (0.2)
Total Burnt Area 40,788 44,061 135,019
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Figure 3. Map of fire frequency in the Alto Minho: a) autumn to spring fires (FAWS); b) autumn to spring
wildfires (WFAWS); c) summer wildfires (WFSUM)
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5.3.2 The particular case of Castro Laboreiro and Lamas de Mouro

The Union of Parishes of Castro Laboreiro and Lamas de Mouro, Melgago, occupies
10,602 ha within the Peneda-Gerés National Park. Resident population was 874 inhabitants in
2001 (Census 2001, INE), but is now around 503 people (INE, 2022). Approximately 95.5% of
the parish is under communal land tenure, with shrubland predominating (78.5% of the parish);
forest occupies little more than 17% of the territory. It is one of the six parishes of Alto Minho
with more than 1500 livestock animals. According to the Agricultural Census of 2019 (INE,
2021), 2001 animals were present, respectively cattle (48.8%), sheep (36.3%), goats (9.4%) and
horses (5.4%). Livestock is mostly kept in an extensive regime in heathlands of Erica sp.,
Pterospartum tridentatum, Ulex sp. and Cytisus sp.

Approximately 81% of the Union of Parishes of Castro Laboreiro and Lamas de Mouro
parish did burn at least once between 2001 and 2020, as manifest in Figures 4 and 6. Cumulative
burned area from 2001 to 2020 reached 13,980 ha, of which 74.2% were FAWS, and these fires
occurred mostly (68% of the cumulative area) from December to March. Autumn to spring
wildfires, summer wildfires and prescribed burning amounted respectively to 16.1, 9.5 and
0.3% of the total burned area. The temporal patterns of the three non-institutional fire types are
quite distinct: while pastoral burning mostly occupies the 5-20 years fire return interval range,
wildfires predominantly (autumn to spring) or almost totally (summer) recur at intervals >20
years (Table 3). Approximate mean fire return intervals for the FAWS, WFAWS and WFSUM
fires are respectively 11, 23 and 38 years.

Table 3. Absolute (relative, %) burned area (2001 - 2020) by fire frequency / fire return interval class and fire
type in the Union of Parishes of Castro Laboreiro and Lamas de Mouro, respectively autumn to spring fire
(FAWS), autumn to spring wildfire (WFAWS) and summer wildfire (WFSUM).

Fire return

Fire frequency (year?) interval (years) FAWS WFAWS WFSUM
0-0.05 >20 2485 (24.7) 1462 (65.0) 1289 (97.6)
0.05-0.1 10 - 20 3249 (32.3) 751 (33.3) 32 (2.4)
0.1-0.2 5-10 4074 (40.6) 35 (1.6)
0.2-0.3 3-5 234 (2.3)
Total Burnt Area 10,042 2249 1321
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Figure 4. Fire frequency map for the different types of fires in the Union of Parishes of Castro Laboreiro and
Lamas de Mouro between 2001 and 2020; a) autumn to spring fires (FAWS); b) autumn to spring wildfires
(WFAWS); ¢) summer wildfires (WFSUM)

5.3.3 Livestock and fire

Livestock under an extensive exploitation regime is a relevant feature of Alto Minho.
However, a generalized loss of livestock occurred from 1999 to 2019 in all Alto Minho
municipalities, with an overall reduction of 43% in the number of animals (Table 4). Only 20
parishes have more than 1000 animals each, concentrating 30.5% of the total mean livestock
(1999-2019) in about 26% of Alto Minho.
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Table 4. Evolution and distribution of livestock in the municipalities of Alto Minho between 1999 and 2019

T Municipality ~ Common lands No. of animals % Variation
Municipality
area (ha) (%) 1999 2009 2019 2019-1999
Arcos de Valdevez 44,727 50.8 20,326 18,665 19,918 -2.0
Caminha 13,640 41.6 3660 2861 1847 -98.2
Melgago 23,808 62.0 8683 7867 6437 -34.9
Mongao 21,115 28.3 16,752 14,448 8933 -87.5
Paredes de Coura 13,808 23.7 12,308 12,444 8074 -52.4
Ponte da Barca 18,198 52.9 5745 4873 3437 -67.2
Ponte de Lima 32,000 21.2 18,797 16,946 14,398 -30.6
Valenca 11,703 30.0 6220 6031 3243 -91.8
Viana do Castelo 31,875 16.4 12,460 9220 8323 -49.7
Vila Nova de Cerveira 10,838 47.7 3573 3099 1444 -147.4
Total 221,711 37.3 108,524 96,454 76,054 -42.7
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Figure 5. Cumulative burned area in Alto Minho (2001-2020) distribution (%) in each class of number of
ruminants and horses, respectively by fire type (a) and by fire type as a percentage of parishes area (b).

The parishes at the extremes of livestock quantity are distinct regarding the relevance of
the different fire types. Lower animal numbers (<250) correspond with residual pastoral
burning and more than 70% of the fire extent occurring in summer (Figure 5a). In contrast,
nearly half of the burned area is of type FAWS in the parishes with the highest livestock quantity
(>1500), exceeding summer wildfire area. Figure 6 juxtaposes livestock quantity and FAWS
frequency, indicating that the largest patches of pastoral burning (and at higher recurrence),
coincide with the highest livestock quantities. The three intermediate livestock classes have
similar fire types distribution. Autumn to spring wildfires account for similar shares of burned
area across the livestock quantity range, suggesting (as we assumed) that these fires are
unrelated to pastoral activity. Patterns of burned area as a land fraction (Figure 5b) are similar,
except that low livestock quantity does not amount to the highest share of summer fire. Overall,
the amount of fire in the landscape as a fraction of parish area has an increasing trend with
increased livestock.
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Figure 6. Mean fire frequency of autumn to spring fires (FAWS) in Alto Minho (2001-2020)
and mean total livestock by parish (1999-2019).

Table 5. Mean characteristics of the Alto Minho parishes forming groups of distinct fire-livestock relationships
as identified by K-means cluster analysis.

Cluster no. Livestock Shrubland Fire frequency (year™)
(Parishes no.) no. fraction FAWS WEAWS WESUM
1(95) 341 0.061 0.001 0.005 0.018
2(2) 2305 0.218 0.004 0.021 0.023
3 (16) 366 0.434 0.035 0.034 0.048
4 (22) 1041 0.422 0.010 0.013 0.054
6 (3) 1934 0.688 0.041 0.011 0.010
7 (20) 358 0.172 0.006 0.035 0.031
8 (47) 303 0.191 0.002 0.009 0.072

Further systematization of the understanding of fire-livestock relationships through cluster
analysis produced 8 groups of parishes, of which one (cluster 5) is excluded from Table 5 as it
comprised a single outlier parish with an abnormal burn likelihood as a result of fire exported
by neighbour parishes. As expected, the lowest frequency of pastoral burning occurs at low
livestock levels, combined with low fractions of shrubland, corresponding to four clusters (1,
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4,7 and 8) that include 89% of the total number of parishes, including the two clusters with the
highest rates of summer wildfire. Cluster 2 has the maximum livestock but low fraction of
shrubland and minimal pastoral burning. Cluster 3 is characterized by a moderately high
shrubland fraction and its pastoral burning frequency is the second highest (but it is lower than
summer wildfire) even if livestock quantity is low. Finally, cluster 6, which includes the Castro
Laboreiro and Lamas de Mouro parish, has very high livestock, the highest fraction of shrubland
and the maximum and minimum frequencies of pastoral burning and summer wildfire,
respectively. The clusters are not spatially coherent, i.e. are disperse, except for cluster 6 and,
to a lesser degree, clusters 1 and 4 (Figure 7).

A
SPAIN yd |

e s 2 !

{,/k-_" N\ , ! : '\_,f' <L \-.\\
~ NN  ~ W
> A o MELGAGCO M
A S Y b\ N i
4 / 0 - < F
{ 3 i /4 MONCAO ‘ e i
{ = ] \- e 4

)l i “3 y = i o
/a VALENCA / s/ ) 4

X i Wi . 7

= 1 = e I W
~< ) Rl PR >

Z N 7 o g s
[ : o y {/ A
i | | { Y
A L o N L \
il "1 R W
@V ILA'NOVA'DE CERVEIRA b ¢ g

- % .4 PAREDES DE COURA —— )

: ) In ARCOS DE VALDEVEZ
i R\ -J

.

PONTE DA BARCA ,_7,"’ /

¥ (N ¢
4 \\f\,»“'*v-/'. \
e . )
4
v

i____I Municipal limits

PONTE DE LIMA ¢
¢ TE
Cluster no. (Parishes no.)

,."-‘. 1

: J y A 5
i E / A -
g S = VILA VERDE [ A
| / / | 3
i 1 ." 4*./ l-
i ) N { N
! ' i~ ) 3 AMARES  _~rr TN 4
) N N / { P~ \
\ o P { /
) ~f h 4 { \ 6
e L1 w 7 N
R ) | ! P 7
(i ¢ 2 LY |
0 5 km - H BARCELOS { P i | POVOA DE LANE e
| EICEE R ), WP 5 BRAGA L

\V \ - “, “ e \\ i C,:\BELHIRAS DIEB;}*BI'(]

Figure 7. Classification of Alto Minho parishes by fire-livestock relationship cluster
(Table 5). Clusters 3 and 6 correspond to substantial pastoral burning. Parishes in white
denote either outliers or no fire activity.

5.4 DISCUSSION

The historical reconstruction by manually delineating perimeters and overlapping different
fire-related data sources allowed classifying and quantifying the annually burnt areas in Alto
Minho between 2001 and 2020 and identify their seasonality. Besides wildfires (WFAWS and
WFSUM), actively suppressed by definition, we were able to identify and map autumn to spring
fires (FAWS) that were not the subject of firefighting actions. The official Portuguese fire atlas
allows a general analysis of pyrogeography, but omissions and variable detail in delineating
and classifying each burn patch decreases the rigour and accuracy of fire regime
characterization in relation to metrics of frequency, extent, seasonality and size distribution,
especially where out-of-summer fires are a relevant feature and at more local scales. This was
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particularly well illustrated in this study by the case of Castro Laboreiro and Lamas de Mouro,
with a fire regime distinct from most of the rest of Alto Minho but that it is not portrayed by
the official fire atlas.

Annual mean burned area in Alto Minho during 2001-2020 doubled what a previous study
had quantified [2] for the 1975-2005 period, probably indicating a change in the fire regime but
also reflecting our increased detection and mapping of autumn to spring fire activity. Note that
20% of all burned area quantified in this study putatively corresponds to pastoral burning and
that the fire return interval of 13 years estimated for the region is substantially lower than in
previous studies, respectively 22 years [2] and 17 years 23]. FAWS thus dominates the fire
regime in certain Alto Minho landscapes, expressing the persistence of traditional fire use
practices for rangeland management, particularly where extensive livestock exists in higher
quantity.

Contrary to what could be expected, we found that pastoral burning generically conforms
to a longer cycle than summer wildfire, with respective return intervals of 13 and 11 years.
However, the frequency of the former is higher in landscapes where pastoral burning is
prevalent and summer wildfire is scarce, namely every 11 years in the Castro Laboreiro and
Lamas de Mouro parish. Still, and considering the needs of rangeland renewal, this reflects a
conservative and parsimonious practice, as the increase in nutritional quality of postfire shrub
regeneration is short lived [40].

Livestock quantity decreased substantially over much of Alto Minho between 1999 and
2019, continuing long-term trends starting in the 1940s [32,41]. Loss of livestock and the
increasingly repressive legal restrictions to the use of fire by local communities might have
reduced pastoral burning, mostly of low intensity and low severity [42], potentially contributing
to increase the area disturbed by large and severe wildfires, as in the coastal and western
parishes of the region. Pyrodiversity, the memory of antecedent fire creating more
heterogeneous and finely grained spatial patterns in vegetation, has been shown to limit the
development of large fires where pastoral burning is common in Portugal [43].

Fires associated with extensive livestock production, i.e., autumn to spring fires, were
expected to be more frequent where animal load is higher, given the need to use fire to renew
pastures of interest for animal fodder. The general trends observed in this study were that (i)
less livestock equalled more summer wildfire and less autumn to spring fire, but the trend was
mostly determined by the upper and lower extremes of livestock quantity, and (ii) that more
livestock increased the overall burned area. In fact, fire-livestock relationships were more
complex and nuanced than this, as shown by the cluster analysis. While pastoral burning is
more prevalent where heathland occupies a higher fraction of the landscape, more heathland in
the landscape does not imply more livestock and more pastoral burning. Likewise, high burn
probability by summer wildfire is restricted to low to intermediate livestock levels but can
coincide with high pastoral burning levels.

The common perception of pastoral burning as the main cause for the increase in severe
summer fires is unfounded. Pastoral fires occur in winter or precede the rainy season in early
autumn, when fire spreads more effectively in shrublands dominated by species poor in elevated
dead fuel, namely Cytisus sp. (pers. observ.). Maintenance of FAWS is conditional on
maintaining extensive livestock production and both have a considerable role in conserving the
landscape, shaping the heathland mosaic and the distribution of species and habitats of pastoral
or conservation interest, such as the Iberian wolf [44-47].

Despite the high loss of population between 2001 and 2021, traditional fire practices persist
in Castro Laboreiro and Lamas de Mouro, indicating that the maintenance of agro-silvo-pastoral
practices and in particular extensive livestock production, associated with traditional fire use,
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continues to be relevant in the conservation of the mosaic landscape. Institutional prescribed
burning could replace pastoral burning, but its extent is irrelevant and is far from responding to
the local communities needs. Limitations to the use of prescribed burning in the parish may be
related in part to the constraints resulting from the area belonging to the National Park of
Peneda-Gerés. However, prohibiting the use of fire for pastures renewal by the community does
not prevent it from being used illegally, as examples from other regions of the world show, e.g.
[48]. The communities of Castro Laboreiro and Lamas de Mouro were forced to adapt their use
of fire, having abandoned the practice of "shepherding” (as they say locally) and monitoring
the fire. Instead, they chose days with weather and fuel moisture conditions conducive to fire
self-extinction. But pastoral fires can become significant wildfires under more fire-prone
weather and the clandestine conditions under which they are carried out by the force of law and
bureaucracy. Nonetheless, as remarked in relation to pastoral fires in the Pyrenees [31], this
does not imply that such escapes are environmentally detrimental, as long as the fire burns only
the “right” type of vegetation.

5.5 CONCLUSION

The detailed reconstruction of burned areas and the classification of the various types of
fires are fundamental to develop a robust database allowing accurate fire regime
characterization at scales meaningful for fire and land management. It is also essential to review
the process of assigning the causes of wildfires, especially those related to the use of fire to
renew pastures. E.g., season should be considered, because summer does not coincide with the
period traditionally selected for pastoral burning. Legal instruments should be guaranteed that
enable traditional communities to burn responsibly in autumn to spring, without the constraints
they are currently subjected to and that lead to the use of "proscribed fire" that sometimes
escapes and demands suppression action. In a time where fire management is increasingly
challenged by global change, traditional fire users should be actively engaged and their
knowledge taken advantage of rather than being marginalized by land management and
emergency response agencies [49], namely in southern Europe mountains where traditional fire
practices are deemed sophisticated [50].

Finally, it is important to acknowledge that eradicating fire from landscapes is not only
impossible, but it is also not desirable. Policies that advocate for total fire exclusion are actually
selecting for the largest and most damaging wildfires, instead of managing low-intensity fires
that fulfil land management goals and are part of sustainable ecosystems. Furthermore, the
current minimum expression of institutional (prescribed) fire is not suitable for the needs of
local communities. Given these compounded factors, it is the responsibility of decision-makers
with technical expertise or political functions to carefully consider which type of fire should be
maintained to conserve rural landscapes, reduce territorial vulnerability to climate change, and
minimize the associated risks.
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CAPITULO VI - UNRAVELING THE EFFECT OF FIRE
SEASONALITY ON FIRE-PREFERRED FUEL TYPES AND
DYNAMICS IN ALTO MINHO, PORTUGAL (2000-2018)

Abstract. Socio-demographic changes in recent decades and fire policies centered on fire
suppression have substantially diminished the ability to maintain low fuel loads at the landscape
scale in marginal lands. Currently, shepherds face many barriers to the use of fire for restoring
pastures in shrub-encroached communities. The restrictions imposed are based on the lack of
knowledge of their impacts on the landscape. We aim to contribute to this clarification.
Therefore, we used a dataset of burned areas in the Alto Minho region for seasonal and
unseasonal (pastoral) fires. We conducted statistical and spatial analyses to characterize the fire
regime (2001-2018), the distribution of fuel types and their dynamics, and the effects of fire on
such changes. Unseasonal fires are smaller and spread in different spatial contexts. Fuel types
characteristic of maritime pine and eucalypts are selected by seasonal fires and avoided by
unseasonal fires which, in turn, showed high preference for heterogeneous mosaics of
herbaceous and shrub vegetation. The area covered by fuel types of broadleaved and eucalypt
forest stands increased between 2000 and 2018 at the expense of the fuel type corresponding to
maritime pine stands. Results emphasize the role of seasonal fires and fire recurrence in these
changes, and the weak effect of unseasonal fires. An increase in the maritime pine fuel type
was observed only in areas burned by unseasonal fires, after excluding the areas overlapping
with seasonal fires.

