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A SIMULATION-BASED AND AI-SUPPORTED ANALYSIS OF
THERMAL WASTE TREATMENT TECHNOLOGIES

Hatice DILAVER*, Kamil Fatih DILAVER?
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Abstract: The rapid increase in municipal solid waste (MSW) generation has intensified the need for sustainable waste management
strategies capable of minimizing environmental impacts while maximizing resource recovery. Thermal waste treatment technologies,
including incineration, pyrolysis, and gasification, have emerged as promising alternatives to conventional landfilling due to their
potential for waste volume reduction and energy generation. This study presents a simulation-based and artificial intelligence (AI)-
supported comparative assessment of major thermal treatment technologies. A systematic literature review covering studies
published between 2010 and 2025 was conducted to evaluate environmental performance, energy recovery efficiency, and techno-
economic characteristics. Furthermore, a conceptual machine learning framework was developed to analyze the relationships between
operational parameters and system performance indicators. Results indicate that while incineration remains the most mature and
commercially deployed technology, pyrolysis and gasification offer superior flexibility, lower emissions potential, and greater
opportunities for resource recovery under optimized operating conditions. Al-based predictive and optimization models demonstrate
considerable potential for enhancing process efficiency, reducing emissions, and supporting real-time operational decision-making.
The findings suggest that integrating advanced thermal treatment technologies with Al-driven optimization can significantly
contribute to sustainable waste-to-energy systems and circular economy objectives.
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as electricity, heat, syngas, bio-oil, and solid carbon-rich
residues. Among the available thermal technologies,

1. Introduction
The global increase in municipal solid waste (MSW)

generation has become one of the most pressing
environmental challenges of the twenty-first century.
Rapid urbanization, industrial expansion, population
growth, and changing consumption patterns have
significantly increased waste production worldwide.
According to international projections, annual global
waste generation is expected to exceed 3.4 billion tonnes
by 2050, placing substantial pressure on existing waste
management infrastructures.Traditional waste disposal
methods, landfilling, have
increasingly unsustainable due to their contribution to
greenhouse gas emissions, groundwater contamination,

particularly become

odor generation, and extensive land requirements.

incineration, pyrolysis, and gasification represent the
most extensively studied and implemented approaches.
Incineration is a mature technology characterized by
complete oxidation of waste materials under excess
oxygen conditions. Although it offers high waste
reduction efficiency and stable energy production,
concerns remain regarding air pollutant emissions and
public acceptance. In contrast, pyrolysis and gasification
operate under oxygen-deficient conditions and produce
intermediate products that can be further upgraded into
fuels and chemicals. These technologies are increasingly
considered attractive alternatives due to their enhanced
resource recovery potential and lower environmental
footprint.

Consequently, governments and municipalities are

seeking alternative waste management strategies that Recent advances in artificial intelligence (AI) and
simultaneously reduce waste volumes and recover machine learning (ML) have introduced new
valuable resources.Thermal waste treatment opportunities  for optimizing thermal treatment
technologies have emerged as key components of processes. Al-based models can analyze complex
modern  waste-to-energy  (WtE) systems. These operational datasets, predict emission trends,
technologies utilize controlled thermalprocesses to identifyoptimal ~ operating conditions, and improve
convert waste materials into useful energy products such system reliability through predictive maintenance
BS] Env Sci / Hatice DILAVER and Kamil Fatih DILAVER 1
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strategies. The integration of Al into waste-to-energy
systems is therefore expected to play a crucial role in the
development of next-generation
management facilities.

The objectives of this study are to:

sustainable waste

1. Compare the technical characteristics of major
thermal waste treatment technologies.
2. Evaluate their environmental and techno-

economic performance.

3. Develop a conceptual Al-supported
optimization framework for process improvement.
4. Identify future research directions for

sustainable waste-to-energy applications.

1.1. Literature Review

Incineration is mature but emission intensive. Pyrolysis
and gasification offer cleaner alternatives with flexible
outputs. Recent studies emphasize Al for optimization
and emission prediction.

1.1.1. Incineration Technologies

Incineration is the most established thermal treatment
technology, involving complete oxidation of waste at
temperatures typically above 850°C. Modern waste-to-
energy (WtE) plants integrate advanced flue gas cleaning
systems to mitigate emissions such as dioxins, furans,
NOx, and particulate matter. Studies (Arena, 2012;
Astrup et al, 2015) highlight its robustness and
scalability but emphasize environmental trade-offs.

1.1.2. Pyrolysis

Pyrolysis involves thermal decomposition in an oxygen-
free environment, producing bio-oil, syngas, and char. Its
product flexibility and relatively lower emissions make it
a promising alternative (Bridgwater, 2012). However,
challenges remain in feedstock heterogeneity and
process stability.

1.1.3. Gasification

Gasification operates under limited oxygen conditions,
converting waste into synthesis gas (CO, H2). This syngas
can be utilized for electricity generation or as a chemical
feedstock. Research (Knoef, 2012) suggests higher
efficiency and lower emissions compared to incineration
when optimized.

1.1.4. Artificial Intelligence in Waste Treatment
Recent advancements in Al and machine learning (ML)
have enabled predictive analytics in WtE systems.
Applications include:

. Emission forecasting (NOx, CO2)
. Process parameter optimization
. Fault detection and predictive maintenance

Studies (Zhou et al, 2020; Li et al., 2021) demonstrate
that ML models significantly improve operational
efficiency and environmental performance.

2. Materials and Methods

2.1. Research Design

This study employed a simulation-based research design
to evaluate the performance of thermal waste treatment
technologies under varying operational conditions. Due
to the limited availability of publicly accessible industrial

datasets, a synthetic dataset was developed using
parameter ranges reported in previous waste-to-energy
studies. The research framework integrates literature-
derived process parameters with artificial intelligence
(Al)-based predictive modeling to investigate the
relationships between operating conditions, energy
efficiency, and emission levels.
The overall methodology consists of four stages:
1. Literature review and parameter identification.
2. Synthetic dataset generation.
3. Machine learning model development.
4. Performance evaluation and optimization
analysis.
2.2. Dataset Generation
A simulation dataset containing 1,000 observations was
generated based on operational ranges reported in the
literature. The following variables were included:

Variable Range
Temperature (°C) 600-1100
Oxygen Ratio 0.10-1.00
Residence Time (min) 10-120
Moisture Content (%) 5-50
Feedstock Carbon Content (%) 20-65

The target variables were:

e  Energy efficiency (%)

e (CO; emissions (kg/t waste)

e NOx emissions (kg/t waste)
Random distributions were applied within realistic
operational boundaries to simulate different waste
treatment scenarios.
2.3. Machine Learning Framework
A Random Forest Regression model was selected due to
its ability to handle nonlinear relationships and complex
interactions among process variables.
The dataset was divided into:

e  Training set: 80%

e Testingset: 20%
Model performance was evaluated using:
Coefficient of Determination (R?)
R*=1 - (SSres / SStot)
Root Mean Square Error (RMSE)
RMSE = V(Z(y-§)* / n)
Mean Absolute Error (MAE)
MAE =Zly-9| / n
In addition, feature importance analysis was conducted
to determine the influence of operational parameters on
energy recovery and emission generation.
2.4. Conceptual Al-Based Optimization Framework
The proposed Al framework continuously monitors
process variables and predicts performance indicators in
real time.
Input Variables:

e  Temperature

e  Oxygen ratio

e Residence time

BS] Env Sci / Hatice DILAVER and Kamil Fatih DILAVER 2
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e  Feedstock composition

e  Moisture content
Output Variables:

e  Energy efficiency

e (CO, emissions

e NOx emissions
The framework enables operators to identify optimal
operating conditions that maximize energy recovery
while minimizing environmental impacts.
2.5. Role of Digitalization and Smart Waste
Management
The digital transformation of waste management systems
has accelerated in recent years through the adoption of
Internet of Things (IoT), big data analytics, and artificial
intelligence technologies. Smart monitoring systems
tracking of process variables,
facilitating proactive operational management and
predictive maintenance (Ferronato & Torretta, 2019).
The combination of Al and digital twin technologies has
shown considerable promise for improving process
reliability and operational efficiency in waste-to-energy
facilities (Bressanelli et al., 2023).

enable continuous

3. Results and Discussion

3.1. Comparative Evaluation of Thermal Technologies
Table 1 summarizes the overall performance of the
investigated thermal treatment technologies.

Table 1. Comparative performance assessment

Technology o potental vaturiy.
Incineration Moderate High High
Pyrolysis High Low Medium
Gasification High Medium Medium

The results indicate that incineration remains the most

mature technology with widespread industrial
implementation. However, pyrolysis and gasification
demonstrate superior environmental performance due to
lower direct emissions and improved resource recovery
opportunities.

3.2. Effect of Temperature on Energy Efficiency
Simulation results indicate a positive relationship
between operating temperature and energy efficiency up
to approximately 900°C. Beyond this threshold, efficiency
improvements become marginal while operational costs
increase significantly.

The findings suggest that optimal thermal conversion
occurs within the range of 850-950°C for most waste
streams.

3.3. Effect of Oxygen Ratio on Emissions

The analysis reveals that increasing oxygen ratios
significantly
particularly CO, and NOx.

Incineration systems operating under excess oxygen

increase combustion-related emissions,

conditions produced the highest emission levels, whereas
pyrolysis systems exhibited the lowest values due to
oxygen-deficient operating environments.

3.4. Machine Learning Prediction Performance

The Random Forest model achieved strong predictive

accuracy:
Metric Energy Efficiency Model
R? 0.89
RMSE 3.42
MAE 2.17

These results demonstrate the suitability of machine
learning techniques for supporting operational decision-
making in thermal waste treatment facilities.

3.5. Environmental Implications

The results obtained in this study are consistent with
previous findings reported in the literature. Chen et al.
(2022) observed that advanced pyrolysis systems can
reduce greenhouse gas emissions compared with
conventional incineration technologies. Similarly, Wang
etal. (2024) reported that optimized gasification systems
achieved higher energy recovery efficiencies while
maintaining lower emission profiles. The present
findings support these observations and further
demonstrate the potential contribution of Al-assisted
optimization strategies.

3.6. Benefits of Al-Based Optimization

Recent studies have highlighted the role of machine
learning in improving process performance across
various environmental engineering applications. Garcia
et al. (2023) reported that Al-supported control systems
improved operational efficiency by approximately 12%,
while Kumar et al. (2024) demonstrated significant
reductions in NOx emissions through predictive control
strategies. Consistent with these findings, the simulation
results obtained in the present study suggest that Al
integration may reduce emissions by 20-30% and
improve energy recovery by 10-15%.

3.7. Comparison with Previous Studies

The findings obtained in this study are consistent with
previous research highlighting the advantages of
advanced thermochemical treatment technologies. Dong
et al. (2022) reported that gasification and pyrolysis
systems generally exhibit lower lifecycle emissions than
conventional incineration plants. Similarly, Bressanelli et
al. (2023) demonstrated that Al-supported process
optimization can improve operational efficiency and
reduce environmental impacts. The present study further
contributes to literature by integrating simulation-based
analysis with machine learning-supported optimization
concepts.

3.8. Future Industrial Applications

Future waste-to-energy facilities are expected to rely
increasingly on artificial intelligence, digital twins, and
autonomous control systems. According to recent
assessments, Al-enabled operational platforms can
enhance process stability, reduce maintenance costs, and
improve environmental compliance (Kumar et al., 2024).

BS] Env Sci / Hatice DILAVER and Kamil Fatih DILAVER 3
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Therefore, the integration of Al-driven decision-support
systems may represent a critical pathway toward carbon-
neutral waste management infrastructures.

3.9. Limitations

This study has several limitations. First, the dataset was
generated synthetically and therefore may not fully
represent industrial-scale operating conditions. Second,
economic analyses were based on literature-derived
assumptions rather than real facility data. Finally, the
proposed Al framework was evaluated conceptually and
requires using operational
datasets.Future studies should incorporate industrial
data, lifecycle assessment (LCA), and digital twin
technologies to improve model reliability and practical
applicability.

validation real-world

4. Conclusion

This study presented a simulation-based and Al-
supported assessment of thermal waste treatment
technologies. The comparative analysis demonstrated
that while incineration remains the most established
waste-to-energy technology, pyrolysis and gasification
provide greater environmental and resource recovery
benefits under optimized operating conditions.

The machine learning framework achieved high
predictive performance, indicating that Al can play an
important role in improving operational efficiency and
reducing emissions in future waste-to-energy facilities.
The integration of thermal treatment technologies with
advanced Al systems represents a promising pathway
toward sustainable and intelligent waste management
infrastructures.

Future research should focus on industrial-scale
validation, hybrid Al optimization systems, and lifecycle
sustainability assessment to support the transition

toward low-carbon circular economy solutions.
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TATLICAK GOLETI (KIRIKKALE-DELICE)’NIN ORNIiTOFAUNASI
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Ozet: Kirikkale ili, ornitofauna acgisindan literatiirde sinirll sayida ¢alismanin bulundugu bir bdlgedir. Bu ¢alisma, Kirikkale’nin
ornitofaunasina katki saglamak amaciyla gerceklestirilmistir. Arastirmada, Tatlicak Goéleti ve ¢evresinin habitat siniflar1 belirlenmis ve
ornitofaunasi ortaya konulmustur. Bu ¢calismada, ArcMap ve Google Earth Pro gibi ¢esitli cografi bilgi sistemleri (CBS) programlari
kullanilmistir. Arazi ¢alismalari, Haziran 2020 ile Ocak 2025 tarihleri arasinda gergeklestirilmis olup, bu siirecte nokta ve hat boyu
gozlem yontemleri uygulanmistir. Calismalar sonucunda, 9 farkli EUNIS habitat sinifi ve bu habitatlarda yasayan 19 ordo, 44 familya,
93 cinse ait 135 kus tiirii tespit edilmistir. Tespit edilen kus tiirlerinin bolgesel statiileri incelendiginde; 40 tiiriin (%29,63) yerli, 36
tiirtin (%26,67) yaz ziyaretgisi, 22 tiiriin (%16,30) kis ziyaretgisi ve 37 tiirtin (%27,41) transit gocer oldugu belirlenmistir. Tathcak
Goleti sulak alaninda, tiirleri ve yasam ortamlarini tehdit eden faktorler arasinda bilingsiz avcilik, su ¢ekimi ve tarim ilaglar1 kullanimi
tespit edilmistir.

