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ABSTRACT  

 

MODELING THE CURRENT AND FUTURE RANGES OF TURKISH 
PINE ( PINUS BRUTIA ) AND ORIENTAL BEECH ( FAGUS ORIENTALIS ) 

IN TURKEY IN THE FACE OF CLIMATE CHANGE  
 

Yal­ĕn, Semra 

M.Sc., Department of Geodetic and Geographic Info. Technologies  

Supervisor: Assoc. Prof. C. Can Bilgin  

Co-Supervisor: Prof. Dr. H. Ĺebnem D¿zg¿n 

 
December  2012, 98 pages 

 

Climate change is widely recognized to have potential impacts on global biotic 

and abiotic systems. One of the major impacts is expected on species 

distributions. Species distribution models (SDMs) are used for estimating the 

relationship between species occurrences at sites and environmental and/or 

spatial characteristics of those sites. SDMs can be used to understand possible 

responses of species to climate change. Despite some sources of uncertainty, 

projections onto future climate are useful and cost -effective tools for managers, 

especially given the increasing urgency to inform management authorities 

under the pressure of climate change. This thesis aims to model current and 

potential future distributions of two economicall y and ecologically important 

tree species, Turkish pine and oriental beech, in the face of climate change, and 

to assess the effect of using different data sets and modeling methods in model 

setups on SDM accuracy.  

 

The BIOMOD 2 framework, implemented in t he open source software R (version 

2.15.1) was used to build the distribution models . In model calibrations, 

different data sets of response variables were used with ei ght different modeling 

methods. Moreover, ensemble forecasting was carried out by using a 

proportional weighted average of each model's predictions (trained models) 

based on the AUC scores.  Performances of the current predictions were 

compared to 1/25.000 scale forest stand maps and evaluated using various 
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metrics. Future distributions for e ach species were projected according to IPCC 

SRES emission scenarios A2 and B2 of the HadCM3 global circulation model.  

Based on the results of the ensemble models, climatically suitable areas of 

Turkish pine trees were predicted to shift to higher al titud es and toward the 

north and north eastern regions of Turkey. Potentially suitable areas for oriental 

beech were expected mainly to be lost and its overall distribution was predicted 

to be narrower in the future. While Turkish pine was likely to gain large 

climatically suitable areas by 2080, expansion into suitable areas by oriental 

beech in the f uture was predicted to be very limited. An important proportion of 

habitats where Turkish pine and oriental beech currently occur were predicted 

to become unsuitable in the future.  

 

Overall, climate change is expected to have significant impacts on the 

dis tributions of Turkish pine and oriental beech forests in Turkey. Depending 

on whether fast dispersal to newly occurred suitable habitats will be possible or 

not, it can be stated that serious ecological, economic and social consequences 

will probably come out.  

 

Keywords:  Climate Change, Species Distribution Models, BI OMOD, MAXENT, 

Turkish Pine, Oriental Beech  
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¥Z 

 
T¦RKĸYEõDEKĸ KIZIL¢AM (PINUS BRUTIA ) VE KAYIN ( FAGUS 

ORIENTALIS ) ORMANLARININ MEVCUT VE GELECEKTEKĸ 
YAYILIĹLARININ ĸKLĸM DEĶĸĹĸKLĸĶĸNE G¥RE MODELLENMESĸ 

 

Yal­ĕn, Semra 

Y¿sek Lisans, Jeodezi ve Coķrafi Bilgi Teknolojileri 

Tez Yºneticisi: Assoc. Prof. C. Can Bilgin  

Ortak Tez Yºneticisi: Prof. Dr. H. Ĺebnem D¿zg¿n 

 

Aralĕk 2012, 98 sayfa  

 

K¿resel iklim deķiĺikliķinin biyotik ve abiyotik sistemler ¿zerindeki potansiyel 

etkileri geniĺ­e kabul gºrmektedir. Bu etkilerden baĺlĕcalarĕndan birisinin de 

t¿r daķĕlĕmlarĕ ¿zerinde olduķu beklenmektedir. T¿r daķĕlĕm modelleri (TDM) 

t¿rlerin alanlarda var oluĺlarĕ arasĕndaki iliĺkileri ve bu alanlarĕn ­evresel 

uzamsal karakteristiklerini tahmin etmek i­in kullanĕlmaktadĕr. Ayrĕca TDMõler 

t¿rlerin k¿resel iklim deķiĺikliķine karĺĕ olasĕ tepkilerini anlamak i­in de 

kullanĕlabilmektedir. ¥zellikle, k¿resel iklim deķiĺikliķinin oluĺturduķu 

baskĕdan dolayĕ artan yºnetici mercilerin bilgilendirilmesi ihtiyacĕnĕn 

zorunluluķu d¿ĺ¿n¿ld¿ķ¿nde, bazĕ belirsizlik kaynaklarĕna raķmen, TDMõler 

gelecekteki iklim durumlarĕ ¿zerinde yapĕlabilecek tahminler a­ĕsĕndan yararlĕ 

ve yºneticiler i­in uygun maliyetli ara­lar haline gelebilmiĺtir. Bu tez, ekonomik 

ve ekolojik olarak ºnemli deķerlere sahip iki aķa­ t¿r¿n¿n, kĕzĕl­am ve kayĕnĕn, 

ĺimdiki ve gelecekteki olasĕ daķĕlĕmlarĕnĕn k¿resel iklim deķiĺikliķi karĺĕsĕnda 

nasĕl deķiĺeceķini modellemeyi ve model kurulumlarĕnda deķiĺik veri setlerini ve 

modelleme yºntemleri kullanmanĕn TDM doķruluķunun ¿zerine etkilerini 

incelemeyi hedeflemektedir.  