Keywords: wildfires; fuel types; landscape; traditional use of fire; seasonality; fire regime;
fire recurrence

Resumen. Desvelando el efecto de la estacionalidad de los fuegos sobre los tipos de
combustible mas afectados y la dinamica de los fuegos en Alto Minho, Portugal (2000-2018)

Los cambios sociodemograficos de las ultimas décadas y las politicas contra incendios
centradas en su supresiéon han disminuido sustancialmente la capacidad de mantener bajas
cargas de combustible a escala de paisaje en las tierras marginales. En la actualidad, los pastores
se enfrentan a numerosas barreras a la hora de utilizar el fuego para restaurar los pastos en
comunidades afectadas por el matorral. Las restricciones impuestas se basan en el
desconocimiento de sus impactos en el paisaje. Nuestro objetivo es contribuir a este
esclarecimiento. Para ello, utilizamos un conjunto de datos de superficies quemadas en la region
del Alto Minho por incendios estacionales y no estacionales (pastoreo). Realizamos analisis
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estadisticos y espaciales para caracterizar el régimen de incendios (2001-2018), la distribucién
de los tipos de combustible y su dinamica, y los efectos del fuego en dichos cambios. Los
incendios no estacionales son méas pequefios y se propagan en diferentes contextos espaciales.
Los tipos de combustible caracteristicos del pino maritimo y los eucaliptos son seleccionados
por los incendios estacionales y evitados por los incendios no estacionales que, a su vez,
mostraron una alta preferencia por los mosaicos heterogéneos de vegetacion herbacea y
arbustiva. La superficie cubierta por los tipos de combustible de las masas forestales de
frondosas y eucaliptos aumentd entre 2000 y 2018 a costa del tipo de combustible
correspondiente a las masas de pino maritimo. Los resultados destacan el papel de los incendios
estacionales y la recurrencia de incendios en estos cambios, y el escaso efecto de los incendios
no estacionales. Solo se observo un aumento del tipo de combustible de pino maritimo en las
zonas quemadas por incendios no estacionales, tras excluir las zonas coincidentes con incendios
estacionales.

Palabras clave: incendios forestales; tipos de combustible; paisaje; uso tradicional del
fuego; estacionalidad; regimen de incendios; recurrencia de incendios

Resumo. Desvelando o efecto da estacionalidade dos lumes sobre os tipos de combustible
mais afectados e a dinamica dos lumes no Alto Minho, Portugal (2000-2018)

Os cambios sociodemograficos das ultimas décadas e as politicas contra incendios
centradas na sua supresion diminuiron substancialmente a capacidade de manter baixas cargas
de combustible a escala de paisaxe nas terras marxinais. Na actualidade, os pastores enfrontanse
a numerosas barreiras & hora de utilizar o lume para restaurar os pastos en comunidades
afectadas pola matogueira. As restricions impostas baséanse no descofiecemento dos seus
impactos na paisaxe. O noso obxectivo é contribuir a este esclarecemento. Para iso, utilizamos
un conxunto de datos de superficies queimadas na rexién do Alto Minho por incendios
estacionais e non estacionais (pastoreo). Realizamos analises estatisticas e espaciais para
caracterizar o réxime de incendios (2001-2018), a distribucidn dos tipos de combustible e a sta
dinamica, e os efectos do lume nos devanditos cambios. Os incendios non estacionais son mais
pequenos e propaganse en diferentes contextos espaciais. Os tipos de combustible
caracteristicos do pifieiro maritimo e os eucaliptos son seleccionados polos incendios
estacionais e evitados polos incendios non estacionais que, & sua vez, mostraron unha alta
preferencia polos mosaicos heteroxéneos de vexetacion herbacea e arbustiva. A superficie
cuberta polos tipos de combustible das masas forestais de frondosas e eucaliptos aumentou entre
2000 e 2018 & conta do tipo de combustible correspondente &s masas de pifieiro maritimo. Os
resultados destacan o papel dos incendios estacionais e a recorrencia de incendios nestes
cambios, e 0 escaso efecto dos incendios non estacionais. S6 observouse un aumento do tipo de
combustible de pifieiro maritimo nas zonas queimadas por incendios non estacionais, tras
excluir as zonas coincidentes con incendios estacionais.

Palabras chave: incendios forestais; tipos de combustible; paisaxe; uso tradicional do
lume; estacionalidade; réxime de incendios; recorrencia de incendios
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6.1 INTRODUCTION

Fire is an ecological process that has not only co-evolved with and shaped the structure and
composition of a wide range of ecosystems since the advent of land plants, but also played a
critical role in regulating vegetation feedbacks in atmospheric oxygen [1-4]. Although doubts
remain about the moment from which humans started to control and regularly use fire, there is
evidence that in Europe fire began to be used as a technological tool between 300,000 to
400,000 years ago [5,6]. However, Daniau et al. [7] did not find evidence of extensive use of
fire for managing ecosystems in western Europe until 10,000 years ago. According to Connor
et al. [8], changes in fire regime in the Iberian Peninsula started 7,500 years ago, but the most
pronounced fire-induced landscape changes only become evident from 5500-5000 cal. years
BP onwards, and have become more intense and persistent in the last two millennia. In the
Iberian regions, fire as a landscape management tool, was used by humans to expand pasture
areas and soils for cereal production [9-12], showing additional effects of increasing soil
fertility by recycling nutrients (ash-fertilization) and promoting healthy crops by controlling
soil pathogens [13].

Currently, in the Mediterranean region, about 95% of rural fires are of human origin
(negligence, accidents, or arson) [14]. In the cultural landscapes of the Iberian Peninsula,
natural fires represent a small fraction of the total number of fires larger than 0.01 ha [15]: 4.1%
in Spain and 1.1% in Portugal. Among the registered anthropogenic fire causes, 34.05% of the
ignitions in Portugal [16,17] and 35.96% in Spain [18] are closely related to land management
activities (accounting for 16.27% and 36.17% of the total registered burned area, respectively),
such as slash-pile and agricultural stubble burnings, and pastoral fires to improve or restore
grasslands. These rural fire-use practices emerged from ancestral practical knowledge of
landscape management [19] and are the result of cumulative and dynamic processes of learning
by practice, generational knowledge transfer and adaptation to changes over a long period [20].
Such cultural practices determine fire regimes at the local level and have contributed, since
ancient times, to landscape heterogeneity, and to ecosystems and biodiversity conservation [21-
23]. Fire, for the traditional pastoral communities of the Iberian Peninsula, continues to be a
critical tool for woody vegetation management and to promote and restore an herbaceous layer
rich in palatable species to livestock [24—27], as in other regions across the Mediterranean basin
[28-30].

However, European landscapes have been changing significantly in recent decades [31—
33]. In southern Europe, except for some regions where land use intensification was possible
or encouraged (e.g., [34]), the most frequent processes of land use change are related to
agricultural abandonment, decrease in livestock production and in forestry intensity [35-39].
De-intensification processes have often been identified as the factors driving changes in the fire
regimes in the Iberian Peninsula as they result in wildland fuels accumulation and connectivity
at the local (vertical) and landscape (horizontal) scales [40-43]. Contributing to this fuel
accumulation, the effect of fire exclusion policies is not insignificant, which is translated in the
scientific literature into a series of paradoxes [44-46]: ‘wildfire paradox’, “firefighting trap’,
and ‘safe development paradox’. In general, the system is a victim of its own success. By
managing to reduce the progression of ignitions that occur within meteorological thresholds
favorable to fire suppression and, in the absence of other landscape management mechanisms
that allow reducing the fuel load, it reduces pyrodiversity and increases the spatial connectivity
of fuels, creating conditions conducive for increasingly larger [47] and extreme fires, such the
ones observed in Southern Europe in last 6 years [48-52].
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Silvo-pastoral communities that traditionally use fire have been particularly affected by
these fire suppression policies [53]. The disruption of these cultural burnings, resulting from
the successive constraints or prohibitions inscribed in the legislation that converted the
traditional use of fire into "proscribed fires™ or "proscribed burnings”, has multiple effects that
contribute to the occurrence of more complex fires: a) it allows the encroachment of more
flammable fuels [54]; b) the marginalization of these cultural practices enhances the increase
of illegal burnings that are not properly monitored [55]; and c) although fire is considered as
“(...) an element of our farming culture”, as stated by Coutinho ([56], p. 35), the knowledge
that guided its correct use is progressively lost [57].

The landscape-fire interactions are very complex and in face of extreme fire weather
conditions, fire spread is not very sensitive to the types of land cover [58-60] and, therefore,
the role that these traditional fires play in maintaining a pyrodiverse mosaic in the landscape
cannot be overlooked. Moreover, the operationalization of the paradigm shift identified by
Moreira et al. [61], in the sense of measuring the effectiveness of fire management policies in
terms of damage and losses in socio-ecological systems instead of the annual variation in the
burned area, implies distinguishing the regimes and effects of different types of fires.
Considering that the resilience of individuals, populations and communities is determined by
the fire regime [62], and not by the simple presence of the disturbance factor, the above-
mentioned changes in fire regimes can catalyze dynamics in landscape structure and
composition [63,64].

The need to apply "let it burn" approaches and adaptive prescribed burns is growing and
urgent considering not only the most expected climate change scenarios [65], but also the
current and future landscape trajectories strongly driven by rural abandonment [66] and
respective effects in reducing the fire regulation capacity [43]. However, little is known about
the fire regime associated with the unseasonal fires, and what effects they have on landscape
and fuel dynamics. Fire seasonality is a critical component of the fire regime that, in cultural
landscapes, reflects the combined effects of human activity, the use of fire for landscape
management and local biophysical conditions, and whose understanding allows defining
effective strategies to reduce the prevalence of extreme fires during the fire season [67-69].

In this way, this paper intends to contribute to the consolidation of scientific knowledge
about the fire regime in an area of northwest mainland Portugal, Alto Minho, where the
traditional use of fire still has a strong presence, the fuel types affected by seasonal and
unseasonal fires, and their role in fuel types’ changes. To accomplish the overall objective, we
compared the burned areas between 2001 and 2018 by seasonal (summer fires) and unseasonal
fires to assess variability in: a) fire metrics and regime sensu stricto (following Krebs et al.
[70]definition); b) the types of fuels affected through the Jacobs’ Index [71]; and c) the
dynamics between fuel types in the period considered using transition matrices and applying
logistic regression.
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6.2 MATERIALS AND METHODS
6.2.1 Study area

The study area is located in the extreme northwest of mainland Portugal, comprising the
entire sub-region of Alto Minho (NUTS I1I level) and covering 10 municipalities (221,884
hectares; Figure 1).
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Figure 1. Geographical context of the study area, Alto Minho: a) Location of the study region in

western Europe; b) Administrative regions of mainland Portugal (NUTS II); c) Distribution of the

limits of the municipalities in the study region. Source: Official Administrative Map of Portugal,
Direcdo-Geral do Territério - DGT 2020.

The study region is predominantly mountainous, and the average altitudes exceed 400 m,
attaining elevations higher than 1000 m, except in the coastal area and the floodplain of the
main valleys of the Minho and Lima rivers [72]. According to the Intermunicipal Plan for
Adaptation to Climate Change [73], the annual mean temperatures vary between 14°C and 16°C
in most of the region but can be substantially lower at higher elevations (< 9.5°C). The mean
annual rainfall is above 1100 mm, but the distribution of precipitation shows high variability
between the coastal strip and the most continental and mountainous areas of the study region,
reaching in the latter values between 2400 and 2800 mm [73]. The dominant soils are Regosols
(51.6%), followed by Anthrosols (24.1%) and Leptosols associated with rocky outcrops
(13.8%) [74]. Regosols and Leptosols are poorly developed soils and are common in mountain
areas and Anthrosols are highly modified soils through long-term human land use [75].

The cultural landscapes of Alto Minho, as other rural areas of the Iberian Peninsula, were
the result of a long process of deforestation that began in the Neolithic for establishing
agricultural areas for cereal production and pastures for livestock [76,77]. Agricultural
expansion reached its peak at the beginning of the 20" century (according to the 1910
agricultural and forestry map, arable crops covered 33.2% of the study region), resulting from
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the cereal protectionist policies (“‘Hunger Law’ between 1889 and 1914 and ‘Wheat Campaign’
between 1928 and 1938) that started in the second half of the 19" century [78,79]. In the middle
of the 20" century, afforestation of common lands with maritime pine (Pinus pinaster) was
intensified (the common lands currently cover 37.8% of the study region), as a response of
public policies to soil degradation in marginal areas [80]. Afforestation of common lands, that
were critical to mountain agriculture and livestock production in the multifunctional landscapes
of Alto Minho, was imposed by the state forest service [81] and implied grazing and fire
exclusion [82]. Currently, shrubland and forest stands dominate the Alto Minho landscapes,
covering ~72% of the study region, followed by agriculture, ~18% [83].

The biophysical characteristics of the Alto Minho region and public policies with an impact
on rural landscapes management determined not only the spatial pattern of land cover types but
also the land systems and respective temporal dynamics, in close connection with the fire
regime. Fire was the preferred instrument in the land systems that shaped these landscapes over
time, having been used for multiple functions within an ancestral agro-silvo-pastoral system
that defines the territories of northwest Iberia [84].

6.2.2 Burned area maps

We used the dataset of burned areas in Alto Minho between 2001 and 2018 produced by
Oliveira and Fernandes [85]. The burned areas were obtained from images captured by the
Landsat 5 (TM), Landsat 7 (ETM+), Landsat 8 (Operational Land Imager - OLI) and Sentinel-
2 (Multispectral Instrument — MSI) satellites. These images (about 400) were extracted and pre-
processed from the Semi-Automatic Classification Plugin (SCP) application developed by
Congedo [86] for the QGIS software [87]. Oliveira and Fernandes [85] selected images without
clouds or with a minimum cloud cover, to cover the maximum number of months of each year,
allowing the identification of seasonal patterns in the burned areas in Alto Minho. The authors
produced false-color RGB compositions and the Normalized Burn Ratio [88] and edited the
burned areas manually and supervised, with the support of auxiliary data, such as high-
resolution orthophotos, to avoid errors resulting from the other types of land cover changes that
could compromise the final results [89,90]. The resulting burned areas, with a minimum map
unit of 0.04 ha for burned areas mapped through Sentinel-2 images and of 0.4 ha for burned
areas mapped through Landsat images, were classified according to the period in which they
occurred, whether in the “fire season”, i.e. during the summer months, or “non-fire season”, for
fires that spread during the period between autumn and spring. To establish this classification,
Oliveira and Fernandes [85] used the national rural fire database (from the Portuguese Institute
for Nature Conservation and Forests), which brings together a set of relevant data such as the
date the fire started and pairs of coordinates with its location, and also the hotspots from the
MODIS and VIIRS sensors, available since November 2000 and since January 2012,
respectively, and obtained through the NASA's Fire Information for Resource Management
System (FIRMS) web archive (https://firms.modaps.eosdis.nasa.gov/).

6.2.3 Spatial distribution of fuel models

We used the fuel types based on the fuel models of Fernandes et al. [91], built by combining
published and field inventories data and also from the National Forest Inventory [92] that
describes the composition and vertical structure of vegetation. The fuel types are divided into
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three groups based on the structure and relative importance of the different components of the
fuel complexes in fire behavior (Table 1, where only the fuel types identified in the study region
are listed): i) litter (F), referring to forest stands in which fire behavior is dominated by the litter
layer; ii) litter and understory vegetation (M), referring to forest stands in which fire behavior
results from the combined effect of litter and understory layers; iii) and other vegetation (V),
which involves plant communities, with or without a tree canopy, in which fire behavior is
determined by the shrub or herbaceous layers.

Table 1. Fuel types identified in the study region according with the classification of Fernandes et al. [91],
respective distribution in 2000 and 2018 (%), and percentage change (%C)

- % area in % area in 0
Fuel types Short description of the fuel types 2000 2018 %C

Short-needle conifers (Pseudotsuga, Cedrus, Cupressus,

F-RAC Pinus sylvestris, P. nigra) (litter) 0.75 0.62 -17.84
: Medium-long needle pines (P. pinaster, P. pinea, P.
F-PIN halepensis, P. radiata) (litter) 0.01 0.01 12.34
F-FOL Broadleaved forest stands (litter) 6.64 8.05 21.21
M-PIN Medium-long needle pines (litter + understory 19.36 15.33 20.85
vegetation)
M-EUC Eucalyptus stands (litter + understory vegetation) 7.71 12.01 55.60

Broadleaved forest stands, including marcescent and
M-CAD deciduous oaks and Castanea sativa (litter + understory 6.14 6.38 3.87
vegetation)

Sclerophyllous hardwood stands (cork oak, holm oak,

M-ESC strawberry tree) (litter + understory vegetation) <0.01 <0.01 -50.05
V-MAa Tall shrublands (> 1 m) (heather, gorse) 28.36 26.38 -7.05
V-MMb Short shrublands (< 1 m) (cistus, broom) 2.29 2.08 -9.49
V-Hb Short herbs, including agricultural areas 17.63 16.70 -5.35
V-Ha Tall herbs 0.36 <0.01 -98.61
V-MH Mosaics of young shrublands and herbs 2.38 2.38 -0.10

Areas without vegetation covered 10.07% and 19.99% of the area of the study region in 2000 and 2018, respectively.

The combination of structural and vegetation type criteria that defines the fuel types of
Fernandes et al. [91] allows its easy recognition in the field as well as its association with land
cover classes. Therefore, the construction of the fuel types maps referring to the years 2000 and
2018 was based on the official Land Cover Maps produced by the Portuguese General
Directorate of the Territory at 1:25,000 scale. This map series has thematic, spatial and temporal
consistency allowing comparative analyzes between different periods [93,94], including Land
Cover Maps for the years 1995, 2007, 2010, 2015 and 2018. The classification system,
comprising 83 thematic classes, allows establishing the relationships between these and the fuel
types based on their generic description included in Table 1. This relationship was established
directly for the 2018 land cover map (FC2018), but for the starting point of our fire data series
we do not have the same temporal congruency. To build the fuel map in 2000 (FC2000), we
established the relationships between land cover classes and fuel types for the years 1995 and
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2007 (FC1995 and FC2007, respectively) following the same procedure used to define the
FC2018. We then carried out a bi-temporal analysis combining FC1995 and FC2007 to extract
patches that showed changes in fuel types over that period to reclassify in accordance with the
procedure set out below. We used the land cover data from CORINE Land Cover 2000
(CLC2000) [95,96], at 1:100,000 scale and 44 thematic classes, as auxiliary data to identify
divergences and convergences in the land cover classes between 1995 and 2000. The lower
thematic and geometric resolution of the CLC2000 does not allow its direct use for comparison
with the layers mentioned in the previous paragraphs, but it proved to be useful in adjusting the
land cover classes to the year 2000 of the patches that showed changes between 1995 and 2007.
We assumed that divergences between the FC1995 and CLC2000 patch classes were indicative
of changes occurring between 1995 and 2000, implying the attribution of the 2007 fuel type to
these ones, and that their convergence was indicative that changes would have occurred
between 2000 and 2007, keeping the 1995 fuel type in these cases.

