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SUMMARY

Land use/land cover (LULC) change has been one of the main drivers of landscape changes in the Mediterranean region where there
has been an increase in the forested lands. LULC change in the region has not only changed forest stand structure and composition but
also resulted in increase in the available combustible fuels. There have been few studies on fuel accumulation in relation to LULC,
however, no study explaining quantitatively the relationship between LULC change and canopy fuel load in the Mediterranean region.
The objective of this study is to evaluate the effects of LULC changes on overall crown fire hazard through examining stand structure,
composition, and canopy fuel loads in Eastern Mediterranean forests for 35 years. Forest stand type maps generated from the stereo
interpretation of aerial photographs and field survey data were used for the analyses. The results of the study showed significant changes
in LULC during the period of 1977-2012. There was a 16.6 % decrease in agricultural areas, 144.5 % increase in settlement areas
and 6.8 % increase in pine forests. As for the structural and compositional changes in forested lands, open pine stands that included
Mediterranean shrub communities decreased (77.2 %); nonetheless, closed pure pine stands increased (49.9 %), resulting in an increase
in the total canopy fuel load in pine stands (86.4 %). Results indicated that landscapes tended to become more homogeneous, fully closed
pine stands, resulting in an increase in the continuity and the buildup of fuels available for combustion.

Keywords: forest fires, agricultural abandonment, landscape changes, canopy fuel load, fire management.

RESUMEN

El cambio en el uso del suelo/cobertura del suelo (LULC) ha sido uno de los principales impulsores de los cambios en el paisaje en
la region mediterranea, donde ha habido un aumento de las tierras forestales. El cambio de LULC en la region no solo ha cambiado
la estructura y composicion de los rodales forestales, sino que también ha resultado en un aumento de los combustibles disponibles.
Ha habido pocos estudios sobre la acumulacion de combustible en relacion con LULC, sin embargo, ninglin estudio explica
cuantitativamente la relacion entre el cambio de LULC y la carga de combustible del dosel en la region mediterranea. El objetivo
de este estudio es evaluar los efectos de los cambios de LULC en el riesgo general de incendios de copas mediante el examen de la
estructura, la composicion y las cargas de combustible del dosel de los rodales en los bosques del Mediterraneo oriental durante 35 afios.
Para los analisis se utilizaron mapas de tipos de masas forestales generados a partir de la interpretacion estereoscopica de fotografias
acreas y datos de estudios de campo. Los resultados del estudio mostraron cambios significativos en LULC durante el periodo 1977-
2012. Hubo una disminucion del 16,6 % en las areas agricolas, un aumento del 144,5 % en las areas de asentamiento y un aumento
del 6,8 % en los bosques de pino. En cuanto a los cambios estructurales y composicionales de los terrenos forestales, disminuyeron
los rodales abiertos de pino que incluian comunidades de matorral mediterraneo (77,2 %), pero aumentaron los rodales cerrados
de pino puro (49,9 %), lo que se tradujo en un aumento de la carga total de combustible del dosel en los rodales de pino (86,4 %).
Los resultados indicaron que los paisajes tendian a volverse mas homogéneos, pinares completamente cerrados, lo que resultd en un
aumento en la continuidad y la acumulacion de combustibles disponibles para la combustion.

Palabras clave: incendios forestales, abandono agricola, cambios en el paisaje, carga de combustible del dosel, manejo de incendios.

INTRODUCTION

Land use/land cover (LULC) change is one of the main
drivers of global change and has many effects on landscape
structure in the Mediterranean Region (Viedma et al. 2006).
The decrease in firewood demand and grazing, and an increa-

se in land abandonment have changed LULC patterns (Mo-
reira et al. 2011, Pérez et al. 2003), significantly affecting the
structure and composition of forested lands (Falcucci et al.
2007). Stand structure and composition have also been affec-
ted by large scale afforestation efforts using pine species (Mo-
reno et al. 1998, Pausas et al. 2004) and transformation of
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some open pine/broadleaved mixed stands into more closed,
productive pure pine stands through management activities in
the region. As a result, landscapes tended to become more ho-
mogeneous (Pérez et al. 2003, Viedma et al. 2006) with large
continuous patches of even aged and fully closed pine stands,
thus resulting in an increase in the buildup of fuels available
for combustion (Moreira et al. 2001, Moreno et al. 1998).
This exacerbates the problem of forest fires and extreme fire
behavior over large areas in the Mediterranean Region.