 

T¿r daķĕlĕm modelleri ­alĕĺtĕrĕlmasĕnda bir a­ĕk yazĕlĕm olan R (versiyon 2.15.1) 

¿zerinde ­alĕĺan BIOMOD 2 uygulamasĕ kullanĕlmĕĺtĕr. Model 

kalibrasasyonla rĕnda, farklĕ yanĕt deķiĺken setleri sekiz farklĕ modelleme 

yºntemiyele kullanĕlmĕĺtĕr. Ayrĕca, topluluk tahminini AUC (ROC eķrisi altĕnda 

kalan alan b¿y¿kl¿ķ¿) deķerlerine orantĕlĕ aķĕrlĕklĕ ortalama (eķitimli modeller) 
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kullanĕlarak ger­ekleĺtirilmiĺtir. G¿ncel model deķerlendirmeleri 1/25.000 

ºl­ekli sayĕsal meĺ­ere haritalarĕ ile karĺĕlaĺtĕrĕlmĕĺ ve farklĕ ºl­¿ltlerle 

sĕnanmĕĺtĕr. T¿rlerin gelecek yayĕlĕĺlarĕ IPCC SRES A2 ve B2 emisyon 

senaryolarĕ ile ¿retilmiĺ HadCM3 k¿resel iklim modelleri kullanĕlarak 

projeksiyonlarĕ ¿retilmiĺtir. Topluluk tahmin modellerine gºre,  2050 ve 2080 

yĕllarĕnda ºngºr¿len kazan­/kayĕp habitat b¿y¿kl¿kleri haritalandĕrĕlmĕĺ ve 

deķeĺen alan b¿y¿kl¿kleri her veri seti ve emisyon senaryolarĕna gºre 

hesaplanmĕĺtĕr. 

 

Topluluk modellerinin sonucuna gore, kĕzĕl­am aķa­larĕna iklimsel olarak 

uygun a lanlarĕn daha y¿ksek irtifalara, T¿rkiyeõnin kuzey ve kuzeydoķu 

bºlgelerine, kayacaķĕ tahmin edilmiĺtir. Kayĕn aķa­larĕ i­inse potansiyel olarak 

uygun alanlarĕn ­oķunlukla yok olacaķĕ ve toplam daķĕlĕmlarĕnĕn gelecekte 

daralacaķĕ/k¿­¿leceķi tahmin edilmiĺtir. 2080õde kĕzĕl­am aķa­larĕnĕn iklimsel 

olarak uygun alanlara sahip olabileceķi ºngºr¿l¿rken, kayĕn aķa­larĕnĕn 

gelecekte bulabileceķi uygun alanlarĕn ­ok sĕnĕrlĕ olacaķĕ ºn gºr¿ld¿m¿ĺt¿r. ĸki 

aķa­ t¿r¿n¿n de g¿n¿m¿zdeki habitatlarĕnĕn gelecekte ºnemli bir kĕsmĕnĕn 

uygun olmayan hale geleceķi tahmin edilmiĺtir. 

 

Genel olarak, k¿resel iklim deķiĺikliķinin T¿rkiyeõdeki kĕzĕl­am ve kayĕn 

ormanlarĕ ¿zerinde ºnemli derecede etkili olacaķĕ d¿ĺ¿n¿lm¿ĺt¿r. Gelecekte, 

yeni oluĺabilecek uygun habitatlara bu t¿rlerin yayĕlĕmlarĕnĕn hĕzlĕ olup 

olamayacaķĕna dayanarak, ciddi ekolojik, ekonomik ve sosyal sonu­lar 

doķabileceķi belirtilmiĺtir. 

 

 

Anahtar Kelimeler:  ĸklim Deķiĺikliķi, T¿r Daķĕlĕm Modellenmesi, BIOMOD, 

MAXENT, Kĕzĕl­am, Kayĕn  
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Essentially, all models are wrong, but some are useful.  
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CHAPTER I  

 

INTRODUCTION  

 

1.1. Climate change in Turkey  

The whole Mediterranean Basin, including the Anatolian Peninsula, is 

considered as one of the most vulnerable zones to climate change (IPCC, 2007). 

Climate change will affect Turkey through diminishing water resources and 

increasing rates of climate -relate d natural disasters and ecological degradation, 

such as frequent forest fires, drought, floods, desertification, and erosion (Talu 

et al ., 2011). Therefore, many sectors, including forestry, energy, tourism and 

agriculture, will likely experience the impac ts of climate change.  