6.2.4 Data analysis

All statistical analyzes were performed using R software [97]. We analyzed the annual
distribution of fire patches and burned area. In addition to annual global values, we also
evaluated their distribution in the fire season and non-fire season. We extracted the main
descriptive statistics (e.g., mean, coefficient of variation) and tested the time series for temporal
trends through the R package funtimes [98]. We inspected the existence of linear and monotonic
trends by enhanced versions of the t-test [99] and Mann-Kendall test [100] through sieve
bootstrap approaches for time series [101,102]. The Mann-Kendall tau and t-values were
extracted, and respective significance, and also the coefficient p of the autoregressive model
(AR(p)) obtained through the robust difference-based estimator proposed by Hall and van
Keleigom [103].

Violin plots [104] built through the R software package ggplot2 [105] were used to
compare the distribution of fire sizes of individual fires occurred during and outside the fire
season, and differences between the distributions were tested through the Mann-Whitney U test
[106]. Raincloud plots [107] were also produced to analyze the distribution of burned area and
number of fire patches by fire size classes considering all events, and also those that occur
during and outside the fire season. To build the raincloud plots, the following R software
packages were used: ggplot2 [105], tidyverse [108], tidyquant [109], ggdist [110] and ggthemes
[111]. We fitted the Weibull distribution [112] using the mean intervals between successive
fires from the recurrence maps (censored plus complete intervals), to assess fuel-age
dependency [113,114], using the R software package fitdistrplus [115]. We fitted the
parameters b, representing the fire intervals that will not be exceeded 63.2% of the time, and c,
which describes the change in burn probability through time.

Fire preference or avoidance was assessed through the Jacobs Index [71], considering all
burned areas, and also the affected areas by seasonal and unseasonal fires (total and excluding
the overlapped areas between the burned areas during and outside the fire season). The spatial
overlay of the fuel type maps (FC2000 and FC2018), and of these with the burned areas layers
(2001-2018) allowed the identification of the incidence of the fire season and non-seasonal fires
in the different fuel complexes and to quantify the contribution of these fires to the fuel types
changes observed in the Alto Minho landscapes. Sankey diagrams were suggested by Cuba
[116] to compare categorical maps and to identify and represent the main flows between land
cover classes. We have computed the Sankey diagrams showing changes across the study
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region, and also for the burned areas by seasonal and non-seasonal fires, through the R software
packages raster [117], networkD3 [118] and dplyr [119,120]. Additionally, cross-tabulation
matrices (provided in the Supplementary Material) were constructed to improve the description
of the observed changes. We also carried out a logistic regression [121] to determine the role
of different fire (recurrence, fire size, seasonality) and landscape (composition of the patch in
2000, patch area) metrics to assess the effects of fire on fuel types changes. In this analysis we
focused on the transitions involving the typical fuel types of forest stands with higher
representativity in the study region (F-RAC, F-FOL, M-CAD, M-EUC, M-PIN, see Table 1 for
a general description of each one). F-FOL fuel type was established as reference category. The
transitions from the mentioned models were all considered and classified as 1 (n=7267) and the
areas that showed stability as 0 (n=7221), the latter being randomly distributed by burned and
unburned areas, conditioning the distribution of two points in the same patch. In the group of
independent variables, in addition to the tree species already mentioned, we considered patch
size of pre-fire fuel types (FC2000ps), since smaller fragments may be more prone to change.
Regarding fire metrics, we considered fire recurrence (FIRErec), fire seasonality (FIREss for fire-
season fires and FIREnss for non-seasonal fires), and the size of the largest fire that affected each
burned patch (FIREsif). We used the R software package rcompanion [122] to compute the
Efron, McFadden, Cox and Snell and Nagelkerke/Cragg and Ubler pseudo-R? measures [123—
125] to assess the performance of the model.
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6.3 RESULTS
6.3.1 Fire regime in Alto Minho

The dataset of burned areas developed by Oliveira and Fernandes [85] contains 10,784
perimeters in the period between 2001 and 2018, representing a cumulative area of 211,942.44
ha.
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Figure 2. Annual distribution of the fire patches a) and the burned area b). The yellow dots represent the
percentage of the fire patches and the burned area by non-seasonal fires. NP-BA: total number of fire
patches; FS-NP: number of patches of seasonal fires; NFS-NP: number of patches of non-seasonal fires; T-
BA: burned area by all fires; FS-BA: burned area by seasonal fires; NFS-BA: burned area by non-seasonal
fires

113 | 224



EMANUEL RENATO SOUSA DE OLIVEIRA

However, only 23.5% of the identified polygons belong to fires that started in the fire
season, but which represent 61.8% of the burned area. The mean annual burned area is
11,774.58 ha, and the mean annual number of fire patches is 599. The annual variability in both
indicators (Figure 2) is high, with coefficients of variation of 54.39% and 78.64%, for the
number of fire patches and burned area, respectively. The number of seasonal fire patches
exceeded those of non-seasonal fires only in the exceptional years of 2003 and 2010 (Figure
2a). The area burned by non-seasonal fires is higher than the area burned by seasonal fires in
61.1% of the years, but only in those that have an annual area burned below the annual mean
value (Figure 2b).

All the trend tests carried out allowed to eliminate the ‘no trend’ null hypothesis (Table 2).
However, the p-values of the tests are high and, therefore, the evidence is not robust enough to
reject the hypothesis of no trend. The coefficients of the autoregressive model, all with a value
of 0, suggesting purely random processes, not capturing any type of trend in the annual
distribution of our fire data (Table 2).

Table 2. Statistics obtained through the Mann-Kendall's test and Student's t-test enhanced by Sieve-bootstrap
procedures for monotonic and linear trends, respectively.

Sieve-bootstrap Mann-Kendall's test Sieve-bootstrap Student's t-test
MK tau p-value HO: no trend ARp  t-value p-value HO: no trend AR p
T-NP 0.11 0.51 Rejected 0 1.05 0.32 Rejected 0
T-BA 0.03 1.00 Rejected 0 0.06 0.96 Rejected 0
FS-NP -0.07 0.75 Rejected 0 -0.49 0.63 Rejected 0
FS-BA -0.14 0.44 Rejected 0 -0.22 0.83 Rejected 0
NFS-NP 0.23 0.20 Rejected 0 1.41 0.18 Rejected 0
NFS-BA 0.12 0.51 Rejected 0 1.04 0.33 Rejected 0

T-NP: total number of fire patches; FS-NP: number of patches of seasonal fires; NFS-NP: number of patches of non-seasonal
fires; T-BA: burned area by all fires; FS-BA: burned area by seasonal fires; NFS-BA: burned area by non-seasonal fires.

Approximately 45.6% of the study region burned at least once between 2001 and 2018.
The difference between the accumulated value (211,942.4 ha) and the surface effectively
burned (110,735.3 ha) shows the relevance of fire recurrence in certain locations (Figure 3a).
Of the total burned area, 39.8% burned once, 29.7% burned twice, and 30.5% burned three or
more times between 2001 and 2018. The fires that occurred in the fire season affected 35.7%
of the study region, representing 78.3% of the total burned area. Approximately 16.0% of the
area affected by fire-season fires burned three or more times, 27.7% twice, and 56.3% only
once (Figure 3b). Fires spreading outside the fire season affected a smaller area, about 23.22%
of the study region representing 50.9% of the total area burned between 2001 and 2018.
Recurrence is also lower when compared to fire-season fires, considering that only 14.0%
burned three or more times (23.4% burned twice, and 62.6% only once) (Figure 3c). There is
still a relevant aspect to point out, since the burned area by seasonal and unseasonal fires
intersect in 29.2% (29,555.9 ha) of the total burned area, that may lead with potential
confounding effects of their individual impacts.
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Figure 3. Spatial distribution of fire recurrence between 2001 and 2018 considering all fires (a), and the areas
burned during the fire season (b) and outside the fire season (c)

The Weibull distribution fit allowed estimating the parameters b and ¢, which correspond
to the scale and shape of the distribution, respectively. For the complete dataset of fires, the
estimated value of the parameter b was 12.9 (6,=0.02), for unseasonal fires was 15.4 (5,=0.55)
and for fire season fires is 15.0 (0,=0.55). The dimensionless parameter c, which defines the
shape of the distribution, is always higher than 1 and, therefore, indicating that fire hazard
increases over time and is fuel-age dependent: 2.20 for all fires (,=0.01), 2.90 for non-seasonal
fires (0,=0.26), and 2.83 for the fire-season events (0,=0.24).

The distribution of individual fire sizes during and outside the fire-season (Figure 4) shows
relevant differences, in particular the lowest fire size of non-seasonal fires and the higher
flattening of the base of its violin plot which highlights a lower probability of large fires, and
the lower fire size of the outliers (larger fires). The Mann-Whitney U Test performed indicates
that the distributions are statistically different (U = 9101548, p-value < 2.2e'19).
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Figure 4. Violin plots with the distribution of fire size by individual fires between 2001 and
2018 during the fire season (FS) and outside the fire season (NFS) (burned area by individual
fires is represented in log scale on the y-axis)

According with the distribution of fire patches and area burned by fire size class (Figure
5a) the fire patches smaller than 10 ha represent ~75% of the total fire patches, but their
contribution to the burned area is less than ~15%. Larger fire patches (> 100 ha) represent less
than 5% of the total, but their contribution to burned area shows high variability, and may
exceed 75%. However, the same analysis conducted on the seasonally disaggregated data shows
differences between the two distributions, mainly in the fire patches higher than 10 ha and in
their contribution to the burned area. While the number of fire patches decreases with increasing
fire size in both distributions, their contribution to the burned area is completely different:
during the fire-season increases with fire size (Figure 5b) and outside the fire-season decreases
with fire size (Figure 5¢).
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Figure 5. Raincloud plots showing the distribution of fire patches and burned area by fire size classes
considering the total number of events (a), the fire-season fires (b) and the non-seasonal fires (c)

6.3.2 Changes in fuel models between 2000 and 2018

The fuel type maps (Figure 6a,b) allowed comparing their dynamics between 2000 and
2018 in the Alto Minho region (Table 1). In 2000, the 3 dominant fuel types covered 65.4% of
the study region: tall shrublands (V-MAa; 28.4%), fuel complexes including litter and woody
understory in forest stands of medium-long needle pines (M-PIN; 19.4%) and short grasslands
or pastures (V-Hb; 17.6%). Between 2000 and 2018 there was a considerable reduction (-
20.9%) in the area covered by the M-PIN type, essentially dominated by maritime pine. V-MAa
and V-Hb fuel types also lost area, showing smaller percentage decreases than M-PIN, but still
-7.1% and -5.4%, respectively. In the opposite direction, we observed considerable increases in
2018 referring to fuel types typical of eucalyptus (M-EUC) and broadleaved (F-FOL) forest
stands, with percentage increases of 55.6% and 21.1%, respectively.
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Figure 3. Spatial distribution of fuel types in 2000 (a) and in 2018 (b), and changes between 2000 and 2018 (c).

The spatial distribution of changes in fuel types is showed in the Figure 6¢. We detected
changes in 25,695.02 ha of the study region (11.58% of the total area) between 2000 and 2018.
The Sankey diagram of Figure 7 shows the main flows between fuel types, in which the
thickness of the lines is shown proportionally to the flow quantity.
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Figure 4. Sankey diagram showing the main flows between 2000 and 2018 in the fuel types in the study region
(see Table 1 for a briefly description of the fuel types).
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An analysis of the diagram clearly highlights the increase in typical fuels of eucalyptus
forest stands (M-EUC) because of the loss of fuel types related to maritime pine stands (M-
PIN), flowing 7644.7 ha from M-PIN to M-EUC (see cross-tabulation matrices in
Supplementary Material), corresponding to 17.8% of M-PIN area in 2000. The fuel type M-
PIN still lost considerable areas that flowed to shrubland fuel types (V-MAa), and to fuels of
broadleaved forest stands (F-FOL), giving to these fuel types 1374.6 ha and 1100.0 ha,
respectively. Of the most representative fuel types in the study region, V-MAa also presents
some dynamics having flowed to M-PIN about 2524.2 ha (4.0%), and 1833.2 to M-EUC (2.9%)
and 1039.9 ha to F-FOL (1.7%).

It should also be noted the sharp increase of typical fuel types of broadleaved forests (F-
FOL) which, in addition to the area transferred by the aforementioned M-PIN and V-MAa fuel
types, also gained area (963.9 ha) from V-Hb (short grassland communities).

6.3.3 Fires and fuels in Alto Minho: identifying ‘winners’ and ‘losers’

Between 2001 and 2018, more than half of the burned area (52.8%) in Alto Minho resulted
from fires that spread on tall shrublands and post-fire pine regeneration (V-MAa), followed by
maritime pine (M-PIN; 20.0%) and eucalyptus forest stands (M-EUC; 11.7%). The Jacobs
index D shows that fuel types V-Hb and V-MMb are strongly avoided by fire (D=-0.9 and D=-
0.7, respectively), and fuel types F-FOL and M-CAD are only moderately avoided (D=-0.3 and
D=-0.1, respectively), while fuel types M-EUC and V-MH are moderately preferred by fire
(D=0.2) and V-MAa is strongly fire-selected (D=0.5) (Table 3). Although the M-PIN burned
in proportion to its availability in the landscape (D-value near 0), its vulnerability to fire is high.
About 32.5% of the burned M-PIN changed to another fuel type, representing more than half
of all observed changes in fire-affected landscapes (see Table A2 in Supplementary Material).
M-PIN present the most significant negative balance in the burned area (-4934.2 ha), having
lost area to M-EUC (-4462.7 ha) and to V-MAa (-1285.9 ha). V-MAa is, in turn, another of the
most significant losers in fire-affected areas, showing a negative balance of -2646.6 ha. The
typical fuel types of eucalypts (M-EUC) and broadleaved (F-FOL) forest stands were the ones
that gained the most area in the fire-affected landscapes, with positive balances of 6035.3 ha
and 1160.1 ha, respectively. In addition to the area gained from the M-PIN fuel type, M-EUC
also received 1522.1 ha from the V-MAa. In turn, the F-FOL type gained area from V-MAa
(712.0 ha) and M-PIN (440.5 ha) fuel types (see cross-tabulation matrices in Supplementary
Material). In general, the balance between gains and losses that determine the 'winners' and
'losers' is similar to what was described in the previous section.
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Table 3. Fire selectivity for fuel types through the Jacobs Index.

Jacobs Index

Fuel types TBA FStea NFStsa FStsaNNFStsa FSo NFS,
F-FOL -0.25 -0.22 -0.40 -0.44 -0.12 -0.35
F-PIN -0.43 -0.33 -1.00 -1.00 -0.11 -1.00
F-RAC 0.08 0.11 -0.06 -0.11 0.20 -0.01
M-CAD -0.10 -0.15 -0.20 -0.46 -0.01 0.05
M-ESC 0.04 0.17 0.22 0.46 -0.24 -1.00
M-EUC 0.22 0.32 -0.07 0.09 0.41 -0.37
M-PIN 0.02 0.05 -0.18 -0.23 0.18 -0.12
V-MAa 0.48 0.45 0.65 0.71 0.25 0.56
V-MMb -0.74 -0.75 -0.81 -0.89 -0.68 -0.72
V-MH 0.19 -0.04 0.29 -0.29 0.07 0.57
V-Ha -0.61 -0.65 -0.62 -0.75 -0.59 -0.48
V-Hb -0.89 -0.92 -0.89 -0.98 -0.88 -0.78

NF -0.92 -0.92 -0.95 -0.96 -0.89 -0.94

TBA: Total burned area; FSwa: fire-season burned area; NFSwa: unseasonal burned area; FSo: fire-season burned area only
(excluding the overlapped area between FSwa and NFSwa); NFSo: unseasonal burned area only (excluding the overlapped area
between FSiea and NFStea)

We have found, however, differences, both in the affected area and in the flow between
fuel types when we separate the fires according to the period in which they occurred, as can be
observed in Figures 8 and 9 (and Tables A3 and A4 in Supplementary Material). The
distribution of the fire-season burned area by fuel types is similar to that determined through
the analysis conducted on the global burned areas. Around 51.3% of the fire-season burned area
was covered by V-MAa, 21.1% by M-PIN and 13.9% by M-EUC. However, in this case the V-
MH fuel type is not preferred by fire, as above mentioned, being proportionally affected in
relation to its availability in the study region (D-value near 0), such as M-PIN. Regarding the
fuel types affected by unseasonal fires, about 65.2% of their area was covered by shrublands in
2000, represented by the V-MAa fuel type, while the percentage of area of fuel types M-PIN
and M-EUC is lower (14.3% and 6.7%, respectively) than the one observed for the fires
occurred during the fire-season. Regarding the Jacobs Index, the major differences, when
compared with the results obtained for the area affected by fires during the fire-season, are in
the fuel types M-PIN and M-EUC, which are moderately avoided by these fires (D=-0.2 and
D=-0.1), and in the V-MH fuel type which is moderately selected by fire (D=0.3) (Table 3).

