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Abstract Climate change is a real, pressing and significant
global problem. The concept of ‘climate change vulnera-
bility’ helps us to better comprehend the cause/effect
relationships behind climate change and its impact on
human societies, socioeconomic sectors, and physio-
graphical and ecological systems. In this study, multifac-
torial spatial modelling evaluated the vulnerability of a
Mediterranean forest ecosystem to climate change and
variability with regard to land degradation. This produced
data and developed tools to support better decision-making
and management. As a result, the geographical distribution
of Environmental Vulnerability Areas (EVAs) of the forest
ecosystem is the estimated Environmental Vulnerability
Index (EVI) values. These revealed that, at current levels of
environmental degradation, physical, geographical, policy
enforcement, and socioeconomic conditions, the area with
a “very low” degree of vulnerability covered mainly the
town, its surrounding settlements and agricultural lands

Project Funding: This work was supported by the French Global
Environment Facility (FFEM) Project (GCP/GLO/458/FRA).

The online version is available at http://www.springerlink.com

Corresponding editor: Hu Yanbo.

B< Orkan Ozcan
ozcanork @itu.edu.tr

Eurasia Institute of Earth Sciences, Istanbul Technical
University, Maslak, 34469 Istanbul, Turkey

Geomatics Engineering Department, Civil Engineering
Faculty, Istanbul Technical University, Maslak,
34469 Istanbul, Turkey

Center for Climate Change and Policy Studies, Bogazici
University, Bebek, 34342 Istanbul, Turkey

found principally over the low, flat travertine plateau and
the plains to the east and southeast of the district. The
spatial magnitude of the EVAs of the forest ecosystem
under current environmental degradation was also deter-
mined. This revealed that the EVAs classed as “very low”
accounted for 21% of the area of the forest ecosystem,
those classed as “low” for 36%, those classed as “med-
ium” for 20%, and those classed as “high” for 24%.
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Introduction

The greater Mediterranean region (i.e., the Mediterranean
Basin) is located at the crossroads of Africa, Asia and
Europe. It shares many cultures and traditions, encom-
passes different natural features and has a great variety of
landscapes, soils, vegetation, geology, climate and biodi-
versity (Zdruili 2014). The climate is characterized by
warm to hot, dry summers and mild to cool, wet winters,
along with markedly high seasonal, inter-annual and even
longer (e.g., decadal) time-scale variabilities (Tiirkes
1998). Mediterranean climates are found on various con-
tinents. They are formed and controlled by subtropical high
pressure cells, (e.g., the Azores High Pressure System over
the mid-north Atlantic), dominated during the warm/hot
period of from May to October, and mid-latitude distur-
bances and frontal cyclones in the temperate/cold period
from November to March (Tatli and Tiirkes 2014; Tiirkes
and Erlat 2006; Sahin et al. 2015). Severe floods, storms,
droughts, and heat waves, as well as land and forest
degradation and the salinization of groundwater resources
already occurring, are often viewed as a foretaste of
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climate change interacting with other anthropogenic
impacts on the natural environment and its ecosystems.

In global terms, forest ecosystems are an important
carbon sink, in which 76-78% of the organic carbon of
terrestrial ecosystems is stored and which makes significant
contributions in reducing the impact of total CO, emissions
and maintaining regional and even global, climate stability
(Sivrikaya and Bozali 2012; Keles et al. 2012). Based on
various studies on temporal dynamics of vegetation and
their relationship to climate, global and regional warming
may cause significant changes in vegetation activities,
especially in the middle- and high-latitude regions of the
northern hemisphere where vegetation growth and cover
increase significantly. The analysis, evaluation and
assessment approach in this study for estimates of climate
variability and environmental vulnerability of forest
ecosystems, are based on the most widely used definition
provided by the Fourth Assessment Report of the IPCC
(IPCC 2014). The Fourth Assessment Report (AR4) states
that forestry has a particular vulnerability to recent trends
to more severe heat waves, droughts and floods. A tem-
perature increase of more than 2 °C could result in deser-
tification and grassland expansion in the absence of
shrublands, and the expansion of mixed deciduous forests
in the absence of evergreen forests. Such warmer and drier
conditions are partly responsible for reduced forest pro-
ductivity and increased forest fires. In light of these, the
Report noted that Mediterranean ecosystems were among
those most vulnerable to climate change impacts (IPCC
2007).

Many studies have assessed the impact of climate
change and climate variability on forestry and the vulner-
ability of ecosystems in the Mediterranean region (Sabaté
et al. 2002; Maracchi et al. 2005; Gritti et al. 2006; Lindner
et al. 2010; Camuffo et al. 2010; Lelieveld et al. 2012). In
addition, Barbero et al. (1990) highlighted the effects of
human-induced disturbances of forest ecosystems in the
western part of the Mediterranean basin. Mugnozza et al.
(2000) discussed a number of research priorities with
special consideration to the impact that global change may
have on Mediterranean forest ecosystems. They concluded
that social issues, (such as fuelwood for domestic fire-
places, restaurants and charcoal production), should be
considered as key factors for effective forest conservation;
otherwise, it will be impossible to control forest fires and
landscape degradation in the region.