 

1. 1.1. Observed Changes in Climatic Variables  

Advances in weather and climate observation systems, and the availability of 

long -term climate data sets provide information to understand the climate 

change. With this aim, Tayan­ et al . (2009) conducted a study using 

temperature and precipitation data of Turkish stations in the period of 1950 ð

2004. They found that Turkey experienced a general cooling trend in mean 

annual and seasonal surface air temperatures from early 1960s until the m id -

1990s, generally with the lowest temperature values on 1992 ð1993 owing to the 

eruption of Mount Pinatubo. A significant warming trend has been observed 

since 1993, whereas maximums of temperature in the recorded history were 

observed in recent years (Ta yan­, 2009) (Figure 1).  
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Figure 1  Mean temperature in the period of 1950 ð2004 (S1 = rural and 
suburban stations, S2 = large urban stations; LPF = low pass filter; 365 -day MA= 
moving average signals, 365 -day) (Tayan­, 2009) 

 

Toros (2012) showed that a higher increase has been observed in temperatures 

of the warm period compared to the temperatures of the annual and cold 

periods  (Figure 2) . Moreover, since the sixties, the intensity and frequency of 

heat waves have increased si x to sevenfold than previously known for the 

eastern Mediterranean region (Kuglitsch et al ., 2010).   
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Figure 2  Statistically significant trends in average maximum temperature for 
warm period (top) and average maximum temperature for cold period (down) over 
Turkey in the period 1961 ð2008  (Toros, 2012)  
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A recent study also demonstrated a general decrease in the annual number of 

frost days at most stations over Turkey in the 1950 ð2010 periods (Erlat et al ., 

2012). A significant de crease particularly between 2000 and 2010 indicates a 

stronger warming during the first decade of the 21th century (Figure 3).  

 

 

Figure 3  Inter -annual and inter -decadal variations in numbers of frost days over 
Turkey during the p eriod 1950 -2010 relative to the long -term average  (Erlat et al., 
2012)  

 

In the period of 1951 ð2004, winter precipitation in the western provinces of 

Turkey has declined significantly, whereas fall precipitation has increased at 

stations that mostly lie in the northern parts of central Anatolia (Dalfes  et al ., 

2007). Consistent with local studies, according to Garc²a-Ruiz et al . (2011), 

precipitation has decreased in the western coastline of Turkey, despite an 

observed positive trend in northern Turkey between 1950 and 2002 (Figure 4).  
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Additionally, in the perio d of 1989 -2009, the amount of water potential of 

Turkey was reduced from 178.15 billion to 163.79 billion m 3 due to a decrease 

in surface flows (Yĕldĕz, 2010). Besides, 30% of glaciers of Mount Aķrĕ have been 

lost since 1976 (Sarĕkaya & Bishop, 2010). 

 

1.2 .2. Climate Change Projections in Turkey  

In Turkeyõs National Climate Change Adaptation Strategy and Action Plan 

(2010), projected seasonal precipitation change (%) and seasonal temperature 

change (ÜC) were examined according to regional climate models based on A2 

simulations of ECHAM5, HadCM3 and CCSM3, the A1FI simulation of CCSM3 

and the B1 simulation of CCSM3 in the 2071 -2100 period compared to the 

1961 -1990 period (Talu et al ., 2010).  

The increases in temperature estimated by three GCMs for the same s cenario 

(A2) are relatively close to each other for all seasons (Table 1). Simulations 

mostly indicate larger increases in temperature in eastern Turkey than in 

western Turkey.  

Figure 4  Annual precipitation changes in the Mediterranean region between 
1950 and 2002. Colors show the magnitude of changes in precipitation, in mm. 
Black isolines: areas with significant trends (p < 0.05)  (Garc²a-Ruiz et al., 2011)  
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Increases of 5.2 - 6.8 ÁC in mean summer temperatures are expected by three 

GCMs for A2 scenarios in eastern Turkey. The predictions of the CCSM model 

by different scenarios show an increase of 3.4 ÁC in average summer 

temperature by the B1 scenario, whereas A2 and A1FI simulations indicates 

even higher increases in summer temperatur es. 

  

Table 1  Projected seasonal surface temperature changes (ÜC) in 2017-2099 
period over 1961 -1990 period based on different scenario simulations. W 
indicates the western half of Turkey and E indicates the  eastern half of Turkey 
(Talu et al., 2010)  

  Winter  Spring  Summer  Autumn  

Scenario  GCM W E W E W E W E 

A2  ECHAM5  2.9  3.4  3.1  4.1  4.7  5.2  4.0  4.4  

 HadCM3  3.4  3.8  3.7  4.1  6.9  6.1  4.0  4.3  

 CCSM3  2.5  2.9  3.6  3.5  6.4  6.8  4.9  5.9  

A1FI  CCSM3  3.5  4.0  4.8  4.9  6.9  7.3  5.5  6.8  

B1  CCSM3  1.3  1.5  1.7  1.7  3.3  3.4  2.5  3.0  

 

 

According to SRES A2 simulation, for the period of 2000 -2100 with a reference 

period of 1961 -1990, regional climate models show that while winter 

temperatures will show a linear increasing trend after 2030, reaching up to 

3ÁC, the trend in summer temperatures is much more significant and reaches 

up to 5ÁC at the end of the century (¥zdemir et al ., 2011) (Figure 5).  
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Figure 5  Mean temperature anomaly of the Anatolian Peninsula in the period of 
the period of 2000 -2100  (¥zdemir et al., 2011)  

 

