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ABSTRACT

In recent decades, the area affected and the severity of forest fires have increased in
many regions of the world. Without anticipatory adjustments, climate change is likely to
increase their frequency and intensity. This study aims to assess the possible impact of
climate change on the initiation of forest fires in Las Tunas, The purpose of this study
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was to assess the possible impact of the climate change in forest fires initiation in Las
Tunas, which is a most deforested region in Cuba thus a vulnerable region to aridity,
drought and prone to forest fires. Taking into account the characteristics of the
meteorological variables, the aridity conditions and the behavior of forest fires, a long-
term risk index was used. It allows determining by months the areas with favorable
conditions for the start and development of fires. Based on the possible changes in the
meteorological variables in the RCP2.6 and RCP8.5 scenarios, this index was evaluated,
which allowed obtaining the areas with the highest fire risk for the periods 2020-2049,
2050-2079 and 2080-2099. In general, in the territory of Las Tunas, there is a tendency
to warmer conditions with reductions in rainfall, especially in the north coast. Besides,
there is a decrease in relative humidity, which will lead to more areas affected by aridity
and drought. Also, there will be larger areas with the presence of fire danger conditions
for vegetation.

Keywords: Aridity; Forest fires; Regional climate models.

RESUMEN

En las ultimas décadas, ha aumentado la superficie afectada y la severidad de los
incendios forestales en muchas regiones del mundo. Sin ajustes previsores, es muy
probable que el cambio climatico incremente la frecuencia y la intensidad de estos. Este
estudio tiene como objetivo evaluar el posible impacto del cambio climatico en la
generacién de incendios forestales en Las Tunas, al ser esta la regién mas deforestada
de Cuba, vulnerable a la aridez, la sequia y propensa a incendios forestales. Teniendo
en cuenta las caracteristicas de las variables meteoroldgicas, las condiciones de aridez
y el comportamiento de los incendios forestales, se uso un indice de riesgo de largo
plazo que permite determinar por meses las zonas con condiciones favorables para el
inicio y desarrollo de incendios. Basandose en los posibles cambios de las variables
meteoroldgicas en los escenarios RCP2.6 y RCP8.5, se evalud dicho indice, lo que
permitié obtener las zonas con mayor riesgo de incendio para los periodos 2020-2049,
2050-2079 y 2080-2099. De manera general, en el territorio de Las Tunas, se avanza
hacia condiciones mas calidas con reducciones en las precipitaciones, especialmente
hacia la costa norte, y una disminucion de la humedad relativa, lo que conllevara a mas
zonas afectadas por la aridez y la sequia, y mayores areas con presencia de condiciones
de peligro de incendios para la vegetacion.

Palabras claves: Aridez; Incendios forestales; Modelos climaticos regionales.

RSUMO

Nas Ultimas décadas, a area afetada e a gravidade dos incéndios florestais tém
aumentado em muitas regiées do mundo. Sem ajustes pré-ativos, € muito provavel que
a mudanca climatica aumente a freqliéncia e a intensidade dos incéndios florestais. Este
estudo visa avaliar o possivel impacto da mudanca climatica na geragcdo de incéndios
florestais em Las Tunas, que é a regido mais desmatada de Cuba, vulneravel a aridez, a
seca e propensa a incéndios florestais. Levando em conta as caracteristicas das variaveis
meteoroldgicas, as condigdes de aridez e o comportamento dos incéndios florestais, foi
utilizado um indice de risco de longo prazo para determinar, més a més, as areas com
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condicdes favoraveis para o inicio e desenvolvimento dos incéndios. Com base nas
possiveis mudangas nas variaveis meteoroldgicas nos cenarios RCP2.6 e RCP8.5, este
indice foi avaliado, o que permitiu obter as areas com maior risco de incéndio para os
periodos de 2020-2049, 2050-2079 e 2080-2099. Em geral, no territério de Las Tunas,
ha um movimento em direcdo a condigbes mais quentes com redugdes de precipitacao,
especialmente em direcdo a costa norte, e uma diminuicdo da umidade relativa, o que
levard a mais areas afetadas pela aridez e seca, e maiores areas com condicoes de risco
de incéndio para a vegetacao.