The frequency of forest fires is highly sensitive to cli-
mate change. Accordingly, many attempts have been to
quantify the potential impact of climate change on fire risk
under Mediterranean environmental conditions (Moriondo
et al. 2006; Turco et al. 2013, 2014). Studies suggest that
continued research is required to further explore the rela-
tionship between climate change and fires, especially in
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mountainous regions that under present climatic conditions
are almost unaffected by forest fires. Mediterranean
ecosystems are remarkably valuable and the impact of
climate change on ecohydrological processes may be sig-
nificant. Mediterranean-type ecosystems occur in five rel-
atively small areas around the world: the area bordering the
Mediterranean Sea, central Chile, the Cape region of South
Africa, southwestern and southern Australia, and southern
California. They are characterized by evergreen or drought-
deciduous shrublands. Due to the limited extent and iso-
lation of each of the Mediterranean-type ecosystems, there
is frequently a high degree of endemism in flora and fauna.
The five Mediterranean-type ecosystems have been highly
favored and impacted for habitation, agriculture and
recreation. This ecosystem type (which occurs on about
two percent of the earth’s land area) is one of the most
highly altered with the most disturbed area of any
ecosystem (Pignatti 2003). Erol and Randhir (2012)
reviewed the expected impacts of climatic change on the
ecohydrology of the watersheds of the Mediterranean and
identified adaptation strategies to increase the resilience of
the systems. Situated at the center of the junction between
Asia, Europe and Africa, Turkey has several unique
ecosystems that host many species. With its specific geo-
graphic position, rich topographical features and climatic
differences between regions, Turkey has an impressive
richness in fauna and flora. In particular, the country has
the second largest percent of forest cover among
Mediterranean countries, totaling 216,000 kmz, which
corresponds to 27.6% of its area.

The objective of this study is to assess the vulnerability
of a Mediterranean forest ecosystem to climate change and
variability under present conditions. To accomplish this,
multifactorial spatial modelling was used to Turkey’s
western Mediterranean sub-region, characterized by a
‘real’ Mediterranean climate (GIZ 2013). This was for an
FAO-Silva Mediterranean-FFEM-OGM Project entitled
‘Component 1’— “Production of data and development of
tools to support decision-making and management of vul-
nerable Mediterranean forest ecosystems affected by cli-
mate change and the ability of these forest ecosystems to
adapt to global change” (Tiirkes and Musaoglu 2016).

Materials and methods
Study area

Diizlercami forest ecosystem covers an area of the northern
Antalya travertine plateau as well as portions of the eastern
and southern slopes and the lower regions of the Western
Taurus Mountains. Lithological characteristics of the site
are mainly limestone formations dated from the Quaternary
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to the Jurassic periods (MTA 1989). In addition, the site
has many roads; it is close to cities and tourist attractions
and surrounded by agricultural areas. Taken together, these
make the forest ecosystem vulnerable to human activities.
With its mosaic of forests, great diversity of plant and
animal species, wildlife improvement areas, natural pro-
tected zones and habitats for fallow deer (Damadama L.),
the site is an important ecosystem in Antalya province
(Musaoglu et al. 2014). The selected forest ecosystem is
located in the Mediterranean geographical region of Tur-
key, on the western Mediterranean coastal belt. Nearly
30% of the land area is forested (Fig. 1).

Despite a decrease in population in some districts, the
latest statistics indicate an alarming in the mid-eastern
region, which had a population of 3348 in 1990 and 27,995
in 2010 (TSI 2012). As with all forested areas in Turkey,
the region’s forests are state-owned and administrated by
the General Directorate of Forestry under the Ministry of
Forestry and Water Affairs and managed by the forest
district directory in line with management plans that run in
cycles of 10 to 20 years. The combined inventory method,
integrating aerial photography and satellite image inter-
pretations with temporary sample plots, is for plan
renewals. To detect forest cover changes and damage to the
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study site, temporal stand maps and remote-sensing images
of the region are used.

Definitions and assessment approach

To fulfil the objectives to assess ecosystem vulnerability to
climate change, “Multifactorial Spatial Modelling” (GIZ
2013), a GIS-based modelling approach complemented by
stakeholders exchange with government, science and civil
society, combined with an “Expert system for evaluating
the Environmental Sensitivity Index (ESI) of a local area”.
The main references for the “Desertification Indicator
System for Mediterranean Europe, Expert System for
Evaluating the Environmental Sensitivity Index (ESI) of a
Local Area: Methodology” can be found in Ferrara et al.
(1999) and Kosmas et al. (1999a, b, ¢). An updated version
of the methodology employed in this study was developed
and tested in the MEDALUS III project (DIS4AME 2014).
In the updated expert system, the computed values were re-
arranged from O to 100 for simple interpretation of the
results since they were obtained from the application of the
algorithm. In the methodology, vulnerability scores are
efficient and allow simple estimates of levels of vulnera-
bility in a defined area. The computed values are contin-
uous within selected ranges that usually vary from 1 to 2 or
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Fig. 1 Geographical location of the Antalya Diizlercami forest ecosystem
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from O to 100 as in the ESI. However, for interpretation and
representation purposes, they are grouped into classes.
Class grouping is an open process in which threshold
values are selected on the phenomena needed to be put into
evidence (Ferrara et al. 1999; Kosmas et al. 1999a).