In the face of climate change, precipitation can be subject to high inter annual 

and seasonal variability, with long and intense dry periods, or extreme rainfall 

and floods  (IPCC, 2007). Table 2 shows the projected seasonal precipitation 

change  (%) according to the five different simulations in 2071 -2100 period 

compared with the 1961 -1990 period (Talu et al ., 2010). Simulations mainly 

agree that there will be less annual precipitation in future compared to the 

present day. Northern half of Turke y is expected to experience a much bigger 

decrease in summer precipitation than the southern half.  
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Table 2  Projected seasonal precipitation changes (%) in 2071 -2099 period over 
1961 -1990 period based on different scenario sim ulations. N indicates the 
northern half of Turkey and S indicat es the southern half of Turkey (Talu et al., 
2010)  

 

 

Future simulations with RegCM3, forced by the general circulation model 

fvGCM and based on the SRES A2 emission scenario (Dalfes, 2007), showed 

that in the period 2071 -2100 precipitation will likely decrease along the Aegean 

and Mediterranean coasts and in crease along the Black Sea coast of Turkey 

whereas Central Anatolia shows little or no change (Figure 6 -a, and 6 -b). Most 

significant decline in precipitation will be observed on the southwestern coast 

while the Caucasian coastal region is expected to rece ive substantially more 

precipitation. Winter precipitation is projected to decrease along the 

Mediterranean coast.  

The annual temperature of Turkey in the period 2071 -2100 will increase over 

the whole country; especially the Aegean Region is expected to e xperience 

temperature increases up to 6 ÜC. Additionally, winter temperature increase 

was estimated to be higher in the eastern half of the country during this period 

(Dalfes  et al. , 2007) (Figure 6 -c and 6 -d). 

 

 

  
Winter  Spring  Summer  Autumn  

Scenario  GCM N S N S N S N S 

A2  ECHAM5  13.0  -17.0  1.5  -23.0  -23.0  -30.0  -4.0  4.0  

 
HadCM3  -2.5  -26.0  -1.0  -28.0  -48.0  -61.0  3.0  21.0  

 
CCSM3  -6.0  -32.0  -21.0  -36.0  -33.0  -62.0  -6.0  -23.0  

A1F  CCSM3  -0.6  -35.0  -30.0  -47.0  -57.0  -70.0  -1.5  -10.0  

B1  CCSM3  -0.6  -14.0  -10.0  -28.0  -19.0  -40.0  -7.0  -16.0  
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1. 2. Climate Change Impac ts on Forest Ecosystems  

Forests are significant terrestrial ecosystems globally, covering over 30 percent 

of the total land area of Earth, and providing habitat for many species and 

numerous goods, benefits and services to people (FAO, 2010).  

Climate play s an essential role in forest ecosystems. Observations, experiments 

and models strongly indicate that climate change will alter the functioning and 

structure of forest as well as forest location, composition, and productivity 

(Gunderson et al ., 2012; Allen  et al., 2010; Linder et al., 2010; Dawson et al., 

2011; Bellard et al ., 2012). Forests are specifically sensitive to climate change 

because the long -life time of trees does not allow them to adapt for abrupt 

change (Lindner et al ., 2010). Therefore, local  extinctions and loss of important 

functions and services are predicted (Keene, 2012).  

Furthermore, threats to forest ecosystems such as pest outbreaks, fires, storm 

damage, and drought will likely become worse due to climate change (Seidl et 

al ., 2011). Prieto et al . (2009) conducted an experiment about effects of 

droughts and warming on recovery process of a plant community after fire 

disturbances. They found that drought and warmer temperature in 

Mediterranean areas may affect recovery after a disturban ce due to lower level 

of plant establishment and reduced growth rates. Moreover, it is expected that 

fire regimes will trigger more intense attacks of insects such as bark beetles 

(Hernandez, et al . 2012).  

As a result, climate change is expected to have n egative consequences for 

organisms and people that depend on forest ecosystems. It is particularly 

urgent to develop adaptation strategies, since current forest stands will suffer 

from changes in climatic conditions that are projected to change extremely 

throughout their lifetime (Kolstrºm et al ., 2011).  

There have been  few studies examined climate change effects on forest s in 

Turkey. One of the research, which was conducted by Nature Conservation 

Centre, aimed to determine the impacts of climate change on forest areas in 

Seyhan Basin located in the south of Turkey and to designate the 

vulnerabilities of forest ecosystems where detrimental effects of climate change 
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are expected to occur (Zeydanlĕ et al ., 2010). Othe r  research based on dynamic 

vegetation models aimed to  model possible effects of climate change  major tree 

species of natural Turkish forests  (Fer, 2011). Moreover ,  Beton (2011) 

conducted a study about effects of climate change on distribution of four 

endemic plant species in Anatolia.  

 

1. 3. Species Distribution Modeling  

One of major impacts of climate change is predicted to be on species 

distributions (IPCC, 2007).  Climate is an important determinant of species 

distributions. It sets the limits to the distribution of species at the regional to 

global levels (Meier et al ., 2012). Thus, changing climate has a profound 

influence on species ranges (Pearson & Dawson, 200 3). Under changing 

climatic conditions, species may adapt to new conditions on site, shift their 

distributions, or go extinct (Parmesan 2006; Massot et al . 2008).  

Species distribution models (SDMs) estimate the relationship between species 

presence records  at sites and the environmental and/or spatial characteristics 

of those sites (Franklin, 2009). They have become an important tool in ecology, 

biogeography, evolution , and conservation biology (Guisan & Thuiller 2005).  

SDMs have been used to project the po tential effect of climate change on 

species distributions for more than a decade now (Eeley et al ., 1999; Beaumont 

& Hughes, 2002; Neilson et al ., 2005; Renwick et al ., 2012).  