Mediterranean forests have always been subjected to fo-
rest fires, and fires are the most important disturbance agents
in forested lands. Changes in stand structure, composition
and canopy fuel load directly affect fire hazard (Mitsopou-
los and Dimitrakopoulos 2007), fire behavior and vulnera-
bility of stands to intense and severe crown fires (Cruz et al.
2003). However, little information exists on the relationship
between LULC change and canopy fuel loads in pine stands
in the Mediterranean Region.

Many studies have analyzed LULC changes in diffe-
rent parts of the Mediterranean Region for different time
periods (Ales ef al. 1992, Debussche et al. 1999, Falcucci
et al. 2007). Studies have clearly indicated a dependen-
cy of biodiversity (Falcucci ef al. 2007), soil conservation
and forest fire hazard and occurrence (Viedma et al. 2006)
on LULC change. There have been few studies on fuel ac-
cumulation regarding land use/land cover change (Moreira
et al. 2001), and no study explaining quantitatively the re-
lationship between LULC change and canopy fuel load in
the Mediterranean Region.

The objective of this study is to evaluate the effects
of LULC changes on overall crown fire hazard through
examining stand structure, composition, and canopy fuel
loads in Eastern Mediterranean forests for 35 years. The
hypothesis of this study is: LULC has no major effect on
the flammability of the stands in the Eastern Mediterra-
nean Region. The results obtained from this study may be
invaluable in the understanding of the dynamics of Me-
diterranean forest lands and developing genuine manage-
ment strategies to reduce crown fire hazard in the future.

METHODS

Study site. The study site is located at Karabortlen State
Forest Enterprise in Mugla, southwestern Turkey. The site
is located at 37° 01’ 32" N, 28° 25’ 16” E and at sea level
with an average slope of 5 - 10° (figure 1). The site is cha-
racterized by typical Mediterranean climate with long hot
summers and mild short winters. Mean annual temperature
is 15.1 °C and annual rainfall on the site is 1,214.8 mm
with precipitation being mainly from December to May.
The fire season in Mugla Region generally lasts from late
May until mid-September. Turkish red pine (Pinus brutia
Ten.) stands dominate the forest canopy throughout the
study area. Also included in the canopy is Stone pine (Pi-
nus pinea L.) accompanied by such broadleaved species as
Liquidambar orientalis L. and Eucalyptus camaldulensis
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Dehn. Common understory woody species are Quercus
coccifera L., Pistacia terebinthus L., Laurus nobilis L.,
Arbutus andrachne L., Myrtus communis L. and Cistus
spp- Soil type is brown forest soil.

The land area of the study site is 14,640 ha of which
nearly 60 % is covered by Turkish red-pine dominated
stands. Turkish red pine is the most widely distributed fo-
rest conifer species in fire prone areas in Turkey. Most fires
occur in pure or mixed Turkish red pine stands. The study
site is near the Gulf of Gokova (figure 1), a major destina-
tion for summer tourism in the summer. The human po-
pulation peaks in the area during summer months (May to
September) contribute to human caused fires. Almost all
fires originate from human activities, resulting in a 1 %
area burn on average in the study area. There are 14 settle-
ments located within the borders of the study area with a local
population of 6,966 according to population census in 2007.

Data acquisition and processing. Geographic informa-
tion system (GIS) and remote sensing technologies were
used to acquire, build, and manage spatial database for
the study area. The stand type maps of the study area were
used to assess spatiotemporal land use/land cover, stand
structure and crown fuel load changes. Stand type maps
were obtained from forest management plans of Karabort-
len State Forest Enterprise. The stand type maps, used as
ground data, were originally generated from both the ste-
reo interpretation of aerial photographs with an average
1:25,000 scale and ground measurements with 300 x300
m sampling points for 1977, 1990, 2000 and 2012. This
intensive data gathering process was part of forest inven-
tory conducted by the Turkish Forest Service.