Based on the combined vulnerability methodology, the
production of the basic system was achieved by adopting a
two-stage approach for vulnerability of the ecosystem to
climate change applied under the present conditions illus-
trated in Fig. 2.

In the first stage, the five individual Environmental
Quality Layers (EQLs) or Factor Groups, corresponding to
Environmental Quality Scores (EQSs) and Environmental
Quality Indices (EQIs), are determined from the basic data
input layers (i.e., indicators or sub-layers). In the second
stage, the Environmental Vulnerability Scores (EVSs) and
Environmental Vulnerability Index Values (EVIs) from the
EQSs of the EQLSs, are evaluated to produce a map of the
combined Environmental Vulnerability Areas (EVAs) of
the study region.

The quantification of different EVSs at various scales or
geographical, ecological and biogeographical units may be
by evaluating the overall influence that each single infor-
mation layer has on the studied phenomena (Basso et al.
2000). For the vulnerability analysis of the forest ecosys-
tem to climate change, five quality layers (factor groups)
were used based on the methodology developed by GIZ

Fig. 2 Simplified schematic
representation of the algorithm
of EVI and EVA
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(2013), taking into account the sub-layers in order to
individually map the EQLs, EQSs, EQIs, EVSs, EVIs and
EVAs (Fig. 2).

Environmental vulnerability analysis and valuation

In the first stage, five EQLs and their EQSs from the basic
data sub- or input-layers (i.e., indicators such as variables,
parameters or indices) were determined. Each elementary
unit in each quality layer for any grid point in the study
area is represented according to its geographical coordi-
nates (latitude and longitude), and estimated as the geo-
metric mean of the relative scores of its own sub-layers as
follows (Eq. 1):

EQS(x;;) = (Sublayer_1;; x Sublayer_2; x Sublayer_3;

IRy Sublayer-nij)(l/n)

(1)

where i, j denote the rows and columns of a single ele-
mentary land unit of each sub-layer and n indicates the
number of sub-layers used. In the second phase, the EVSs
and EVIs were evaluated from the EQSs of the EQLs. In
the vulnerability analysis, classes were scored and assessed
with respect to the vulnerability of the ecosystem to cli-
mate change and variability (Table 1). The first level of the
basic data layers isolates the rest of the system from the
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Table 1 Valuation of the environmental quality layers (EQLs) and their scores from the basic data indicators

Biogeophysical factors Scores  Climate factors Scores

Sl.asp. Ponn (mm)

West sector W-NW, W, W-SW 1 > 800 Very high amount 1
and flat

South sector SW, S-SW, S, S-SE 1.3 800-600 High 1.3

North sector NW, N-NW, N, N-NE, 1.6 600400 Medium 1.7
NE

East sector E-NE, E, E-SE, SE 2 < 400 Low amount 2

Sl.gr. (%) PSI

<6 Gently sloping 1 0.40-0.59 Seasonal with a short dry 1
season

6-20 Moderately sloping 1.5 0.60-0.79 Seasonal 1.3

> 20 Strongly sloping 2 0.80-0.99 Seasonal with a long dry 1.6
season

So.dep. (in cm) 1.00-1.19 In period of time 1.8

< 3 months
> 90 Deep soil 1 > 1.20 Extreme seasonality 2
90-50 Moderate 1.3 %P of WP to Py, (%)
50-20 Shallow soil 1.7 > 35 Very high spring/summer 1
Precip
<20 Very shallow 2 35-25 High spring/summer Precip 1.3
Soil type 25-15 Medium spring/summer 1.7
Precip
Red podzolic 1 <15 Low spring/summer Precip 2
Red Mediterranean or 1.3 W, (mm)
Terra-Rosa
Alluvium 1.6 > 0.0 No annual water deficit 1.0
Colluvium 2.0 0.0-150 Weak water deficit 1.3
Fire factors Scores  — 150-300 Moderate water deficit 1.7
Stand types < — 300 High water deficit 2.0
Broad-leaf/deciduous forests® 1 I. (°O)
Mixed forests 1.5 <20 Euoceanic 1
Mostly maquis and shrubs 1.8 20-22 Semicontinental 1.5
Coniferous forests” 2 >22 Subcontinental 2

Buffer distance to roads (m) Emberger’s Qg
> 500 1 > 100 Humid 1
301-500 1.3 75-100 Moist-sub humid 2
201-300 1.5 50-75 Dry-sub humid 3
101-200 1.8 30-50 Semiarid 4
0-100 2 Ety (m, °C)

Buffer distance to PTL (m) >5 Temperate winter 1
> 500 1 0-5 Cool winter 1.5
201-500 1.3 <0 Cold winter 2
101-200 1.5 Altitude (m)

51-100 1.8 > 800 High Alt. 1.3
0-50 2 800-500 Medium to high Alt. 1.4

Buffer distance to residential areas (m) 500-200 Low to medium Alt. 1.5
> 500 1 < 200 Low Alt. 1.6
301-500 1.3 Pol. ENF. and socioeconomic factors
201-300 1.6 Population density (per km?)