There are four steps followed in the modeling process for SDMs (Figure 6). The 

first step is to collect, process, error -check and format the data that are 

necessary as input. After preparation of occurrences and environmental 

variables, the next step is to  use a modeling algorithm to describe the speciesõ 

ecological niche as a function of environmental variables. In this step, model 

calibration, including selecting suitable model parameters, evaluating trained 

models with statistical methods and setting thr eshold for binary prediction, 

takes place.  
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The next step is to project the prediction and to evaluate how well the model 

predicts independent data. The last step is to transfer modeled conditions to 

predict environmental suitability across a new region o r for a different time 

period (e.g. under future climate simulations) (Peterson et al ., 2011).  

Many habitat modeling methods are available to simulate spatial distribution of 

a species (Table 3). Deciding on which modeling method to use in any given 

situat ion should be based on the available biological and environmental data 

and the end use purpose of the model (Wintle et al ., 2005).  

There are three main levels of biological data used in species distribution 

modeling: presence -only, presence ðabsence and pr esence-pseudo absence data. 

Presence-only data are the most common form of observation data, and are 

usually available from museums and herbaria, atlases, species lists, incidental 

observation databases and radio -tracking studies (Pearce & Boyce, 2006). Th e 

problem of the ôpresence-onlyõ data is that observations are unplanned and 

tend to be biased toward towns and roads and the variation in survey effort 

between different environments and geographical areas cannot be controlled or 

adjusted in model fitting  (Wintle et al ., 2005). Since reliable absence data often 

are not available, ôpseudo-absencesõ data are used instead. Pseudo-absence 

data is a set of localities chosen from the study area that are used in place of 

real absence data (Pearson, 2007).  
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Modeling algorithms used commonly in species distribution modeling are 

classified into three main groups: envelope, machine learning and regression 

based algorithms. Examples of climate envelope methods are BIOCLIM and 

surface range envelope (SRE).  BIOCLIM is an envelope method that identifies 

all areas that exhibit similar climate profiles to the occurrence locations of the 

species (Pearson, 2007). SRE is similar to BIOCLIM. It produces a climatic 

envelope based on data within defined percentiles (e .g. 5 -95 % percentile) of the 

maximum and minimum range for each predictor variable (Beaumont & 

Hughes 2002).  In both BIOCLIM and SRE, v ariable interactions are not 

considered; thus they are primarily useful for estimation of ranges but not for 

more detail ed maps of species distribution (Beaumont et al ., 2005). Moreover, 

all envelope methods are sensitive to missing data and spatial error (Wintle et 

al ., 2005).  

Examples of machine learning techniques are artificial neural networks (ANN), 

classification tree  analysis (CTA), generalized boosting model (GBM), random 

forest ensemble classifier (RF), and maximum entropy (MAXENT). Artificial 

neural networks (ANN)  is an advanced and powerful rule -based modeling 

technique, inspired from the structure, processing and  learning ability of the 

brain (Manel et al ., 1999). An ANN contains an input layer, predefined hidden 

layers (intermediate) and an output layer, composed of independent neurons 

and connected each other (Ripley, 1996). In a feed -forward neural network, 

each layer use previous layer as inputs of multivariate functions to generate the 

outputs  (Marmion et al ., 2009) . To avoid overfitting in neural networks, a 

predefined cross -validation method is implemented. Once the complete network 

is built, different weigh ting factors of the multivariate linear functions are 

chosen by minimizing the quadratic error of the estimate (Marmion et al ., 

2009). Their robustness to noisy data and their ability to represent linear and 

non -linear functions are some of the advantages of ANN. However, tuning the 

parameters requires great knowledge and effort that make ANNs difficult to use 

(Lorena et al ., 2011).  

Classification tree analysis (CTA) is a rule -based method that generates a 

binary tree through a recursive data -splitting tech nique, iteratively creating 

homogenous subgroups (Breiman et al ., 1984; Venables & Ripley, 2002).  
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Each split is based on a single variable, while the goal is to minimize variance 

within each group (Roberts & Hamann, 2012). Cross -validation is used to 

prun e the tree by balancing the number of terminal nodes and the explained 

variance (Breiman et al ., 1984; Miska & Jan, 2005) . The advantage of CTA is 

that it allows capturing of non -additive behavior and complex interactions 

(Marmion et al ., 2009). However, C TA has a tendency to produce overly complex 

models that lead to spurious interpretations (Breiman et al ., 1984).  

Random forest (RF) (Breiman, 2001) is a machine learning method that 

generates multiple trees with bootstrapping technique using randomly sele cted 

subsets of the observation and predictor variables. Final predictions either 

average probabilities over multiple classification trees or tally them using a 

voting system (Prasad et al . 2006). A selective algorithm limits the number of 

implemented para meters in each tree. Despite the number of trees employed in 

the combination, RFs do not overfit (Breiman, 2001). RFs have been successful 

in a wide range of applications (Cutler et al ., 2007).  