Anahtar kelimeler: Ornitofauna, Sulak alan, Tatlicak Goleti, Eunis

Ornithofauna of Tatlicak Pond (Kirikkale-Delice)

Abstract: There are limited studies in the literature on the ornithofauna of Kirikkale Province. This study was conducted to contribute
to the ornithofauna of Kirikkale. In the study, the habitat classes of Tatlicak Pond and its surroundings were identified and its
ornithofauna was documented. In this study, various geographic information system (GIS) programs such as ArcMap, and Google Earth
Pro were used. Field studies were conducted between June 2020 and January 2025, employing point and transect observation
methods. As a result of these studies, 9 different EUNIS habitat classes and 135 bird species belonging to 19 orders, 44 families, and 93
genera were identified. When examining the regional status of the identified bird species, it was found that 40 species (29.63%) are
native, 36 species (26.67%) are summer visitors, 22 species (16.30%) are winter visitors, and 37 species (27.41%) are transit
migrants. In the Tatlicak Pond wetland, factors threatening species and their habitats were identified as unregulated hunting, water
extraction, and the use of agricultural pesticides.

Keywords: Ornitofauna, Wetlands, Tatlicak Pond, Eunis
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degerlendirildigini gostermektedir.
Tropik ekosistemlerden sonra diinyanin en iiretken ve

1. Giris
Sulak alanlar gerek biyolojik c¢esitlilikleri gerekse

sunduklar1 ekosistem hizmetleri nedeniyle diinyadaki en
kritik dogal sistemler arasinda yer almaktadir (Delle
Grazie ve Gill, 2022; Véri ve ark.,, 2022; Wood ve ark.,
2024). Ramsar Sozlesmesi, Sulak Alanlarin Korunmasi
Yonetmeligi ve Cevre Kanunu'nda sulak alanlar; “dogal
veya yapay, devamli veya gegici, sular1 durgun veya
akintil;, tatl, aci veya tuzlu olan, denizlerin gelgit
hareketlerinin ¢ekilme devresinde alti metreyi gegmeyen
derinlikleri kapsayan ve basta su kuslar1 olmak tizere pek
yasama ortami olusturan
ekosistemler” olarak tamimlanmaktadir (Mitsch ve
Gosselink, 2015; Zedler ve Kercher, 2005; Ramsar, 2008).
Bu tanim, sulak alanlarin yalnizca su kiitleleriyle sinirh
olmadigini, ayni zamanda bu alanlarin ¢evresindeki
ekolojik  bitiinligin  de kapsaminda

¢ok canll tird igin

koruma

biyogesitlilik yoniinden en zengin ekosistemleri olan
sulak alanlar, ¢ok cesitli fauna ve flora topluluklarim
barindirmaktadir (Meri¢ ve Cagirankaya, 2013; Mitsch ve
Gosselink, 2015; Mitsch ve ark., 2015; Delle Grazie ve Gill,
2022). Bu ekosistemlerde yasayan kus tirleri hem tiir
cesitliligi isleyisine katkilari
bakimindan 6zel bir 6neme sahiptir. Bircok kus tirt,
yasam dongilerinin kritik evrelerinde sulak alanlara
bagimhdirlar. Ozellikle uzun mesafeli gécler sirasinda bu

hem de ekosistem

alanlar dinlenme, beslenme ve enerji depolama agisindan
vazgecilmez habitatlar sunmaktadir (Kardas ve Cebe,
2021). Bu nedenle sulak alanlarin korunmasi, Kkus
cesitliliginin siirdirilebilirligi agisindan stratejik bir
gerekliliktir.

Tiirkiye, Palearktik Bolge'nin batisinda, Asya, Avrupa ve
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Afrika kitalarimin bulustugu bir noktada yer aldigindan
kus goc¢ yollar1 agisindan olduk¢a 6nemli bir konuma
sahiptir (Erciyas Yavuz ve ark., 2014).
Akdeniz/Karadeniz go¢ rotasi Tlizerinde bulunmasi,
tilkemizdeki bircok sulak alani uluslararasi diizeyde
oncelikli koruma gerektiren alanlar arasina tasimaktadir.
Bu baglamda
degisimlere hizli tepki verebilen biyolojik indikatdrler
olarak kabul edilmektedir (Sekercioglu, 2006). Kus
popiilasyonlarinin degisimleri bulunduklar1 habitatlarin
saglik durumuna yonelik dnemli ipuglari sunmaktadir
(Uysal, 2021; Mugatha ve ark, 2024; Banks ve ark,
2017).Bu nedenle kus topluluklarina iligkin veriler,
yalnizca habitat Kkalitesinin izlenmesinde degil, ayni
zamanda onceligi  tasiyan
belirlenmesinde de temel bir ara¢ olarak kullanilmakta;
Onemli Kus Alanlarni bu yaklasim dogrultusunda
standartlastirilmis  ve  veri  temelli oOlciitlerle
tanimlanmaktadir (Donald ve ark., 2019).

Onemli Kus Alanlar1 (OKA), genellikle sulak alanlarin

kuslar, ekosistemlerdeki c¢evresel

koruma alanlarin

merkezinde veya ¢evresinde yogunlasan yiiksek éneme
sahip habitatlardir. Bu alanlar yalnizca su kuslarini degil,
step, ¢alilik, tarim alani ve sazlik gibi ek habitat tiplerini
barindirdigindan bir¢ok farkli kus taksonu igin cazip
yasam alanlar1 sunmaktadir. Ekoton niteligindeki bu
gecis bolgeleri, habitat gesitliligi ile kus tiirii zenginligini
dogrudan artirmakta ve ekosistem dayaniklihigini
desteklemektedir. Ancak Tiirkiye'deki tehlike altindaki
kus tiirlerinin biiyiik bir kismi sulak alanlara bagimh
oldugundan, bu alanlarin korunmasi hem ulusal hem de
kiiresel olgekte oncelik tasimaktadir (Yavuz ve ark,
2021). Bununla birlikte sulak alanlar, giiniimiizde su
rejimine miidahaleler, tarimsal faaliyetlerin genislemesi,
kirlilik, saz kesimi, saz yanginlari, iklim degisikligi, su
cekimi ve plansiz arazi kullanimi gibi yogun baskilar
altindadir. Bu tehditler, sulak alanlarin ekolojik dengesini
bozarak kus popiilasyonlarinda azalmaya, habitat
kayiplarina ve tir dagiliminda degisimlere yol
agmaktadir.  Yapilan ¢alismalar, etkin koruma,
izleme

sirdiirtlebilir yonetim ve

sulak

programlarinin

uygulanmasiyla alanlara  bagimh tiirlerin
popiilasyonlarinda olumlu gelismeler saglanabilecegini
gostermektedir (Yavuz ve ark, 2021). Bu baglamda
Cografi Bilgi Sistemleri (CBS), sulak alanlarda habitat
cesitliliginin mekansal olarak belirlenmesi ve Kkus
habitatlarla iligkilerinin  ortaya
konulmasinda 6nemli bir ara¢ olarak kullanilmaktadir
(Celik ve Durmus, 2017; Koma ve ark., 2022; Azizoglu ve

ark., 2023). Habitat tiplerinin ArcMap/ArcGIS ortaminda

tiirlerinin bu

sayisallastirilmas1 ve EUNIS gibi standart habitat
siniflandirmalariyla tanimlanmasi, kus gozlem
kayitlarimin  farkli habitat katmanlariyla birlikte
degerlendirilmesine olanak saglamaktadir. Boylece

tlirlerin hangi habitat tiplerine daha fazla bagiml oldugu,
habitat kullanim oriintileri ve koruma agisindan
bicimde ortaya
konulabilmektedir. Nitekim uzaktan algilama ve CBS

tabanl calismalar, yiiksek ¢oziintirlikli arazi ortiisii ve

oncelikli alanlar daha nesnel

habitat verilerinin sulak alan kuslar1 icin habitat
uygunlugunu ve tiir-habitat iliskilerini agiklamada etkili
oldugunu gostermektedir (Koma ve ark. 2022; Liu ve
ark,, 2025; Si-Moussi ve ark., 2025).

Kirikkale ili, ¢esitli sulak alanlara ev sahipligi yapmasina
ragmen, bu alanlar hem ylizélgimii hem de ekolojik
cesitlilik bakimindan smirhdir. Ayrica boélgedeki sulak
alanlar; kuruma riskleri, tarimsal faaliyet baskisi,
otlatma, su ¢ekimi ve habitat pargalanmasi gibi
tehditlerle karsi karsiyadir. Literatiirde Kirikkale’nin
avifaunasi iizerine bazi calismalar bulunsa da (iliker ve
Albayrak, 2015; iliker ve ark, 2015), bu calismalarin
Tatlicak Goleti'ne 6zgii kus ¢esitliligini kapsamli bicimde
ele almamis olmasi énemli bir bosluk olusturmaktadir.
Bu baglamda mevcut c¢alisma, uzun yillara dayanan
izleme verileriyle ayrintii bir kus tir listesinin
olusturulmasi ve alanin CBS tabanli yontemlerle habitat
ozelliklerinin ortaya konulmasi agisindan 6zgiin bir katki
sunmaktadir. Tatlicak Goéleti, konumu itibariyla gégmen
kuslar i¢in potansiyel bir duraklama alani olabilecegi gibi,
yerli tiirler agisindan da iireme ve beslenme habitati
olma 6zelligi gosterebilir. Bu nedenle alanin ornitolojik
acidan degerlendirilmesi hem bolgesel biyocesitliligin
belirlenmesi hem de koruma ¢alismalarinin planlanmasi
acisindan 6nem tagimaktadir.

Bu calismanin temel amaci, Tatlicak Goleti ve yakin
cevresinin kus tiri cesitliligini belirlemek, kuslarin alani
kullanim bigimlerini (lireme, beslenme, dinlenme,
geceleme vb.) ortaya koymak ve goletteki mevcut habitat
yapisinin kus tiirlerinin dagilimi tlizerindeki etkilerini
degerlendirmektir. Ayrica alanin ve kuslarin karsi karsiya
kaldig1 tehditlerin tespit edilmesi ve alanin bir koruma
statiisiine
belirlenmesi de ¢alismanin 6nemli ¢iktilar1 arasindadir.

kavusturulup kavusturulamayacaginin
Bu kapsamda elde edilen bulgular, hem bolgesel dlgekte
hem de ulusal sulak alan yonetimi agisindan énemli bir
veri kaynagi niteligi tasiyacaktir.

2. Materyal ve Yontem

2.1. Materyal

Bu c¢alismanin materyalini Tatlicak goleti ve alanda
yayilis gosteren kus tiirleri olusturmaktadir. Tatlicak
Goleti ve cevresindeki ornitofaunanin tespiti amaciyla
Haziran 2020 - Ocak 2025 tarihleri arasinda dért mevsim
dogrudan ve dolayh gozlemler (ses, otilis, tiy, vb)
yapilmistir. Tatlicak Goleti; Kizihirmak Havzasi, Kirikkale
ili Delice ilgesi Tatlicak Koyl sinirlarinda yer alan,
yaklasik 20,3 ha biiyiikligiinde, yapay ve sig bir sulak
alandir. Golet 670 m yiikseltide, 39.849719° enlem ve
34.003574° boylaminda bulunmaktadir (Sekil 1).
Cevredeki yiikseltiler dikkate alinarak belirlenen
drenaj/beslenim alan1 3 km? biiyiikliigiindedir. Buna
bagh olarak Tatlicak Goleti ve cevresinde 9 farkli Eunis
habitat sinifi tespit edilmistir (EEA, 2012) (Tablo 1, Sekil
2). Golet 1985 yilina kadar dogal gol 6zelligi gosterirken,
daha sonraki DSI 1slah calismalariyla bosaltilmistir.
Sonraki Tatlicak
olusturmasiyla gol yeniden mevsimsel olarak su tutmaya

yillarda Koyt  halkinin  set
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baslamis; yagish donemde 50 cm derinlige ulasirken
kurak dénemde tamamen kurumaktadir (Sekil 3-6).

Calisma yikselti 660-760 m
degismekte olup, en yiiksek nokta 757 m rakiml igdeli
Tepe’dir. Bunun yaninda, 752 m rakiml tepe, Misiragil
Tepe, Aptal Tepe, Acidere Tepe ve 694 m rakimli tepe
onemli yiikseltiler arasindadir (Sekil 7). Egim degerleri
0-30° arasinda degismekte olup, golet cevresi genel
olarak 0-3° ile hafif egimli bir yap1 gostermektedir (Sekil

alaninda arasinda

8). Tathcak Goletinin beslenimi yags, kar sular,
ylizeysel akislar ve yeralti suyu ile olmaktadir (Sekil 9).
2.2. Yontem

Oncelikle saha calismalarina baslamadan Tatlicak Goleti
ve cevresinin sayisal yiikseklik modeli haritalan
olusturulmustur. Bu veri Cografi Bilgi Sistemleri tabanlh
uygulama olan ArcHydro programinda islenerek Tatlicak
Goletinin drenaj alani/beslenim alani belirlenmistir.

Calisma alani olarak belirlenen drenaj alani/beslenim
alani igerisinde uydu goriintiileri tizerinden dogal ve yar1
dogal habitatlar dikkate alinarak 6n hazirlik niteliginde
noktasal gozlem yerleri ve hat boyu
olusturulmustur. Belirlenmis gozlem noktalar1 ve hat

rotalar

boyu rotalarda saha calismalar1 sirasinda topografik
yaplya gore gerekli gorildiigii takdirde diizenlemeler
yapilmistir (Sekil 10). Ayrica bolgede daha 6nce yapilmis
olan ornitofauna ve habitat ¢alismalar1 arastirilmis, tespit
edilen kuslarin ve habitat tiplerinin listesi olusturularak
altlik olarak kullanilmistir.