101-200 1.8 <50 Weak human pressure 1.3
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Table 1 continued

Biogeophysical factors Scores  Climate factors Scores
0-100 2 50-200 Moderate human pressure 1.5
AGE factors Scores 200-1000 High human pressure 1.8
Diameter range (cm) > 1000 Very high human pressure 2
36-51.9 D 1.3 # of SLS in HH (per km?)
20-35.9 C 1.7 <2 No grazing pressure 1
0-19.9 A, B 2 2-5 Weak grazing pressure 1.3
5-15 Moderate grazing pressure 1.7
> 15 High grazing pressure 2
Policy enforcement and preserving statues
Protected forests with different legal 1
statuses
Lands with management plan 1.5
Agricultural lands and lands with 2B 2
statue®

?Quercus spp. and others

by . . . . .
Pinus brutia, Cedrus libani, Juniperus exelsa, Cupressus sempervirens subsp

“Although in the past they had had originally forest status, they were later illegally occupied and owned with an allowance of legal forgive by the

Government

details of the data. The quality layer (level 2) acts as a
buffer between level 1 data layers and the derived ESA
layer (level 3). In the MEDALUS system, the ES scores
(ESSs) are estimated with Eq. (2) using the n-number of
Quality Scores, QSs from Eq. (1).

ESSi; = (Quality Score_1; x Quality Score_2; X - -
x Quality Score_nij)(l/n)

(2)

where i, j denote the rows and columns of a single ele-
mentary land unit of each quality layer and n;; indicates the
computed quality scores.

In order to derive EVIs, the EVSs were re-arranged from
0 to 100 by normalizing them to the maximum and mini-
mum values shown in Eq. (3).

Normalized EVS(EVI) = [(Value — Min.Value)/ 3)
(Max.Value — Min.Value)] - 100.

Environmental quality layers (EQLSs) and indicators
Biogeophysical quality index (BQI)

The evaluation of biogeophysical factors with to slope
aspects (SLasp.), slope gradients (SLgr. in %), soil depth
(So. dep. in cm) and soil types, based on the Zonal (older)
system of soil classification in Turkey were performed
using soil and topographical features in regular soil survey
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reports and digital topographic maps in the Geographical
Information Systems (GIS) environment.

Slope aspect (topographic exposure) is a geomorpho-
metric feature of topography and characterizes a site in
terms of its protection by the surrounding landscape. The
slope aspect indicator is for the purposes of evaluating the
threat from wind to forest stands and used in this context in
a number of studies (Lanquaye and Mitchell 2005; Ruel
et al. 2002; Scott and Mitchell 2005).

Soil erosion is the main process of land degradation and
desertification in hilly and mountainous Mediterranean
areas. Soil sediment loss may be estimated by the product
of the amount of surface water run-off multiplied by the
slope gradient, multiplied by a constant related to soil
surface characteristics. As the slope becomes steeper,
runoff coefficient increases, kinetic energy and carrying
capacity of surface waterflow becomes greater, soil/slope
stability decreases and soil sediment loss increases.

Consequently, slope gradient may be considered as one
of the most important determinants of soil erosion and
desertification (Kosmas et al. 1999a, b, c¢). Soil water-
storage capacity and effective rooting depth are mainly
related to soil depth. Land degradation due to erosion is a
serious threat to soil quality and productivity in hilly and
mountainous areas. The effects of soil erosion on produc-
tivity depend largely on the thickness and quality of the
topsoil and on the nature of the subsoil. The productivity of
deep soils with thick topsoil and excellent subsoil
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properties may be virtually unaffected by erosion (Ferrara
et al. 1999; Kosmas et al. 1999a).

According to the soil type map of the area, carbonaceous
rocks are the most extensive parent material. The main soil
types over hard limestone are Terra Rossa, Red Podzolic
and Kolluvial. Red Mediterranean soils over non-calcare-
ous materials form the other soil type, and this differs from
Terra Rossa in terms of rock types. Among these, Terra
Rossa is the most dominant soil type on the test site.

The BQI was calculated using the assigned scores of the
following indicators: SI. asp., SI.gr., So. dep. and Soil Type
as shown in Fig. 3 and Table 1. For this purpose, the
Biogeophysical Quality Score (BQS) was calculated using
Eq. (1). In order to derive the BQIs, the BQSs were re-
arranged from 0 to 100 for simpler interpretation by nor-
malizing with maximum or minimum values of the BQSs
(Table 1) using Eq. 3.