Palavras-chave: Aridez; Icéndios florestais; Modelos climaticos regionais.

INTRODUCTION

Climate change constitutes additional pressure on ecosystems and the goods and
services they provide, mainly in Central America and the Caribbean (Conde and Lépez
(2017). In recent decades, the area affected and the severity of forest fires have
increased in many regions of the world (De Groot et al., 2012), climate change is
expected to increase their frequency and intensity, due to the alteration of the spatial
and temporal distribution of temperature, rainfall, solar radiation and the winds (De
Groot et al., 2012).

Researches on the occurrence of fires has increased gradually over the years, with
special attention to the development of danger indexes (Solano 2004, Carrasco 2016).
Danger indexesare classified into short-term and long-term. The short-term indexes,
estimates a daily fire risk and are made for tactical and operational purposes; with the
latter, risks are evaluated at various scales for strategic purposes. Long-term fire danger
indexes are indicators of stable conditions that favor the occurrence of a fire. These
indexes are used to determine areas with a high risk of fire caused by the intrinsic
conditions of the area, as well as to determine areas where fire prevention and combat
should be reinforced (Torres et al., 2007).

There is still much uncertainty regarding the future evolution of climate change, its real
repercussions and possible responses (Camia et al., 2016). Thanks to the use of regional
climate models, projections of the behavior of the different meteorological variables have
been developed for different climate change scenarios with significantly higher
resolutions and without requiring large computational resources (IPCC 2013). This has
made it possible to carry out research in different regions of the world and more precise
impact studies at a regional and local scale (Almazroui 2013, Vichot-Llanos et al., 2019).

In Cuba, forest fires constitute a phenomenon that increases deforestation, soil
degradation and loss of biological diversity (Diaz et al., 2013). Forest fire statistics
indicate a reinforcement of the trend of fire increasementin recent years, as well as the
area affected by them (Solano, 2004).

The province of Las Tunas has been considered one of the most vulnerable to aridity
processes and forest fires (Vazquez et al., 2016; Planos et al., 2013), due to the
characteristics of the soils and the climatic situation of the region (low annual rainfall,
high temperatures and frequent and intense drought processes). Planos et al., (2013)
identified that all types of existing soil are highly susceptible to degradation processes.

https://cfores.upr.edu.cu/index.php/cfores/article/view/729
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Besides, Las Tunas has being identified as the most deforested provinces in Cuba, with
small forested areas, and mostly deteriorated.

In Cuba, the impact of climate change on plant formations has already been evaluated
(Alvarez et al., 2011, Planos et al., 2013; Pérez et al., 2017). However, little research
has been done using the possible climate scenarios obtained with a regional climate
model to predict the impact on plant formations, and even less on drylands. Most of the
studies cited have been carried out from a national perspective, without including local
particularities, especially areas of the country that are highly affected by drought, such
as Las Tunas. For this reason, the objective of this study is to assess the impact of
climate change on the initiation of forest fires in Las Tunas.

MATERIALS AND METHODS

General characteristics of the territory

Las Tunas province (Figure 1) is located in the eastern region of Cuba between 20° 30'
and 21° 27' north latitude and 77° 48' and 76° 58' west longitude. It is bordered to the
north by the Atlantic Ocean, to the south by Granma province and the Gulf of
Guacanayabo, to the east by Holguin province, and to the west by Camagliey province
(ONEI 2021). It has eight municipalities: Manati, Puerto Padre and Jesus Menéndez,
located on the north coast; Majibacoa and Las Tunas, located in the central region;
Jobabo, Colombia and Amancio, located on the south coast. The provincial capital is the
municipality of Las Tunas. The province has a surface area of 6,592.66 km?2 (ONEI 2021).

The relief is eminently flat (ONEI 2021) with semi-desert soils, dry savannah-type forests
and areas used for agriculture (Galford et al., 2018). There are anthropic and natural
soils, but brown soils predominate, and according to the agroproductive classification of
these, most are very unproductive (ONEI 2021).