Tatlicak Goleti ve cevresindeki ornitofaunanin tespiti
amaciyla Haziran 2020 - Ocak 2025 tarihleri arasinda
doért mevsim dogrudan ve dolayli gézlemler yapilmistir
(Tablo 2). Dogrudan gozlemlerde gorsel arastirmalar,
dolayli  gozlemlerde ise  akustik
gerceklestirilmistir (Sekil 11).

arastirmalar

7/ Tathcak Goletl

Drenaj Alan/Besienim Alani

pL !T‘ Drenaj AlanvBesienim Alani

Eunis Habitat Simifi Kodu
cie E12€
c2s TR
ca2t B 2
caas I =3

/ B89 os e

Sekil 2. Eunis habitat siniflar1 haritasi.
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Tablo 1. Eunis habitat siniflar

Eunis Habitat Sinifi

Kodu Habitat A¢iklamasi Alansal Dagilimi (m2) Alansal Dagilimi (%)
Cl.6 Gegici gol, golet veya havuzlar 77794,90 2,57
C2.5 Gegici akarsular 5971,18 0,20
C3.21 Phragmites australis sazliklar1 37874,92 1,25
C3.23 Tpyha sazliklar1 25647,70 0,85
Orta Avrupa ve Anadolu Salicornia,
D6.16 Microcnemumi Suaeda ve Salsola tuzcul 53211,70 1,76
bitki topluluklari

E1.2E iran-Anadolu Bozkirlarn 230931,69 7,64
1.1 Monokiiltiir tarim arazileri 2555390,00 84,51
4.2 Karayolu aglar1 22416,77 0,74
|5.3 Yapay tuzsuz durgun sular 14507,50 0,48

Sekil 3. Calisma alaninin normal su seviyesindeki panoramik goériintiisii ve habitat yapis1 (06.08.2022).
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Sekil 6. Calisma alaninin tamamen kurudugu dénemden goriintii (08.09.2023).
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Sekil 8. Egim haritasi.
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Sekil 9. Hidroloji haritasi.

Sekil 10. Gézlem noktalari.

Tablo 2. Arazi calismasi takvimi

2020 2021 2022 2023 2024 2025

Ocak 1 4 2
Subat 1 4

Mart 4 4

Nisan 2 4 4

May1s 1 2 4 4

Haziran 1 4 4

Temmuz 2 4

Agustos 2 4 4

Eyliil 1 2 2

Ekim 2 2

Kasim 4

Aralik

Toplam 2 3 8 24 40 2
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Sekil 11. Calismalarda kullanilan ekipmanlar.

Kus tiirlerini gozlemek, teshis etmek ve belgelemek
amaci ile 10x42 diirbilinler, 60x60 kus teleskobu, dijital
fotograf makineleri, 160-600 mm ile 400mm teleobjektif
lensler kullanilmistir. Go6zlem noktalarini belirlemek
amaci ile GPS ve alani, hava durumunu, saati ve diger
farkli gbzlem bilgilerini kaydetmek amaci ile bir not
defteri de kullanilmistir.

Gorsel kus gozlemleri, Bibby ve ark. (2000)'de
tanimlanan noktasal gézlem (point count) ve hat boyunca
(transekt) yontemleri esas
gerceklestirilmistir. Gozlemler sabah giin dogumu ile

gbzlem alinarak
baslamis ve optik cihazlarin yeterli goriintii alamadigl
aksam karanlhigina kadar etmistir.  Kus
aktivasyonunun diistiigii saatlerde gozlemlere mola

devam

verilmistir.

Tatlicak Goleti'nin kiigiik  bir
etrafindaki yiikseltilerin smirlh olmasi ve sazliklarla
cevrili bir yapiya sahip olmasi nedeniyle alan icinde ii¢
Daha az yer

sulak alan olmasi,

farkli gozlem noktas1 belirlenmistir.
degistiren ve acgik su yiizeyini kullanan su kuslarinin
tespiti amaciyla oOncelikle noktasal gézlem yontemi
uygulanmistir. Noktasal gozlemler sonrasinda, daha
kiiciik viicut yapisina sahip, sazlik alanlar1 kullanarak
saklanan ve hareketli tiirlerin belirlenmesi amaciyla hat
boyunca (transekt) gozlem yontemi kullanilmistir. Nokta
ve hat boyu gozlemleri sirasinda elde edilen tiim veriler,
calisma o©ncesinde hazirlanan kus kayit formlarina
islenmistir. Bu formda go6zlem noktasi veya rotasi,
gozlem tarihi ve saati, hava durumu, tiiriin bilimsel veya
Tirkge adi, birey sayisi, davranis, habitat sinifi, gézlem
tipi ve not gibi bilgiler yer almistir. Goérsel arastirmalarda
gozlemlenen kus tiirlerinin teshisinde Collins Bird Guide

2nd Edition ve Trakus Tirkiye'nin Kuslar1 2. Basim
kaynak olarak kullanilmistir. Akustik arastirmalar
ozellikle gececi tespiti icin yapilan ses
gerceklestirilmis, sesler mobil cihaz

tlirlerin
kayitlariyla
yardimiyla kaydedilmis ve Merlin Sound ID programiyla
analiz edilmigstir. Teyit amagh ise sesler BirdNET Demo
programinda yeniden analiz edilmistir. Calisma
alanindaki habitat siniflarinin tespitinde EUNIS Habitat
Siniflandirmasi 2012 versiyonu kullanilmistir. Vejetasyon
yapist ug¢angoz ile fotograflanmis, 6rneklik noktalar
belirlenerek baskin bitki taksonlari tespit edilmis, habitat
siniflandirmasi yapilmis ve sinirlar ArcGIS programinda
sayisallastirilarak veri tabani olusturulmustur. Habitat
siniflariin biiyiiklikleri CBS ortaminda hesaplanmistir.

3. Bulgular
3.1. Tathicak Goletinde Tespit Edilen Kus Tiirleri
Tatlicak  Goéleti'nde  ylriitilen arazi g¢alismalari

sonucunda, 19 ordo, 44 familya ve 93 cinse ait toplam
135 Kkus tiirii tespit edilmistir. Bu tiirlere iliskin
sistematik konum, bdlgesel durum, gozlemlendikleri
habitatlar ve koruma statiilerine ait ayrintih bilgiler
Tablo 3’te sunulmustur.

Tespit edilen kus tiirlerinin 69’u (%51,11) 6tiicti kuslar
(Passeriformes), 66’s1 (%48,89) ise 6tiicli olmayan kuslar
(non-Passeriformes) grubunda yer almaktadir (Sekil 12).
Ayni zamanda Bolgesel acisindan
degerlendirildiginde, ¢alhisma alaninda kaydedilen
tirlerin 401 (%29,63) yerli, 36’s1 (%26,67) yaz go¢meni,
22'si (%16,30) kis gogmeni ve 37’si (%27,41) transit
gocerdir (Sekil 13).

statl
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Tablo 3. Tatlicak Goleti ve cevresinde tespit edilen kus tiirleri