By removing the effect of the area that was cumulatively affected by seasonal and
unseasonal fires (29.2% of the total burned area), the ranking of fuel types affected by seasonal
fires did not change substantially, but the percentages between the three types of most affected
fuel became more balanced. In this way, and considering the area affected by fire-season fires
only, about 40.0% was covered by V-MAa, 25.8% by M-PIN and 16.8% by M-EUC. Estimates
in areas affected by unseasonal fires only showed larger differences, dominating areas covered
by V-MAa (58.4%), followed by M-PIN (15.9%), V-MH (8.1%), and M-CAD (6.7 %).
According to the Jacobs Index, while M-EUC and M-PIN are moderately selected by fire during
the fire season (D=0.4 and D=0.2, respectively), they are moderately avoided outside this period
(D=-0.4 and D=-0.1, respectively). M-CAD burns proportionally to its availability during the
fire-season (D-value near 0), while it is moderately selected by unseasonal fires. In turn, V-MH
is moderately selected by fire-season fires, and strongly selected by unseasonal fires (D=0.6)
(Table 3).

Regarding the total area burned during the fire season, about 24.3% (4066.1 ha) of the M-
PIN affected by these fires changed to M-EUC (Figure 8), which in turn also gained 3.5%
(1412.2 ha) of the V-MAa burned area. M-EUC is the main ‘winner’ in the burned areas
resulting from fire-season fires, showing an increase of 5697.0 ha (overall balance of 5523.5
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ha). F-FOL also present a significant positive balance of 933.8 ha, gaining 571.8 ha from V-
MAa and 376.6 ha to M-PIN. V-MAa also gained 1235.2 ha from M-PIN, but lost 1412.2 ha to
M-EUC, and showed a negative balance of -1723.3 ha. However, the main ‘loser’ during the
fire-season is M-PIN, showing a negative balance of -4998.4 ha (58.8% of the overall losses in
the fuel types affected by fire-season fires).
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Figure 5. Sankey diagram showing the main flows between 2000 and 2018 in the fuel types affected by fires
during the fire season (see Table 1 for a briefly description of the fuel types).

Concerning all the area affected by the non-seasonal fires, the results showed a similar
pattern (Figure 9), highlighting the same 'winners' and 'losers', but exhibiting much less
pronounced balances between gains and losses: M-EUC: +1622.3 ha; F-FOL: +409.2 ha; M-
PIN: -1094.4 ha; V-MAa: -1101.2 ha). However, removing the areas that represent the
cumulative effect of fires that occurred in both periods (see Table A5 in Supplementary
Material), differences between them are highlighted. While M-PIN losses represent 59.0% of
all losses in fuel types mapped in 2000 in the affected areas during the fire season, the
unseasonal fires exert more expressive successional dynamics in the fuel type V-MAa, which
represents 57.7% of all losses in this period. The ‘winners' and 'losers' remain the same in the
areas affected during the fire-season, highlighting positive balances in fuel types M-EUC
(+4412.9 ha) and F-FOL (+750.9 ha), and negative balances in fuel types M-PIN (-3839.8 ha)
and V-MAa (-1545.4 ha) (see Table A6 in Supplementary Material). However, in the areas
affected by unseasonal fires, the only relevant 'loser' is V-MAa (-923.3 ha), showing positive
balances in M-EUC (+511.7 ha), F-FOL (226.3 ha), and also in M-PIN (+64.2 ha) (see Table
AT in Supplementary Material). The cumulative effect between areas burned by seasonal and
unseasonal events is relevant and contrary to most fuel type transitions, part of the M-PIN losses
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in these burned areas by unseasonal fires overlap burned areas during the fire-season, and thus
only 416,4 ha are exclusive of the non-seasonal fires, which were compensated by gains of
636.5 ha.
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Figure 6. Sankey diagram showing the main flows between 2000 and 2018 in the fuel types affected by non-
seasonal fires (see Table 1 for a briefly description of the fuel types).

Figure 10 represents the percentage of the area covered by each fuel type that changed in
burned areas (total, seasonal and unseasonal) as a function of their overall losses (transitions to
other fuel types) in the study region.
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Figure 7. Contribution of the seasonal and non-seasonal fires to changes in fuel types in the burned
areas between 2000 and 2018 in Alto Minho.
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Approximately 64.8%, 55.4% and 5.3% of the areas that changed in the three fuel types
with the highest losses in absolute terms (V-MAa, M-PIN and V-Hb, respectively) were
affected by fires between 2001 and 2018. While most of the V-MAa transitions seem to be
driven by fire, any changes that occur in communities typical of early stages of ecological
succession, such as V-Hb (short grasslands), to other fuel types result from the prolonged
absence of disturbance factors. In the case of M-PIN, the contribution of fire to the distribution
of areas that changed to other fuel types is very relevant, but it reveals the existence of other
factors explaining its overall loss in the study region. Figure 10 also highlights that the
contribution of unseasonal fires to fuel type transitions is much lower than that observed in
areas burned during the fire-season, except for the V-MH fuel type, which represents mosaics
of herbaceous and scattered low shrubs, characteristic of recently burned areas.

The results obtained through logistic regression (Table 4) help clarify the effect of different
fires on fuel types changes. Pseudo-R?s values are not too high because we only wanted to
assess the effects of fire and pre-fire fuel types on fuel types transitions, excluding the effects
of other drivers that boost changes in vegetation structure and composition. Of all variables,
only FIRExss was not statistically significant (z-value <2; p-value = 0.35), evidencing its low
contribution in the transitions between fuel types affected by fire. According to the logistic
regression results, fires that spread in the fire-season (FIREs) and higher fire recurrence
(FIREr) are critical in explaining the transitions observed in the study region. FIREs and
FIRErc multiply by 1.75 and 1.62 (odds ratios), respectively, the probability of observing
transitions in fuel types, when compared to other areas. Despite the statistical significance, the
contribution of fire size (FIRExsy) to the distribution of transitions is low. Considering the effect
of the fuel types affected by fires, it is relevant to highlight the weaker level of statistical
significance of M-CAD when compared to the ones obtained for the remaining variables.
Considering that these are moderately selected by unseasonal fires, and moderately avoided by
fire-season fires, it is expected that the transition probability or its contribution to the
distribution of transitions is not very effective. The results highlight the higher probability of
post-fire transition in fuel types characteristic of forest stands dominated by conifers (M-PIN
and F-RAC). These values substantially reinforce the 'loser' character of the M-PIN highlighted
in the previous analyses and its higher vulnerability to fires. In contrast, the transition
probability is reduced by 41.1% when the fuel type affected by fire is M-EUC, the most
prominent ‘winner' among the forest stands in the previous analyses (the same can be applied
to F-FOL fuel type, which was established as reference category in the logistic regression). We
did not find a relevant effect of the patch size of forest stands on the probability of transitioning
to other fuel types after fire.
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Table 4. Results from the logistic regression to assess the factors explaining transitions between fuel types
between 2000 and 2018

Estimate Std. Error z-value p-value
Intercept -2.25 0.06 -36.86 <0.001
FIRE ec 0.48 0.04 10.64  <0.001
FIREss 0.56 0.08 7.18  <0.001
FIREnfs 0.06 0.07 0.92 0.35
FIREssis 0.00 0.00 -5.29  <0.001
FC2000krac 1.72 0.12 14.59  <0.001
FC2000wu-cap 0.19 0.08 2.31 0.02
FC2000y-£uc -0.53 0.08 -6.39  <0.001
FC2000u.pin 2.70 0.06 41.66  <0.001
FC2000ps 0.00 0.00 5.57 <0.001
Efron’s pseudo-R? 0.42
McFadden pseudo-R? 0.34
Cox and Snell pseudo-R? 0.37
Nagelkerke pseudo R? 0.50
Null deviance 20084 (14487 d.f.)
Residual deviance 13314 (14478 d.f.)
AlC 13334

FIREre: fire recurrence; FIREss: fire-season fires; FIREqss: unseasonal fires; FIREss: fire size of the largest fire that
affected each burned patch; FC2000rrac: area covered by fuel type F-RAC in 2000; FC2000y-cap: area covered by
fuel type M-CAD in 2000; FC2000w-euc: area covered by fuel type M-EUC in 2000; FC2000u-piv: area covered by fuel
type M-PIN in 2000; FC2000ps: patch size of pre-fire fuel types

6.4 DISCUSSION
6.4.1 Fire Regime

Alto Minho is one of the European regions with the highest number and recurrence of rural
fires [84,114,126,127]. However, our results show high annual variability both in burned area
and fire patches. Fire-weather is the main factor in explaining the annual variability of burned
area in mainland Portugal [128] and the determining fire-driver in fire-prone areas with high
primary productivity, such our study region, and drought-driven fire regimes [40,129]. Both the
number of unseasonal fires and their burned area exceed, in most years, the observed values of
seasonal fires. However, this fact only occurs in years with burned area below the annual
average for the period considered. This observation was used by Barreiro & Rodrigues [130] to
state that the empowerment of traditional communities allowing them to use fire for landscape
management must be eradicated to avoid the costs of wildfires. However, disconnecting the
percentage distribution from the absolute variation in a wider universe of years generates
erroneous conclusions, as the one stated by the authors, and motivates policy options that not
only will have detrimental impacts on the fire regime, but may in the medium-term lead to
opposite effect, contributing to the fuel accumulation and increasing the probability of large
and/or extreme fires. The fire return period is between 13 and 15 years, and is similar to those
obtained by other authors [113,114,131] using different timeframes and fire data. The results
achieved through the Weibull parameter estimation also pointed out that fire hazard increases
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over time and is fuel-age dependent [113,114]. Fire size increased with high fuel connectivity
and low pyrodiversity [47], and exclude unseasonal fires from the landscape will contribute to
fuel buildup and increase spatial homogeneity of the wildland fuels, as observed elsewhere
[132-134]. Less heterogeneous cultural landscapes due to the disruption of cultural burnings
leads to the encroachment of more flammable fuels [13,135,136], mainly where fire supporting
cultural practices has been banned. The distinctive character of the land mosaics of the cultural
landscapes of the Alto Minho region is gradually changing, with the exception of the mountain
areas where ancestral agro-silvopastoral practices are still maintained. This is indicative not
only of the importance that fire as a management tool still has in the region [131], considering
also the lower potential damage caused by these unseasonal fires, when compared with fires
spreading during the fire-season, which is supported by the positive relation between fire size
and high fire severity established by Fernandez-Guisuraga et al. [137].

The distribution of fire patches and area burned by fire size classes shows a typical pattern
already observed and discussed in other geographical contexts [138-140]. Most of the fire
affected area (in some years may exceed 75%) result from the contribution of less than 5% of
the total number of fires (fires > 100 ha). However, the unseasonal fires showed a different
pattern, since their contribution to the annual burned area decreases with fire size. This
difference reflects the number of events, but also the lower suppression capacity in the summer
months when fire-weather conditions exceed the typical thresholds that allows fast growth of
the burned area in this geographic context [141], reinforcing the need to maintain a landscape
with sufficient heterogeneity in the fuel structure that guarantees a set of potential opportunities
that can be used by the resources committed to fire suppression when the fire-weather carry
back the suppression capacity.

6.4.2 Effects of fire seasonality on fire preferences of fuel types

The assessment of fire selectivity by land cover types has already been addressed in
different geographic contexts and scales (e.g., [59,60,142-149]). However, there are not many
studies addressing the effect of fire seasonality on fire preferences. Bajocco et al. [69] analysed
seasonal patterns of fire occurrence in Sardinia (Italy) to identify land cover types where
wildfires occur earlier or later than expected in a random model, and concluded that fires in
agricultural areas occur earlier, while ignitions in forest stands, shrublands and pastures occur
later than expected. V-MAa fuel type (tall shrublands) is preferred by fire regardless of the
period in which fires occur. This fire selection of shrublands is highlighted by different studies
carried out in Europe at different scales and using different methodological approaches (e.g.,
[59,60,142,146,147]). According to Bergonse et al. [150] the area covered by shrublands
control the extent of burned area. The representative fuel types of herbaceous communities (V-
Ha and V-Hb), where agricultural areas are included, are clearly avoided by fire, also
corroborating other studies [59,60,147]. Still, Oliveira et al. [142], in a comparative study
among southern European countries, determined that grasslands are among the most preferred
types of fuel. Our results reveal an interesting difference in the shrubland fuel types, since V-
MMBb fuel type (short shrublands) burned less than expected, regardless of the period in which
the fires occur, and contrary to the observed for V-MAa fuel type. This difference may be result
from the easier fire suppression in fuel complexes with less fuel load, thus limiting the burned
area in that fuel complex (1-h fuel load of 9.5 t.ha* for V-MAa and 4.0 t.ha* for V-MMb [91]).
The V-MH fuel type, which represents heterogeneous mosaics of herbaceous and shrub species
and is typical of recently burned or affected by other disturbance factors [91], burns
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proportionally to its availability in the landscape during the fire season, but is strongly selected
by unseasonal fires. The results of Bajocco et al. [68] show that, in Central Italy, a proportion
of the vegetation communities is affected by fires during the winter-spring rainy season and
that this bimodal fire regime is strongly determined by humans fire use for landscape
management. At the global scale Benali et al. [67] pointed out that in regions showing bimodal
fire regimes the fraction of fires occurring especially in crops and pastures are closely related
with the use of fire as a land management tool. These cultural fires are started by humans to
clear land and renew pastures, to obtain fresh and nutritious herbaceous vegetation for cattle
grazing [25,151]. The difference in fire selectivity highlighted in V-MH between seasonal and
unseasonal fires is indicative of the importance that fire as a management tool still has in the
region [131]. According to Oliveira & Fernandes [131] pastoral fires accounted for 20% of the
total area burned between 2000 and 2020 in our study region, are more frequent and mostly
prevail over seasonal fires in parishes with a higher livestock density, and occur mainly between
december and april, the rainiest months that guarantee the conditions for the renewal of pastures
and the self-extinction of fire. The concentration of the area burned by non-seasonal fires in V-
MAa is not surprising, as most of these fires are intended to increase the availability of livestock
forage through shrubland burning [25,26,131,152,153].

Concerning the fuel types typical of forest stands, we found relevant differences resulting
from fire seasonality and also contrasts with findings from other studies. Our results show that
the F-FOL fuel type (typical of broadleaved forest stands) is moderately avoided by fire, being
independent of fire seasonality. The results obtained by Moreira et al. [147] for the study region
are coincident with ours - F-FOL fuel types also burned less than expected - while Silva et al.
[145] showed the opposite since, in their findings, unspecified broadleaved forests were among
the most forest types preferred by fire. These differences may be due to the fact that this
heterogeneous group of forest stands encompasses high diversity of vegetation communities,
from less fire-prone riparian galleries to areas covered by invasive species such as Acacia spp.
[63] high susceptible to fire. Barros & Pereira [60] highlight the greater land cover proneness
of the maritime pine, similar to what we obtained for M-PIN for the fires that spread during the
fire season. However, our findings indicate that the M-PIN fuel type is avoided by unseasonal
fires. The same pattern was observed in the type of fuel M-EUC (typical of eucalyptus forest
stands).

6.4.3 The role of fire in changing fuel types

According to our results, the 'loser' that stands out in our study region is M-PIN fuel type.
This result is supported not only by the analyses carried out from the transition matrices, but
also by the logistic regression results. In logistic regression, fire metrics emerge that can explain
this greater vulnerability of M-PIN to fire. The effect of fire recurrence is very high, since Pinus
pinaster needs fire intervals higher than 14 years to guarantee the sexual maturity of the
individuals [154], whose effect was observed in other pine species, such as Pinus attenuata
which is also an obligatory post-fire seeder with serotinous cones [155]. The logistic regression
also highlighted the effect of seasonal fires on the transitions from M-PIN. Post-fire
regeneration of maritime pine is also extremely affected by fire severity [156—-159]. Considering
the positive relation established by Fernandez-Guisuraga et al. [137] between fire size and the
proportion of high fire severity, it is expected that larger seasonal fires have a negative impact
on the survival of individuals, as observed in other land systems [64]. Moreover, large-scale
disturbances are associated with high uncertainty in the succession pathways, which increase
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with the destruction of biological legacies required for post-fire response and the need of
colonization from unburned edges [160]. Maritime pine, like other conifers (e.g., [158,161-
164]), has regeneration mechanisms allowing its survival and regeneration after surface fires of
low to moderate severity. Although unseasonal fires did not have significant effects on the
probability of change, it is relevant to note that the only positive balance between losses and
gains (Table A7 in Supplementary Material) in M-PIN was registered in areas affected by
unseasonal fires only (excluding the overlapped areas with seasonal fires). Moreover, the lower
Pseudo-R?‘s values indicate that there are other factors driving the observed changes in fuel
types. In the case of the M-PIN fuel type, ~55% of its overall gains and losses occurred in fire
affected areas. Outside the burned area, gains may result from colonization and growth in areas
burned before 2001, while losses may be related to the development of pine wilt disease that
has spread across the country in recent decades [165].