Climate quality index (CQI)

Records from 1970 to 2000 from nine climatological and
meteorological stations were used to calculate the variables
in performing the climate classification and other basic
climate indices. Old records from several closed climato-
logical stations were used to make basic climatological
analysis, but these only covered a limited. Thus, the
insufficiency of the records obstructed the proper imple-
mentation of an entire time series analysis that would
include estimating statistical parameters and temporal
trends. For the classification and scores of climate factors
used in assessing the vulnerability of the forest ecosystem
to climate variability and climate change, individual input

Slgr., %
[ Most Steep <6 4
[ Medium Steep 6 - 20

[ Most Steep >20

[ West Sector 1
[ South Sector

Sodep, cm

[ >90 Deep Soil
[150-90 Moderate Deep
[120-50 Shallow

[ <20 Very Shallow

Kilometers

layers were: (1) Emberger’s Pluviothermic Quotient (Qg);
(2) Emberger’s Thermic Variant (Etvy); (3) Rivas Martinez
Continentality Index (/.); (4) Annual Precipitation Amount
(Pann); (5) Precipitation Seasonality Index (PSI); (6) Per-
centage Precipitation of Warm/Hot Period of the Year
(%P of WP to P,,,); (7) Annual Climatological Water
Availability (W,); and, (8) altitude.

Emberger (1930, 1932) made a synthetic expression for
the Mediterranean-type climate by classifying it based on
three important climatic parameters: precipitation, tem-
perature and evaporation. The primary objective for using
Emberger’s Pluviothermic Quotient (Qg) is to identify
bioclimatic conditions and their long-term variations with
special reference to drought-prone areas and to the degra-
dation of soil and water resources in and around the study
area. It is calculated with the following formula in which
air temperature values are expressed in absolute degrees
K=1273 4 °C):

05— (1000 x P) _ (2000 x P)
E [05 X (Tmax + Tmin) X (Tmax - Tmin)] Tr%lax - Tr%ﬁn

(4)

where P identifies the annual precipitation in mm, 7}, and
Tmin define the average maximum air temperature of the
hottest month expressed in K, and the average minimum air
temperature of the coldest month expressed in K, respec-
tively. The higher the aridity of the index in an area, the
greater the water resource variability and scarcity over
time, and the more vulnerable the area is to climate change
and variability (including droughts and desertification).
Along with the other indicators, this contributes to the

Soil Types
[ Red Mediterranean'}
[ Alluvium A
I Colluvium

Fig. 3 Geographical distributions of the biogeophysical indicators: slope aspect, slope gradient, soil depth and soil type
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production of a scale for the state of health of soil and
water resources, natural ecosystems, communities in the
Mediterranean biotopes and consequently, to the creation
of multifunction management/development plans and
strategies which are compatible with the resources avail-
able in the study region.

The Emberger Thermic Variant (Ery) expresses the
degree and the duration of the critical frost period in a
generic, simple and useful way (Emberger 1930, 1932).
The lower the T,,;, value, the more severe these conditions
are. The Rivas Martinez climate classification methodology
determined a generic worldwide climate classification into
five macro bioclimates (tropical, Mediterranean, temperate,
boreal and polar) based on bioclimatic indices (Rivas
Martinez 1987, 1996). A continentality index (Ic) was also
used with a simple classification for types and subtypes of
continentality/oceanality conditions which expressed the
range between monthly mean air temperatures of the
warmest (Tyam) and the coldest (T.yq) months of the year.

Precipitation is a fundamental indicator because it is the
primary factor for aridity/humidity, soil water and soil
erosion, and because of its influence on the development of
natural communities and biotopes. Seasonality is one of the
most important climate characteristics in the subtropical
Mediterranean climate regions, particularly due to its dry
and hot summer type which is classified “Csa” according
to the Koppen—Geiger climate classification (Tiirkes 2010).
Consequently, the objective of this indicator is to assess the
importance of the seasonal variations of the precipitation
that affect drought, desertification, and soil and vegetation
characteristics. Precipitation Seasonality Index (PSI),
derived by Walsh and Lawler (1981) and calculated for
Turkey based on the definition of Glantz (1987), is
expressed by the following formula:

12 L 1
> 1P - Pi|] T (5)

i=1

PSI; =

where PT; is the annual precipitation total (mm) for the
particular year i in the study period; Pi; is the actual
monthly precipitation total (mm) for month j, and overall
average of the monthly precipitation totals (mm) in the
year i.

In addition to the PSI, the percentage precipitation value
of the warm/hot months (April to September) was com-
pared with the annual precipitation total (% P of WP to
P..,) in order to study the present and future precipitation
contribution of the warmest months to the annual precipi-
tation amount and its variability.

Potential evapotranspiration (PET), which describes the
capacity of the prevailing climate to evaporate water from
soils, plants, open water and other surfaces, is used with
precipitation data to calculate climatic water balances.

@ Springer

Since water availability is an important determinant of an
ecosystem’s structure and function, understanding and
predicting current and future changes and variability during
peaks of biological demand are of critical importance.
Some recent efforts have led to the synthesis of empirical
evidence with projections from global and regional climate
models to develop a better understanding of how biological
communities and forest ecosystems may adapt (Yukon
College 2011). In this study, the annual climatological
water availability (W,) (i.e., climatic surface water balance)
was estimated from differences between the amounts (mm)
of annual precipitation (P,,,) and potential evapotranspi-
ration (PET,,,) to reveal present and future conditions and
changes in the climatological soil water balance. This was
done with a simple approach: W, = (Pany — PET ).