1 Manati 5 Colombia o Jiiel L
2 Puerto Padre 6 Jobabo = . .
3JesusMenéndez 7 Majibacoa [ = L

4 Las Tunas 8 Amancio

Figure. 1. - Study area

https://cfores.upr.edu.cu/index.php/cfores/article/view/729
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In most of the territory the average annual temperatures are above 26 °C; the minimum
annual temperature is higher towards the central and northern parts, with values
between 22 °C and 24 °C. The average of maximum temperatures are between 29 and
31 ©C. The highest dew point temperature values are found towards the north coast,
between 21 and 21.5 °C. Relative humidity is between 75 and 80%. The speed of the
wind in the territory exceeds 2 m/s™, reaching average values above 3.5 m/s™! on the
north coast. The average accumulated rainfall in almost the entire province, exceeds
1,150 mm, except for the north coast, where they are less than 950 mm. The annual
reference evapotranspiration ranges between 1,500 mm and 1,700 mm.

Data collection

The data on forest fires were obtained at the CITMA office in the province of Las Tunas,
which in turn were provided by the Forest Ranger Corps (CGB) in the period from 2008
to 2012. The series of meteorological data were extracted from the database of the
Climate Center belonging to the Institute of Meteorology of the Republic of Cuba
(INSMET). The meteorological stations closest to the study region (Figure 2) were used
in the period from 1989 to 2018. The variables considered were: Hr -relative humidity
(%), T-air temperature (°C), Tmax -Maximum temperature, Td -dew point temperature
(°C), FF-wind speed (m s') and R-precipitation (mm). In addition, the reference
evapotranspiration value (Eto) was obtained from the FAO Penman-Monteith equation,
following the recommendations of Solano (2004) for Cuban conditions.
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Figure. 2. - Location of weather stations

The data of the climate change scenarios were obtained from the Department of Physics
of the Atmosphere of the Institute of Meteorology in netCDF format. Data from the
PRECIS system (Providing Regional climates for hits Studies) which consists of the
Hadley Centre's regional climate model, HadRM3P, supplied with the boundary conditions
produced by the updated atmospheric component outputs of the Hadley Center HadAMP3
global coupled model at 25 km resolution. The variables analyzed were: Hr -relative

https://cfores.upr.edu.cu/index.php/cfores/article/view/729
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humidity at 1.5 m (%), T-air temperature 1.5 m (°C), Tmax -Maximum temperature 1.5
m (°C ), Td -dew point temperature 1.5 m (°C ), u-zonal component d of the wind at 10
m (m s'), v-meridional component of the wind at 10 m (m s!), R-precipitation (mm)
and reference evapotranspiration (Eto) (mm) according to their monthly mean values.

Data processing

The annual and monthly mean values of the variables relative humidity, air temperature,
maximum temperature, dew point temperature, wind speed, precipitation and reference
evapotranspiration were calculated in the period 1989-2018 in each of the stations.

The RCP2.6 and RCP8.5 scenarios were chosen to analyze the trends of the
meteorological variables in the coming years, which model the extreme climatic
conditions (minimum and maximum scenarios, respectively). The 2020-2099 period was
divided into three stages: a near period (2020-2049), an intermediate period (2050-
2079), and a distant period (2080-2099). In each of the periods, for each of the
scenarios, the annual and monthly average values of the meteorological variables and
the changes with respect to the reference period of the model (1961-1990) were
calculated.

To analyze the aridity conditions, the Aridity Index (Middleton and Thomas 1992), the
Water Deficit Index (DH), the Modified Fournier Index (MFI), the Precipitation
Concentration Index (ICP) and the Index of Lang were selected, and the values of these
indexes were obtained for the RCP 2.6 and RCP 8.5 scenarios in the near period (2020-
2049), intermediate period (2050-2079) and distant period (2080-2099).

Forest fires in the period 2008-2012 were studied taking into account their distribution
in years, months, affected forest formation, total affected area, seasonal period (rainy
period and dry period) and causes (Ramos and Soares 2005, Rodriguez et al., 2013;
Carrasco, 2016). It was determined if there were significant differences between the
affected area and the meteorological variables by months through the non-parametric
Kruskal-Wallis test. Spearman's correlation coefficient was then calculated between the
area affected by forest fires and the meteorological variables. Statsoft software was used
Statistica version 8.0 for statistical tests. Non-parametric tests were used due to their
flexibility regarding the nature of the data analyzed and because they are less restrictive
in terms of the premises for their analysis.