Other relevant 'loser' in the study region was V-MAa fuel type, which lost area to M-PIN
and M-EUC. Despite the negative balance verified in this time period, the V-MAa fuel type is
the one whose dynamics are most determined by fire, since 73.8% of its global gains and 64.7%
of its global losses occurred in areas affected by fires. The V-MAa-M-PIN transition may
correspond to pine development in previously burned areas, since V-MAa also includes dense
natural pine regeneration up to a certain growth stage. M-EUC, which was the main ‘winner’
between 2000 and 2018 gained area to M-PIN and M-EUC. Despite the low mortality rate and
the natural establishment of eucalypts in burned areas [166,167], this increase of M-EUC
(62.1% of global gains occurred in the burned areas) seems to be due to changes promoted by
land owners or managers as a result of opportunities provided by fire. These replacement of
forest species, allowing eucalypts (mainly Eucalyptus globulus) expansion had already been
highlighted by Moreira et al. [58]. F-FOL fuel type, characteristic of broadleaved forest stands,
also showed positive balance between gains and losses in the burned areas. However, it should
be noted that the broadleaved land cover classes re-classified as fuel types also include alien
invaders such as Acacia spp. [63], whose expansion essentially results from the effect of
ecological and management-induced disturbances, including wildfires [168]. However, only
35.5% of the global gains were observed in burned areas. The overall increase in the F-FOL
model may also be related to colonization processes of natural vegetation, including trees, after
abandonment of the previous agricultural activity, in particular where the transitions observed
arise from the V-Hb model associated with herbaceous plant communities. Agriculture
abandonment and decreased grazing intensity had also been emphasized by Moreira et al. [58]
as a driver of change in fire regimes, since result in shrub encroachment and/or tree expansion
(e.g., [169-172]), and consequently in fuel accumulation and fuel structure homogenization.
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6.5 CONCLUSIONS

Our results showed, at the landscape scale, relevant dynamics in the distribution of the fuel
types most representative in Alto Minho between 2000 and 2018, due to the high burned area
in the same period. The fuels types representing the typical maritime pine stands are being
replaced by fuel complexes related to eucalypt plantations. This change is the result of the loss
of income in burned pine forest stands and rural landowners’ recognition of an opportunity for
change. Another significant change that occurs in parallel with the gain of eucalypts fuel types
at the expense of in pine fuel types, stems from the expansion of broadleaved trees fuel types,
which partially result from the post-fire expansion of invasive species; this process has not yet
been addressed on a spatial scale allowing accurate assessment of the global effects of fire on
the current expansion of alien species. However, these processes mainly occur in areas that
were affected by fire-season fires. Unseasonal fires are more selective, are smaller, and induce
less perceptible changes at this scale of analysis. Furthermore, the spatial distribution of
seasonal and unseasonal fires is substantially different, despite the spatial overlap in ~29% of
the global burned area that cannot be neglected. This overlap may be due to the increased
marginalization of cultural fires that starts to have unintended consequences; on the one hand
related to unattended ignitions occurring closer to the fire-season, and on the other hand with
the increased fuel load resulting from the de-intensification of land use. In the past, fire was
used in northwest Iberia as an instrument for clearing soil for the first crop fields, for soil
fertilization, for pastures restoration and for burning agricultural and forest residues. Currently,
the presence of such use of fire, which emerges from ancestral traditional practices of land use,
is also one of the main causes of rural fires, as a result of fire suppression policies. However,
the simple fact that they constitute one of the main causes of ignition does not directly imply
that the damage caused by these fires is high. To avoid large fires, with the potential to induce
changes in the landscape and threaten people and property, fire management policies will have
to meet the shepherd’s needs, making them allies in the pursuit of landscape management
objectives.
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6.6 SUPPLEMENTARY MATERIALS

Table Al. Matrix of changes in fuel types (in hectares) in the study region between 2000 and 2018.

F-FOL F-PIN F-RAC M-CAD M-ESC M-EUC M-PIN V-MAa V-MMb V-MH V-Ha  V-Hb NF | TOTAL | Losses
F-FOL 14,193.1 0.0 7.7 7.5 0.0 168.4 45.4 22.2 9.6 0.0 0.0 125.3 141.5 | 14,720.7 527.6
F-PIN 0.0 18.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.8 0.0
F-RAC 4.3 0.0 1211.9 0.0 0.0 77.5 155.6 208.4 0.0 0.0 0.0 1.5 0.0 1659.3 447.4
M-CAD 81.0 0.0 3.2 13,347.2 0.0 66.4 42.5 155 3.2 0.0 0.0 25.2 32.7 | 13,616.8 269.6
M-ESC 0.0 0.0 0.0 0.0 1.6 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 1.6
M-EUC 63.9 0.0 0.6 7.3 0.0 16,619.0 17.7 48.7 0.4 0.0 0.0 49.6 297.8 | 17,104.9 485.9
M-PIN 1100.0 0.0 36.9 62.1 0.0 7644.7  31,079.2 1374.6 30.8 2.2 0.0 450.3 1156.3 | 42,937.1 | 11,857.9
V-MAa 1039.0 0.0 100.6 293.3 0.0 1833.2 2524.2  56,328.9 15.9 40.8 0.0 209.2 536.8 | 62,922.0 6593.1
V-MMb 287.9 0.0 1.6 172.6 0.0 18.8 23.6 48.8  4215.6 0.0 0.0 115.4 200.7 5085.1 869.4
V-MH 0.4 0.0 0.0 0.0 0.0 0.3 12.8 0.0 0.0 5228.6 0.0 0.0 30.9 5272.9 44.3
V-Ha 36.0 0.0 0.6 39.1 0.0 6.9 1.7 41.3 20.4 0.0 1.1 609.7 27.2 794.0 783.0
V-Hb 963.9 2.3 1.3 224.6 0.0 190.4 97.1 403.1 309.1 0.0 0.0 35,444.1 1467.6 | 39,103.5 3659.4
NF 87.5 0.0 0.0 0.0 0.0 9.2 12.8 36.4 1.1 0.0 0.0 8.8 18,437.1 | 18,592.9 155.8
TOTAL | 17,857.0 21.1 1364.4 14,153.9 1.6 26,636.3 34,012.5 58,528.1 4606.2 5271.5 11.1 37,039.1 22,328.6
Gains 3663.9 2.3 152.5 806.7 0.0 10,017.3 2933.3 2199.1 390.6 42.9 0.0 1595.0 3891.5
Balance 3136.3 2.3 -294.9 537.1 -1.6 9531.3 -8924.6 -4394.0 -478.9 -1.3 -783.0 -2064.4 3735.7
Table A2. Matrix of changes in fuel types (in hectares) between 2000 and 2018 in the burned area
F-FOL F-PIN F-RAC M-CAD M-ESC M-EUC M-PIN V-MAa  V-MMb V-MH V-Ha V-Hb  NF | TOTAL | Losses
F-FOL | 4004.8 0.0 4.0 52 0.0 83.3 24.0 9.5 1.1 0.0 0.0 9.4 25| 4143.7| 138.9
F-PIN 0.0 34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.4 0.0
F-RAC 25 0.0 615.0 0.0 0.0 69.7 2.2 207.0 0.0 0.0 0.0 02 0.0 896.6 | 281.6
M-CAD 225 00 0.1 5040.8 0.0 39.1 26.3 10.5 1.3 0.0 0.0 1.6 1.1| 5143.3| 102.5
M-ESC 00 00 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0
M-EUC 272 00 0.0 7.0 0.0 11,619.9 12.2 40.4 0.1 0.0 0.0 182 78.3(11,803.3| 183.3
M-PIN | 4405 0.0 89  57.7 0.0  4462.7 13,655.7  1285.9 2.8 2.2 0.0 150.6 151.9 |20,218.9 | 6563.2
V-MAa | 7120 0.0 65.2 1547 0.0  1522.1  1539.9 49,206.9 2.6 33.6 0.0 112.1 126.6 |53,475.8 | 4268.9
V-MMb 396 00 05 11,6 0.0 1.6 15.6 18.8  251.9 0.0 0.0 59 1.6 347.1| 345.5
V-MH 02 00 0.0 0.0 0.0 0.3 1.6 0.0 0.0 3514.4 0.0 0.0 97| 3526.1| 11.7
V-Ha 0.3 00 0.2 32 0.0 3.9 0.0 7.3 0.1 00 00 737 0.1 88.8 | 88.7
V-Hb 449 00 00 320 0.0 35.3 6.1 40.9  23.2 0.0 0.0 1068.8 12.7| 1263.8| 195.0
NF 9.3 00 0.0 0.0 0.0 0.7 1.3 2.0 0.0 0.0 0.0 0.0 359.6 372.9 | 370.9
TOTAL [5303.8 3.4 694.0 5312.1 1.6 17,838.5 15,284.7 50,829.2 283.1 3550.2 0.0 1440.5 744.1
Gains | 1299.0 0.0 79.0 271.4 0.0  6218.6  1629.1  1622.3 31.2 358 0.0 371.7 384.5
Balance | 1160.1 0.0 -202.6 168.9 0.0  6035.2 -4934.2 -2646.6 -314.3  24.1 -88.7 176.7 13.6
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Table A3. Matrix of changes in fuel types (in hectares) between 2000 and 2018 in the burned area by fire-
season fires

F-FOL F-PIN F-RAC M-CAD M-ESC M-EUC M-PIN V-MAa V-MMb  V-MH V-Ha V-Hb NF TOTAL | Losses
F-FOL | 3293.5 0.0 3.4 5.1 0.0 74.2 21.3 9.5 11 0.0 0.0 8.5 1.7 3418.2 124.7
F-PIN 0.0 3.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.4 0.0
F-RAC 25 0.0 459.7 0.0 0.0 69.0 13 202.6 0.0 0.0 0.0 0.2 0.0 735.2 | 2755
M-CAD 14.1 0.0 0.0 3584.6 0.0 36.2 25.6 6.9 0.0 0.0 0.0 0.8 11 3669.5 84.9
M-ESC 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0
M-EUC 23.6 0.0 0.0 7.0 0.0 10,8213 10.4 40.3 0.1 0.0 0.0 17.4 74.7 | 10,994.8 173.4
M-PIN 376.6 0.0 8.9 53.3 0.0 4066.1 10,739.5 1235.2 2.7 2.2 0.0 106.4 139.4| 16,730.4 | 5990.9
V-MAa 571.8 0.0 44.3 82.6 0.0 1412.2 915.0  37,369.7 1.4 27.8 0.0 97.9 106.6 | 40,629.3 | 3259.6
V-MMb 28.6 0.0 0.5 8.5 0.0 1.4 13.8 10.9 194.6 0.0 0.0 3.8 1.6 263.6 69.0
V-MH 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 1743.6 0.0 0.0 3.8 1747.6 4.0
V-Ha 0.3 0.0 0.2 2.5 0.0 3.8 0.0 7.1 0.1 0.0 0.0 46.7 0.1 60.7 60.7
V-Hb 31.6 0.0 0.0 23.1 0.0 33.2 3.9 22.1 13.8 0.0 0.0 5621 1.1 700.9 138.9
NF 9.3 0.0 0.0 0.0 0.0 0.7 13 1.8 0.0 0.0 0.0 0.0 3016 314.6 13.1
TOTAL | 4352.0 3.4 517.1 3766.7 1.6 16,5183 11,732.1  38,906.0 2139 1773.6 0.0 843.8 641.6
Gains | 1058.4 0.0 57.4 182.1 0.0 5697.0 992.5 1536.3 19.2 30.0 0.0 281.7 340.0
Balance | 933.8 0.0 -218.1 97.2 0.0 5523.5 -4998.4 -1723.3 -49.8 26.0 -60.7 1428 327.0

Table A4. Matrix

of changes in fuel types (in hectares) between 2000 and 2018 in the burned area by unsea-

sonal fires

F-FOL F-PIN F-RAC M-CAD M-ESC M-EUC M-PIN  V-MAa V-MMb V-MH V-Ha V-Hb NF | TOTAL | Losses
F-FOL | 1491.0 0.0 2.0 2.5 0.0 23.0 6.7 1.4 0.0 0.0 0.0 1.0 0.9 15285 37.6
F-PIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
F-RAC 0.0 0.0 236.0 0.0 0.0 4.9 1.9 9.5 0.0 0.0 0.0 0.0 0.0 339.3| 103.3
M-CAD 11.0 0.0 0.1 2135.2 0.0 11.2 1.3 6.1 1.3 0.0 0.0 0.9 0.0 2167.1| 319
M-ESC 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0
M-EUC 6.7 0.0 0.0 0.0 0.0 3435.3 4.7 11.9 0.0 0.0 0.0 7.8 67| 3473.1| 37.8
M-PIN 162.5 0.0 2.6 55.8 0.0 1118.8 5394.2 583.1 0.1 0.0 0.0 48.7 17.2| 7383.1|1988.9
V-MAa | 238.2 0.0 50.7 87.5 0.0 497.2 861.3 31,774.6 1.3 18.0 0.0 43.5 35.3|33,607.5 | 1832.9
V-MMb 2.9 0.0 0.0 4.2 0.0 0.2 14.5 1.1 80.2 0.0 0.0 21 0.0 125.4 | 45.2
V-MH 0.2 0.0 0.0 0.0 0.0 0.2 1.6 0.0 0.0 2161.2 0.0 0.0 7.6 2170.7 9.5
V-Ha 0.0 0.0 0.0 0.7 0.0 1.5 0.0 2.5 0.0 0.0 0.0 384 0.0 43.1| 431
V-Hb 5.2 0.0 0.0 11.9 0.0 3.1 2.4 18.9  10.4 0.0 0.0 557.9 1.7 621.5| 63.6
NF 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 110.5 110.8 0.3

TOTAL [ 1937.7 0.0 291.4 2297.8 1.2 5095.5 6288.8 32,506.4 93.2 2179.2 0.0 700.3 180.0

Gains 446.8 0.0 55.4 162.6 0.0 1660.2 894.5 731.8  13.0 18.0 0.0 142.4 69.4

Balance | 409.2 0.0 -47.9 130.7 0.0 1622.3 -1094.4 -1101.2 -32.2 8.5 -43.1 78.8 69.2
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Table A5. Matrix of changes in fuel types (in hectares) between 2000 and 2018 in the burned area resulting
from the spatial intersection between seasonal and unseasonal fires

F-FOL F-PIN F-RAC M-CAD M-ESC M-EUC M-PIN V-MAa V-MMb V-MH V-Ha V-Hb  NF | TOTAL | Losses
F-FOL | 779.7 0.0 1.4 24 00 13.9 4.0 1.4 0.0 0.0 0.0 02 0.1 803.1| 23.4
F-PIN 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
F-RAC 0.0 0.0 80.6 0.0 0.0 4.2 1.0 92.0 0.0 0.0 0.0 0.0 0.0 177.9| 97.2
M-CAD 26 00 0.0 679.0 0.0 8.4 0.6 2.5 0.0 0.0 0.0 0.2 0.0 693.3 | 14.3
M-ESC 0.0 00 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 0.0
M-EUC 31 00 0.0 0.0 0.0  2636.7 2.9 11.8 0.0 0.0 0.0 7.0 31| 2664.6| 27.9
M-PIN 98.7 00 26 514 0.0 7222 2478.1 532.5 0.0 0.0 0.0 45 47| 3894.7 | 1416.6
V-MAa 98.0 0.0 298 154 0.0 387.3 236.5 19,937.3 0.0 122 0.0 292 15.2(20,761.0 | 823.7
V-MMb 1.9 00 0.0 1.1 0.0 0.0 12.7 32  23.0 0.0 0.0 0.0 0.0 41.9| 189
V-MH 0.0 00 0.0 0.0 0.0 0.2 0.0 0.0 0.0 390.4 0.0 0.0 1.7 392.2 1.9
V-Ha 0.0 00 0.0 0.0 0.0 1.4 0.0 2.2 0.0 00 0.0 11.3 0.0 15.0| 15.0
V-Hb 1.9 00 00 3.0 0.0 1.0 0.3 0.1 1.0 0.0 0.0 512 0.1 58.6 7.4
NF 0.1 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 525 52.5 0.1
TOTAL | 985.9 0.0 1145 752.3 1.2 37753 2736.1 20,583.2 24.0 402.6 0.0 1035 77.4
Gains | 206.2 0.0 33.8 733 0.0 1138.6 258.0 645.8 1.1 122 0.0 524 250
Balance | 182.8 0.0 -63.4 590 0.0 11106 -1158.6  -177.8 -17.9  10.3 -15.0 449 -27.5
Table A6. Matrix of changes in fuel types (in hectares) between 2000 and 2018 in the burned area by fire-
season fires only
F-FOL F-PIN F-RAC M-CAD M-ESC M-EUC  M-PIN V-MAa V-MMb V-MH V-Ha V-Hb  NF | TOTAL | Losses
F-FOL | 2513.8 0.0 2.0 27 0.0 60.3 17.3 8.1 1.1 0.0 0.0 83 1.6| =2615.1| 101.3
F-PIN 0.0 34 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.4 0.0
F-RAC 2.5 0.0 379.0 0.0 0.0 64.8 0.3 110.6 0.0 0.0 0.0 0.2 0.0 557.4 | 178.3
M-CAD 1.6 0.0 0.0 2905.6 0.0 27.9 25.0 4.4 0.0 0.0 0.0 0.7 11| 2976.2| 70.6
M-ESC 0.0 00 0.0 0.0 04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
M-EUC 205 0.0 0.0 70 0.0 81846 7.5 28.5 0.1 0.0 0.0 104 71.6| 8330.1| 1455
M-PIN | 2779 0.0 6.3 1.9 0.0 33439  8261.4 702.7 2.7 2.2 0.0 101.9 134.7|12,835.8 | 4574.3
V-MAa | 473.8 0.0 146 672 0.0  1024.9 678.5 17,432.3 1.4 156 0.0 687 91.3|19,868.3|2435.9
V-MMb 26.7 00 05 7.4 0.0 1.4 1.1 7.7 1717 0.0 0.0 3.7 1.6 221.7 | 50.1
V-MH 0.0 00 0.0 0.0 0.0 0.1 0.0 0.0 0.0 1353.2 0.0 0.0 21| 1355.4 2.2
V-Ha 0.3 00 0.2 25 0.0 2.4 0.0 4.8 0.1 0.0 00 354 01 45.8| 458
V-Hb 297 00 0.0 202 0.0 32.2 3.6 21.9 128 0.0 0.0 5109 11.0 642.4 | 131.5
NF 9.3 0.0 00 0.0 0.0 0.7 1.3 1.8 0.0 0.0 0.0 0.0 249.1 262.1| 13.0
TOTAL | 3366.0 3.4 402.6 3014.4 0.4 12,743.0 8996.0 18,322.8 189.8 1371.0 0.0 740.3 564.2
Gains | 852.2 0.0 23.6 108.8 0.0  4558.4 734.5 890.5 18.2  17.8 0.0 229.3 315.1
Balance | 750.9 0.0 -154.7  38.2 0.0 44129 -3839.8 -15454 -31.9  15.6 -45.8  97.9 302.0
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Table A7. Matrix of changes in fuel types (in hectares) between 2000 and 2018 in the burned area by unsea-
sonal fires only