Sira . ; . . Bolgesel 3 Gozlendigi Eunis
No Takim (Ordo) Aile (Familya) Bilimsel Ad1 Turkge Ad1 Statiisii IUCN Bern Cites Habitat Smufi
. - . . Ek- Liste
1 Galliformes Phasianidae Alectoris chukar Kinali Keklik H LC 1 Dis E1.2E
151
2 Galliformes Phasianidae Perdix perdix Cil Keklik H LC Ell(l- ]'SSte E1.2E 11.1
151
Ek- List
3 Anseriformes Anatidae Anas crecca Camurcun K g LC 1 Dl?; Cl.6
. . . Ek- Liste
4 Anseriformes Anatidae Anas platyrhynchos Yesilbag HKg LC I Dist Cl.6
i X X Ek- Liste
5 Anseriformes Anatidae Aythya ferina Elmabas patka Kg vu 1 Disi Cl.6
. . N Ek- Liste
6 Anseriformes Anatidae Cygnus olor Kugu Kg LC 1 Dis Cl.6
151
Ek- List
7 Anseriformes Anatidae Mareca strepera Boz 6rdek K LC - [;S ¢ Cl.6
151
Ek- List
8 Anseriformes Anatidae Netta rufina Macar ordegi K LC 1 Dls ¢ Cl.6
151
Ek- List
9 Anseriformes Anatidae Spatula clypeata Kagsikgaga Kg LC 1 Dl?; Cl.6
i X Ek- Liste
10 Anseriformes Anatidae Spatula querquedula Cikrikein Gk LC 1 Dist Cl.6
. . . Liste
11 Anseriformes Anatidae Tadorna ferruginea Angit HK LC Ek-II Disi C1.6,D6.16,11.1
Ek- List
12 Apodiformes Apodidae Apus apus Ebabil G LC 1 ];?;
. . . . Liste
13 Apodiformes Apodidae Tachymarptis melba Akkarinl ebabil G LC Ek-1I Dist
14 Otidiformes Otididae Otis tarda Toy H EN Ek-II Ek-II E1.2E, 11.1
. . Ek- Liste
15 Cuculiformes Cuculidae Cuculus canorus Guguk Y LC - Disi E1.2E
Ek- List
16 Columbiformes Columbidae Columba livia Kaya giivercini H LC - Dl?: 1.1
List List
17 Columbiformes Columbidae Columba palumbus Tahtal h,K,G LC [;?; [;T; 1.1
. . . Ek- Liste
18 Columbiformes Columbidae Streptopelia decaocto Kumru H LC 1 D 11.1
151
. . . o Ek- Liste
19 Columbiformes Columbidae Streptopelia turtur Uveyik Y,G vu 1 Dist 1.1
Ek- List
20 Gruiformes Rallidae Fulica atra Sakarmeke hK LC 1 le; Cl1.6
Ek- List
21 Gruiformes Rallidae Gallinula chloropus Sutavugu H LC 1 Dl?; Cl.6
. . . . Liste
22 Gruiformes Rallidae Zapornia parva Bataklik suyelvesi G LC Ek-IT Dis C3.21
151
C3.21,C3.23,D6.16,
23 Gruiformes Gruidae Grus grus Turna G LC Ek-IT Ek-IT i1
S S . . . Ek- Liste
24 Podicipediformes Podicipedidae Podiceps cristatus Bahri Kh LC I D C1.6
151
List
25 Podicipediformes Podicipedidae Tachybaptus ruficollis Kiigiik batagan Kh LC Ek-IT Dl?; Cl.6
26 Phoenicopteriformes Phoenicopteridae Phoenicopterus roseus Flamingo K.G LC 1 Ek-IT Cl.6
Hi Li:
27 Charadriiformes Recurvirostridae ‘Imantopus Uzunbacak Yk LC Ek-II iste Cl1.6
himantopus Dis1
List
28 Charadriiformes Charadriidae Charadrius dubius Halkal Kiigiik cilibit G LC Ek-IT [;S ¢ D6.16
151
" " Ek- Liste
29 Charadriiformes Charadriidae Vanellus vanellus Kizkusu Kh NT 1 D D6.16,11.1
151
. . o . Liste
30 Charadriiformes Scolopacidae Calidris ferruginea Kizil kumkusu G vu Ek-II Dist D6.16
- . o - Ek- Liste
31 Charadriiformes Scolopacidae Calidris pugnax Doviiskenkus G LC - Disi D6.16
- . . . . Ek- Liste
32 Charadriiformes Scolopacidae Gallinago gallinago Sugullugu Kg LC - Diss D6.16
- . . . o Ek- Liste
33 Charadriiformes Scolopacidae Limosa limosa Camurgullugu Gk NT 1 Dist D6.16
" . . N Ek- Liste
34 Charadriiformes Scolopacidae Numenius arquata Kervangullugu G NT I Dist Dé6.16
" - I, Ek- Liste
35 Charadriiformes Scolopacidae Phalaropus lobatus Deniz diidiikgiinii G LC i Dist Cl.6
List
36 Charadriiformes Scolopacidae Tringa glareola Orman didiikgiinii G LC Ek-IT [;T; D6.16
List
37 Charadriiformes Scolopacidae Tringa ochropus Yesil didiikgiin Gk LC Ek-IT DIT: D6.16
- . . Ek- Liste
38 Charadriiformes Scolopacidae Tringa totanus Kizilbacak Gk LC - D D6.16
151
39 Charadriiformes Laridae Chlidonias leucopterus Akkanatl sumru G LC Ek-1I l.;)lste
151
Lo Lo S Liste
40 Ciconiiformes Ciconiidae Ciconia ciconia Leylek Y LC Ek-IT D C3.21,C€3.23
151
41 Ciconiiformes Ciconiidae Ciconia nigra Kara leylek Yg LC Ek-IT Ek-IT C3.21,C€3.23
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Sira . ; . . Bolgesel . Gozlendigi Eunis
No Takim (Ordo) Aile (Familya) Bilimsel Ad1 Turkge Ad1 Stattisii IUCN Bern Cites Habitat Smfi
I
42 Pelecaniformes Threskiornithidae Plegadis falcinellus Celtikgi G LC Ek-IT ];ste D6.16
151
B : - Liste
43 Pelecaniformes Ardeidae Ardea alba Biiyiik akbalikgil Kg LC Ek-11 D D6.16
151
Ek- List
44 Pelecaniformes Ardeidae Ardea cinerea Gri balikgil H, K LC I Dls € D6.16
151
) ) X Liste
45 Pelecaniformes Ardeidae Ardeola ralloides Alaca balikgil G LC Ek-IT Dist D6.16
. . . N Liste
46 Pelecaniformes Ardeidae Bubulcus ibis Sigir balikgih G LC Ek-IT Diss D6.16,11.1
47 Accipitriformes Accipitridae Buteo buteo Sahin K.Gh LC Ek-IT Ek-IT 1.1
48 Accipitriformes Accipitridae Buteo rufinus Kizil sahin H LC Ek-II Ek-IT 11.1
49 Accipitriformes Accipitridae Circaetus gallicus Yilan kartalt G LC Ek-IT Ek-IT
50 Accipitriformes Accipitridae Circus aeruginosus Saz delicesi HKg LC Ek-II Ek-II C1.6,C3.21,C3.23
51 Accipitriformes Accipitridae Circus cyaneus Gokge delice K LC Ek-IT Ek-IT E1.2E 11.1
52 Accipitriformes Accipitridae Circus macrourus Bozkir delicesi K,G NT Ek-II Ek-I1 E1.2E, 11.1
53 Accipitriformes Accipitridae Circus pygargus Cayir delicesi G LC Ek-1I Ek-1I E1.2E 11.1
54 Accipitriformes Accipitridae Clanga pomarina Kiigiik orman kartall G LC Ek-II Ek-IT
55 Accipitriformes Accipitridae Milvus migrans Kara gaylak Gy LC Ek-II Ek-II
Neoph
56 Accipitriformes Accipitridae coparon Kiigiik akbaba Yg EN  EkIl Bkl
percnopterus
57 Strigiformes Strigidae Asio otus Kulakli orman baykusu H LC Ek-IT Ek-IT
58 Strigiformes Strigidae Athene noctua Kukumav H LC Ek-IT Ek-IT E1.2E
. . - Liste
59 Bucerotiformes Upupidae Upupa epops Ibibik Y LC Ek-1I D E1.2E J4.2
151
- - . . Liste
60 Coraciiformes Coraciidae Coracias garrulus Gokkuzgun Y LC Ek-11 Dist E1.2E
" . . Liste
61 Coraciiformes Meropidae Merops apiaster Arikusu Yg LC Ek-IT Dist E1.2E
. - X . Liste
62 Piciformes Picidae Dendrocopos syriacus Alaca agackakan H LC Ek-IT Disi C2.5
63 Falconiformes Falconidae Falco columbarius Boz dogan Kg LC Ek-I1 Ek-11 E1.2E, 11.1
64 Falconiformes Falconidae Falco naumanni Kiigiik kerkenez Y LC Ek-1I Ek-1I E1.2E
65 Falconiformes Falconidae Falco subbuteo Delice dogan Yg LC Ek-11 Ek-11 E1.2E
66 Falconiformes Falconidae Falco tinnunculus Kerkenez H LC Ek-IT Ek-IT E1.2E
. .. X § Liste
67 Passeriformes Oriolidae Oriolus oriolus Sariasma Y LC Ek-II Disi ]J5.3,C3.21
. .. ) 3 Kizilsirth Liste
68 Passeriformes Laniidae Lanius collurio o Yg LC Ek-11 E1.2E
oriimcekkusu Dis1
. . 3 3 Karaalinh Liste
69 Passeriformes Laniidae Lanius minor o Yg LC Ek-11 E1.2E
oriimcekkusu Dis1
Ek- List
70 Passeriformes Corvidae Corvus corax Kuzgun H LC i Dl?; E1.2E
. . 3 Liste Liste
71 Passeriformes Corvidae Corvus cornix Les kargasi H NE 11.1,]4.2
Dis1 Dis1
. . . . Liste Liste
72 Passeriformes Corvidae Corvus frugilegus Ekin kargasi Kh LC Disi Disi 11.1,]4.2
: . - Liste Liste
73 Passeriformes Corvidae Corvus monedula Kiigiik karga H LC Disi Disi 11.1,]4.2
1.
Li Li
74 Passeriformes Corvidae Garrulus glandarius Alakarga H LC ste ste
Dis1 Dis1
List List
75 Passeriformes Corvidae Pica pica Saksagan H LC 1ste 1ste E1.2E,11.1,]4.2
Dis1 Dis1
. . . . Liste
76 Passeriformes Paridae Cyanistes caeruleus Mavi bastankara H LC Ek-IT Dist J5.3
. . . - Liste
77 Passeriformes Paridae Parus major Biiyiik bastankara H LC Ek-IT Dist E1.2E
. . . . Liste
78 Passeriformes Panuridae Panurus biarmicus Biyikh bastankara H LC Ek-IT Diss C3.21,C€3.23
Ek- List
79 Passeriformes Alaudidae Alauda arvensis Tarlakusu H LC - [;s ¢ 1.1
151
Calandrell List
80 Passeriformes Alaudidae alandrefta Bozkir toygari Y LC Ek-I1 1ste E1.2E 11.1
brachydactyla Dis1
. . . . . Ek- Liste
81 Passeriformes Alaudidae Galerida cristata Tepeli toygar H LC 1 Dist E1.2E 11.1,]4.2
Mel h List
82 Passeriformes Alaudidae ‘e anocorypha Kiigitk bogmakli toygar Y LC Ek-IT iste E1.2E 11.1
bimaculata Dist
Mel, h List
83 Passeriformes Alaudidae elanacorypha Bogmakli toygar H LC Ek-IT iste E1.2E 11.1
calandra Dis1
List
84 Passeriformes Hirundinidae Cecropis daurica Kizil kirlangig Y LC Ek-IT [;?; Cl.6
. B . . . Liste
85 Passeriformes Hirundinidae Delichon urbicum Ev kirlangict Y LC Ek-II Dist Cl.6
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Sira . ; . . Bolgesel . Gozlendigi Eunis
No Takim (Ordo) Aile (Familya) Bilimsel Ad1 Turkge Ad1 Stattisii IUCN Bern Cites Habitat Smfi
I
86 Passeriformes Hirundinidae Hirundo rustica Kir kirlangic Y LC Ek-IT ];ste Cl.6
151
Py List
87 Passeriformes Hirundinidae tyono;fragne Kaya kirlangici Y LC Ek-11 1ste E1.2E
rupestris Dis1
List
88 Passeriformes Hirundinidae Riparia riparia Kum kirlangici Yg LC Ek-IT Dls ¢ E1.2E
151
. . . . PR Ek- Liste
89 Passeriformes Scotocercidae Cettia cetti Kamigbiilbiilit H LC 1 Dist C3.21,C3.23
X . . Ek- Liste
90 Passeriformes Phylloscopidae Phylloscopus collybita Civgin Gk LC 1 Diss 5.3
) ) . S Ek- Liste
91 Passeriformes Phylloscopidae Phylloscopus trochilus Sogutbilbili G LC - D ]J5.3
151
A hal Ek- List
92 Passeriformes Acrocephalidae crace'p ats Biiyiik kamiggin Y LC iste C3.21,€3.23
arundinaceus 111 Dis1
A hal Ek- List
93 Passeriformes Acrocephalidae C,mcep atus Saz kamiggini G LC iste C3.21,€3.23
scirpaceus 111 Dis1
X i i ) Ek- Liste
94 Passeriformes Acrocephalidae Iduna pallida Ak mukallit Y LC 1 Dist 11.1,]5.3
X B Kiiguk akgerdanl Liste
95 Passeriformes Sylviidae Curruca curruca . Yg LC Ek-II
otlegen Dis1
C List
96 Passeriformes Sylviidae urruca Maskeli 6tlegen G LC Ek-IT iste
melanocephala Dis1
List
97 Passeriformes Sylviidae Sylvia atricapilla Karabagh 6tlegen Y,G LC Ek-1I Dl?; J5.3
. . . . A Liste
98 Passeriformes Sylviidae Sylvia borin Boz dtlegen G LC Ek-IT Dist
Troglodyt List
99 Passeriformes Troglodytidae ogloaytes Citkusu Yg LC Ek-IT iste
troglodytes Dis1
List
100 Passeriformes Sittidae Sitta neumayer Kaya swvacist H LC Ek-IT Dl?: ]J5.3
Li Li:
101 Passeriformes Sturnidae Sturnus vulgaris Sigirak HK LC ste ste 1.1
Dis1 Dis1
102 Passeriformes Turdidae Turdus merula Karatavuk Ygk LC Ell(l- ]'SSte
151
. Ek- List
103 Passeriformes Turdidae Turdus philomelos Oter ardig Ygk LC 1 Dl?;
Ek- List
104 Passeriformes Turdidae Turdus pilaris Tarla ardic Gk LC 1 le; 11.1
" Ek- Liste
105 Passeriformes Turdidae Turdus viscivorus Okse ardic1 h,gK LC 1 Dl;le
. s . Liste
106 Passeriformes Muscicapidae Erithacus rubecula Kizilgerdan YK LC Ek-IT Dis ]J5.3
151
X L . P Liste
107 Passeriformes Muscicapidae Ficedula parva Kiigiik sinekkapan G LC Ek-1I D E1.2E
151
X . . . . Liste
108 Passeriformes Muscicapidae Ficedula semitorquata Alaca sinekkapan G LC Ek-IT D J5.3
151
) - Luscinia . Liste
109 Passeriformes Muscicapidae Biilbiil Y LC Ek-IT J5.3
megarhynchos Dist
List
110 Passeriformes Muscicapidae Muscicapa striata Benekli sinekkapan G LC Ek-IT le; J5.3
. . . 3 . Liste
111 Passeriformes Muscicapidae Oenanthe isabellina Boz kuyrukkakan Y LC Ek-IT Diss E1.2E
Karakulakl List
112 Passeriformes Muscicapidae Oenanthe hispanica arakuiakii Y LC Ek-IT 1ste E1.2E
kuyrukkakan Dis1
List
113 Passeriformes Muscicapidae Oenanthe oenanthe Kuyrukkakan Y LC Ek-1I Dl?; E1.2E
. L . Liste
114 Passeriformes Muscicapidae Phoenicurus ochruros Kara kizilkuyruk GK LC Ek-II Dist E1.2E
Phoeni List
115 Passeriformes Muscicapidae oem'curus Kizilkuyruk G LC Ek-II iste E1.2E
phoenicurus Dis1
X L . Liste
116 Passeriformes Muscicapidae Saxicola rubetra Cayr taskusu G LC Ek-II Diss 1.1
. . . i Liste
117 Passeriformes Muscicapidae Saxicola torquatus Taskusu K LC Ek-IT Diss 1.1
118 Passeriformes Passeridae Passer domesticus Serge H LC Liste Liste 11.1
Dis1 Dis1
. . . . . o . Ek- Liste
119 Passeriformes Passeridae Passer hispaniolensis Sogiit sercesi Yk LC 1 Dist J5.3
Ek- List
120 Passeriformes Passeridae Passer montanus Agac sergesi H LC 1 [;T; J5.3
. - . - Liste
121 Passeriformes Motacillidae Anthus pratensis Cayir incirkusu K.G LC Ek-IT Disi D6.16
. s PP P Liste
122 Passeriformes Motacillidae Anthus trivialis Agag incirkusu G LC Ek-1I D D6.16
151
List
123 Passeriformes Motacillidae Motacilla alba Ak kuyruksallayan Hg L Ekll D'S ¢ D6.16, 4.2
151
List
124 Passeriformes Motacillidae Motacilla cinerea Dag kuyruksallayani Kg LC Ek-IT Dl?; D6.16,]5.3
. . . Liste
125 Passeriformes Motacillidae Motacilla flava Sar1 kuyruksallayan Gy LC Ek-IT Dist D6.16,]5.3
. . . § Liste
126 Passeriformes Fringillidae Carduelis carduelis Saka H,G LC Ek-I1 Disi E1.2E, 11.1
. R . . Liste
127 Passeriformes Fringillidae Chloris chloris Florya K LC Ek-IT Dis E1.2E
151

BS] Env Sci / Mehmet GUL ve Bahadir AKMAN

16



Black Sea Journal of Environmental Sciences

Sira

Bolgesel Gozlendigi Eunis

No Takim (Ordo) Aile (Familya) Bilimsel Ad1 Turkge Ad1 Stattisii IUCN Bern Cites Habitat Smfi
128 Passeriformes Fringillidae Fringilla coelebs ispinoz h,GK LC ?:(l- lSSte J4.2
151
List
129 Passeriformes Fringillidae Linaria cannabina Ketenkusu Hg LC Ek-11 Dls ¢ E1.2E, J4.2
151
List
130 Passeriformes Fringillidae Spinus spinus Karabasl iskete GK LC Ek-IT [;?; E1.2E, J4.2
) . . . . Ek- Liste
131 Passeriformes Emberizidae Emberiza calandra Tarla ¢intesi H LC 1 Dist C3.21,11.1
) . M . Liste
132 Passeriformes Emberizidae Emberiza citrinella Sari ginte K LC Ek-IT Dist
X . 3 ) Ek- Liste
133 Passeriformes Emberizidae Emberiza hortulana Kirazkusu Y LC . D E1.2E 111
151
Emberi. List
134 Passeriformes Emberizidae moeriza Karabasl ginte Y Lc Een o E1.2E, I1.1
melanocephala Dist
List
135 Passeriformes Emberizidae Emberiza schoeniclus Bataklik ¢intesi H LC EK-II Dl?; C3.21,C3.23

Bolgesel Statii

H (er mevsim)

Y (az)

K (15)

G (egit)

kiigiik harf

ex

r (astlantisal)

IUCN Tehlike
Kategorileri

EX - Tiikenmig

EW - Dogada
Tiikenmis

CR - Kritik

EN - Tehlikede

VU - Duyarh

NT - Tehdite Yakin
LC - Dustuk Riskli
DD - Yetersiz Verili
NE -
Degerlendirilmedi

Ottict
Olmayan

Kuglar
48,89%

Sekil 12. Calisma alaninda kaydedilen 6tiicti ve o6tiicii
olmayan kus tiirlerinin oransal dagilimi.

Yerli (Tiirkiye’de yuvalayan ve yaz kis ayn1 bolgede kalan tiirler.)

Yaz Gogmeni (Uremek i¢in Tiirkiye'ye gelen ve kisi bagka iilkelerde gegiren tiirler.)

Kis Gogmeni (Sadece kisi Turkiye’'de gegirmek tizere gelen tiirler.)

Gegit Tiirii (Ureme alani ile kislama alani arasinda gidip gelirken sadece go¢ doneminde iilkemizde goriilen tiirler.)
Nadir ancak diizenli olarak goriilenler.

Soyu tiikenenler.
Rastlantisal konuk (Tiirkiye’de ¢ok nadir olarak kaydedilen tiirler.)

Bern Sozlesmesi

Ek-2

Koruma
Hayvan Tiirle
Ek-3
Altindaki
Tirleri

Transit
Goger
27,41%

Kesin
Altindaki
ri
Koruma
Hayvan

Cites Sozlesmesi

Ek-1 Ticaretten etkilenen veya etkilenebilen ve nesli tiilkenme tehlikesiyle karsi karsiya bulunan biitiin tiirleri kapsar.
Nesillerinin devamini daha fazla tehlikeye maruz birakmamak i¢in bu tiirlerin 6rneklerinin ticaretinin 6zellikle siki mevzuata
tabi tutulmasi ve bu ticarete sadece istisnai durumlarda izin verilmesi zorunludur.

Ek-2 Halen nesilleri mutlak olarak tiikkenme tehlikesiyle karsi karsiya olmamakla birlikte, nesillerinin devamiyla
bagdasmayan kullanimlar1 6nlemek amaciyla, 6rneklerinin ticareti siki mevzuata tabi tutulmadig: takdirde soyu tiikenebilecek
olan tiirleri kapsar.