Coarse level stand structure and fuel load classifica-
tion approach was used in the study area. The coarse le-
vel approach refers to a broad classification of vegetation
covers in relation to major land use types such as agri-
cultural and settlement areas and stand types described
by species composition, development stages and canopy
closure. The stand volume (m?*), number of trees and stand
volume increment (m?®) were acquired from forest inven-
tory data for the years 1977, 1990, 2000 and 2012.

Stand type maps were first scanned and later geore-
ferenced using 1:25,000 scaled topographical maps with
UTM projection (ED50 UTM Zone 35 N Datum) using
first order nearest neighbor rules with a maximum root
mean square (RMS) error under 10 m in a GIS software
(ArcGIS 10.2). Rectified forest stand type maps were di-
gitized with a 1:3,000 to 1:5,000 screen view scale. Af-
terwards, associated attribute data were entered into the
computer to create a spatial database for the study area.

Classification of land use/land cover, stand structure and
composition. The landscape was divided into four ma-
jor land use categories (Gregorio and Jansen 2000) to
monitor LULC change for the study period. Categories
included: 7) forest, ii) agricultural areas, iii) settlements
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Figure 1. Geographic location of the study site near the Mediterranean Sea (Mugla, Turkey).

Ubicacion geografica del sitio de estudio cerca del mar Mediterraneo (Mugla, Turquia).

and iv) open areas (some swamp areas, dune fields and
other non-forested areas). The stand structure was clas-
sified according to the canopy closure of the stands.
Stands with canopy closure under 10 % were classified
as “Open stands” and the rest as “Closed stands” (fi-
gure 2A, B). The open stands were mainly covered by
Turkish red pine (Pinus brutia Ten.) with Mediterra-
nean shrub plant communities (i.e. Quercus coccifera
L., Pistacia terebinthus L., Arbutus andrachne L., Myr-
tus communis L., Cistus spp.) in the understory (figu-
re 2A). The stand composition was classified into two
major groups; i) pine stands dominated by Pinus brutia
Ten. and ii) eucalyptus stands Eucalyptus camaldulensis
Dehn.) and iii) broadleaved (Liquidambar orientalis L.)
and mixed stands (figure 2C, D, E).

Quantitative stand characteristics such as the number
of trees (trees ha'), stand volume (m?®ha') and stand vo-
lume increment (m*ha') were analyzed only in the closed
(productive) pine stands with an average diameter at breast
height (DBH) larger than 8 cm, as the inventory data were
only available for these stands. The quantitative stand cha-
racteristics of some eucalyptus, broadleaved and mixed
stands, for which no or little inventory data were available,
were not considered. To monitor temporal changes in the
quantitative stand characteristics, pine stands were classi-
fied into three groups regarding developmental stages as;
i) young (DBH = 8 - 19.9 cm), if) mature (DBH =20 -35.9
cm) and i7) over mature (DBH > 36 cm).

Evaluation and prediction of canopy fuel load. Within the
present study, the term ‘crown’ is used to describe aerial
fuels at tree level and ‘canopy’ at stand level in line with
literature (Cruz et al. 2003). The canopy fuel load in pine
stands was classified according to the standard fuel size
classes (Scott and Reinhardt 2002). Total canopy fuel load

(CFL, kg m) means the oven-dry mass of the canopy fuels
(needles, branches < 0.3 cm (very fine branch), 0.3 - 0.6 cm
(fine branch), 0.6 - 1 cm (medium branch) and 1 - 2.5 cm
(thick branch) in diameter) per unit ground area (figure 3).
However, it is known that only the fine fuels involving
needles and fine branches smaller than 0.6 cm in diameter
are considered available canopy fuel (Fernandez-Alonso
et al. 2013, Mitsopoulos and Dimitrakopoulos 2007) con-
sumed in a crown fire (Scott and Reinhardt 2002, Stocks
et al. 2004). Canopy fuels were assessed in pine stands as
available and total CFL in this study.

There are some models available in literature for the
estimation of crown fuel load for Turkish red pine using
tree (Gungoroglu et al. 2018, Kucuk and Bilgili 2008,
Kucuk et al. 2008) and stand characteristics. The models
developed by Gungoroglu et al. (2018) were used to pre-
dict crown fuel load of Turkish red pine. Limitations of
the inventory data allowed the use of Gungoroglu et al.
(2018) models only. Crown fuel loads (kg) were determi-
ned on a tree basis using mean diameter at breast height at
1.30 m (DBH). Available and total CFL for the stand were
calculated using stand density (trees ha'). The calculated
CFL (kg) were then converted into kg m™ with the area
(m?) of each stand. The CFL calculations were made only
for the pine stands with an average DBH larger than 8 cm,
as there is no inventory data available for younger stands
in the management plans.