A long-term risk index (Zamora 2020) was applied to determine the distribution of areas
with favorable conditions according to meteorological variables and aridity conditions for
the occurrence and dispersion of forest fires in each of the months. This index was
evaluated for the three periods of the two climate change scenarios analyzed. This will
allow determining the areas with the greatest risk of the impacts of climate change and
how this can affect the fire season.

To create the maps, the recommendations of Tveito were followed (2007) and Maglione
et al. (2019) andthe Python 3.6.3 cartopy module was used.

https://cfores.upr.edu.cu/index.php/cfores/article/view/729
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RESULTS AND DISCUSSION

Characteristics of forest fires

In the period 2008-2012, a total of 504 fires occurred in the province of Las Tunas
(Figure 3A), with a total affected area of 17,344.3 ha, which represents 2.63% of the
total land area of the province. The most affected forest formation was sugarcane, with
about 60 % of the fires, especially in the municipalities of the north coast (Figure 3B).
Sugarcane is a large biomass producer crop that is also closely related to agricultural
burning activities (Cabrera and Zuaznabar 2010). This differs from the province of Pinar
del Rio, where the most affected forest formation is that of Pinus spp. (Rodriguez et al.,
2013, Carrasco 2016). The municipality with the highest number of fires and affected
area was Puerto Padre, which has the lowest accumulated historical average rainfall, the
highest values of reference evapotranspiration and wind speed (Zamora and Azanza
2020). This municipality has also been pointed out by Planos et al. (2013) as one of the
15 municipalities with the highest risk of forest regressive death in the country.
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Figure. 3. - Location of ignition points on the province of Las Tunas

A: according to the size of the fire and B: according to the type of forest formation. Cb: Cuabal, MC: Coastal
Manigua, Plfor: Heterogeneous forest formations, C SCF-c: Semi -deciduous on limestone soil, SCF-a: Semi-
deciduous on acid soil, SCF- md: Semi -deciduous on poorly drained soil.

The months with the highest number of fires and the largest affected area (Table 1)
were the months of the year with little rain (Zamora and Azanza 2020), especially from
February to April. In these months, the combustible material tends to increase its
flammability and availability due to the low water content of the fibers (Carrasco 2016).
The results indicated that, in addition, in this period the lowest historical averages of the
variables dew point temperature, relative humidity and accumulated precipitation were
reported. At the same time, the highest historical averages of wind speed were
registered in the meteorological stations studied (Zamora and Azanza 2020).

The comparison between the historical mean values of the variables for the first five
months of the year (Table 2) showed that there were significant differences for all the
variables. This result determined the need to make a differentiation between the
meteorological conditions propitious to forest fires in correspondence with the month.

https://cfores.upr.edu.cu/index.php/cfores/article/view/729
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Table 1. - Number of fires, affected area and area per fires per month

Month Total fires Total affected area (ha) Area/Fires
1 72 (14.3) 2004.1 (11.6) 27.8 (13.5)
two 127 (25.2) 3574.9 (20.6) 28.1 (13.6)
3 148 (29.4) 3764.7 (21.7) 25.4 (12.3)
4 94 (18.7) 4632.2 (26.7 49.3 (23.9)
5 59 (11.7) 3310.8 (19.1) 56.1 (27.2)
6 3 (0.6) 57.1 (0.3) 19.0 (9.2)

0 (0.0) 0 (0.0) 0 (0.0)

1 (0.2) 0.5 (0.0) 0.5 (0.2)

Note: In parentheses the values of relative frequency (RF) in %

Table 2. - Comparison of the mean values of eight meteorological variables between
the months of January, February, March, April and May.
The Kruskal-Wallis test was used with a significance value of 0.05