Generalized boosting method (GBM) is a non -parametric technique that is 

highly efficient in fitting the data (Ridgeway, 1999; Friedman, 2001). It used 

boosting technique that is a numerical optimization for minimizing a loss 

function (such as deviance) by adding at each step a new tree that best reduces 

the loss function (Ridgeway, 1999; Elith et al ., 2008). Environmental variables 

are input into a first regression tree, which maximally reduces the loss 

function. For each following step, the focus is on the  residuals. For example, at 

the second step a tree is fitted to the residuals of the first tree. The model is 

then updated to contain two trees, and the residuals from these two trees are 

calculated. The sequence is repeated as long as necessary (Elith et al ., 2008).  

MAXENT uses the principle of maximum entropy on presence -only data to 

estimate a set of functions that relate environmental variables and habitat 

suitability in order to approximate the speciesõ niche and potential geographic 

distribution (Phi llips et al . 2006). It is a discriminative modeling technique, 

meaning it fits species occurrences relative to available habitat in a model as 

uniform  as possible between two probability densities  (the single constraint 

that the mean of the function for ea ch variable and the mean of the observed 
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data  defined in feature space  (Elith et al.  2011). Although MAXENT was 

designed to use presence -only data, it also performs well when compared to 

presenceðabsence procedures that utilize both real and pseudo -absence  data 

(Elith et al . 2006).  

Examples of regression based techniques are flexible discrimination analysis 

(FDA), generalized linear model (GLM) and generalized additive model (GAM). 

FDA is a supervised discriminant analysis and an extension of the well -know n 

linear discriminant analysis (Hastie et al ., 1994). It uses a nonparametric 

regression method for classification of predictors and a mixture of normals for 

obtaining a density of estimation for each class. In contrast to linear 

discriminant analysis, it uses a mixture of Gaussians to model a class rather 

than a single Gaussian (Hastie et al ., 1994).  

Generalized linear models (GLM) are mathematical extensions of linear models 

which are capable of capturing nonlinear relationships via a link function 

(Guisa n & Zimmermann, 2000).  They provide a less restrictive form than 

classic multiple regressions by providing error distributions for the dependent 

variable. In the case of nonlinearity of the response with a predictor variable, a 

transformation takes place where polynomial terms allow for the simulation of 

skewed and bimodal responses, functions or hierarchical sets of models. An 

automatic forward stepwise procedure is used to compute the best model by 

minimizing the Akaike information criterion (AIC) value or the Bayesian 

information criteria (BIC) to reduce redundancy in variables and (most of time) 

multicollinearity (Thuiller, 2003).  

Generalized additive models (GAM) are nonparametric extensions of GLM, using 

smoothing equations to generalize the data and fit to local data subsets (Guisan 

& Zimmermann, 2000). The smooth functions are computed independently for 

each explanatory variable and added to construct the final model. The step 

forward variable selection of GAM is generally based on AIC (Thuiller, 200 3).   
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1. 3 .1. Ensemble Modeling  

One difficulty with the use of species distribution models is that the number of 

techniques available is large and is increasing steadily, making it difficult to 

select the most appropriate methodology for research needs (El ith et al ., 2006; 

Heikkinen et al ., 2006; Marmion et al . 2009). The performance of individual 

SDMs varies widely among methods and species (Elith et al . 2006). For those 

reasons, when models are used to project distributions of species into 

independent situations, which is the case for projections of species 

distributions under future climate change scenarios, making the choice of an 

appropriate model is  even more difficult (Pearson et al ., 2006; Thuiller, 2004, 

Ara¼jo et al., 2005). 

A solution for this inter -model variability is to use ensembles of forecasts by 

simulating across more than one set of initial conditions, model classes, model 

parameters, an d boundary conditions (Ara¼jo & New, 2007) and analyze the 

resulting range of uncertainties with bounding box, consensus and 

probabilistic methodologies rather than lining up with a single modeling 

outcome (Ara¼jo & New, 2007). Consensus methods that integrate results of 

different methods, alternative parameterizations of the same method, or 

multiple iterations of stochastic methods provide a composite robust estimate 

of potential speciesõ distributions (Ara¼jo & New 2007; Marmion et al . 2009).  

 

1. 3 .2. Eva luation of Models  

One fundamental issue in the development of distribution models is the 

assessment of predictive accuracy (Guisan & Thuiller 2005; Barry & Elith 

2006). An assessment of model performance can also provide a basis for 

comparing alternative m odeling techniques (Loiselle et al . 2003; Segurado & 

Araujo 2004; Pearson et al . 2006) and enables the user to investigate how 

different properties of the data and/or the species affect the accuracy of 

predictive maps generated by the model (Kadmon et al ., 2003; Segurado & 

Araujo 2004; Reese et al . 2005). There are different evaluation methods of 

SDMs which are currently used in SDMs studies.  
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Confusion Matrix : Models generating presence ðabsence are usually evaluated 

by comparing the predictions with a set of validation sites and constructing a 

confusion matrix that records the number of (a) true positive, (b) false positive, 

(c) false negative and (d) true negative cases predicted by the model (Table 4).  

Table 4  Confusion matrix (n is the overall number of cases).  

Tab le 5  

  Validation data set  

  Presence Absence  

Model  Presence a b 

Absence  c d 

 

Overall accuracy : One simple measure of accuracy that can be derived from the 

confusion matrix is the proportion of correctly predicted sites (eqn. 1).  

 

 

 

 

Sensitivity & Specificity : Two alternative measures that are often derived from 

the confusion matrix are sensitivity and specificity. Specificity is calculated as 

the ratio of correctly predicted absences to the total number of absences (eqn. 