RESULTS

The change in LULC, stand structure and composition bet-
ween 1977 and 2012. The landscape was dominated by
forest (56.7 - 60.6 %), followed by agricultural land (34.2
- 41.1 %), settlement (1.2 - 2.9 %) and open areas (1.0 -
2.2 %) (table 1, figure 4A). Results indicated an increase
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in forest, settlement, and open areas in the study area bet-
ween 1977 and 2012 (figure 4A, table 1). Increases were
6.8 % (567.7 ha), 144.5 % (255.1), 117.8 % (174.7 ha) in
forest, settlement, and open areas, respectively. However,
there was a 16.6 % (997.5 ha) decrease in agricultural land
area between 1977 and 2012 (figure 4A, 5A). There was
a gradual increase in human population in the study area

from 5,194 to 6,966 during the study period. The mean
population of the study area was 6,022 with a 34.1 % in-
crease (table 1).

Results indicated a 49.9 % increase in the closed and
a 77.2 % decrease in open stands between 1977 and 2012
(figure 4B, 5B, table 1 and 2). Most increases in the closed
stands were accounted for by the decrease in open stands

Stand Structure

Open stands

Pine stands

Eucalyptus stands .

Broadleaved & Mixed stands

Stand Composition

Figure 2. Classification of stand structure (A, B) and composition (C, D, E) in the study area.
Clasificacion de la estructura del stand (A, B) y composicion (C, D, E) del area de estudio.

Branch Size
Classes

Very fine
(<0.3 cm)

Fine
(0.3-0.6cm)

. Medium
(0.6-1.0cm)

Figure 3. Classification of crown fuel load of Turkish red pine according to the standard fuel size classes.

Clasificacion de la carga de combustible de corona de pino rojo de Turquia segln las clases de tamafio de combustible estandar.
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(2,080.7 ha), followed by agricultural land area (933,1
ha) between 1977 and 2012 (table 2, figure 4B and 5B).
There was a decrease in agricultural land area., Decreases
in these lands were accounted for by the increase in sett-
lement areas (335,3 ha) between 1977 and 2012 (table 2,
figure 4A).

The stands were dominated by pine (Pinus brutia Ten.)
(52.8 - 55.3 %), eucalyptus (Eucalyptus camaldulensis
Dehn.) (2.1 - 2.6 %) and broadleaved and pine - broad-
leaved mixed stands (B&M) (1.3 — 3.3 %) from 1977 to
2012. Results indicated an increase in both pure pine and
broadleaved-mixed stands, and the decrease in eucalyptus
stands (figure 4C, 5C and table 1). The total area of pine
stands increased by 4.7 % (365.7 ha), broadleaved-mixed
stands by 148.3 % (284.2 ha) and the total area of eucalyp-
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tus stands decreased by 21.4 % (82.2 ha) between 1977
and 2012 (table 1, figure 5C).

The change in stand characteristics between 1977 and
2012. Results indicated significant changes in stand cha-
racteristics throughout the study period. The number of
trees (trees ha') increased by 141.8 % (244) from 1977 to
2012 (figure 5D). The increase in the number of trees per
hectare was more pronounced in young stands (1,513.1 %
(194)) as compared to mature stands (58.2 % (66)). Howe-
ver, there was a decrease of 35.6 % (16) in over mature
stands.

Similar trends were observed in stand volume and vo-
lume increment (figure 5D, F). The increase in stand vo-
lume was 1086.8 % (22.5 m® ha') in young, and 64.9 %

Table 1. Evolution of LULC, stand structure, composition, and human population in the study area from 1977 to 2012.

Evolucion de LULC, estructura del rodal, composicion y poblacion humana en el area de estudio de 1977 a 2012.