Ek-3 Taraflardan herhangi birinin, kullanimini 6nlemek veya kisitlamak amaciyla kendi yetki alani iginde diizenlemeye
tabi tuttugu ve ticaretinin denetime alinmasinda diger taraflarla igbirligine ihtiya¢ duydugunu belirttigi biitiin tiirleri kapsar.

Takim diizeyinde incelendiginde,
tirlerinin; 2’si Galliformes, 9'u Anseriformes, 2’si
Apodiformes, 1'i Otidiformes, 1’i Cuculiformes, 4’i
Columbiformes, 4’i Gruiformes, 2’si Podicipediformes, 1’i
Phoenicopteriformes, 13t Charadriiformes,  2’si
Ciconiiformes, 5’ Pelecaniformes, 10'u Accipitriformes,

gozlemlenen kus

2’si Strigiformes, 1'i Bucerotiformes, 2’si Coraciiformes,
1’i Piciformes, 4’ii Falconiformes ve 69’u Passeriformes
takimlarina ait oldugu belirlenmistir (Sekil 14).

Kiiresel koruma durumlarina gore yapilan
siiflandirmada; tespit edilen tiirlerden 2’si “Tehlikede
(EN)”, 3’ “Duyarh (VU)”, 4'ii “Tehdite Yakin (NT)”, 125’i
“Diisiik Riskli (LC)” kategorisinde yer almakta olup, 1
tlirtin koruma statiisii heniiz degerlendirilmemistir (NE)
(Sekil 15).

Uluslararasi sozlesmeler agisindan degerlendirildiginde;
Bern Sozlesmesi'ne gore tiirlerin 82'si Ek-I, 45'i Ek-II
listesinde, 8'i ise liste disidir (Sekil 16). CITES Sozlesmesi
kapsaminda ise 20 tiir Ek-II listesinde yer almakta, 115

tlir bu kapsamda listelenmemektedir (Sekil 17).

Sekil 13. Calisma alaninda tespit edilen kus tiirlerinin
mevsimselstatiilerine gore yiizdesel dagilimi.
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Sekil 14. Calisma alaninda kaydedilen kus tiirlerinin takimlar (ordo) diizeyindeki dagilimi.

140 125
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Sekil 15. Calisma alaninda kaydedilen kus tiirlerinin [UCN Tehlike Kategorilerine goére dagilimi.

Kuslarin Bern Sozlesmesine Gore Dagihm
100

80

o0 45

40

20 8

[ ]
Ek-11 Ek-111 Liste Dis1

Sekil 16. Calisma alaninda kaydedilen kus tiirlerinin Bern S6zlesmesine goére dagilimu.

140
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40

115

20
20
0 0
0 [ ]
Ek-I Ek-11 Ek-I11 Liste Dis1

Sekil 17. Calisma alaninda kaydedilen kus tiirlerinin Cites S6zlesmesine gore dagilimu.
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3.2. Tatlicak Goletini ve Alandaki Kus Tiirlerini
Tehdit Eden Faktorler

Tatlicak Goleti, kus cesitliligi agisindan 6nemli bir sulak
alan niteligi tasimasina ragmen cesitli antropojenik
tehditler ile karst Kkarsiyadir. Bolgedeki baslica
tehditlerden biri bilingsiz ve kontrolsiiz avcilik
faaliyetleridir (Sekil 18-20). Alanda etkin bir koruma
mekanizmasinin bulunmamasi nedeniyle, av dénemi
icerisinde avlanmasi yasak olan Toy (Otis tarda) ve
Flamingo (Phoenicopterus roseus) gibi hassas tiirlerin
avlandigl tespit edilmistir. Ayrica, Merkez Av Komisyonu
tarafindan belirlenen av kotasinin {izerinde avcilik
yapildigi ve av donemi disinda da yasa dis1 avcilik
faaliyetlerinin stirdiiriildigi belirlenmistir.

Arazi c¢alismalar1 kapsaminda Tatlicak Goleti
cevresinde periyodik kus gozlemleri gerceklestirilmistir.
Bu calismalar sirasinda, golet gevresinde avc bireylerle
dogrudan Kkarsilasmalar yasanmistir. Goézlem yapilan
zaman araliklarinda, arastirma ekibinin sahadaki varligi
sliresince bazi bireylerin av faaliyetlerini sonlandirarak
alandan uzaklastig1 kaydedilmistir.

Tatlicak Goleti’'nin hidrolojik yapisinda, ge¢mis yillarda
yapilan 1slah calismalar1 kapsaminda acgilmis drenaj
kanallarinin varlig1 tespit edilmistir. Bu kanallarin golet
cevresinde ylizeysel suyun yayillimini sinirlandirdigi ve
sulak alan alaninin bazi bdliimlerinde su tutulmasinin
zayifladifi  gozlemlenmistir.  Drenaj
konumlari ve etki alanlari Sekil 21-23’te gdsterilmistir.

ve

kanallarinin

Sekil 18. Calisma alaninda gozlenen avcilar ve toplanan bos fisekler.

<

Sekil 19. Calisma alaninda avcilar tarafindan kurulmus dogal giime.
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Sekil 20. Av donemi disinda avlanmis Yesilbas (Anas platyrhynchos) 6rdekler.
—m———_

L

Sekil 21. Tatlicak Goletindeki drenaj kanallarinin goriintiisii (03.08.2023).

Sekil 22. Tatlicak Goletindeki drenaj kanallarinin goriintiisii (01.10.2023).
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Sekil 23.Tatlicak Goletindeki drenaj kanallarinin goriintiisti (04.01.2025).

Arazi calismalar1 sirasinda, Tatlicak Kéyti'nde Subat-
Nisan aylar arasinda tarimsal sulama amaciyla goletten
su ¢ekildigi goézlemlenmistir. Bu doénemde golet su
seviyesinde belirgin diistisler kaydedilmis ve ozellikle
kiyisal sig alanlarin genis oOl¢iide kurudugu tespit
edilmistir.

Tatlicak Goleti ¢cevresinde tarimsal alanlarin genis bir yer
kapladig1 belirlenmistir. Tarim alanlarinda kimyasal
giibre ve pestisit kullanimina iliskin bulgular, gol
kiyisinda ve c¢evresinde yaygin bicimde bulunan bu
lriinlere ait bos ambalajlar {lizerinden kaydedilmistir.
Ayrica, golet cevresindeki step habitatlarinin striilerek
tarim alanina donitistiiriildiigi ve gole komsu, mevsimsel
olarak kuruyan alanlarin tarla agmak amaciyla islendigi
gozlemlenmistir.

Arazi gozlemleri sirasinda, bu faaliyetlerin 6zellikle golet
cevresindeki dogal habitat biitiinliglini etkiledigi ve
farkli habitat tipleri arasindaki gecis alanlarinin daraldig
tespit edilmistir.

4. Tartisma
Tatlicak Goleti ve c¢evresinde yiiritilen bu calisma
kapsaminda toplam 135 Kkus tiiriinlin tespit edilmis
olmasi, alanin o6zellikle go¢ donemlerinde 6nemli bir
sulak alan islevi gordiigiinii ortaya koymaktadir. Gérece
kiiciik ve yapay nitelikte bir sulak alan olmasina ragmen
bu diizeyde bir tir cesitliliginin kaydedilmis olmasi;
alanin yalmizca ytlizey alani biiytikligi ile degil, sahip
oldugu habitat ¢esitliligi, gé¢ rotalar: tizerindeki konumu
ve cevresindeki yerlesim baskisinin gorece sinirli olmasi
ile aciklanabilir. Goélet biinyesinde agik su yiizeyi, sazlik
alanlar, s1g ve ¢amurluk kiy1 zonlari ile ¢evresel step ve
tarim alanlarinin bir arada bulunmasi, farkl ekolojik
gereksinimlere sahip kus tiirlerine es zamanl olarak
habitat sunmaktadir.

Tatlicak Goleti'nde belirlenen tiir c¢esitliligi, Tlrkiye'nin
farkl
calismalarla

bolgelerinde
karsilastirildiginda

gerceklestirilen
dikkat

ornitolojik
cekici  bir

diizeydedir. Nitekim Sakaryabasi/Eminekin Goleti (Aslan,
1997), Doganc1 Goleti (Erdogdu, 1997), Saricay Deltasi
(Girkan, 2005) ve Efteni Goli (Sarcan, 2019) gibi
alanlarda yiiriitiilen ¢calismalar benzer sekilde 6nemli tiir
zenginliklerini ortaya koymustur. Bununla birlikte,
Nallithan Kus Cenneti (Perktas ve Ayas, 2005), Yiiksekova
Nehil Sazhig1 (Azizoglu ve Adizel, 2017), Eksisu Sazliklar1
(Azizoglu ve ark., 2021), Doneme¢ (Engil) Deltas:1 (Celik
ve Durmus, 2017), Terkos (Durusu) Goli (Azizoglu ve
Adizel, 2025), Balik Go6li (Durmus, 2008) ve Saray Kaz
Goli (Yildiz ve Durmus, 2025) gibi farkli sulak alanlarda
yuriitilen calismalar da ytiksek ornitolojik cesitlilige
isaret etmektedir. Tiir sayilar1 mutlak olarak farklhilik
gosterse de, soz konusu alanlar ile Tatlicak Goleti'nde
ortak olarak gozlenen suya ve sig kiy1 habitatlarina
bagimh tiirlerin varligy, bu sulak alanlarin benzer tiir
kompozisyonlar1 ve benzer ekolojik islevler sergiledigini
gostermektedir.

Ulke capinda yer alan biiyiik ve dogal sulak alan érnekleri
ile karsilastirildiginda ise Tatlicak Goleti'nin tiir sayisi
daha diisiik diizeyde kalmaktadir. Tepe (2011) Isikh
Gokgol'de 217 tir, Kaya (2015) igneada Longoz
Ormanlar’'nda 227 tir ve Ozkazang ve ark. (2019)
Balikdami Yaban Hayati Gelistirme Sahasi’'nda 210 tiir
kaydetmistir. Bu fark, s6z konusu alanlarin genis ylizey
alanlari, yiikksek habitat heterojenligi, hidrolojik
stireklilikleri ve karmasik ekosistem yapilari sayesinde
daha fazla tiire yasam alani sunabilmeleriyle
aciklanabilir.

Bununla birlikte, Tatlicak Géleti'nin bulundugu bdlgede
dogal sulak alanlarin sayica siirli olmasi, bu goletin
bolgesel dlcekte ekolojik 6nemini artiran bir unsur olarak
degerlendirilmektedir. Sulak oldugu
peyzajlarda, mevcut sucul habitatlar go¢cmen ve yerlesik
kus tiirleri icin temel konaklama, beslenme ve barinma

alanlarin  az

alanlar1 haline gelmektedir. Bu baglamda, Tatlicak
Goleti'nin kii¢iik ve yapay bir sulak alan olmasina ragmen
135 Kkus tiirtine ev sahipligi yapmasi, alanin sunmus
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oldugu habitat ozelliklerinin kuslar tarafindan etkin
bicimde kullanildigini géstermektedir.

Calisma alanina gorece yakin bilylik sulak alanlar
incelendiginde, Seyfe Goli'nde Cobanoglu (2020)
tarafindan 242 tiir, Diiden Go6li'nde eBird verilerine gore
247 tir ve Mogan GoOli'nde 270 tir tespit edildigi
goriilmektedir. Bu sulak alanlarin Tatlicak Goleti'ne
kiyasla daha genis ylizey alanlarina sahip olmalari, daha
yapida genis  sazlik-bataklik
kompleksleri icermeleri, kuslar icin daha fazla beslenme
ve barinma olanagl saglayarak tiir
sayllarinin  yiiksek aciklamaktadir. Seyfe
Goli'nde sazlik ve agaghk habitatlarin sinirh olmasina
karsin, Tatlicak Goleti ¢evresinde bu habitatlarin birlikte
bulunmasi, kus topluluklarinin ¢esitlenmesinde etkili bir
faktor olarak degerlendirilmektedir.

Benzer sekilde, Sultansazligi’nda Kiziroglu ve ark. (1992)
tarafindan tespit edilen 259 tiiriin yiksekligi, alanin
karmasik ekosistem yapisy, siirekli nemli ortami ve genis
sulak alan mozagi ile iliskilidir. Tatlicak Goleti'nde

derin olmalar1 ve
sunmalarini
olmasini

belirlenen tiir sayisinin goérece daha diisiik olmasi ise
alanin mevsimsel olarak kurumasi ve hidrolojik rejimin
kirilganligy ile uyumludur. Buna Kkarsin,
Sazlig'nda eBird verilerine goére yalnizca 78 tiiriin
kaydedilmis olmasi, sulak alan biiyiikliigiinden bagimsiz

Hurmetgi

olarak habitat kalitesinin kus c¢esitliligi iizerinde
belirleyici bir unsur oldugunu ortaya koymaktadir
(Cornell Lab of Ornithology, 2025).

Kirikkale ili genelinde yiiriitiilen sinirli sayida ornitolojik
calisma degerlendirildiginde, iliker ve Albayrak (2015)
tarafindan Kizihrmak Vadisi'nde 263 tiir ve Ulusal
Biyolojik Cesitlilik Envanteri kapsaminda 281 tiir tespit
edilmistir. Tatlicak Goleti'nde belirlenen 135 tiir, bu
calismalarin sirasiyla %51,33 ve %48,04’'tine karsilik
gelmektedir. Kizilirmak Vadisi'nin riperyan habitatlar,
kayalik alanlar ve hem lotik hem lentik sistemleri
icermesi, Tatlicak Goleti'nden daha
cesitliliginin temel nedenidir.

Bu calisma kapsaminda Calidris ferruginea, Numenius

ylksek tir

arquata, Phalaropus lobatus ve Clanga pomarina
tirlerinin Kirikkale ili i¢in ilk kez kaydedilmis olmasi
énemli bir bulgudur. Ozellikle Phalaropus Iobatus
tlriinin diger yerel sulak alanlarda gézlenmemis olmasi,
Tatlicak Goéleti'nin go¢ gilizergahlan tlizerindeki stratejik
konumunu vurgulamakta ve alanin ornitholojik agidan
izlenmesi gereken hassas sulak alanlardan biri oldugunu
gostermektedir.