2), and sensitivity as the ratio of corr ectly predicted presences to their total 

number (eqn. 3).  

 

 

 

 

 (1) 

 

 (2) 

(3) 
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False Positive Rate (Type I Error):  False positive rate is calculated as the 

proportion of false positive predictions versus the number of actual negative 

sites, which equals to 1 - specificity (eqn. 4).  

 

 

Receiver Operating Characteristic Curve:  The area under the ROC curve (AUC) 

is often used as a single threshold -independent measure for model performance 

(Fielding & Bell 1997). ROC curves are constructed by using all possible 

thresholds to classify the scores into confusion  matrices, obtaining sensitivity 

and specificity for each matrix, and then plotting sensitivity against the 

corresponding proportion of false positives (equal to 1 ĭ specificity) . The AUC 

value is independent from prevalence and considered a highly effect ive measure 

for the performance of ordinal score models (Allouche et al ., 2006). The range of 

AUC is from 0 to 1. A model providing excellent prediction has an AUC higher 

than 0.9, a fair model has an AUC between 0.7 and 0.9, and a model is 

considered poor if its AUC is below 0.7 (Swets, 1988).  

 

True Skill Statistic:  The true skill st atistic (TSS), an established approach for 

assessing the accuracy of weather forecasts, compares the number of correct 

forecasts, minus those attributable to random guessing, to that of a 

hypothetical set of perfect forecasts (eqn.5).  

 

 

It takes into account both omission and commission errors and success as a 

result of random guessing, and ranges from -1 to +1, where +1 indicates perfect 

agreement and values of zero or less indicate a performance no better than 

random.  

 (5) 

 (4) 
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1. 4. Aim of the S tudy  

Forest ecosystems are one of the most important terrestrial ecosystems. 

However, climate change is anticipated to affect forests by altering both forest 

processes and biodiversity and in doing so change forest location, composition, 

and productivity. It is urgent to integrate possible effects of climate change on 

forest ecosystems into conservation plans/strategies. In order for this 

integration to occur, reliable information on how species will be affected from 

climate change is required.  

This study aims to model current and potential future distributions of two 

economically and ecologically important tree species, Turkish pine ( Pinus 

brutia, in Turkish  Kĕzĕl­am) and Oriental beech ( Fagus orientalis, in Turkish  

Kayĕn), in the face of climate change, a nd to assess the effect of using different 

data sets and modeling methods in model setups on species distribution 

models accuracy.  
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CHAPTER II  

 

MATERIAL AND METHODS  

 

2.1. Studied Species  

2.1.1. Turkish Pine (Pinus brutia)  

Turkish Pine, Pinus brutia , is a fast growing tree species found especially in 

Eastern Mediterranean region: Turkey, Greece, Cyprus, Syria and Lebanon. A 

few small populations can be found in  Iran and  Iraq and around the Black Sea: 

Georgia, Russia and Ukraine (Figur e 7). More over, one of the variety (var. 

eldarica ) is found in Afganistan. Most of its distribution is found in Turkey 

(Boydak et al ., 2006).  

 

Figure 8  Current  distribution of Turkish pine (source: EUFORGEN 2009, 
www.euforgen.org .) 
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In Turkey, Turkish pine forms extensive forests, especially in regions where the 

Mediterranean climate prevails. Main distribution of Turkish pine lays out the 

areas where hot/very hot summers and mild winters, year -round temperate 

effect of the sea air an d moderate rainfall concentrated in the winter months 

are. Moreover, it is commonly found in fire -related ecosystems of the eastern 

Mediterranean region. It has not any soil type preferences; it can grow all on all 

types of soil. Generally it is found in p ure stands, besides some regions it is 

also found in mixed stand with cedar, black pine and juniper (Boydak et al ., 

2006; Atalay et al ., 1998).  

In Mediterranean region of Turkey, it is distributed from Muķla to Antakya 

where it is generally found below 130 0 m a.s.l. with some exceptions; for 

example in Anamur -Sarĕdana region, it is found up to 1500-1650 m. In 

southern aspects of Taurus Mountains, it can be found in areas where the sea 

maritime influences reach through valleys; for example through Seyhan Val ley 

to north Feke, or through Gºksu River to Mut. Furthermore, it spreads locally 

in parts of Southeastern Anatolia, for instance in Kahramanmaraĺ, Gaziantep, 

and Adĕyaman (Boydak et al ., 2006, Atalay et al.  1998). In the Aegean region, it 

shows a wide dis tribution from sea level up to 800 -1000 m. Following Gediz, 

B¿y¿k Menderes, and K¿­¿k Menderes valleys, the species reaches inner west 

Anatolia. In Thrace, it is found along the northern coast of the Marmara Sea 

(Keĺan and Gelibolu) where it grows up to 400 m ( Boydak et al ., 2006, Atalay et 

al.  1998). Along the coasts and valleys of the Black Sea region, it is found up to 

800 -1000 m altitude. Especially it occurs along the Kelkit, Yenice and Sakarya 

valleys. In Kelkit valley, it is found as pure stands up t o 600 m altitude and as 

mixed stands between 600 -800 m altitudes ( Boydak et al ., 2006).  Overall, the 

elevation range of Turkish pine varies according to the region: in the 

Mediterranean region, 0 ð1500 m; in the Aegean region, 0 ð1000 m; and in the 

Black Sea  region, 0 ð600 m ( Boydak et al ., 2006, Atalay et al.  1998).  