The CQI was calculated using the assigned scores of the
following nine indicators: Qg, Etv, I, Pann, PSI, %P of WP
to Puum, W, and Altitude (Alr.) as shown in Fig. 4 and
Table 1. The Climate Quality Score (CQS) and CQI were
determined with calculations similar to those of the pre-
vious section.

Aging quality index (AQI)

Due to the combination of information from various
sources into one map, forest stand maps produced in 1997
and 2012 by the GDF (1:25,000) were compared to
determine land cover changes (GDF 2012). Forest stand
maps incorporate all the information regarding a forest area
such as age development classes, plant taxon types (mainly
forest trees, maquis and other shrubs). The information is
useful to determine spatial and temporal changes of vege-
tation. The AQI used in this work is based on tree diam-
eters (cm) (Fig. 5). Development age classes are based on
tree diameters at five scales: A to E having diameter ranges
of 0-7.9, 8-19.9, 20-35.9, 36-51.9, and greater than
52 cm, respectively. Figure 5a, b show spatial variations
and quantitative changes in development age classes
between 1997 and 2012.

The geographical distribution of the Aging Factor esti-
mated indirectly from the stand development classification
of the forest species recorded a substantial reduction in
class A for 1997. However, large diameter trees were
already rare in 1997 or, in other words, large diameter trees
have been shifted to larger diameter classes.

Based on common methodology, the Aging Quality
Score (AQS) using the assigned scores of the stand
developments (cm) and the AQI was calculated.

Policy enforcement and socioeconomic quality index (PQI)

Policy Enforcement and Socioeconomic Factors include
the effects of human and livestock (grazing) pressures on
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Fig. 4 Geographical distribution of the climate indicators

the pilot site. PQI states the effectiveness of the policies
related to environmental protection and the ecosystem
approaches for sustainable ecological forest management.

The PQI was calculated using the assigned scores of
Population Density, Number of Small Livestock (SLS), and
the Policy Enforcement and Preserving Status, as shown in
Fig. 6 and Table 1. The Policy Enforcement and Socioe-
conomic Quality Score (PQS) and PQI were also
determined.

These factors were classified according to the degree to
which they are enforced for each land use. After collecting

information on existing policies with regard to preserving
the status and the socioeconomic situation of the area, local
experts evaluated them. Therefore, the degree and imple-
mentation of the existing policy enforcement and the
ability to preserve the status of the study site were
determined.

Fire quality index (FQI)

Understanding and assessing fire quality in a forest area of
the Mediterranean biotope with respect to climate change,
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land degradation and desertification is an important topic
for consideration for the vulnerability analysis of forest
ecosystems in Turkey and other Mediterranean countries
(Altan and Tiirkes 2014). Fires ignited by natural causes
have always interacted with ecosystems, and have a sig-
nificant influence on ecosystem functions. Fire recycles
nutrients, reduces biomass, and influences insect and dis-
ease population dynamics. It is the principal agent affecting
vegetative structure, composition and biological diversity
(Altan et al. 2011). Fires remove vegetation and affect the
litter layer formation, which plays a major role in the
prevention of soil erosion caused by raindrop impact and
overland flow. Thus, the risk of soil degradation is very
high immediately after a fire, which decreases as the plant
cover regenerates. Significant losses of forest vegetation
and woody biomass result in a long-term impact on the
natural environment, ecosystems and biological commu-
nities, even though there are more direct fire indicators
such as area burned (km?) and fire frequency (number of
fires per year on a defined area or a forest territory recorded
over a long period).

The FQI was calculated using assigned scores of the
following indicators and/or fire threat/risk elements:
Vegetation (Stand) Type, Buffer Distance to Roads, Buffer
Distance to Power Transmission Lines (PTL) and Buffer
Distance to Residential Areas as indicated in Fig. 7 and
Table 1. For this purpose, the Fire Quality Score (FQS) and
FQI were determined similar to the previous section.

For this study, the preference was to consider indirect
indicators and/or fire threat/risk elements because the

Buffer Dists

I 301-500

D
Lo

2

number of fire events per year is low and the study area is
characterized by management plans, of which only a few
are concerned with preserving the status. In the coastal belt
of the Mediterranean region, including Antalya and the
surrounding forest ecosystems, higher rates of soil erosion
and the risk of forest fires can be observed along the south-
eastern to northern-facing slopes, rather than in south
south-eastern to west north-western-facing slopes. This is
because of the fohn effects, a dry, warm down-slope wind
in the lee of a mountain, of northerly circulations, and dry,
hot winds which originate in the arid-lands and deserts of
the Middle East during the warm/hot months of May to
October (Tiirkes 2015).