F-FOL F-PIN F-RAC M-CAD M-ESC M-EUC M-PIN V-MAa  V-MMb  V-MH  V-Ha V-Hb NF TOTAL | Losses
F-FOL 711.2 0.0 0.6 0.1 0.0 9.2 2.8 0.0 0.0 0.0 0.0 0.9 0.8 725.5 14.2
F-PIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
F-RAC 0.0 0.0 155.3 0.0 0.0 0.7 1.0 4.5 0.0 0.0 0.0 0.0 0.0 161.4 6.1
M-CAD 8.4 0.0 0.1 1456.2 0.0 2.8 0.7 3.6 1.3 0.0 0.0 0.7 0.0 1473.8 17.6
M-ESC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
M-EUC 3.6 0.0 0.0 0.0 0.0 798.6 1.7 0.1 0.0 0.0 0.0 0.8 3.6 808.5 9.9
M-PIN 63.9 0.0 0.0 4.5 0.0 396.6 2916.1 50.6 0.0 0.0 0.0 442 125 3488.4 | 572.3
V-MAa 140.2 0.0 20.9 72.0 0.0 109.9 624.8 11,837.3 1.3 5.8 0.0 14.2 20.1|12,846.5 | 1009.3
V-MMb 11.0 0.0 0.0 3.1 0.0 0.2 1.8 7.9 57.2 0.0 0.0 2.1 0.0 83.5 26.2
V-MH 0.2 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0 1770.8 0.0 0.0 5.9 1778.5 7.6
V-Ha 0.0 0.0 0.0 0.7 0.0 0.1 0.0 0.3 0.0 0.0 0.0 27.0 0.0 28.1 28.1
V-Hb 13.3 0.0 0.0 8.9 0.0 2.1 2.1 18.8 9.4 0.0 0.0 506.7 1.6 562.9 56.2
NF 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 58.1 58.3 0.2
TOTAL | 951.8 0.0 176.9 1545.5 0.0 1320.2 3552.7 11,923.2 69.2 1776.6 0.0 596.7 102.5
Gains 240.6 0.0 21.6 89.3 0.0 521.6 636.5 85.9 11.9 5.8 0.0 90.0 445
Balance 226.3 0.0 15.5 7.7 0.0 5117 64.2 -923.3  -14.3 -1.8 -28.1 33.8 443
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DISCUSION

En Portugal los incendios forestales constituyen en la actualidad uno de los riesgos mas
mediatizados y de mayor impacto en la sociedad, con elevados dafios y pérdidas
medioambientales y econdmicas que se repiten con elevada frecuencia. Como se ha descrito en
los capitulos anteriores, diversos estudios han tenido como objetivo principal evaluar las causas,
los factores determinantes en la propagacion y comportamiento del fuego y las consecuencias
e impactos de los incendios forestales. Aunque el punto de partida de esta tesis, han sido los
incendios forestales, los trabajos de investigacion desarrollados y aqui presentados, buscan
comprender el impacto del uso del fuego por parte de las comunidades rurales. En consecuencia,
la elaboracion de esta tesis implicd un enfoque mas amplio, buscando respuestas del pasado y
partiendo de un contexto general, transversal al territorio de Portugal a un contexto mas local,
a la escala de la region del Alto Minho.

El fuego es el resultado de las relaciones entre el ser humano, como individuo y como ser
en sociedad, y el paisaje. Esta relacion tiene por objeto la gestién de los recursos. La evolucion
de esta relacion Hombre-Fuego-Paisaje obligo desde el principio a crear normas, que fueron
evolucionando a medida que se desarrollaba la sociedad. El fuego fue y sigue siendo utilizado
como herramienta de gestion de los recursos compartidos por una comunidad. Esta relacion
también puede percibirse a través del estudio y analisis de los documentos legislativos que
permitieron identificar la evolucién de los conflictos en el territorio portugués a lo largo de los
siglos hasta la actualidad. Sin duda, el fuego ha sido esencial para el desarrollo de las sociedades
a lo largo del tiempo.

El uso del fuego, sus limitaciones y conflictos, y las consecuencias derivadas de su uso
pueden reconstruirse a partir de un analisis histérico legislativo y normativo (Molina et al.,
2013; Sequeira et al., 2019). Sin embargo, ninguno de los estudios publicados hasta la fecha
aborda especificamente cuéles eran las limitaciones impuestas por la legislacion que regula el
uso del fuego en Portugal.

Al analizar la legislacion sobre el uso del fuego en Portugal, ésta ha acompariado los
cambios de la sociedad en relacion con el espacio, como se utiliza y como se ocupa. Los usos
del fuego en Portugal estan historicamente asociados a los diferentes usos y ocupacion del
espacio y al régimen de propiedad.

En el siglo XV, la publicacion de Las Ordenanzas Alfonsinas, una de las primeras
recopilaciones de leyes de la Edad Moderna en Portugal, omitian el uso del fuego. Aunque, el
paisaje rural portugueés es principalmente un producto de la Edad Media, caracterizada por un
fuerte fomento y expansién de la agricultura, por lo que el fuego fue un instrumento
ampliamente usado en la roturacion de nuevas tierras de cultivo y en la expansion de las
actividades agrosilvopastoriles. En las Ordenanzas Filipinas, de 1603, se destacan la
reglamentacion sobre los diferentes usos o utilidades del fuego, para la gestion de los pastos, la
quema de rastrojos agricolas, la quema de arbustos para la labranza y fertilizacion del suelo, la
caza y para la produccion de carbon vegetal.
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Hasta el siglo X1X, se publicaron 26 documentos legislativos sobre las limitaciones del uso
del fuego y las sanciones por incendios perjudiciales. Por el contrario, en el siglo XX se
publicaron 15 documentos legislativos sobre el mismo tema. Ademas, el siglo XXI destaca en
toda la trayectoria legislativa historica por producir, alrededor de dos décadas, el nUmero mas
significativo de documentos normativos en un periodo tan corto (19 documentos), superando al
siglo XX en el numero de publicaciones e incluso superando todo el periodo desde la Fundacion
de Portugal (1143) hasta el final del siglo XIX, cuando el fuego era ampliamente utilizado en
todo el pais.

Cuanto mas complejos y diversificados son sus usos, mayores son los conflictos que
surgen. Asimismo, estos conflictos se agravan y tienen mayor repercusion alli donde la
propiedad privada prima sobre los espacios comunales regidos por usos y costumbres
ancestrales. El analisis de la documentacion histérica legislativa permitié identificar que el uso
diversificado del fuego por parte de las comunidades portuguesas formaba parte de un sistema
equilibrado hasta la segunda mitad del siglo X1X. La legislacion no se centraba Unicamente en
un uso especifico del fuego, sino en varios usos del fuego. Por otra parte, estos diferentes usos
del fuego estan asociados a numerosas practicas caracteristicas de los sistemas
agrosilvopastorales de las sociedades rurales, en particular las de la Peninsula Ibérica, donde el
uso del fuego ha sido siempre intrinsecamente cultural. Asimismo, la legislacion que ha
limitado el uso del fuego a lo largo de los siglos ha mantenido un régimen sancionador para
reducir los dafios causados por el fuego y responsabilizar a los autores. S6lo en el siglo XX se
generalizé el concepto legislativo del uso del fuego, sobre todo en lo que respecta a la quema
de restos agricolas y forestales y quemas pastorales y su relacion con los incendios forestales.

Actualmente, el uso del fuego por las comunidades en Portugal esta, en la mayoria de los
casos, desconectado de las practicas de los sistemas agrosilvopastoriles que lo generaron en
primer lugar (Meira Castro et al., 2020). A lo largo del tltimo siglo, el abandono de las practicas
tradicionales y las limitaciones y regulaciones sobre los usos del fuego han desdibujado el
conocimiento tradicional, dificultando la comprension de sus raices tradicionales. En la
actualidad, existe un concepto genérico y algo simplista del uso del fuego, reflejado, por
ejemplo, en la legislacion publicada en el sur de Europa que impone restricciones y reglamentos
sobre el uso del fuego, para reducir el nimero de igniciones (AGIF, 2020; D’Amelio, 2022).
La relacion entre los usos tradicionales del fuego, las practicas tradicionales y la necesidad de
mantenerlas esta actualmente infravalorada y pasada por alto. Varios estudios utilizan el
concepto de conocimiento tradicional del fuego cuando se refieren a la quema para la
renovacion de pastos, la quema de montones, la gestion del combustible o con fines cinegéticos
(Oliveira et al., 2022; Mateus and Fernandes, 2014; Meira Castro et al., 2020; Tedim et al.,
2019, 2022). Sin embargo, ninguno de ellos describe exhaustivamente el concepto. La revision
de la documentacién historica relativa a los registros sobre los usos del fuego permitié
identificar sus diversas finalidades en la gestion de los recursos por parte de las comunidades
rurales, asi como las técnicas y aplicaciones del fuego a lo largo de los siglos en Portugal, hasta
su acondicionamiento. El uso tradicional del fuego supone la transferencia generacional de
conocimientos y la aplicabilidad de practicas y técnicas, en una gestion continua de los recursos
para su sostenibilidad y del medio ambiente del que depende (Armatas et al., 2016; Berkes,
2012; Pyne, 2006). Si en la actualidad, hay una generalizacién del uso tradicional del fuego,
como atestan los actuales diplomas legislativos y normativos, los registros historicos anteriores
al siglo XX, muestran en el pasado la existencia de diversos usos a lo largo del afio. El
conocimiento tradicional del fuego es, por tanto, mucho mas amplio y diverso en una
comunidad como la complejidad de la gestion de los distintos recursos para apoyar las diversas
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actividades (Vazquez-Varela et al., 2022). La bibliografia historica nos permite desvelar y
caracterizar los diversos usos tradicionales del fuego, siendo éste la fuente de energia necesaria
para gestionar los recursos con el fin de satisfacer las necesidades individuales de sustento o de
mantener a toda una comunidad.

Como ya se ha mencionado, hasta el siglo XIX el uso del fuego estaba ampliamente
aceptado como herramienta de gestion en diversas actividades. Sin embargo, durante este siglo
surgié una nueva sociedad portuguesa como consecuencia del proceso de industrializacion del
pais, similar al de otros paises de Europa, que tambiéen produjo profundos cambios a nivel
politico, socioecondmico, en la gestion de los recursos y en el régimen de la propiedad de la
tierra. Con las reformas liberales y la industrializacion del pais, surgieron intereses que
rompieron irreversiblemente con el ancestral sistema agrosilvopastoral. EI desmantelamiento
de las tierras comunales y la imposicién de la intensificacion de la agricultura, esencialmente
cerealista, asi como el consumo de carbdn vegetal para la incipiente industria apoyada en las
maquinas de vapor, fueron factores que contribuyeron considerablemente a la deforestacion
(Abel, 1988; Graca, 1999; Matos, 2002). El fuego se utilizo entonces, para roturar las nuevas
propiedades resultantes de la desamortizacion y convertirlas en campos de cereal y para
satisfacer la gran demanda de carbdn, tanto para la industria como para uso doméstico
(Henriques, 2006). Sin embargo, los autores de la época culpaban a los campesinos de practicas
como el pastoreo y el uso del fuego como principales responsables de la deforestacién del pais.
Desde finales del siglo XIX hasta mediados del XX, los sectores cerealista e industrial
competirian por los recursos forestales, apoyados por una legislacion que limitaria el pastoreo
y el uso del fuego (Almeida, 2020; Graga, 1999).

Este condicionamiento y prohibicion a lo largo de mas de 150 afios, unido a otros factores
como la motorizacién e intensificacion agricola, la fertilizacion inorganica y la selvicultura
productiva, han provocado la pérdida de los usos del fuego que, a su vez, han roto la
transferencia generacional del conocimiento y dominio de su aplicacion (Huffman, 2013; Meira
Castro et al., 2020).

Esta pérdida ha dado lugar a una generalizacion y reduccion de usos diversificados, y se ha
mudado a una definicidn genérica y simplista de un uso del fuego asociado a practicas rurales
gue aun se mantienen. Varios autores europeos se refieren a este uso del fuego como tradicional,
asociandolo a las practicas actuales de las comunidades rurales, como la quema de excedentes
agricolas y forestales y la quema pastoral (de Diego et al., 2023; Ganteaume et al., 2013; Tedim
et al., 2022; Torres-Manso et al., 2014). Sin embargo, las practicas actuales de uso del fuego
por parte de las comunidades rurales representan solo vestigios de los usos del pasado,
consistiendo esencialmente en la quema de restos agricolas y forestales amontonados y en la
guema para la renovacion de pastos, estando estos usos asociados a un nimero considerable de
causas de incendios forestales en Portugal. Aungue de forma diferente, ambos usos difieren de
las aplicaciones del pasado. La quema de restos agricolas y forestales amontonados han perdido
su finalidad de obtencidn de fertilizantes para la agricultura y hoy en dia, solo se quema para
eliminar restos de poda y de cultivos.

El uso del fuego para renovar los pastos ha pasado a estar proscrito, aunque sigue siendo
usado de forma ilegal en las regiones montafiosas, sobre todo en el norte de la Peninsula Ibérica,
donde las comunidades mantienen précticas ganaderas extensivas y donde predominan las
tierras gestionadas colectivamente. Aunque conserva parte de los conocimientos y aplicabilidad
del pasado, manteniendo su caracter estacional, de baja intensidad y obedeciendo a un
determinado periodo de recurrencia; las imposiciones y condicionamientos legales han
eliminado la posibilidad de su implantacion por parte de las comunidades pastoriles. El fuego
dejo de estar acompafiado, por lo que sus usuarios optan por encenderlo y abandonarlo. Esta
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practica da lugar en ocasiones a incendios forestales, sobre todo entre las estaciones de otofio y
primavera (Celaya et al., 2022; de Diego et al., 2021; Gonzalez-Hidalgo, 2023; Lopez-
Rodriguez et al., 2021; Marey-Perez et al., 2015; Seijo, 2005). Por lo tanto, no se puede referir
al fuego actual en Portugal, mas comunmente utilizado por las comunidades rurales, como
fuego tradicional. Aunqgue se trate de un uso del fuego nativo, dada su naturaleza local, sélo
presenta en su aplicabilidad vestigios del pasado, ya que no procede de la transferencia de un
pleno conocimiento tradicional del fuego, transferido y practicado de generacion en generacion,
como aun se conserva en algunas comunidades tradicionales e indigenas de otras regiones del
mundo, como en Africa Oriental, Australia, Brasil y el Pais Vasco en Francia (Butz, 2009;
Coughlan, 2013; Eriksen, 2007; Lake et al., 2017; Moura et al., 2019; Myers, 2006).

Los cambios socioecondmicos que afectaron los territorios rurales portugueses en las
ultimas décadas, caracterizados por la despoblacion, el envejecimiento y aislamiento de la
poblacion, la pérdida de usos y practicas tradicionales, han alterado profundamente el paisaje
(Colago, 2017; Oliveira and Zézere, 2020; Pardellas et al., 2018). En la década de 1950, las
zonas rurales de Portugal se caracterizaban por una red de parcelas agricolas y forestales
mantenidas por los agricultores locales. Sin embargo, debido al abandono de la agricultura, hoy
esto ya no es asi. Como resultado, la biomasa se acumula en las zonas no gestionadas,
aumentando la carga de combustible y creando un alto riesgo de incendios forestales (Mateus
and Fernandes, 2014; Moreira et al., 2011; Moreira and Russo, 2007). A pesar de ello, el resto
de la poblacion de las zonas rurales sigue utilizando el fuego para la gestion del territorio (Nunes
etal., 2021), aunque no siempre con el control necesario (Colago, 2019; Rodrigues et al., 2022).

Segun datos oficiales del Instituto de Conservacao da Natureza e das Florestas (ICNF), las
quemas asociadas al denominado “uso tradicional del fuego”, que se incluyen en la categoria
de negligencia, son una causa frecuente de incendios forestales. Por ejemplo, en 2020, los
incendios causados por quemas rurales supusieron el 27% del total de 9 619 incendios en
Portugal continental (Instituto da Conservacdo da Natureza e das Florestas, 2022). Sin
embargo, los incendios provocados por estas quemas se produjeron con una gravedad
meteoroldgica muy baja y sélo representaron el 2% de la superficie quemada (Nunes et al.,
2021). Este resultado coincide con el estudio de Parente et al. (2018), que constatd que los
incendios intencionados tienen un tamafio medio mucho mayor que los incendios por
negligencia.

Las quemas tradicionales no solo pueden ser un foco de incendios forestales, sino que
también suponen un riesgo de lesiones o incluso de muerte. Cada afio, aparecen en los medios
de comunicacion registros sobre incidentes en Europa, especialmente en la cuenca
mediterranea, en su mayoria protagonizados por personas mayores que utilizan el fuego para la
gestion de los combustibles. En 2018, el nimero de incidentes en Portugal fue muy superior a
lo que es habitual, uno o dos registros anuales. Mientras que las muertes por incendios forestales
en todo el mundo suelen atribuirse a factores como las condiciones meteoroldgicas, la pendiente
y el tipo de vegetacion (Coogan et al., 2019; Molina-Terrén et al., 2019; Zong et al., 2022), no
se encuentran explicaciones en la literatura sobre los incidentes relacionados con las quemas
tradicionales.