LoLc 1977 1990 2000 2012 (19217“%“2%512)
ha % ha % ha % ha % ha %
Forest 83050 567 84972 580  8907.5 608 88727 60.6 5677 68
Agriculture 60102 411 55607 380 52252 357 50127 342 9975 -16.6
Settlement 1765 12 2561 17 2984 20 5316 29 2551 1445
Open Areas 1483 1.0 3259 22 2089 14 329 22 1747 1178
Total 14640 100 14,640 100 14,640 100 14,640 100 0
Year 1977 1990 2000 2012 ( 19(73;‘%“2‘5512)
Structure ha % ha % ha % ha % ha %
Closed stands 54903 375 67782 463  7.057.8 482 82313 562 27409 499
Open stands 28147 192 17190 117 18497 126 6415 44 21732 772
Other 63350 433 61428 420 57325 392 57673 394 5677 9.0
Total 14640 100 14640 100 14640 100 14640 100 0
Year 1977 1990 2000 2012 a 9%1%“2%12)
Composition ha % ha % ha % ha % ha %
Pine 77285 528 79598 544 78215 534 80942 553 3657 47
Eucalyptus Stands 3849 26 3272 22 3125 21 3027 21 822 214
B&M Stands' 1916 13 2103 14 7735 53 4759 33 2842 1483
Non-Forest 63350 433 61428 420 57325 392 57673 394 5677 9.0
Total 14640 100 14640 100 14640 100 14,640 100 0
e 1977 1990 2000 2012 (19%‘%“2‘%512)
No. PD’ No. PD No. PD No. PD No. PD
Population 5194 355 5600 383 6330 432 6966 476 1772 341

!B&M = Broadleaved and Pine - Broadleaved mixed stands. *The percent values indicate area distribution in each year in the study area. >PD = Population

density (inhabitants km™).
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(27.7 m* ha') in mature stands. However, there was an
18.5 % (7.3 m? ha!) decrease in over mature stands. Total
change in stand volume was 42.9 m* ha' (50.9 %) between
1977 and 2012 (figure 5E). The trend in stand volume in-
crement was similar to that of stand volume. There was an

increase in both young 1,171.1 % (1.16 m® ha!) and mature
stands 81.5 % (1.09 m® ha!'). However, there was a 6.0 %
(0.05 m® ha') decrease in over mature stands. Total chan-
ge in stand volume increment was 2.21 m® ha! (100.5 %)
between 1977 and 2012 (figure 5F).

Table 2. Transition matrix of land use/land cover change in the study area from 1977 to 2012.

Matriz de transicion de cambio de uso de suelo/cobertura de suelo en el area de estudio de 1977 a 2012.

2012 Change
band Cover o o0 ow oo o
Closed Stands (DS) 5,142.7 107.7 147.8 15.5 76.6 5,490.3 49.9
Open Stands (OS) 2,080.7 467.2 223.9 15.2 27.7 2,814.7 -77.2
1977 Agriculture (A) 933.1 657 45442 335.3 131.8 6,010.2 -16.6
Settlement (S) 19.7 0.9 91.0 64.8 0.0 176.5 144.6
Open Areas (O) 55.0 0.0 5.8 0.7 86.7 148.3 117.8
Total (ha) 8,231.3 641.5 5,012.7 431.6 3229 14,640.0 0.0

Land use/land cover
1977

I ForesT
I AGRICULTURAL
B seTTLEMENT

OPEN AREAS

Stand structure
1977

?‘.’%ﬂ.‘

Il cLoseD sTANDS
I oPEN STANDS

NON-FOREST

Stand composition
1977

""’%ﬁ

1990

. e
I sucaLvPTus
|
OTHER
ﬁ‘ 0 18753750 7500 11250  15.000
- Meters

Figure 4. Spatial distribution and transition maps of land use/land cover (A), stand structure (B) and composition (C) of Karabortlen

State Forest Enterprise in 1977, 1990, 2000 and 2012.