Spatiotemporal analysis of land use/land cover
(LULC) change

Satellite remote sensing measures land-surface properties
temporally in the spectral domain with a time series of
observations. The availability of multiannual time series
images from coarse to medium spatial resolution and ever-
increasing processing capabilities have made the produc-
tion of regular land cover maps, even at the global scale,
much more feasible (Giri 2012). Remotely-sensed data
with large spatial coverage and temporal continuity has
become mainstream data sources for land cover mapping
and change detection (Musaoglu et al. 2005; McRoberts
and Tomppo 2007; Herold et al. 2008; Cetin et al. 2008;
FAO and JRC 2012; Musaoglu et al. 2005; Chen et al.
2015). For this reason, remote sensing is widely used to
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Fig. 7 Geographical distribution of fire indicators and/or threat/risk elements
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Table 2 Calculated values in

ranging data from 0 to 100 for Environmental quality Scores Indices (%)

the normalization of the EQSs Min. Max Min. Max

and EVSs under present

conditions Biogeophysical quality 1 1.9 27.8 72.2
Climate quality 14 1.9 5 75
Aging quality 1 2 25 75
Policy enforcement and socioeconomic quality 1.1 1.7 25 75
Fire quality 1 2 15 55
Environmental vulnerability 1.1 1.6 30 70

detect forest change and to update existing forest maps
(Desclee et al. 2006).

In this study, a time series of Landsat images were used
to analyze temporal land use/land cover changes due to
their free availability from the USGS website. Images that
were cloud-free and acquired nearly the same time of the
year (1 June 1988 Landsat TM, 1 June 2000 Landsat ETM,
19 June 2006 Landsat ETM+, 25 August 2010 TM and 27
April 2013 Landsat 8) were chosen. SPOT 4 XS and 1998,
2000 and 2006 SPOT 1 images taken at much higher res-
olutions were used to both support the selection and to
achieve a more reliable accuracy assessment. This assess-
ment determines the quality of a map created from remo-
tely sensed data. An error matrix compares information
from reference sites to information on the map for a
number of sample areas. The matrix is a square array of
numbers set out in rows and columns, which express the
labels of samples assigned to a particular category in one
classification relative to the labels of samples assigned to a
particular category in another (Congalton and Green 2008).

The overall objective of image classification procedures
is to categorize automatically all pixels in an image into
land cover classes or themes (Lillesand et al. 2004). These
land cover classes in numerous natural resource applica-
tions describe the spatial distribution and pattern of land
cover, to estimate the actual extent of various cover classes,
or as input for habitat suitability models, land cover change
analyses, hydrological models, and risk analyses (Stehman
and Czaplewski 1998). In this study, for the classification
of forest types, a pixel-based supervised classification
method was selected, which can be applied for both lin-
early and nonlinearly separable data, entitled Support
Vector Selection and Adaptation (SVSA). Landsat time
series images were classified into 13 land-cover classes.
The validation of the spatial/temporal analysis of the land-
cover change map and their accuracy according to the
temporal sampling of the Landsat images was determined
through the selection of approximately 50 Landsat pixels
for each class. These pixels were chosen to represent each
land cover type, and each sample test was identified from
corresponding SPOT XS images by visual interpretation
supported by photographs, stand maps and local expertise.

@ Springer

Results

Vulnerability analysis of the forest ecosystem
under present conditions

All the data and information defining the five environ-
mental qualities were inputted to a regional Geographical
Information System and overlaid in accordance with the
developed algorithm and maps of the EVAs to reveal any
Environmental Degradation (ED) (e.g., Land and Ecosys-
tem Degradation, Drought and Desertification, Climate
Change)). This approach includes many indicators, which
can be found in existing soil, stand (vegetation) type,
topography and geomorphology, climate, forest fires,
socioeconomic, and management reports and various kinds
of data and information for the forest district.

The EQ layer acts as a buffer between the level 1 data
layers and the derived EVA layer, level 3. By using the five
EQSs obtained from the above EQLs, we estimated the
EVSs using Eq. 6 (Table 2).

EVS,:/' = (BQS_I,:,' X CQS_2,:]' X AQS_3,:,' X PQS_3,:,'
x FQS_5;)/°) (6)

where 7, j denote the rows and columns of a single ele-
mentary land unit of each VQ; VQn;; implies the computed
values.

After the computation of five EVSs and EVIs for each
factor group (VQ), the EVAs to the ED were defined by
combining them at present physical geographical and
socioeconomic conditions.

Spatial magnitude of the current EVAs

The geographical distribution of the EVAs based on the
estimated EVI values at current levels of environmental
degradation, physical, geographical, policy enforcement
and socioeconomic conditions is shown in Fig. 8.

Most of the forest area in the study site presents different
degrees of environmental vulnerability varying from very
low to high. The area with very low vulnerability covers
mainly the town, its surrounding settlements, the
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EVI Classes Area (kmz) Ratio (%)
Very Low 94.48 20.59
Low 165.34 36.04
Medium 89.40 19.49
High 109.56 23.88
Total 458.79 100.00

Fig. 8 Geographical distributions and spatial magnitudes (table) of
the EVAs over the entire study region, based on the estimated EVI
values under present conditions

agricultural lands found over the low and flat travertine
plateau and the plain in the eastern and south-eastern parts
of the district.

The spatial magnitude of the EVAs under the current ED
was determined (Fig. 8). The environmental vulnerability
ranges from EVAs classed as “very low”, accounting for
approximately 20.59% of the area, to those classed as

“low” for 36.04%, to those classed as “medium” for
20.0%, and those classed as “high” accounting for 24.0%
of the area.