Turkish pine is the most widely distributed coniferous species in Turkey, 

covering 5.4 million hectares (OGM, 2006). It is an important forest tree species 

in Turkey for both economic and ecologi cal reasons.  It is valuable for its timber 

products as well as for soil stabilization and as wildlife habitat.  
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The wood of these Mediterranean pines is used for many purposes: 

construction, industry, carpentry, firewood and pulp.  

There are different comm on names used for Pinus brutia  such as Turkish red 

pine, Turkish pine and Calabrian pine. Throughout this  study, Turkish pine is 

used for refering Pinus brutia .  

 

2.1.2. Oriental Beech (Fagus orientalis)  

The oriental beech, Fagus orientalis , is a temperate deciduous tree in the beech 

family Fagaceae.  It is a shade tolerant climax species that occur in Turkey, the 

Caucasus, northern Iran and the parts of south -eastern Europe (Figure 8).  Its 

core distribution starts near the Bulgarian -Turkis h border, expands eastward 

through the Northern Anatolian Mountains and extends north along the 

coastline of the Black Sea until the Crimean Peninsula (Atalay, 1992).  

                                               

Figure 9  Distri bution of Oriental beech (Source: EUFORGEN 2009, 

www.euforgen.org.)   
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In Turkey, the species is distributed in northern Thrace and south of the 

Marmara Sea, and throughout the Black Sea Region, where it is possible to find 

oriental beech both in pure and m ixed stands with conifers and other 

deciduous broadleaved trees.  

There are also isolated natural populations on the northern aspects of the 

Murat Mountains in the inner Aegean Region as well as in the Amanos 

Mountains in the eastern Mediterranean Region ( Atalay, 1992).   

The optimum elevation for oriental beech is between 700 and 1200 m whereas 

it can be found between 0 and 2000 m a.s.l. Aspect is an important topographic 

factor for oriental beech as it usually occurs in northern and north -eastern 

aspects with a medium slope. It is vulnerable against extremes of low and high 

temperatures. Therefore, dry summer months and early/late frost are the main 

constraints for its distribution (Atalay, 1992). Furthermore, the other constraint 

for its distribution is R hododendron, a competitive species in the Black Sea 

Region where human caused disturbances have enhanced its spreads, further 

constraints the  occurrence of beech (Yĕldĕz & Esen , 200 6). Especially in its early 

years, oriental beech cannot compete with a lay er of dense rhododendron.  

This species covers some 1.7 million ha in Turkey, and is an economically 

important tree species with more than 6  million  m 3 annual wood production 

increment (OGM, 2006).  As a one of the dominant forest species in Turkey, 

oriental beech has a wide range of uses in forest industry (Atalay, 1992).  

 

2.2. Spatial Scale: Extent and Resolution  

Spatial extent of this study encompass es the whole of Turkey, placed between 

26Á ð 45Á E longitude and 36Á ð 42Á N latitude. Turkey covers 783,562 km2 of 

land surface with highly diverse geographical and environmental features. The 

spatial resolution used was 1 km 2, a value that is considered sufficiently fine to 

identify environmental differences and forest distributions at the regional scale 

(Pearson et al ., 2003).  The cell (pixel) size for all GIS raster datasets was set as 

1Į1 km. 
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2.3. Data Collection and Preparation  

Two types of data are required to build species distribution models: species 

occurrence/absence data and raster formatted GIS datasets summarizing 

environmental variables. This section outlines the steps for collecting and 

proc essing data used in the models. All data preparatio n was carried out with 

ArcGIS Desktop v: 10.1  (ESRI Inc., Redlands, CA).  

 

2.3.1 Species Occurrence Data  

Species occurrence data, also called response variables, are point localities 

defined by x and y coordinates that specify the geographical distribution of a 

species. It is used in the training and testing of the species distribution models 

that were sampled on the principle that selected samples should represent all 

environmental diversity of targeted species distribution and they should be far 

enough to one another to exclude possible auto -correlation between them.  

1:25.000 scale digital forest stand  maps for Turkish  pine and o riental beech 

were obtained from the General Directorate of Forestry, and used for extracting 

response variables. These maps are h ighly accurate and rely on 1:15,000 scale 

air photos and field observations by forestry personnel. They show a species as 

present when it has 10% or more crown closure (which approximates 

abundance) in a stand.  

The following working scheme was used for  the  both Turkish red pine and 

oriental beech (Figure 9). Polygons of stand maps were converted to raster data 

to avoid unequal sampling intensity of species occurrence. Firstly, all polygons 

of stand maps were aggregated for reducing processing time. After this, stand 

maps were intersected with a vector grid that was snapped with the raster data 

at a resolution of 1Į1 km.  
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For each grid cell, areas occupied by each species were calculated and grids 

that were covered by a species on more than 50% of their area (Ó 50 ha) were 

selected. Those selected grids wer e assigned as presence of the respective 

species.  

 

Figure 10  Converting stand polygons into a raster layer  

 

Occurrence data were derived from the presence data as randomly selected 500 

points for each species. The selection of po ints was adjusted to be at least 5 km 

apart for eliminating the autocorrelation between points (Figure 10 ). 

 

Figure 11  Randomly selected presence data of both species  






























































































