Mapas de distribucion espacial y transicion del uso de la tierra / cobertura del suelo (A), estructura (B) y composicion (C) del rodal de

Karabortlen State Forest Enterprise en 1977, 1990, 2000 y 2012.
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The change in canopy fuel load between 1977 and 2012.
Results indicated an increase in the canopy fuel load
(CFL) in pine stands between 1977 and 2012 (figure 6).
While the increase was more pronounced between 1977
and 2000, the rate of increase in the available and total
CFL (kg m?) diminished after 2000 (figure 6A). The in-
crease in the available CFL (needle and branches < 0.6 cm)
was 90.8 % (0.27 kg m?) and the total CFL was 86.4 %
(0.51 kg m?) between 1977 and 2012 (figure 6A). There
was also an increase in total available CFL and total CFL
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(tons) (figure 6B). Increases were 177.3 % (24,738.5 tons)
in available CFL and 171.0 % (46,438.5 tons) in total CFL
from 1977 to 2012 (figure 6B).

DISCUSSION

Change in Land use/land cover. Results showed a gradual
increase in forest, settlement, and open areas from 1977 to
2012 in the study area. However, there was a 16.6 % de-
crease in agricultural land area from 1977 to 2012 (table 1,
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Figure 5. State of land use/land cover (A), stand structure (B), stand composition (C) and stand characteristics: number of trees (trees ha™)
(D), stand volume (m? ha!) (E), and stand volume increment (m* ha™') (F) in pine stands (DBH > 8 cm) in 1977, 1990, 2000 and 2012.

Estado del uso del suelo / cobertura del suelo (A), estructura del rodal (B), composicion del rodal (C) y caracteristicas del rodal: nimero de
arboles (arboles ha') (D), volumen del rodal (m*® ha™') (E), e incremento de volumen del rodal (m? ha) (F) en rodales de pino (DAP > 8 cm) en 1977,

1990, 2000 y 2012.
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figure 5A). Similar findings were reported in the case stu-
dies from the Mediterranean Region (Ales et al. 1992, Mo-
reira et al. 2001). The decline was reported as 29 % from
1958 to 1995 and the possible reasons of decline were at-
tributed to the land abandonment and depopulation of rural
areas. The decline in the population and in the number of
farmers in the case area was accompanied by a sharp re-
duction in the farming activities (Moreira et al. 2001).

The decline in agricultural lands is correlated with the
increased job opportunities brought about by tourism in
the study area. The site is near the Gulf of Gokova which
is famous for its nature, beaches, and bays (figure 1). The
population of the region has significantly increased since
the 70s. The population increase was 34.1 % in the study
area from 1977 to 2012 (table 1). Moreover, parallel to the
population increase, settlement areas also increased in the
zone by 144.5 % from 1977 to 2012 (table 1). The transi-
tion matrix showed that most of the increase in settlement
areas was accounted for the decrease in agricultural land
area (335.3 ha) between 1977 and 2012 (table 2). The in-
crease in the spatial distribution of settlement areas was
more pronounced after 2000 (figure 4A).

There was a 6.8 % increase in forest areas from 1977
to 2012 in the study area (table 1). Similar results were
reported in the Mediterranean Region (Debussche et al.
1999), with up to 74 % increases in forest cover in some
areas (Falcucci et al. 2007). The increase in forested lands
could be attributed to the abandonment of agricultural
areas and a reduction in farming activities in the study
area (table 2). Inhabitants, particularly young generations,
prefer working at touristic places rather than considering
traditional sources of incomes such as grazing, wood har-
vesting and farming. This results in the abandonment of
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agricultural lands which in turn reduces social pressure
on forestlands.

The increase in the settlement areas accompanied by a
population growth near forestlands and the expansion of
forest areas may increase forest fire risk and hazard (Morei-
ra et al. 2011). Fires are strongly related to human activity
in the Mediterranean Region (Chergui et al. 2018). In Tur-
key, nearly 90 % of forest fires are caused by human acti-
vities. The trend in the land use/land cover change pattern
may contribute to the increase in fire problem in this region.

Recent observations made in the study area clearly in-
dicated a population influx into the region as a result of
the COVID-19 pandemic in 2020. People prefer living
in a separate house preferably far from city centers and
apartment complexes. This may further exacerbate fire
problem. The trend may help to understand possible in-
creases in forest fire occurrences, particularly in wildland/
urban interface, in the future.