Changes in forest cover

In this study, approximately 50 Landsat pixels for each
class were selected to validate the classification (Fig. 9)
and independently develop an error matrix. The validation
of the spatial/temporal analysis of a land-cover change map
and its accuracy according to the temporal sampling of
Landsat images are given in Table 3. The accuracy
assessment of the classification results from the 1988 to
2013 Landsat images was presented by error matrices
representing overall accuracy, as well as the kappa coef-
ficients. An overall classification accuracy, which identifies
the percentage of correctly classified samples of approxi-
mately 90% for each year of the classification, was
obtained from the 1988 and 2013 Landsat time series
images.

Although temporal land-cover -classification perfor-
mances were all satisfactory, those for wetland had a
higher accuracy for each classification compared to the
other land-cover types. For forest areas, the accuracy of
classes associated with juniper, oak, and cedar for all
5 years was very high. For the accuracy of the Pinus brutia
class, only that of 2013 is relatively low.

While there were high levels of agreement between the
classified maquis in the satellite imagery and the ground
data for 1988, 2000 and 2006, there was only a fair
agreement in 2010 and 2013. The classification results,
summarized in Fig. 10, show that Pinus brutia decreased
rapidly in 2000, but increased again.

This information indicates that there was regenerating
vegetation after the forest fire of 1997, and very limited
regeneration between 2010 and 2013. Regenerating vege-
tation grew in the south of the study site where the fire had
occurred. Considering the quantification of changes in
mining areas, those within the site increased by 87% from
1988 to 2000, and by 7% from 2000 to 2006. Due to
increased regulations, mining activities have not grown
since 2006.

Discussion and conclusions

Most of the western and portions of the southern half of
Turkey, including the study area, are generally character-
ized by a dry-summer subtropical Mediterranean macro-
climate, a hot and dry-summer climate and partly a more
continental warm and less but still dry-summer climate. By
considering the influence of the Western Taurus Mountains
that surround the study area, it is very clear that it has a
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Fig. 9 Comparison of land-cover classification results for 5 years

Table 3 Overall accuracy and kappa values of land-cover classifi-
cation results based on Landsat imageries

Overall classification accuracy/overall kappa

1988 2000
0.93/0.93 0.88/0.91

2006 2010 2013
0.91/0.91 0.92/0.91 0.92/0.89

unique microclimate between the “real” dry and hot
summer maritime Mediterranean climate and the dry and
warm summer mountain-type Mediterranean climate with
some continentality effects.

The capability of temporal stand maps, coupled with
remote sensing images and meteorological station-based
data, allow the prediction of several issues regarding cur-
rent and future vulnerabilities in the study area. As with
almost all natural forests and forested areas in Turkey, the
study site is state-owned and managed by the General
Directorate of Forestry under the Ministry of Forestry and
Water Affairs. The total forest area has not changed sig-
nificantly since 1997 because forests within the pilot site
are a Wildlife Protection and Improvement Area. However,
studies indicated that land use practices around the study
site have destroyed the ecosystem. The evaluation of
temporal change analysis from 1997 and 2012 stand maps
indicate the trend of converting prime agricultural lands to
residential areas.

Forest areas classified as maquis (dense scrub vegetation
characteristic of Mediterranean coastal areas) in 1988 lin-
early decreased and became degraded maquis due to
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overgrazing and urbanization, including infrastructure
services and 2B (degraded forest) lands. However, there is
no longer any danger of overgrazing because of decreased
livestock activities. The main concern about the conversion
of maquis to other uses is urbanization. In response to the
forest fire of 1997, the Directorate of Forestry in the district
established the International Fire Training Centre located
in the test site. However, high—voltage—power lines,
installed to meet the demands of rapidly growing urban
areas, have continued to threaten forests and migrating
birds.

The most interesting change trajectories include the
conversion from agricultural lands to settlements and
industrial areas. Additionally, areas covered by maquis
vegetation in 1997 have low levels of urbanization but high
forestation rates. The results summarized here show clearly
that the densest forest ecosystem in the southern part of the
study site is mainly Mediterranean coniferous and some
mixed forest and maquis vegetation. This area currently has
Mediterranean climate conditions, but will likely have
medium to high degrees of vulnerability with respect to the
future environmental degradation, climate change and
variability. The current vulnerability of the Diizlercami
forest district is due to negative human influences related to
the increased number of new recreational facilities, in
addition to the effects of climate change over the western
Mediterranean sub region. To reverse this trend, reasonable
reductions could be in the number of visitors coming to
existing and/or future recreation areas. Furthermore, spe-
cies variations should be considered by using these
parameters in the forest management plans.
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Fig. 10 a Areal comparison and b percentage of changes of temporal land-cover classification results between years

Ultimately, the geographical distribution of the EVAs
based on estimated EVI values shows that the area with a
“very low” vulnerability covers mainly the town, its sur-
rounding settlements and the agricultural lands found over
the low and flat travertine plateau and the plain in the
eastern and southeastern parts of the district. The spatial
magnitude of the EVAs at current levels of environmental
degradation determined that classes with “very low” and
“low” EVAs cover about 94 and 165 km? respectively,
whilst “medium” and “high” environmental vulnerability
classes cover areas of, respectively, about 89 and 110 km?.
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