La pérdida de conocimientos sobre el uso del fuego, especialmente condicionada por las
referidas limitaciones legales y las sanciones, conduce a un uso proscrito del fuego. Mientras
que la presion legislativa en materia de lucha contra los incendios forestales crea también una
presion sobre las comunidades rurales portuguesas. Por otro lado, el cruce de datos oficiales y
la integracion de informacion recogida a partir de fuentes de noticias, permitieron identificar
que entre 2008 y 2021 se registraron 54 incidentes debidos a quemas de restos y solo en 2018
se produjeron el 37% del total incidentes. La investigacion permitio identificar un cambio de
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un uso mas tradicional del fuego en la agricultura (septiembre-diciembre) antes de 2018 a un
mayor enfoque en la reduccion de combustible ordenada por la legislacion de prevencion de
incendios forestales (enero-junio) después de 2018. En 2018, las noticias evidenciaron
incidentes en casi todos los meses, sin diferencias significativas en la distribucion mensual.
Cabe sefialar que en 2017, Portugal vivio la temporada de incendios forestales mas grave de la
que se tiene constancia, con el mayor numero de victimas mortales, dafios y zonas quemadas
de la historia del pais (Turco et al., 2019). Mas de 100 personas perdieron la vida, se quemaron
mas de 500.000 hectareas y varios bosques emblematicos se vieron afectados. EI impacto de
esta temporada de incendios en la sociedad hizo que aumentara la concienciacion sobre los
peligros de los incendios forestales, y que la gente tuviera mas miedo de estar en zonas
forestales, sobre todo en verano. Los datos de la investigacion indican que el significativo
aumento de los incidentes (con heridos y muertos) en 2018 puede atribuirse al endurecimiento
de la legislacion, junto con el aumento del valor de las multas y la intensificacion y presion de
las inspecciones policiales, principalmente sobre una poblacion rural envejecida y mas
vulnerable. Se constata asi lo que parece constituir un nuevo cambio en el uso del fuego por las
comunidades rurales que, por una nueva presion normativa en materia de lucha contra
incendios, se verifica una transicion del uso agricola del fuego a préacticas asociadas a la
reduccion y gestion del combustible, en particular en zonas de interfaz urbano-forestal;
apartdndose asi del ancestral uso tradicional del fuego.

El Alto Minho, situado en el norte de Portugal, se ha seleccionado como zona piloto para
un estudio de caso, el cual, junto con otras regiones del noroeste de la Peninsula Ibérica,
concentra el mayor porcentaje de incendios forestales de Europa (Diaz-Fierros, 2019; Pereira
et al., 2006). Mientras que la expansion del fuego en el Holoceno en el sur de Europa estuvo
inicialmente condicionada por la alta estacionalidad climatica, el uso del fuego por parte de las
primeras sociedades agrarias en el Neolitico configurd rapidamente el régimen de incendios
(Connor et al., 2019). En este trabajo también se ha constatado que la frecuencia de los
incendios forestales aumenté con el aumento de la poblacidon, al establecerse nuevas zonas
agricolas, zonas de pastoreo y nuevos asentamientos (Ganteaume et al., 2013; Pinto et al., 2010;
Vanniere et al., 2008). Por otro lado, al igual que en otras regiones del sur de Europa, el fuego
ha marcado la estructura y el funcionamiento de unos ecosistemas que se han adaptado durante
miles de afios a un régimen de fuego de origen humano, ya que las principales causas de los
incendios en el territorio son antropogénicas (Ganteaume et al., 2013; Vazquez and Moreno,
1993).

Los matorrales atlanticos del noroeste de Iberia se han mantenido tradicionalmente
mediante una combinacién de pastoreo, desbroce y quema (Honrado et al., 2017). El uso del
fuego, mas que una practica aislada, se integro en el ancestral sistema agrosilvopastoral que
perduré cémo ya mencionado hasta los finales del siglo XIX. El abandono de la actividad
agricola en el noroeste de Portugal contribuyd al aumento de los incendios y de la superficie
guemada (Moreira et al., 2001). Los fuegos pastorales tradicionales, principalmente en
matorrales, contribuyen a crear y mantener paisajes con estructura de mosaico (Pyne, 2006). El
abandono de la agricultura a pequefia escala y de préacticas tradicionales como el pastoreo
disuelve el mosaico tradicional y refuerza la conectividad entre manchas homogéneas y
extensas de alta carga de combustible derivadas de las actuales repoblaciones forestales y de
rewilding (Ganteaume et al., 2013). Sin embargo, varios estudios apuntan a una relacion entre
los incendios forestales y el uso tradicional del fuego, en particular con fines de gestion de
pastos (Casau et al., 2022; Parente et al., 2018; Sequeira et al., 2019). Este tipo de uso del fuego
puede constituir una causa negligente o intencionada de incendio forestal, dependiendo de la
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legislacién de cada pais (Tedim et al., 2022). Otros estudios asocian la sustitucion de la
agricultura por la ganaderia extensiva y la necesidad de utilizar el fuego como herramienta para
el mantenimiento de los pastos como origen del aumento de los incendios forestales frecuentes
(Bassi and Kettunen, 2008; Pereira et al., 2004).

Al igual que en otras regiones del noroeste de la Peninsula Ibérica, el uso del fuego en los
matorrales atlanticos del Alto Mifo es intrinseco al sistema agrosilvopastoral ancestral, tanto
en el roturacion, como en la fertilizacién del suelo, la renovacion de los pastos y la quema de
montones Y rastrojos (Diaz-Fierros, 2019), y también se cree que es una causa relevante de
incendios forestales.

Los estudios sobre la causalidad, impactos, riesgo y regimenes de los incendios forestales
en Portugal se han basado hasta la fecha en los datos oficiales del Instituto de Conservacao da
Natureza e das Florestas (ICNF), que presenta incoherencias debidas a la variacién de los
métodos cartogréaficos, la exhaustividad de la base de datos, las limitaciones del tratamiento de
imagenes por satélite y la insuficiente validacion sobre el terreno (Ferreira-Leite et al., 2012;
Oliveiraetal., 2012; OTl et al., 2019).

Para obtener datos mas precisos que puedan contribuir a rigurosa caracterizacion del
régimen de fuego que afecta al territorio del Alto Minho, se consideré esencial la reconstruccion
historica y la clasificacion de todos los perimetros de fuego que se propagaron en el paisaje.
Por ello, todos los datos relacionados con esta tesis fueron desarrollados a partir de cartografia
producida y clasificada en el &mbito de la investigacion segun la metodologia descrita en el
Capitulo IV. Teniendo en cuenta las evidencias del impacto de los incendios registrados a través
de la serie histdrica de imagenes de satélite a lo largo de las diversas estaciones del afio, se
verifican grandes diferencias entre los datos de esta investigacion y los datos oficiales. En este
estudio, se digitalizaron 12 692 perimetros de incendios, correspondientes a 235 060 hectareas
guemadas en el territorio del Alto Minho. Los resultados obtenidos difieren sustancialmente de
la informacion cartogréafica oficial, en lo que respecta a la precision cartografica, el nimero de
perimetros de incendio (3 873) y la superficie quemada (179 283 hectareas). Si por un lado la
cartografia oficial no incluia zonas afectadas por fuegos, por otro incluye zonas que segun las
imagenes de satélite y ortofotos utilizadas en este estudio no parecen haber ardido. Parte de los
perimetros detectados en este estudio y ausentes de la cartografia oficial pueden ser el resultado
de incendios que no supusieron la intervencion de los equipos de extincion, por lo que no estan
registrados en la base de datos de incendios forestales. En otros casos, la omision se debe a los
procesos cartograficos, que a veces tienen lugar semanas 0 meses después del fuego. Hay que
sefialar que la cartografia oficial de las zonas quemadas se optimizo para los incendios estivales,
basandose en una Unica imagen de satélite obtenida tras el supuesto final de la temporada de
incendios (Oliveira et al., 2012); en cambio en la presente investigacion se analizaron todas las
imagenes de satélite de cada afio.

En cuanto a los perimetros que delimitan zonas quemadas en la cartografia oficial, pero
gue no fueron identificados como tales en este estudio, la explicacién puede deberse a errores
de deteccion e interpretacion derivados de procesos cartograficos automaticos y no
supervisados, o de levantamientos de campo basados en interpretacion cartografica (a partir de
ortofotos y mapas militares). Otro factor que puede haber contribuido a las grandes diferencias
en los resultados cartogréficos es la limitada accesibilidad de las imagenes de satélite en el
pasado, especialmente en la primera década, en comparacion con la actualidad. Ademas, la
complementariedad mediante la superposicion de otras fuentes cartogréficas, como los focos
de calor de los sensores de satélite MODIS y VIIRS y la produccion periddica de ortofotos,
permitié apoyar el trabajo en la identificacion mas precisa de las superficies quemadas y su
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datacion, asi como la identificacion de los perimetros de los incendios rurales registrados en la
base de datos oficial. La utilizacion de estos datos oficiales con fines de planificacion y gestion
de incendios en el territorio a escala comarcal y municipal, o con fines de investigacion,
recomienda su validacion y correccion previa para reducir posibles errores de interpretacion.

Los principales errores identificados en la cartografia oficial se deben principalmente a la
insuficiente precision en la delimitacion de los perimetros de los incendios, la ausencia de
superficies quemadas, la falta de criterios para integrar las distintas superficies afectadas por el
incendios (con la asignacion de medios de extincién) y por otros fuegos (quemas pastorales y
quemas prescritas) y la ausencia de datos integrados con los registros de base estadistica de
incendios forestales de cada perimetro de incendio. EI aumento del nimero de satélites y la
mejora de los sensores radiométricos en la Gltima década, en particular la misién Sentinel-2,
con una elevada recurrencia temporal para una misma regién (intervalos de cinco dias), asi
como el incremento de vuelos para la obtencién de ortoimagenes, permiten realizar trabajos
sistematicos y cada vez mas rigurosos sobre las zonas afectadas por los incendios a una escala
mayor y adecuada para la ordenacion del territorio (Navarro et al., 2017). La precision
cartografica es fundamental, no sélo para identificar y caracterizar el regimen de fuego, sino
también por las implicaciones y limitaciones para cualquier ciudadano, ya que el histérico
cartografico determina el mapa de peligrosidad de una zona, condicionando su uso y ocupacion.
La superposicion de la cartografia con las fuentes de calor de los sensores MODIS y VIIRS es
fundamental para la datacion de aquellos fuegos que no implicaron la accion de medios de
extinciéon y de los que no se tiene registro, ocurridos en las estaciones de otofio, invierno y
primavera. Estos fuegos constituyen una fraccion importante de la superficie quemada en la
regiéon de estudio y con efectos sobre la estructura del paisaje y sobre la acumulacién y
heterogeneidad espacial de los combustibles forestales y, en consecuencia, asumen un papel en
la propagacion de los incendios estivales.

Esta reconstruccion historica, mediante la delineacion manual de perimetros y la
superposicion de diferentes fuentes de datos relacionados con los fuegos, permitié clasificar y
cuantificar las superficies quemadas anualmente en el Alto Minho entre 2001 y 2020 e
identificar su estacionalidad, bien como su relacion con el uso del fuego en la renovacion de
pastos asociado a la produccién ganadera.

Ademas de los incendios forestales, clasificados en esta investigacion como incendios
forestales no estacionales y estacionales (de otofio a primavera y de verano, respectivamente),
suprimidos activamente por definicion, se identificaron y se cartografiaron los fuegos de otofio
a primavera que no fueron objeto de acciones de extincion. El atlas oficial de incendios
portugues permite un analisis general de la pirogeografia, pero las omisiones y el detalle
variable en la delimitacion y clasificacion de cada mancha quemada disminuyen el rigor y la
precision de la caracterizacion del régimen de incendios. Esta condicion sera determinante en
relacion con las métricas de frecuencia, extensién, estacionalidad y distribucion del tamafio,
especialmente cuando los incendios fuera del verano son una caracteristica relevante y a escalas
maés locales. Esto fue particularmente bien ilustrado en este estudio de caso, a la escala de la
parroquia de Castro Laboreiro y Lamas de Mouro, dentro del territorio del Parque Nacional de
Peneda-Gerés, con un régimen de fuego distinto de la mayor parte del resto del Alto Minho
pero que no esté retratado por el atlas oficial de incendios.

La superficie media anual quemada en el territorio del Alto Minho durante 2001-2020 es
el doble del cuantificado en un estudio anterior (Oliveira et al., 2012) para el periodo 1975-
2005, lo que probablemente indica un cambio en el régimen de fuego pero también refleja una
mayor deteccion y detalle cartografico en este trabajo de investigacion sobre la actividad del
fuego de otofio a primavera. Es importante destacar que el 20% de toda la superficie quemada
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cuantificada en este estudio corresponde supuestamente a quemas pastorales y que el intervalo
de retorno del fuego de 13 afios, estimado para la region, es sustancialmente menor que en
estudios anteriores, respectivamente 22 afios (Oliveira et al., 2012) y 17 afios (Fernandes et al.,
2012). Asi, los fuegos asociados a las quemas pastorales dominan el régimen de fuego en ciertos
paisajes del Alto Minho, expresando la persistencia de practicas dichas tradicionales de uso del
fuego para la gestion de los pastos, particularmente donde existe ganaderia extensiva en mayor
cantidad. Contrariamente a lo que cabria esperar, se ha observado que las quemas pastorales
tienen, en general, un ciclo mas largo que los incendios estivales, con intervalos de retorno
respectivos de 13 y 11 afios. Sin embargo, la frecuencia de la primera es mayor en los paisajes
donde prevalece la quema pastoral y escasean los incendios forestales estivales. Por otro lado,
teniendo en cuenta las necesidades de renovacion de los pastizales, esto refleja una préactica
conservadora y parsimoniosa, ya que el aumento de la calidad nutricional de la regeneracion de
arbustos tras el incendio es de corta duracién (Rego et al., 1988).

La cantidad de ganado disminuyd sustancialmente en gran parte del Alto Minho entre 1999
y 2019, continuando las tendencias a largo plazo que comenzaron en la década de 1940
(Fernandes et al., 2014; Torres-Manso et al., 2014). La pérdida de ganado y las restricciones
legales cada vez mas represivas sobre el uso del fuego por parte de las comunidades locales
pueden haber reducido las quemas pastorales, principalmente de baja intensidad y poca
gravedad (Manso et al., 2010), contribuyendo potencialmente al aumento de la superficie
perturbada por incendios grandes y graves, como en las parroquias costeras y occidentales de
la regidn. Se ha demostrado que la pirodiversidad, es decir, la memoria del fuego precedente
que crea patrones espaciales mas heterogéneos y de grano mas fino en la vegetacion, limita el
desarrollo de grandes incendios en los lugares donde las quemas pastorales son comunes en
Portugal (Fernandes et al., 2016). Se esperaba que los fuegos asociados a la ganaderia extensiva,
esto es, los fuegos de otofio a primavera, fueran mas frecuentes alli donde la carga animal es
mayor, dada la necesidad de utilizar el fuego para renovar los pastos de interés para el forraje
de los animales. Las tendencias generales observadas en esta investigacion fueron que (i) menos
ganado equivalia a mas incendios forestales estivales y menos incendios desde el otofio hasta
la primavera, pero la tendencia venia determinada sobre todo por los extremos superior e
inferior de la cantidad de ganado, y (ii) que la presencia de mas ganado aumentaba la superficie
total quemada. De hecho, las relaciones entre el fuego y el ganado respondian a patrones todavia
més complejos. A partir del analisis de los datos obtenidos se verifico que aunque las quemas
pastorales son méas frecuentes cuando los brezales ocupan una mayor fraccion del paisaje, el
hecho de que haya mas brezales en el paisaje no implica que haya mas ganado y mas quemas
pastorales.. Del mismo modo, la alta probabilidad de quema por incendios forestales de verano
se limita a niveles de ganaderia bajos o intermedios, pero puede coincidir con altos niveles de
quema pastoral.

Asi, en esta investigacion se ha podido constatar que, la percepcién comun de que las
guemas pastorales son la causa principal del aumento de los graves incendios estivales carece
de fundamento. Los incendios pastorales se producen en invierno o preceden a la estacion de
lluvias a principios de otofio, cuando el fuego se propaga con mayor eficacia en matorrales
dominados por especies pobres en combustible muerto, a saber Cytisus sp. (pers. observ.). El
mantenimiento de los fuegos de otofio a primavera esta condicionado al sistema productivo de
la ganaderia extensiva y ambas tienen un papel considerable en la conservacién del paisaje,
modelando el mosaico de brezales y la distribucidn de especies y héabitats de interés pastoril o
de conservacion, como el lobo ibérico (Gonzélez et al., 2022; I1zco et al., 2006; Lino et al., 2019;
Pastro et al., 2014).
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La prohibicion del uso del fuego para la renovacion de los pastos por parte de la comunidad
no impide que se utilice ilegalmente, como demuestran ejemplos de otras regiones del mundo,
por ejemplo Coughlan (2016). Las comunidades, como de la parroquia de Castro Laboreiro y
Lamas de Mouro se vieron obligadas a adaptar el uso del fuego, abandonando la practica de
"pastorear el fuego" (como se dice localmente) y de vigilar el fuego. En su lugar, eligieron dias
con condiciones meteoroldgicas y de humedad del combustible propicias para la autoextincion
del fuego. Pero estos fuegos pueden convertirse en importantes incendios forestales en
condiciones meteorologicas mas propensas al fuego y a las condiciones clandestinas en las que
se llevan a cabo tratando de huir de la ley y de la burocracia.