Change in stand structure, composition, and characteris-
tics. The forest areas in the study area are dominated by
pine (Pinus brutia Ten.) (52.8 - 55.3 %), eucalyptus stands
(2.1 - 2.6 %) and broadleaved and pine - broadleaved mi-
xed stands (B&M) (1.3 — 3.3 %) (table 1). All stand types,
except eucalyptus stands, increased in area during the stu-
dy period (table 1, figure 4C, 5C). The increase percen-
tages in pine and B&M were 4.7 and 148.3, respectively.
The forest management plans indicated that the increase in
broadleaved stands resulted from plantations of broadlea-
ved species for essential oil production. Some areas were
also acquired through draining some swamp areas and
planting for pulp production. New Turkish sweetgum (Li-
quidambar orientalis L.) stands were established to increa-
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Figure 6. Changes in crown fuel load of pine stands over the study period (1977, 1990, 2000 and 2012). The dashed lines indicate
available crown and total crown fuel load (kg m?) and solid lines indicate available and total crown fuel load of pine stands (tons).

Cambios en la carga de combustible de la copa de los rodales de pino durante el periodo de estudio (1977, 1990, 2000 y 2012). Las lineas
discontinuas indican la corona disponible y la carga total de combustible de la corona (kg m?) y las lineas continuas indican la carga de combustible

disponible y la corona total de los rodales de pino (toneladas).
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se essential oil (crude levant storax) production in the stu-
dy area particularly in the 70 - 80s. In addition, Eucalyptus
camaldulenis Dehn. was used in afforestation activities to
drain some swamp areas and maximize wood pulp produc-
tion. Results indicated that there was a gradual decrease
in the land area of eucalyptus stands (figure 5C, table 1).
This may be a positive contribution to the decrease of the
flammability of the stands in the study area. As eucalyp-
tus is an extremely flammable species (Dimitrakopoulos
and Papaioannou 2001) containing excessive amounts of
essential oils. Although Fucalyptus camaldulensis Dehn.
may be a preferred plantation species for timber, it should
be kept in mind that it may significantly contribute to the
flammability of the stands in the study area.

Results showed a 49.9 % increase in closed and 77.2 %
decrease in open stands between 1977 and 2012 (Table 1, 2).
The open stands were mainly composed of Turkish red pine
(Pinus brutia Ten.) with Mediterranean shrub plant com-
munities (Maquis) (i.e. Quercus coccifera L., Pistacia te-
rebinthus L., Arbutus andrachne L., Myrtus communis L.,
Cistus spp.) in the understory. The possible reasons of decli-
ne in open stands could be ascribed to the land use/land co-
ver (LULC) and socioeconomic changes in the study area:

i) The availability of alternative energy sources (i.e.
natural gas) decreased the demand for fuelwood tradi-
tionally acquired from the forested lands.

ii) The decline in grazing might have contributed to the
reduction in open (degraded) stands. Overgrazing was
one of the main causes of forest degradation in the 70 -
80s in the Eastern Mediterranean Region (Arianoutsou
1985). However, subsequent reduction in grazing pro-
bably resulted in less pressure on pine forests in the
study area.

iii) Afforestation / reforestation efforts may have contri-
buted to the reduction in open stands. Open stands have a
priority for afforestation/rehabilitation activities in Tur-
kish forestry practices (GDF 2008) in managed forests.
Therefore, the open stands were subjected to rehabili-
tation programs using Turkish red pine with an overall
increase in stand density and productivity in the region.
The increase in stand productivity can be easily seen in
quantitative stand characteristics from 1977 to 2012 (fi-
gure 5). The number of trees (figure 5D), stand volume
(figure S5E) and stand volume raise (figure S5F) increased
during the study periods. The increase in the number of
trees was almost linear in mature (DBH = 20 - 35.9 cm)
stands and exponential in young (DBH = 8 - 19.9 cm)
stands. This increase was more pronounced between
2000 and 2012 (figure 5D). Similar trends were seen in
stand volume (figure 5D) and stand volume increment
(figure 5E) in pine stands between 1977 and 2012.

Large scale pine plantations promoted in the Mediterra-
nean Region have resulted in large, continuous, and homoge-
neous areas composed of even-aged pine stands supporting
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flammability (Pausas et al. 2004) and fire hazard (Moreira et
al. 2011). Fire hazard is associated with fuel condition. Fully
closed young pine stands with lower crown base constitute
high fire hazard areas (Ruiz-Gonzalez and Alvarez-Gonza-
lez 2011) and are more vulnerable to crown fire risk than
are mature pine stands (Mitsopoulos and Dimitrakopoulos
2007). The increase in young pine stands may, therefore,
contribute to the increased crown fire risk in the region.