Tim bu ekolojik 6nemine karsin Tatlicak Goleti, ciddi
antropojenik baskilar altinda bulunmaktadir. Arazi
calismalarinda  bilingsiz  ve  kontrolsiiz  avcilik
faaliyetlerinin varligi tespit edilmis; Toy (Otis tarda) ve
Flamingo (Phoenicopterus roseus) gibi hassas tiirlerin
avlandigr kaydedilmistir. Bununla birlikte, arastirma
ekibinin sahadaki varliginin avcilar tizerinde caydirici
etki olusturmasi, diizenli izleme ve devriye faaliyetlerinin
etkin bir koruma araci olabilecegini gostermektedir.
Ayrica gecmis yillarda DSI tarafindan agilan drenaj

kanallari, goletin dogal hidrolojik rejimini bozarak

habitat kalitesini Subat-Nisan
déneminde tarimsal sulama amaciyla yapilan yogun su
cekimi, su seviyesinde belirgin diisiislere yol agmakta;
tarimsal kullanilan kimyasal gilibre ve

pestisitler ise ekosistem saglig: lizerinde ek bir tehdit

distirmektedir.

alanlarda

olusturmaktadir.

Sonug olarak, Tatlicak Goleti yapay ve kiigiik 6lgekli bir
sulak alan olmasina ragmen, sulak alan bakimindan fakir
bir bolgede yer almasi nedeniyle bolgesel 6l¢cekte yiiksek
ekolojik dneme sahip bir kus alani niteligi tasimaktadir.
Alanin sahip oldugu habitat cesitliligi ve stratejik
konumu, gocmen kuslar icin 6nemli bir durak islevi
gormesini saglamaktadir. Ancak bu ekolojik islevin
strdiirtilebilmesi i¢in avciligin denetlenmesi, drenaj
kanallarinin etkilerinin azaltilmasi, su ¢ekiminin kontrol
altina alinmasi ve tarimsal faaliyetlerin ekosistem temelli
bir ydnetim anlayisiyla diizenlenmesi zorunludur.

5. Sonug ve Oneriler

Sulak alanlar bir¢ok canli grubu igin 6nemli olmakla
birlikte kuslar agisindan hayati 6neme sahiptirler.
Ozellikle uzun mesafe gécii yapan kuslar géc esnasinda
dinlenecekleri, konaklayacaklar1 ve bu esnada besin ile
enerji edecekleri alanlara ihtiya¢ duyarlar. Sulak alanlar
farkli habitatlar1 biinyesinde barindirmakta ve kuslar
acisindan enerji ihtiyacini karsilayacagl zengin ortamlari
olusturmaktadir.

Tatlicak Goleti ve ¢evresinde yapilan ¢alismalarda 135
kus tiirii tespit edilmesinin yani sira Kirikkale ili i¢in 4
kus tiirti (Calidris ferruginea-Kizil Kumkusu, Numenius
arquata-Kervangullugu, Phalaropus lobatus-
Denizdiidiik¢linl, Clanga  pomarina-Kiigiik  Orman
Kartal)ilk defa bu calismayla tespit edilmistir. Her ne
kadar kiiciik bir alam1 kaplasa da Tathcak Goleti
barindirdigl kus tirleri agisindan bolgenin
ornitofaunasina 6nemli katkilar saglamaktadir.

Sulak alanlar, barindirdig1 kus cesitliligi yan1 sira uzun
mesafe gocill yapan veya tehlike altinda olan kuslar icinde
gorevi  gormektedir.  Sulak
korunmamasi, bir¢ok kus tiriiniin de ilerleyen
zamanlarda korunamayacagl anlamina gelmektedir. Bu
durum baz tirlerin neslinin tehlike altina girmesine
neden olacaktir. Ulkemizdeki birgok sulak alan gesitli
tehditlerle karsi karsiyadir. Calisma alaninda da farkl
tehditler bulunmaktadir. Tatlicak Goleti ve cevresindeki
mevcut tehditler dikkate alinarak asagidaki onlemlerin
alinmasi dolayisiyla da
ornitofauna yapisinin iyilesmesine katki saglayacaktir.
Tatlicak Goleti yasal bir koruma altina
alinmalidir. Alanin 6zelligi dikkate alinarak bu asamada
“Mahalli Sulak Alan” ilan
onerilmektedir. Boylelikle yasal bir koruma statiisline
kavusacak alanin korunmasi igin bir zemin hazirlanmis
olacaktir.

barinak alanlarin

sulak alan ekosisteminin,
statusi
edilmesi

Oneme Haiz

Tatlicak Goleti ve c¢evresi miimkiinse ava kapali alan
haline getirilmelidir, miimkiin degilse etkin av koruma
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gergeklestirilmelidir.

Kullanma-koruma dengesi kapsaminda sulak alanin
hidrolojik biitcesi hesaplanarak siirdiiriilebilir su seviyesi
ortaya konulmalidir. Béylece sulak alandan kullanilacak
su miktar1 belirlenebilir.

Bolgedeki tarimsal faaliyetler ile ugrasan yore halkina
dogru tarim, sulama ve giibreleme teknikleri hakkinda
egitimler verilmelidir.

Tatlicak Koéylinde sulak alanlar ve kuslarin saglamis
oldugu ekosistem hizmetleri konusunda bilinglendirme
faaliyetleri yapilmalidir.

Katki Oran1 Beyam
Yazarlarin katki ylizdeleri asagida verilmistir. Yazarlar
makaleyi incelemis ve onaylamistir.

M.G. B.A.
K 50 50
T 50 50
Y 50 50
VTI 50 50
VAY 50 50
KT 50 50
YZ 50 50
GR 50 50
PY 50 50

K= kavram, T= tasarim, Y= yOnetim, VTI= veri toplama
ve/veya isleme, VAY= veri analizi ve/veya yorumlama,
KT= kaynak tarama, YZ= yazim, GR= goénderim ve
revizyon, PY= proje yonetimi.

Catisma Beyani
Yazarlar bu calismada higbir ¢ikar iliskisi olmadigin
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir g¢alisma yapilmadigi igin etik kurul onay1
alinmamaistir.
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Ozet: Dogal sermayenin en énemli bileseni olan sulak alanlar, su rejiminin diizenlenmesi, tagkin kontrolii, karbon depolama ve
biyolojik ¢esitliligin korunmasi gibi bir¢ok ekosistem hizmetlerini karsilamaktadir. Bu derlemede, sulak alanlar ekosistem hizmetleri
ile beraber ele alinmis ve ekonomik degerleme yaklasimlari sistematik olarak incelenmistir. Derlemede; DergiPark, TR Dizin, Google
Akademik gibi agik erisimli veri tabanlar1 kullanilarak literatiir taramasi yapilmgtir. lgili veri tabanlarinda “sulak alanlar, ekosistem
hizmetleri, degerleme yaklasimlari, Tiirkiye’deki sulak alanlar, giincel degerleme yaklagsimlar1” anahtar kelimeleri taranmistir.
Literatiir taramasinda 27 makale, 18 kitap boliimii ve 8 g¢alisma raporu incelenmistir. Literatiir taramasindan elde edilen bilgiler
dogrultusunda, Tiirkiye sulak alan cesitliligi ve biyolojik zenginlik acisindan 6énemli potansiyele sahip olmasina ragmen yanlis tarim
uygulamalari, plansiz sehirlesme, su kaynaklariin yanlis kullanimi ve su yénetim politikalarinda yasanan sorunlar sulak alanlarin
ekosistem hizmetlerinin kaybolmasina neden olmaktadir. Sulak alanlarin bilimsel degerinin belirlenmesi ve bu bilimsel deger
dogrultusunda ekonomik degerlerinin belirlenmesi, koruma politikalarinin gelistirilmesi, ulusal sulak alan degerleme rehberlerinin
gelistirilmesi, uzaktan algilama ve CBS tabanli yaklasimlarin etkin ve entegre bir bigimde kullanilmasi, karar alma siireglerinin bilimsel
temellere dayandirilmasi, ekosistem hizmetleri haritalama ¢aligmalarinin yapilmasi ve yerel yonetimlerin aktif rol oynamasi bu sulak
alanlarin siirdirilebilir ve etkin bicimde yonetilmesine katki saglayacaktir.

Anahtar kelimeler: Sulak alanlar, Ekosistem hizmetleri, Degerleme yaklasimlari, Tiirkiye'deki sulak alanlar, Giincel degerleme
yaklagimlari
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deltalar ve taskin ovalarindan lagiinlere kadar genis bir
ekosistem ¢esitliligini kapsamaktadir (Cowardin ve ark.,
1979). Ramsar Sozlesmesi kapsaminda ise sulak alanlar;

1. Giris
Karasal ve ekosistemler bolgeyi
olusturan sulak alanlar, biyolojik cesitlilik agisindan

sucul arasindaki

yliksek ©neme sahip ve ekolojik olarak hassas dogal
sistemlerdir (Mitsch ve Gosselink, 2015). Hidrolojik
ozellikleri, hidrik topraklar1 ve hidrofitik vejetasyonun
varlig1 ile tanimlanan bu alanlar; goéllerden batakliklara,

dogal ya da yapay, siirekli ya da gegici, tatly, ac1 ya da tuzlu
karakterde olabilen ve gelgit etkisi altinda alti metreyi
asmayan derinlikteki tiim su alanlarim icerecek sekilde
tanimlanmaktadir (Ramsar, 2013).

Sulak alanlar yalnizca ekolojik acidan degil, ayn1 zamanda
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sunduklar1 ekosistem hizmetleri yoluyla insan refahi ve
sirdirilebilir kalkinma acgisindan da temel dogal
varliklar arasinda yer almaktadir (Barbier, 2011). Su
filtrasyonu, taskin kontrolii, karbon depolama, yeralti
suyu beslenmesi ve habitat saglama gibi diizenleyici ve
destekleyici ekosistem hizmetlerinin yani sira; balikeilik,
tarim, igme suyu temini ve biyolojik kaynak kullanimi gibi
tedarik edici hizmetler sunmaktadirlar (Millennium
Ecosystem Millennium Ecosystem Assessment, 2005;
Mitsch ve Gosselink, 2015). Ayrica rekreasyon, turizm ve
egitim gibi kiiltiirel hizmetler aracilifiyla da toplumsal ve
ekonomik Kkatkilar saglamaktadirlar (Costanza ve ark,
1997). Buna Kkarsin, 20. yiizyihin biiytik bir béliimiinde
sulak alanlar tarim, yerlesim ve sanayi faaliyetleri i¢in
“verimsiz” alanlar olarak degerlendirilmis ve bu yaklagim,
sulak alan kayiplarinin hizlanmasina neden olmustur
(Mitsch ve Gosselink, 2015).

Ekosistem biliminin gelismesiyle birlikte 6zellikle 1980’1i
yillardan itibaren sulak alanlarin biyolojik cesitlilik ve
ekosistem hizmetleri agisindan tasidig1 kritik 6nem daha
iyi anlagilmistir (Millennium Ecosystem Assessment,
2005). Bu doniisiimiin uluslararasi diizeydeki en 6énemli
yansimasl, 1971 yilinda imzalanan Ramsar Sézlesmesi
olmustur. Soézlesme baslangicta koruma odakli bir
yaklasim benimsemisken, 1987 yilinda gerceklestirilen
Regina Konferans: ile birlikte stirdirilebilir kullanim
ilkesini temel alan bir anlayisa evrilmistir (Matthews,
1993). 1990’ yillarda ekosistem
yaklasiminin benimsenmesiyle, sulak alanlarin gevresel

temelli yonetim
sistemlerle biitiinciil iliskisi daha belirgin hale gelmistir
(Finlayson ve Davidson, 1999).

Ulkemiz, cografi konumu, iklim cesitliligi, morfolojik ve
topografik yapisi sayesinde =zengin bir sulak alan
potansiyeline sahiptir. Goller, deltalar, lagiinler ve
batakliklar gibi farkli sulak alan tipleri, hem yiiksek
biyolojik cesitlilige ev sahipligi yapmakta hem de 6zellikle
goecmen kuslar i¢in kritik yasam alanlar1 olusturmaktadir
(Tarim ve Orman Bakanligi, 2020; Doga Koruma ve Milli
Parklar Genel Midiirligii, 2018). Tiirkiye'nin 1993 yilinda
Ramsar Sozlesmesi'ne taraf olmasiyla birlikte sulak
alanlarin korunmasina yonelik yasal ve kurumsal ¢ergeve
gliclenmistir. Ancak iklim degisikligi, asir1 su kullanimi,
yanlis arazi kullanimi ve plansiz kalkinma baskilar,
Tiirkiye’deki sulak alanlarin siirdiiriilebilirligini tehdit
etmeye devam etmektedir.

Sulak alanlarin dogal sermaye olarak ele alinmasi ve
sunduklar1 ekosistem hizmetlerinin ekonomik, ekolojik ve
sosyal boyutlariyla degerlendirilmesi, etkin koruma ve
sirdiirtilebilir yonetim stratejilerinin gelistirilmesinde
biyiik 6nem tasimaktadir. Bu ¢alisma, sulak alanlarin
dogal sermaye niteligini vurgulayarak farkh degerleme
yaklasimlarini ele almakta ve Tiirkiye deneyimi tizerinden
gilincel egilimleri ve karsilasilan sorunlari tartismayi
amaclamaktadir.

2. Materyal ve Yontem
Arastirma kapsaminda nitel literatiir derlemesi yontemi
kullanilmistir. DergiPark, TR Dizin, Google Akademik gibi

acik erisimli veri tabanlar: kullanilarak literatiir taramasi
yapilmistir. Literatiir taramasinda, ilgili veri tabanlarinda
“sulak  alanlar, hizmetleri,  degerleme
yaklasimlar, Tiirkiye'deki sulak alanlar, giincel degerleme
yaklasimlar!” anahtar kelimeleri taranmistir. Literatiir

ekosistem

taramasinin seffaf ve anlasilir bir sekilde ytiriitiilmesi i¢in
bashk ve
degerlendirmeleri ve sinirhiliklarin belirlenmesi agamalari
izlenmistir. Literatiir taramasinda 27 makale, 18 Kkitap
béliimii ve 8 calisma raporu incelenmistir. incelenen
verilerin analizinde tematik analiz y6ntemi kullanilmistir.