Variables/ 1 two 3 4 5 H

Months

T 23.5 23.7 24.6 26.3 27.3 458.7134%%*

Tmax 27.5 28.1 29.1 30.3 30.6 449,3467***

Td 18.5 18.1 18.1 19.4 21.3 348.2787%%*

hr 79 75 73 73 77 364.0922%%*

FF 3.2 3.4 3.5 3.4 3.2 54.61869***

R 42.0 34.2 39.8 63.3 129.2 316.8167%**

et 98.0 i15.6 135.5 149.5 148.3 464.1363%*%*

When analyzing the correlation values (Table 3), significant values were found for the
variables mean temperature, maximum, dew point, relative humidity and wind speed.
However, the values of these correlations are low and, in some cases, such as relative
humidity, have values contrary to what was found by Carrasco (2016). The correlations
between the affected area and the meteorological variables in general were not very
informative because the degree of affectation does not depend only on the
meteorological variables, which was also found by Carrasco (2016). The origin of the
fires was also decisive since most of them were caused by man intentionally or
accidentally.

https://cfores.upr.edu.cu/index.php/cfores/article/view/729
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Table 3. - Spearman correlation between affected area and meteorological variables

T Tmax Td hr FF R et o
Affected -0.131 -0.124 0.106 0.160 0.102 0.002 -0.069
area

Significant values are marked in red. Hr: relative humidity (%), T: air temperature (°C), Td: dew point temperature
(°C), FF: wind speed (m s1), R: accumulated rainfall (mm) and Eto: reference evapotranspiration (mm).

Climate change scenarios

For the RCP2.6 scenario (Figure 4) the changes in the meteorological variables remain
almost constant in the three periods, while the greatest differences occur in the RCP8.5
scenario (Figure 5), especially in the period 2080- 2099. For the average temperature,
the maximum temperature and the dew point temperature, in the RCP2.6 scenario an
increase of more than 1 °C is observed in the average values for the three periods and
for the RCP8.5, changes greater than 4 °C in the last period, mainly in the interior-south
of the province. In the case of relative humidity, it shows a downward trend in almost
the entire territory, with the maximum change (6 %) found in the RCP8.5 scenario in
the third period. On the other hand, the variations in wind speed do not exceed 0.5 m s~
Lin any of the scenarios, neither positive nor negative. Precipitation presents a great
spatial variability, since there are areas with increases and others with decrease. In the
RCP2.6 scenario, increases of almost 10 % are observed in some areas, while for the
RCP8.5 scenario, from 2050, the trend is to decrease, especially on the north coast. The
greatest decrease occurs towards the north coast, in the distant period, with values
greater than 20 %. Another interesting element to point out is the decrease in rainfall in
the months of the year's rainy season and the increase in the dry season. These results
were also found in works such as the one by Planos et al. (2013) and Pérez et al. (2017).
On the other hand, with respect to the reference evapotranspiration, the tendency is to
increase, being the period of 2080-2099 the one with the greatest increase, which
exceeds 10 %.
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Figure. 4. - Projection of the variations of the meteorological variables for the RCP2.6
scenario in the periods 2020-2049, 2050-2079 and 2080-2099

A: Average temperature (°C), B: Maximum temperature (°C), C: Dew point temperature (°C), D: Relative humidity
(%), E: Wind speed (m s™), F: Accumulated rainfall (mm), G: Reference evapotranspiration (mm).

Figure. 5. - Projection of the variations of the meteorological variables for the RCP8.5
scenario in the periods 2020-2049, 2050-2079 and 2080-2099

A: Average temperature (°C), B: Maximum temperature (°C), C: Dew point temperature (°C), D: Relative humidity
(%), E: Wind speed (m s™), F: Accumulated rainfall (mm), G: Reference evapotranspiration (mm).

Based on changes in meteorological variables, aridity conditions in the province of Las
Tunas can be projected (Figure 6). The projections of the Lang Index and the Aridity
Index show an increase in dry and very dry conditions, and in dry and semi-arid sub-
humid zones, respectively, for the RCP8.5 scenario in the distant period. The Water
Deficit also increases in the territory, especially towards the north coast, with the largest
increase in the period 2080-2099 for the RCP8.5 scenario. However, according to the
results of the IFM, the intensity of precipitation decreases, mainly due to the decrease
in precipitation in the last period, in addition to the increase in areas with seasonal
characteristics of precipitation. These results suggest an increase of arid conditions in
the province of Las Tunas, especially towards the north coast.

https://cfores.upr.edu.cu/index.php/cfores/article/view/729
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Figure. 6. - Projections of the aridity indices for the RCP8.5 scenario in the periods