Change in canopy fuel load of pine stands. Assessment
of canopy fuels is essential for fire management. Cano-
py fuels are the main fuel layer supporting crown fire
spread. Crown fuel load is essential for predicting crown
fire intensity, fuel consumption (Stocks et al. 2004) and
fire effects on ecosystems as well as carbon emission to
atmosphere (Amiro 2001). Results showed an increase in
available crown fuel load (CFL) (90.8 %) and total CFL
(86.4 %) from 1977 to 2012. The increase was more pro-
nounced between 1977 and 2000; however, the rate of in-
crease in available and total CFL (kg m) decreased after
2000 (figure 6A). The rate of decrease in available and
total CFL can be related to the changes in the quantita-
tive stand characteristics in mature and over mature pine
stands. As can be seen from figure SE, the stand volume of
mature pine stands was nearly stable, although there was
a decrease in stand volume in over mature stands between
2000 and 2012. Similarly, the number of trees in mature
pine stands increased slightly, whereas over mature pine
stands decreased after 2000 (figure 5D). The crown fuel
load of pines is linearly correlated with tree characteristics
such as diameter at breast height, tree height, crown length
and width (Gungoroglu ef al. 2018, Kucuk et al. 2008).
Moreover, an increase in stand basal area and tree density
results in an increase in CFL because of the higher fraction
of available crown fuel load (Cruz et al. 2003, Mitsopou-
los and Dimitrakopoulos 2007).

Total available CFL (needle and branches < 0.6 cm)
and total CFL increased in pine stands during 1977 - 2021
(figure 6B). This was related to the increase in both density
and land area of pine stands in the study area during the
study period (table 1). Results clearly indicated that pine
stands would become more vulnerable to crown fires in the
region, and increase in crown fuel loads would foster large,
intense, and catastrophic forest fires (Ferry et al. 1995) in
the future. Therefore, the hypothesis of this study “LULC
has no major effect on the flammability of the stands in the
Eastern Mediterranean Region” was rejected.

In this study, canopy fuel load (kg/m?) was only used
to evaluate crown fire potential in pine stands because of
the limited dataset for the stands. Indeed, Canopy bulk
density (kg m?) is also an important factor to assess and
compare crown fuel flammability and fire spread (Cruz
et al. 2003) among vegetation types, between and, even
within, the same forest species. Therefore, new studies are
needed to assess temporal changes in crown fire potential
in Mediterranean forests. Moreover, forest fires generally

165



BOSQUE 43(2): 157-167, 2022
Flammability in Mediterranean forests

start in the surface fuels (i.e. fine dead fuels) and depen-
ding on the surface fuel load, properties and environmen-
tal conditions, grow in size and intensity and develop into
crown fires (Mitsopoulos and Dimitrakopoulos 2007).
Consequently, surface fuel load should be addressed along
with canopy fuels for the assessment of crown fire hazard.
In this study, due to the lack of the surface fuel load pre-
diction models for Turkish red pine stands, the effects of
LULC change on the surface fuel load of pine stands in the
study period were not evaluated. Thus, further studies are
necessary to assess crown fire hazard in pine stands with
all combustible fuels from surface to crown in the Eastern
Mediterranean Region.

CONCLUSIONS

Land use and land cover change has been one of the
main drivers shaping landscape in the Eastern Medite-
rranean Region during the last decades. Abandonment of
agricultural lands, decreased grazing, decreased fuelwood
utilization, increased reforestation / afforestation efforts
and increased human activities constitute the underlying
reasons for the landscape dynamics in the region. Results
revealed that landscape tends to become more homoge-
neous resulting in large and homogeneous areas covered
with fully closed and productive pine stands. This will
probably exacerbate forest fire problem and extreme fire
behavior over large areas in the Eastern Mediterranean Re-
gion. An appreciation of the emerging trends in land use/
land cover change in the dynamics of forest lands from a
social, economic, and ecological perspective in the Eastern
Mediterranean Region could help managers make sound
decisions concerning the sustainable management of fo-
rest resources. Information derived from this study may
be useful in developing genuine management strategies to
reduce crown fire hazard in the future.
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