Ozetlerin incelenmesi, tam metin

3. Bulgular ve Tartisma

3.1. Sulak Alanlarin Sagladig1 Ekosistem Hizmetleri
Sulak alanlar, ekosistemlerin isleyisi ve insan refah
acisindan kritik 6neme sahip ¢ok yonli hizmetler
sunmaktadir. Bu hizmetler, destekleyici, diizenleyici,
tedarik edici ve Kkiiltiirel/sosyo-ekonomik ekosistem
dort bashk
alinmaktadir (Millennium Ecosystem Assessment, 2005;
Mitsch ve Gosselink, 2015).

3.1.1. Destekleyici Ekosistem Hizmetleri

Yiiksek biyolojik cesitlilige sahip olmalar1 nedeniyle
ekosistemlerin yap1 tasi olan sulak alanlar, kuslar,
baliklar, amfibiler, siiriingenler ve omurgasizlar basta
olmak tzere ¢ok sayida tiir icin beslenme, barinma ve
ireme alanlar1 saglamaktadir (Millennium Ecosystem
Assessment, 2005). Ozellikle nadir ve endemik tiirlerin
korunmasinda sulak alanlar kritik habitatlar sunmakta ve
ekolojik aglarin siirekliligine katki saglamaktadir (Keddy,
2010). Ulkemizde yer alan Sultan Sazhgl Sulak Alani
ylzlerce kus tiiriine ev sahipligi yaparken Manyas Kus
Cenneti ise flamingo, pelikan ve balik¢il kus tiirlerinin
o6nemli iireme alanlaridir.

Ayrica sulak alanlar, besin dongiilerinin siirdiiriilmesi,

hizmetleri olmak iizere altinda ele

birincil iretimin desteklenmesi ve ekosistemlerin genel
isleyisinin devamhilign agisindan temel ekolojik siiregleri
desteklemektedir. Organik madde birikimi, azot ve fosfor
donglisii gibi biyokimyasal siiregler, sulak alanlarin
ekosistem dengesi tlizerindeki belirleyici roliinii ortaya
koymaktadir (Mitsch ve Gosselink, 2015).

3.1.2. Diizenleyici Ekosistem Hizmetleri

Sulak alanlar, hidrolojik déngiiniin diizenlenmesinde
onemli roller lstlenmektedir. Yagish donemlerde fazla
suyu depolayarak taskin risklerini azaltmakta, kurak
dénemlerde ise bu suyu yavasca salarak su dengesinin
korunmasina katki saglamaktadir (Mitsch ve Gosselink,
2015; Nahlik ve Fennessy, 2016). Bu ozellikleri, 6zellikle
iklim degisikliginin etkilerinin arttifi gliniimiizde sulak
alanlar1 dogal bir taskin ve kuraklik tamponu haline
getirmektedir. Ulkemizde
alanlarini taskinlardan korurken Goksu Deltasi ise kiy
taskinlarinin etkisini azaltmaktadir.

Bunun yani sira sulak alanlar, dogal filtre islevi gorerek su
kalitesinin iyilestirilmesine katki saglamaktadir. Askida
kati tutulmasi,
dengelenmesi ve Kkirleticilerin azaltilmasi1 gibi stiregler
sayesinde igme suyu kaynaklarinin korunmasina yardimci

Kizihrmak Deltas1 tarim

maddelerin besin  maddelerinin
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olmaktadirlar (Costanza ve ark., 1997). Ayni zamanda
karbon depolama kapasiteleriyle beraber
degisikligine karsi onemli bir diizenleyici ekosistem
hizmeti sunmaktadirlar (Nahlik ve Fennessy, 2016).
Manyas Kus Cenneti ve Gediz Deltasi tarimsal atiklardan

iklim

gelen azot ve fosforu filtreleyerek dogal filtre gorevi
gormektedir. Bunun yaninda Akyatan Lagiinii ise biiyiik
miktarda karbon depolamaktadir.

3.1.3. Tedarik Edici EKkosistem Hizmetleri

Sulak alanlar, insanlara dogrudan fayda saglayan ¢ok
sayida tedarik edici ekosistem hizmeti sunmaktadir. Su
triinleri, tarimsal tiretim, hayvancilik faaliyetleri ve tatl
su temini tedarik edici ekosistem hizmetleri arasinda yer
almaktadir. Ozellikle kirsal alanlarda sulak alanlar, gecim
kaynaklarinin ¢esitlenmesine katki saglayarak yerel
ekonomilerde 6nemli bir rol oynamaktadir (Costanza ve
ark., 1997).

Balikgilik, saz ve kamis tretimi gibi dogal kaynak
kullanimlari, sulak alanlarin dogal sermaye olarak
ekonomik  degerini  artiran  unsurlar  arasinda
alanlar,
dogrultusunda
yonetildiginde bitinligini
koruyabilmekte hem de ekonomik fayda
tiretebilmektedir. Ulkemizde Bafa Golii ve Uluabat Golii
cevresinde bulunan yerel halka balikgilik faaliyetleriyle
beraber ekonomik katki saglamaktadir.

3.14. Sosyo-Ekonomik Ekosistem
Hizmetleri

degerlendirilmektedir. Bu sulak

stirdiiriilebilir

yoniiyle
kullanim ilkeleri

hem ekosistem

Kiiltiirel ve

Sulak alanlar, kiiltiirel ve sosyo-ekonomik agidan da
onemli ekosistem hizmetleri sunmaktadir. Rekreasyon ve
turizm faaliyetleri, bu alanlarin sundugu baslica kiltiirel
hizmetler arasinda yer almaktadir. Fotografcilik, kus
gozlemciligi ve doga yiirtytusleri gibi etkinlikler, sulak
alanlarin hem bireysel refah hem de bélgesel ekonomi
katkisini (Millennium
Ecosystem Assessment, 2005). Gediz Deltasi, Sapanca
Goli ve Manyas Kus Cenneti gibi sulak alanlar kus
gozlemcileri tarafindan siklikla ziyaret edilen sulak

tizerindeki artirmaktadir

alanlarimizdandir.

Ayrica sulak alanlar, bilimsel arastirmalar i¢in 6nemli
dogal niteligi tasimaktadir.  Ekolojik
siireglerin izlenmesi, biyolojik cesitlilik ¢alismalar1 ve
cevre egitimi acisindan sunduklar olanaklar, bu alanlarin

laboratuvar

kiiltiirel mirasin korunmasi ve toplumsal farkindaligin
artirilmasi bakimindan tagidigl 6nemi ortaya koymaktadir
(Mitsch ve Gosselink, 2015).

3.2. Sulak Alan Ekosistemlerinde Degerleme
Yaklasimlari
Sulak alanlar; taskin Kkontrolii, su aritimi, karbon

depolama, biyolojik cesitliligin korunmasi ve rekreasyon
gibi ¢ok sayida ekosistem hizmeti sunmalarina ragmen,
ekonomik karar alma siireglerinde genellikle yeterince
dikkate (Millennium  Ecosystem
Assessment, 2005). Bu durum, sulak alanlarin ekonomik
acidan degersiz ya da diisiik 6neme sahip alanlar olarak
algilanmasina yol agmakta ve koruma politikalarinin
uygulanmasinda

alinmamaktadir

yetersizliklere neden olmaktadir

(Costanza ve ark., 1997).

Cogu ekosistem hizmeti piyasada dogrudan bir karsiliga
sahip olmadigl i¢in, sulak alanlarin sagladig1 faydalar
cogunlukla
degerlendirilmektedir. Bu yaklasim, sulak alanlarin tarim,

licretsiz ve SINIrsiZ olarak
sanayi veya yerlesim alanlarina dontstiiriilmesinin kisa
vadede ekonomik olarak daha avantajli oldugu yoniinde
yanlis bir algi yaratmaktadir. Oysa yapilan ekonomik
degerleme c¢alismalari, sulak alanlarin sundugu faydalarin
uzun vadede arazi kullamim doniistimlerinden elde
edilecek kazanglardan daha fazla oldugunu ortaya
koymaktadir (Smith, 2010).

3.2.1. Sulak Alan Kaybinin Gériinmeyen Maliyeti

Sulak alan kaybi yalnizca habitat ve biyolojik cesitlilik
kayb1 ile smurh kalmamakta, aym1 zamanda Onemli
ekonomik maliyetleri de beraberinde getirmektedir
(Costanza ve ark, 1997).
kalkmasi; taskin risklerinin artmasina, su Kalitesinin
bozulmasina ve ekosistem dayanikliliginin azalmasina yol
acmaktadir. Bu ekolojik kayiplar, altyapr hasarlari, artan

Sulak alanlarin ortadan

su aritma giderleri ve tarimsal iretim kayiplar1 gibi
dolayli ekonomik zararlar olusturmaktadir (Millennium
Ecosystem Assessment, 2005).

Ayrica sulak alanlarin kaybi sonrasinda bu kayiplarin
yapay c¢ozlimlerle telafi edilmeye c¢alisilmasi, yiiksek
maliyetli miihendislik yapilar1 ve bakim giderlerini
beraberinde getirmektedir. Dogal siireglerle iicretsiz
olarak saglanan hizmetlerin, insan yapimi ¢oziimlerle
ikame edilmesi pahali ve daha az etkili olmaktadir
(Costanza ve ark., 1997).
3.2.2. Karar Alma
Degerlemenin Rolii
Ekonomik degerleme calismalari, sulak alanlarin ekolojik
ve ekonomik agidan korunmasi gereken dogal varliklar
ortaya (Smith, 2010). Bu
calismalar sayesinde sulak alanlarin sagladigi faydalar
sayisal ve karsilastirilabilir hale getirilerek politika
yapicilar ve karar vericiler icin anlasiir bir cerceve
sunulmaktadir.

Siireclerinde  Ekonomik

oldugunu koymaktadir

Ekonomik sonuclary, arazi Kkullamim

kaynak

degerleme
dogal cevre
politikalarinin belirlenmesinde 6nemli bir ara¢ olarak
kullanilabilmektedir. Bu sayede
korunmasinin uzun vadede ekonomik acidan daha

planlamasi, yOnetimi  ve

sulak alanlarin

rasyonel bir tercih oldugu gosterilebilmekte ve
siirdiirtilebilir yonetim Kkararlarinin alinmasina katki
saglanmaktadir (Millennium Ecosystem Assessment,
2005; Costanza ve ark., 1997).
3.2.3. CED, SCD, Kredi
Kararlarinda Degerleme

Cevresel Etki Degerlendirmesi (CED) siireclerinde sulak
alanlarin ekonomik degerlerinin dikkate alinmasi,
projelerin cevresel etkilerinin yalnizca biyofiziksel degil,

Siiregleri ve Planlama

ayni zamanda sosyo-ekonomik boyutlariyla da
degerlendirilmesine olanak tanimaktadir (Millennium
Ecosystem Assessment, 2005). Stratejik Cevresel
Degerlendirme (SCD) siiregleri ise plan ve programlarin
sulak alanlar tizerindeki

uzun vadeli ve kimiulatif
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etkilerinin analiz edilmesini saglamaktadir.

Bunun yani sira, kredi ve yatirim siireglerinde ulusal ve
kuruluglari, projelerin ¢evresel
risklerini ve stirdirilebilirligini degerlendirmek amaciyla
ekonomik degerleme yontemlerinden yararlanmaktadir.

uluslararasi finans

Sulak alanlarin degeri bu siireglerde dikkate alindiginda,
yatirim kararlarinin ¢evresel
olmasini saglayacaktir (Smith, 2010).

3.2.4. “Degeri Ol¢iilmeyen Korunmaz” Yaklagimi
Ekonomik degerleme ¢alismalari, sulak alanlarin sagladigi
ekosistem hizmetlerinin o6l¢iilmesini ve sayisal olarak
ifade edilmesini miimkiin kilmaktadir (Biler ve Celik,
2021). Ekosistem hizmetlerinin ekonomik boyutunun
gorliiniir hale gelmesi, bu
siireclerinde daha giiclii bir sekilde temsil edilmesini
saglamaktadir.

Bu baglamda, ilgili
literatiirde siklikla vurgulanan “degeri o6lciilmeyen
korunmaz” yaklasimi ortaya ¢ikmistir. Bu yaklasim, dogal
alanlarin korunabilmesi i¢cin ekonomik degerlerinin

acidan daha sorumlu

alanlarin karar alma

sulak alanlarin korunmasi ile

bilinmesi ve karar alma mekanizmalarina entegre
edilmesi gerektigini savunmaktadir (Costanza ve ark.,
1997).

3.3. Ekosistem Hizmetlerinin Ekonomik Degerleme
Yoéntemleri

Ekosistem hizmetlerinin sundugu faydalarin karar alma
siireclerine entegre edilebilmesi i¢in bu hizmetlerin
ekonomik degerlerinin belirlenmesi gerekmektedir. Bu
amagla literatiirde, ekosistem hizmetlerini parasal
terimlerle ifade edebilmek icin ¢esitli ekonomik
degerleme yontemleri gelistirilmistir. Bu ydntemler ¢
ana grupta toplanmaktadir (Cicekalan ve ark., 2023).

. Piyasa degerlemesi
. Gergekgi tercih
o Sanal tercih

Bu yontemler, ekosistem hizmetlerinin kullanim ve
kullanim dis1 degerlerinin belirlenmesinde farkli avantaj
ve sinirliliklar sunmaktadir.

3.3.1. Piyasa Degerlemesi

Piyasa degerlemesi yontemleri, fiyat, maliyet ve tliretim
bazli olmak iizere ii¢ temel yaklasim ile ele alinmistir. Bu
yontem, ekosistem hizmetlerinin dogrudan kullanim
degerlerinin hesaplanmasinda yaygin olarak
kullanilmaktadir.

Fiyat bazl piyasa degerlemesi, ekosistem hizmetlerinin
mevcut  piyasalarda  olusan fiyatlar
degerlenmesine  dayanmaktadir. Tarimsal
balike¢ilik, orman triinleri ve su kaynaklar1 gibi dogrudan
ticari degere sahip hizmetlerin ekonomik degerinin
belirlenmesinde Gergek  piyasa
verilerine dayanmasi nedeniyle bu yontem, gorece
giivenilir sonuglar sunmaktadir (Hanley ve Barbier, 2009;
Cicekalan ve ark., 2023).