Poco se sabe sobre el régimen de fuego asociado al uso tradicional del mismo, y qué efectos
tiene sobre el paisaje y la dindmica de los combustibles. Considerando los cambios en el paisaje
del Alto Minho entre 2000 y 2018 (con base en las cartas oficiales de ocupacion del suelo), esta
investigacion también permitid contribuir a la consolidacion del conocimiento cientifico sobre
el régimen de fuegos considerando el uso del fuego por las comunidades pastorales. De los
datos obtenidos y tratados se destaca que solo el 23,5% de los poligonos identificados
pertenecen a fuegos iniciados en la época de incendios, pero que representan el 61,8% de la
superficie quemada. Esta disparidad entre periodos es indicativa no s6lo de la importancia que
el fuego como herramienta de gestion sigue teniendo en el territorio, sino también de los
menores dafos potenciales provocados por los incendios no estacionales. Por otro lado, la
superficie quemada por incendios no estacionales es superior a la quemada por incendios
estacionales en el 61,1% de los afios estudiados, pero sélo en aquellos que tienen una superficie
anual quemada inferior al valor medio anual. Esta observacion fue utilizada como argumento
por Barreiro y Rodrigues (2022) para afirmar que el empoderamiento de las comunidades
tradicionales que les permite utilizar el fuego para la gestion del paisaje debe erradicarse para
evitar los costes de los incendios forestales. Sin embargo, desconectar la distribucion porcentual
de la variacion absoluta en un universo mas amplio de afios genera conclusiones erroneas, como
la expuesta por los autores, y motiva opciones politicas que no solo tendrdn impactos
perjudiciales sobre el régimen de fuego, sino que a medio plazo pueden conducir al efecto
contrario. Basado en datos de la base EFFIS, Rodrigues et al. (2013) encontraron un aumento
significativo del nimero de incendios forestales en el Alto Minho, pero no en superficie
quemada. Turco et al. (2016) no encontrd tendencias significativas en el nimero de incendios
en los meses de verano, basandose en datos oficiales de Portugal, pero si incrementos en el resto
de meses del afio.

Los fuegos ocurridos en la época de incendios, entre 2000 y 2018, afectaron mas de un
tercio del territorio, representando poco mas del 78% de la superficie total quemada.
Igualmente, presentan una superficie mas grande afectada por estos fuegos de forma recurrente,
originando grandes incendios forestales. Por el contrario, los fuegos no estacionales, que se
propagan entre otofio y primavera, afectan superficies mas pequefias, siendo mucho menores y
con menor recurrencia. Los datos obtenidos en este estudio, demuestran que, a la escala
regional, se verifica un alto nivel de estabilidad en la distribucion de los tipos de combustibles
mas representativos en el Alto Minho entre 2000 y 2018, a pesar de la elevada superficie
guemada en el mismo periodo. Sin embargo, es de destacar que mas de la mitad de la superficie
quemada afect0 los tipos de combustible tipicos asociados a las masas de pino maritimo,
seguidos de matorrales altos. Por el contrario, los tipos de combustible asociados a las masas
forestales de eucalipto y frondosas fueron los que mas superficie ganaron en los paisajes
afectados por el fuego. Segun el periodo en el que ocurrieron los fuegos, también se encontraron
diferencias, tanto en superficie como en el flujo entre tipos de combustible. La distribucion de
la superficie quemada durante la temporada de incendios por tipos de combustible es mas
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heterogénea que la determinada mediante el anélisis realizado sobre las superficies quemadas
globales. Al contrario, los fuegos no estacionales mostraron un patrén completamente distinto,
propagandose sobre todo en tipos de combustible asociados a matorrales.

La concentracion de la superficie quemada por incendios no estacionales en este tipo de
combustible no es sorprendente, ya que la mayoria de estos incendios tienen por objeto
aumentar la disponibilidad de forraje para el ganado mediante la quema de matorrales
(Coughlan, 2015; Mugica et al., 2021; Ruiz-Mirazo et al., 2012; San Emeterio et al., 2016). De
hecho, la contribucidon de los fuegos no estacionales a los cambios entre los tipos de combustible
es mucho menor que la observada en las superficies quemadas durante la temporada de
incendios, excepto en el tipo de combustible que representa mosaicos de herbaceas y arbustos
bajos dispersos, caracteristicos de las superficies quemadas regularmente por fuegos de baja
intensidad.

Cabe auln sefalar que la clase de ocupacion del suelo asociada a frondosas reclasificada
como tipo de combustible (F-FOL) también incluye invasoras exoticas como Acacia spp. (Silva
et al., 2011), cuya expansion se debe esencialmente al efecto de perturbaciones ecoldgicas e
inducidas por la gestion, incluyéndose los incendios forestales (Moreira et al., 2013). Este
aumento en el tipo asociado a las frondosas también puede estar relacionado con procesos de
colonizacidn de la vegetacion natural, incluidos los arboles, tras el abandono de la actividad
agricola anterior, en particular cuando las transiciones observadas surgen del tipo asociado a
comunidades vegetales herbaceas. EI abandono de la agricultura y la disminuciéon de la
intensidad del pastoreo provocan la invasion de arbustos y/o la expansion de los arboles (Komac
et al., 2013; Palombo et al., 2013; Romero-Calcerrada and Perry, 2004; Sanjuan et al., 2018),
dando lugar a la acumulacion de combustible y a la homogeneizacion de la estructura del
combustible a escala local y regional. Ademas, el efecto de excluir el fuego del paisaje esta
contribuyendo a la homogeneidad espacial del territorio y a la acumulacién de combustible,
como se ha observado en otros lugares (Airey-Lauvaux et al., 2022; Iglesias et al., 2022; Mori
and Lertzman, 2011). Los paisajes culturales menos heterogéneos debido a la interrupcion de
las quemas culturales conducen a la invasion de combustibles mas inflamables (Christianson et
al., 2022; Johansson et al., 2012; Moreira et al., 2023), principalmente alli donde se ha prohibido
el fuego como apoyo a las practicas culturales. El caracter distintivo de los mosaicos de los
paisajes culturales de la region del Alto Minho esta cambiando gradualmente, con la excepcion
de las zonas montafiosas donde aln se mantienen practicas agro-silvopastoriles ancestrales. El
paisaje de esta region, semejante a muchos otros territorios del noroeste Ibérico, ha convivido
y convive con el fuego desde hace miles de afios. El paisaje es resultado de esa perturbacion
recurrente pero no aislada de otras practicas y usos tradicionales tan importantes para el
mantenimiento de los habitats y de los ecosistemas dependientes. Por Gltimo, la perdida del uso
del fuego por las comunidades rurales, resultante de las sucesivas limitaciones o prohibiciones
determinadas por la legislacion, ha desvirtuado el ancestral uso tradicional del fuego y lo
convirtio en "fuego proscrito”, con multiples efectos que contribuyen a la ocurrencia de
incendios cada vez mas complejos: (i) permite la invasion de tipos de combustibles mas
inflamables (Mariani et al., 2022); (ii) la marginacion de estas practicas culturales favorece el
aumento de las quemas ilegales que no se controlan adecuadamente (Souza et al., 2022); y (iii)
aunque el fuego se considera "(...) un elemento de nuestra cultura agricola”, como afirma
Coutinho (2009, p.35), los conocimientos que guiaban su uso correcto se pierden
progresivamente (Salgueiro, 2010). Perder el uso tradicional del fuego sobre el paisaje, es
tambien perder el paisaje al albur de los grandes incendios forestales.

143 | 224



EMANUEL RENATO SOUSA DE OLIVEIRA

CONCLUSIONES DE LA TESIS Y
FUTURAS LINEAS DE INVESTIGACION

Este ultimo apartado se obtiene a partir de los resultados mas relevantes y de la discusion
de los mismos y del aprendizaje alcanzado en las fases anteriores. Finalmente se identifican
futuras lineas de investigacion.

CONCLUSIONES

Diecisiete siglos de aplicacion de toda la suerte de restricciones y regulaciones sobre el uso
del fuego agrosilvopastoril no han disuadido a las comunidades sobre el uso tradicional del
fuego. Por otro lado, también se ha constatado que, en los ultimos dos siglos, la legislacion
sobre el uso del fuego no considerd sus diferentes necesidades, periodos y fines, ignorando las
relaciones del uso del fuego con las practicas tradicionales y la necesidad de mantenerlas. Por
ello, y siguiendo el ejemplo de varios paises, es importante revisar el marco legal sobre el uso
del fuego por parte de las comunidades tradicionales, fomentando la formacidn, integrando los
conocimientos tradicionales y responsabilizando su uso. Aunque existian conflictos derivados
de los diferentes usos del fuego, estas practicas coexistieron en un ambiente de tolerancia hasta
la segunda mitad del siglo XIX. Con las reformas liberales que condujeron a la desamortizacion
de las tierras comunales y a la imposicion de una agricultura basada en el cereal, los conflictos
sobre el uso del fuego no hicieron sino aumentar. Varios autores de finales de ese siglo culparon
las comunidades tradicionales por la deforestacién y por el uso abusivo del fuego. Sin embargo,
los registros historicos apuntan a la creciente demanda de carbon vegetal para las maquinas de
vapor de la industria emergente y para el consumo doméstico en las grandes ciudades, asi como
a la expansion de la agricultura cerealista, por lo que constituyeron condiciones determinantes
en el cambio de los usos y ocupacién de los paisajes y, el fuego, sélo ha sido una herramienta
de trabajo para responder a las nuevas solicitudes. Todos estos factores provocaron cambios en
el ancestral sistema agrosilvopastoril, que permanecid practicamente inalterado durante siglos
y cuyos cambios tendran consecuencias futuras en los paisajes portugueses.

El siglo XIX estuvo marcado por una nueva sociedad burguesa, influyente en los gobiernos
y con intereses en la apropiacion de las tierras comunales para sus propios fines, como se
materializo con la creacion del latifundio y la desamortizacion de los montes comunales. Como
ha ocurrido en otros paises (EEUU, Australia, Canada), la forma de desempoderar a las
comunidades tradicionales o indigenas fue condicionar y prohibir sus practicas, siendo el uso
del fuego el principal objetivo. De este modo, se cortd su fuente de energia y se prohibi6 su
herramienta de trabajo. La ilegalizacion del uso del fuego por parte de las comunidades
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tradicionales portuguesas comenzo en el siglo XIX, de modo que los conocimientos ancestrales
se disolvieron en el siglo siguiente, por lo que hoy sélo nos restan vestigios del fuego del pasado.

El despoblamiento, aislamiento y envejecimiento de la poblacién rural no es mas que el
resultado de los cambios de la sociedad, de forma més contundente a partir de la segunda mitad
del siglo XX, con el agravamiento en las Gltimas décadas. Las politicas actuales de prevencion
de incendios, en particular despueés del afio 2017, insisten sobre todo en medidas a la escala del
ciudadano, especialmente en la gestion de los combustibles en las zonas de interfaz urbano-
forestal. Esta obligacion es responsabilidad de los propietarios rurales, siendo fiscalizados
continuamente por las autoridades policiales, o que genera una gran presion sobre una
poblacion envejecida y con escasos recursos economicos. El fuego sigue siendo la herramienta
mas accesible para esta poblacion a la hora de gestionar los combustibles y los residuos
resultantes de las acciones de prevencion. EI nimero de incidentes registrados por el uso del
fuego acomparia esta presion legislativa y de fiscalizacion. EI mayor nimero de incidentes se
produce en el sector de la poblacion rural mas envejecido, y por tanto méas vulnerable a los
riesgos. Este uso emerge de practicas tradicionales en la gestion de residuos agricolas y
forestales. Por lo tanto, es esencial que una mayor presion legislativa y de fiscalizacion vaya
acomparfiada también de mas actividades pedagdgicas y de un mayor apoyo en la prevencién de
riesgos, sobre todo entre las poblaciones més vulnerables.

Si bien la cartografia oficial de Portugal permite un analisis global a escala nacional, el
trabajo a escala regional y municipal requiere una cartografia mas detallada y rigurosa.
Actualmente, el facil acceso a las mas diversas fuentes de satélites e a series historicas de
ortoimagenes permite asegurar una cartografia sistematica y cada vez més rigurosa de las
superficies quemadas. La precision cartografica es esencial en la identificacion del régimen de
fuego, en la evaluacién de sus impactos y también en las implicaciones y limitaciones para la
ciudadania, ya que condiciona el uso y ocupacién del suelo, en el ambito de los instrumentos
de planificacion y gestion del territorio. Por lo tanto, es esencial proceder, para todo el territorio
nacional, a una reconstruccion historica detallada de todas las superficies afectadas por fuegos,
lo que implica la creacion de normas técnicas para el proceso de cartografia y su clasificacion.
Esta reconstruccion rigurosa y su clasificacion permite una caracterizacion precisa del régimen
de incendios a una escala suficiente para la gestion del fuego y del territorio.

Los fuegos de otofio a primavera, integrados en la produccion ganadera y en la gestion
cinegética, desempefian un papel importante en la conservacion del paisaje mosaico. Estos
incendios, asociados sobre todo a la renovacién de los pastos, son fuegos de baja intensidad y
severidad que se autoextinguen. Dadas las limitaciones legales, estos fuegos son “fuegos
proscritos”, por lo que, si no se vigilan, pueden convertirse en incendios forestales y exigir la
intervencion de los equipos de extincion. Esto impone la necesidad de regular legalmente los
fuegos pastorales, garantizando su responsabilidad, preservando los conocimientos
tradicionales y manteniendo el paisaje mosaico. Cabe destacar que erradicar el fuego de los
paisajes no solo es imposible, sino también indeseable. En las Gltimas décadas, las politicas de
exclusion total del fuego s6lo han contribuido a una seleccion de incendios cada vez mas
grandes y destructivos, en lugar de garantizar la gestion de fuegos de baja intensidad que
cumplan los objetivos de gestion del territorio y sostenibilidad de los ecosistemas.

Los incendios asociados a las denominadas practicas tradicionales, como la renovacion de

pastos, especialmente los que se producen en las estaciones de otofio a primavera, son de menor
tamafio, son mas selectivos en cuanto a los tipos de combustible, predominando en zonas de
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tipos asociados al matorral, e inducen cambios menos perceptibles en el paisaje. Por otro lado,
los incendios de la estacion estival son menos selectivos, son de grandes dimensiones y tienen
un destacado papel en la homogeneizacion de los tipos de combustible. El resultado de estos
grandes incendios, mas recurrentes, es la ampliacion de los tipos de combustible que incluyen
especies invasoras, asi como la pérdida considerable de tipos asociados a las masas de pino
maritimo. A su vez, se observa un notable aumento de los tipos asociados a las masas de
eucalipto en las zonas afectadas por los incendios estivales. Este cambio se debe principalmente
a la oportunidad de sustitucion post-incendio de las masas de pino maritimo por eucalipto por
parte de los propietarios rurales. El paisaje, como consecuencia de la pérdida de los usos
tradicionales, incluyendo el uso del fuego y, de los cambios de ocupacion del suelo, se esta
volviendo méas homogéneo y mas susceptible a los incendios. Por otro lado, la presencia de este
uso del fuego, es también una de las principales causas de los incendios rurales. Sin embargo,
cdémo se pudo constatar, el simple hecho de que constituya una de las principales causas de
ignicion no implica directamente que los dafios causados por estos incendios sean elevados.
Para evitar grandes incendios, con el potencial de inducir cambios en el paisaje y amenazar a
personas y propiedades, las politicas de gestion de incendios tendran que satisfacer las
necesidades de los pastores y ganaderos, convirtiéndolos en aliados en la consecucion de los
objetivos de gestion de paisajes mas resilientes a los cambios climaticos y los grandes incendios
forestales.

En resumen, interesa destacar que no se debe analizar la evolucion de los grandes incendios
en un determinado paisaje sin considerar el impacto o el papel de todos los fuegos que afectan
a ese territorio. Del mismo modo, hay que tener en cuenta los impactos a lo largo del tiempo de
las politicas que condicionan las dinamicas de ocupacion y usos del suelo, asi como la pérdida
de los usos del fuego tradicional.

FUTURAS LINEAS DE INVESTIGACION

Las futuras lineas de investigacion que se abren tras la realizacion de esta tesis son muy
amplias, debido al propio ambito de la investigacion. Sin embargo, la propuesta principal, como
base para todos los estudios futuros que impliquen la caracterizacion del régimen de incendios
y sus impactos, debe basarse en la reconstruccion y clasificacion histérica de todas las
superficies afectadas por el fuego en todo el territorio nacional. Por lo tanto, la metodologia
presentada en esta tesis puede ser implementada para asegurar la precision deseable, tanto en
términos de investigacion como en términos de instrumentos de planificacion y gestion del
territorio.

En particular, se proponen lineas de investigaciéon que pueden incluso ser objeto de futuras
tesis, bien utilizando la informacion producida, bien mediante la metodologia presentada en
esta tesis:

= Evaluar la severidad y la recuperacion post-fuego resultantes de las quemas
pastorales y compararlas con los incendios forestales.

= Evaluar los incidentes con victimas en el uso del fuego por parte de la poblacion
rural en la gestion del combustible a nivel de otros paises europeos. Asimismo,
investigar el impacto de las detenciones y sanciones aplicadas a la poblacion por el
uso del fuego cuando provoca negligentemente incendios forestales o agricolas.
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= |dentificar y analizar el efecto de las infraestructuras en la evolucion de la lucha
contra los grandes incendios forestales, asi como evaluar el condicionamiento
humano en la propagacion de los grandes incendios forestales.

= Evaluar el estado fenologico del paisaje a una escala mas fina y su correlacion con
los tipos de combustible y los diferentes fuegos que manifiestan el paisaje.
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El paisaje del Alto Minho es resultado de una intima y larga
relacién con el fuego. Los grandes incendios forestales son una
de las consecuencias de la pérdida de practicas tradicionales,
formas de uso de la tierra y de la pérdida del propio
conocimiento y uso tradicional del fuego. El objetivo de esta
tesis es identificar los impactos de los diferentes fuegos en el
paisaje y comprender el papel del fuego pastoral en el régimen
de fuego. A partir de una profunda revisiéon documental
historica, los tres primeros capitulos pretenden encuadrar,
definir y aclarar el uso tradicional del fuego y su evolucién
hasta nuestros dias, bien como sus riesgos. Mientras que los
tres ultimos son el resultado de la reconstruccion cartografica,
que permitié identificar y caracterizar el régimen de fuego en el
Alto Minho.
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