2020-2049, 2050-2079 and 2080-2099.
A: Lang Index (mm ©°C-1), B: Aridity Index, C: Water Deficit (mm), D: Modified Fournier Index (mm), E:
Precipitation Concentration Index

In general, the territory of Las Tunas is moving towards warmer conditions with
reductions in rainfall, especially towards the north coast, and a decrease in the relative
humidity of the air. These results are in correspondence with the investigations of Planos
et al. (2013) where he stated that the impact of climate change on the Cuban archipelago
will be evidenced by the existence of a hot and extreme climate and with more areas
affected by desertification and drought, among others. These impacts will generate
important consequences in the sustainable development and quality of Cubans' life,
fundamentally in sectors such as agri-food, tourism and human settlements (Pérez et
al., 2017).

The decrease in precipitation in contrast to the increase in baseline evapotranspiration,
will result in larger areas affected by drought, larger areas with the presence of fire
danger conditions for vegetation, and the appearance of semi-arid and arid areas. All
this will result in prolonged and intense periods of water stress in crops during almost
the entire year (Pérez et al., 2017).

Impact of climate change on forest fires

Taking into account the projections of the climate change scenarios, the index proposed
by Zamora (2020) was evaluated. The results showed that in the RCP2.6 scenario (Figure
7), the conditions remain almost constant in the three periods with a slight tendency to
decrease in the areas with high and moderate risk, which corresponds to the
characteristics of the scenario itself. In general, in the last period with respect to the
reference period, a decrease of 10 % in moderate conditions is observed throughout the
year and, consequently, an increase in areas with low risk. The months of greatest risk
continue to be March and April, although high-risk areas appear in July and August on
the north coast, especially in the 2020-2049 period. Therefore, favorable conditions for

https://cfores.upr.edu.cu/index.php/cfores/article/view/729
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forest fires can be expected in other months of the year, when they were not so likely
before.

For the RCP8.5 scenario (Figure 8), wildfire risk conditions increase in all periods.
Generally, throughout the year, for the last period an increase of more than 40 % of
high-risk conditions is observed. The months of greatest risk continue to be March and
April; however, this situation changes as the years go by, being, in the last period, July
and August the months that present the highest proportion of areas with extreme risk
of forest fires. This situation can be explained due to the decrease in rainfall in the
months of the rainy season and its increase in the dry season. For the 2080-2099 period,
conditions with moderate risk are also present in all the months of the year and
conditions with high risk in almost all the months, except in October.

e F, S

Figure. 7. - Risk of forest fires in the province of Las Tunas for each month of the year

according to the RCP2.6 scenario in three periods:
A: 2020-2049, B: 2050-2079 and C: 2080-2099
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Figure. 8. - Risk of forest fires in the province of Las Tunas for each month of the year

according to the RCP 8.5 scenario in three periods:
A: 2020-2049, B: 2050-2079 and C: 2080-2099

This increase in favorable forest wildfire conditions corresponds with the investigations
of De Groot et al. (2012), Doerr and Santin (2016) and Camia et al. (2016) done in
different parts of the world. These results suggest that there will be longer fire seasons
in the province that will lead to an increase in the number of fires or an increase in their
intensity, which will cause a greater affected area.

Climate change will affect fire regimes, resulting in large ecological impacts. Therefore,
fire management strategies must be adapted to this changing climate and to the
situation of each locality (Camia et al., 2016). In Las Tunas it is necessary to pay special
attention to the north coast, especially the municipality of Puerto Padre, which presents
the most dangerous situation. Over time, it will become even more necessary to take
severe measures with respect to intentional fires, especially in sugar cane crops.
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CONCLUSIONS

It was possible to projectthe possible impact of climate change on the generation of
forest fires in Las Tunas, through the development of a long-term index based on
meteorological variables, aridity, the possible changes caused by climate change and the
characteristics of the forest fires.

The results suggest, with differences between scenarios, that there will be longer fire
seasons in the province that will lead to an increase in the number of fires or an increase
in their intensity, which will cause a greater affected area.

In general, the territory of Las Tunas is moving towards warmer conditions with
reductions in rainfall, especially towards the north coast, and a decrease in the relative
humidity of the air, which will lead to more affected areas by aridity and drought, and
larger areas with the presence of fire danger conditions for vegetation.
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