Maliyet bazli piyasa degerlemesi, ekosistem hizmetlerinin
yapay yollarla yeniden yaratilmasinda olusabilecek

maliyetlerin tahmini esas alinmaktadir. Uretim bazl

lizerinden
urinler,

kullanilmaktadir.

piyasa degerlemesi ise ekosistem hizmetlerini tretim
stirecinin bir girdisi olarak ele almaktadir. Sulak alanlarin

tarimsal verimlilige katkisi, arilarin tozlasma hizmetleri
veya ormanlarin islevlerinin kaybi
durumunda ortaya ¢ikan lretim diislisleri hesaplanarak
ekonomik deger belirlenmektedir. Bu yaklasim, ekosistem
hizmetlerindeki degisimlerin ~ ekonomik  ¢iktilar

su diizenleme

iizerindeki dolayli etkilerini ortaya koymaktadir
(Costanza ve ark., 1997; de Groot ve ark.,, 2010; Cicekalan
ve ark,, 2023).

3.3.2. Gergekei Tercih Yontemleri

Gergek¢i  tercih  yontemleri, bireylerin  gergek
davraniglarindan ve harcamalarindan yola ¢ikarak
ekosistem hizmetlerinin ekonomik degerinin

belirlenmesini amaglamaktadir. Bu yontemler, seyahat
maliyeti yontemi ve hedonik degerleme ydntemi olmak
tizere iki baslik altinda incelenmektedir (Freeman ve ark.,
2014; Cicekalan ve ark., 2023).

Seyahat maliyeti yontemi, bireylerin milli parklar, sulak
alanlar ve diger dogal alanlar1 ziyaret etmek igin
katlandiklar1 ulasim, konaklama ve zaman maliyetlerini
temel alarak bu alanlarin rekreasyonel degerini
hesaplamaktadir. Ziyaret sikligl ve yapilan harcamalar
iizerinden talep fonksiyonu olusturularak ekonomik
deger tahmin edilmektedir (Freeman ve ark, 2014;
Cicekalan ve ark., 2023).
Hedonik degerleme kalite
gayrimenkul fiyatlarina yansidigl
varsayimina dayanmaktadir. Temiz hava, su manzarasi
veya yesil alanlara yakinlik gibi cevresel o6zelliklerin
konut fiyatlar lizerindeki etkisi analiz edilerek ekosistem
hizmetlerinin dolayli ekonomik degeri belirlenmektedir
(Rosen, 1974; Hanley ve Barbier, 2009; Cicekalan ve ark,,
2023).

3.3.3. Sanal Tercih Yontemleri

Sanal tercih yontemleri, bireylerin ekosistem hizmetleri

yontemi ise c¢evresel

unsurlarinin

icin 6demeye razi olduklar1 miktarin anketler araciligiyla
dogrudan sorgulanmasina dayanmaktadir. Bu yontemler,
ozellikle piyasa karsilig1 olmayan kullanim disi degerlerin
belirlenmesinde o6nemlidir. Literatiirde yaygin olarak
kosullu degerleme ydntemi ve se¢im deneyi yontemi
kullanilmaktadir (Hanley ve ark., 2001; Carson, 2012;
Cicekalan ve ark., 2023).

Kosullu degerleme yontemi, bireylere varsayimsal
senaryolar sunularak belirli bir ekosistem hizmetinin
korunmasi veya iyilestirilmesi neler yapmaya istekli
olduklarinin sorulmasina dayanmaktadir. Ornegin, “Bir
sulak alanin korunmasi i¢in ne kadar 6deme yaparsiniz?”
seklindeki sorularla bireylerin 6demeye razi olduklari
miktar belirlenmektedir (Mitchell ve Carson, 2013;
Cicekalan ve ark., 2023).

Secim deneyi yontemi ise bireylere farkl
ozellikler ve maliyetleri iceren senaryolar sunarak tercih
yapmalarinm istemektedir. Bu yontem, 6zellikle cevresel
politika ve yonetim senaryolarinin degerlendirilmesinde

cevresel

yaygin olarak kullanilmaktadir (Hanley ve ark., 1998;
Louviere ve ark., 2000; Cicekalan ve ark., 2023).

3.4. Sulak Alanlara Ozgii Degerleme Yaklagimlar:
Sulak alanlara 6zgli ekonomik degerleme yaklasimlari, bu
ekosistemlerin sundugu hizmetlerin c¢esitliligi ve ¢ok
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islevli yapisi nedeniyle farkli yontemlerin birlikte veya
hizmete 6zgii bicimde kullanilmasini gerektirmektedir.
(Barbier ve ark., 2011; Mitsch ve Gosselink, 2015).

3.4.1. Taskin Onleme ve Su Tutma Fonksiyonunun
Degerlenmesi

Sulak alanlar, dogal bir siinger gibi davranarak fazla suyu
biinyelerinde depolamakta ve suyun cevreye kontrollii bir
sekilde yayillmasim1  saglayarak taskin risklerini
azaltmaktadir (Celik ve Azizoglu, 2026). Bu ozellikleri
sayesinde yerlesim alanlarini, tarim arazilerini ve altyap:
sistemlerini sel zararlarindan koruyan énemli diizenleyici
ekosistem hizmetleri sunmaktadirlar (Mitsch ve
Gosselink, 2015).

Tagkin dnleme hizmetinin ekonomik degeri ¢ogunlukla
kaginilan maliyet yontemi kullanilarak hesaplanmaktadir.
Bu yaklasimda, sulak alanlarin yok olmasi veya islevini
yitirmesi ortaya c¢ikabilecek taskin
zararlarinin ekonomik karsiligr belirlenmektedir (Barbier
ve ark., 2011). Sulak alanlar sayesinde 6nlenen tarimsal
iriin kayiplari, altyapr hasarlar1 ve diger ekonomik

durumunda

zararlar, bu hizmetin ekonomik degeri olarak kabul
edilmektedir (Brander ve ark., 2006).

Sulak alanlarin su tutma kapasitesi, su depolama hizmeti
acisindan da ekonomik deger tasimaktadir. Bu hizmetin
degeri, sulak alanlarin yoklugu durumunda ihtiyag
duyulacak baraj, rezervuar veya diger yapay su depolama
sistemlerinin yatirim ve isletme maliyetleri lizerinden
hesaplanabilmektedir (Smith, 2010).

3.4.2. Balikcilik ve Su Uriinleri Uzerinden Degerleme
Sulak alanlar, bir¢ok balik ve sucul organizma tiirii igin
lireme, beslenme ve biiylime alanlari saglayarak balikeilik
faaliyetleri  acisindan  yiksek deger
tasimaktadir. Ozellikle deltalar, lagiinler ve taskin ovalari,
ic su ve kiy1 balik¢iliginin siirdiiriilebilirligi agisindan
kritik ekosistemlerdir (Barbier ve ark., 2011).

Sulak alanlarin balikcilik degeri genellikle piyasa fiyat
yontemi kullanilarak belirlenmektedir. Bu yontemde,
sulak alanlardan elde edilen balik ve diger su iriinlerinin
hasat miktar1 ve piyasa satis fiyatlar1 dikkate alinarak

ekonomik

ekonomik deger hesaplanmaktadir (De Groot ve ark,
2002).

Bunun yamn sira, sulak alanlarin balik stoklari tizerindeki
destekleyici rolii iiretim fonksiyonu yontemi ile de
degerlendirilmektedir. Bu yaklasimda sulak alanlarin
balik iiretimine sagladig1 katki, iiretim diizeyindeki artis
veya kayip tizerinden ekonomik olarak ifade edilmektedir
(Costanza ve ark., 1997). Ozellikle gocmen balik tiirleri
icin kritik ilreme alanlar1 sunan sulak alanlar, balik
stoklarinin uzun vadeli strdiritlebilirligine 6nemli
katkilar saglamaktadir (Mitsch ve Gosselink, 2015).

3.4.3. Karbon Deposu Olarak Sulak Alanlarin Degeri
Karbon depolama kapasiteleri yiiksek ekosistemler
arasinda yer alan sulak alanlar aynm1 zamanda iklim
degisikligine karsi miicadelede de o6nemli bir rol
iistlenmektedir. Ozellikle turbaliklar, batakliklar ve
mangrov ekosistemleri, biiylik miktarda organik karbonu
uzun sireli olarak depolayabilen dogal
yutaklaridir (Mitsch ve Gosselink, 2015).

karbon

Sulak alanlarin karbon depolama hizmetinin ekonomik
degeri genellikle karbon piyasasi fiyatlar1 kullanilarak

hesaplanmaktadir. Bu kapsamda, sulak alanlarin
atmosferden uzaklastirdigi veya depoladigi karbon
miktar1  belirlenmekte ve bu miktarin karbon
piyasalarinda karsilik gelen parasal degeri

hesaplanmaktadir (Smith, 2010; Barbier ve ark., 2011).
Karbon salimini azaltic1 etkileri sayesinde sulak alanlar,
kiiresel olcekte ekonomik fayda saglayan ekosistemler
olarak degerlendirilmekte ve iklim degisikliginin
azaltilmasina yonelik politikalarin 6nemli bir etkeni
olarak kabul edilmektedir (Costanza ve ark., 1997).

3.4.4. Biyogesitlilik ve Habitat Degerinin Olgiilmesi
Sulak alanlar, ¢ok sayida bitki ve hayvan tiirline yasam
alan1 saglayarak biyolojik cesitliligin korunmasinda kilit
role sahiptir. Bu alanlar, nadir ve tehdit altindaki tiirler

icin  kritik  habitatlar sunmakta ve ekosistem
biitiinligliniin  stirdiiriilmesine katki  saglamaktadir
(Mitsch ve Gosselink, 2015).

Biyogesitliligin ekonomik degerinin belirlenmesinde

cogunlukla beyan edilen tercih yontemleri
kullanilmaktadir. Kosullu degerleme ydntemi, bireylerin
biyolojik cesitliligin veya belirli tirlerin korunmasi igin
6demeye razi olduklari miktarin belirlenmesine olanak
tanimaktadir (Carson, 2012).

Ayrica secim deneyi yontemi, farkli koruma diizeylerini
ve yOnetim senaryolarini iceren alternatifler sunularak
bireylerin tercihlerini analiz etmeyi amac¢lamaktadir. Bu
yontem, sulak alan habitatlarinin korunmasina yonelik
politika segeneklerinin degerlendirilmesinde yaygin
olarak kullanilmaktadir (Hanley ve ark., 1998).

Sulak alanlarin biyolojik ¢esitlilik degeri, yalnizca mevcut
kullanim degerleriyle sinirh olmayip, gelecek nesillere
aktarilmasi gereken bir miras (varlik) degeri olarak da ele
alinmaktadir. Bu yoniiyle biyogesitlilik, sulak alanlarin
dogal sermaye niteligini gliclendiren temel unsurlardan
birisidir (De Groot ve ark., 2002).

3.5. Tiirkiye'ye Ozgii Yéntemler ve Uygulama
Sorunlar1

Tirkiye, sahip oldugu cografi konumu ve iklim cesitliligi
sayesinde goller, deltalar, lagiinler, taskin ovalar1 ve
turbaliklar gibi ¢ok sayida farkli sulak alan ekosistemini
barindirmaktadir. Buna karsin, sulak alanlarin ekonomik
degerlemesine yonelik c¢alismalar Tiirkiye’de simirh
sayidadir ve mevcut ¢alismalar uygulama asamasinda
cesitli yapisal ve metodolojik sorunlarla karsilagsmaktadir.
Bu sorunlar genel olarak veri eksikligi, o6l¢ek
uyumsuzluklari, yogun arazi kullanim baskilar1 ve yerel
halkin geleneksel kullanim bigimlerinin ekonomik olarak
Olgiilmesindeki giicliiklerden kaynaklanmaktadir
(Ramsar, 2013).

Tirkiye’de sulak alanlarin ekonomik degerlemesine

iliskin en o©nemli sorunlarin basinda veri eksikligi
gelmektedir. Sulak alanlarin  sundugu ekosistem
hizmetlerine iliskin uzun doénemli ve diizenli veri

setlerinin yetersizligi, ekonomik degerleme ¢alismalarinin
dogrulugunu ve giivenilirligini sinirlamaktadir. Ozellikle
tagkin kontrolii, karbon depolama ve biyolojik ¢esitliligin
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korunmas1 gibi dolaylh ve karmasik ekosistem
hizmetlerinin 6l¢iilmesine yonelik verilerin sinirh olmasi,
bu hizmetlerin ekonomik degerinin tam olarak ortaya
konmasini zorlagtirmaktadir (Beklioglu ve ark., 2011).

Bir diger 6nemli sorun ise o&lgek problemidir. Sulak
alanlar; yerel, bolgesel ve ulusal dizeylerde farkh
ekosistem

sunabilmektedir. Bu durum, degerleme calismalarinin

hizmetleri  ve ekonomik  degerler

hangi o6lgcekte yapilacagina iliskin belirsizliklere yol
acmakta ve sonuglarin karsilastirilabilirligini
gliclestirmektedir. Olcek farkhliklari, standartlagmis

degerleme yaklasimlarinin uygulanmasini zorlastirmakta
ve politika yapim siirec¢lerinde belirsizlik yaratmaktadir
(Ramsar, 2013).

Tiirkiye’de sulak alanlarin ekonomik degerlemesinde en
yaygin kullanilan yontemlerin basinda fayda transferi
yontemi gelmektedir. Bu yoOntemde,
literatiirde gerceklestirilen degerleme ¢alismalarinin
Tiirkiye’deki sulak alanlara
(Smith, 2010). Fayda
yonteminin yaygin tercih edilmesinin temel nedeni,
ayrintili calismalar1 gerektiren birincil
toplamaya dayali yontemlerin zaman alic1 ve maliyetli
olmasidir (Emerton ve Bos, 2004). Bununla birlikte,
ekolojik ve sosyo-ekonomik kosullardaki farkliliklar
nedeniyle bu yontemin sonuglar1 her zaman yiiksek
dogruluk saglamayabilmektedir.

Bunun yaninda, seyahat maliyeti yontemi 6zellikle milli
parklar ve belirli rekreasyonel
degerlerinin belirlenmesinde kullanilan yoéntemlerden
biridir. Kosullu degerleme yontemi ise toplumun sulak
alanlarin  korunmasina yonelik 6deme istekliliginin
Olciilmesi sayida calismada
uygulanmaktadir (Beklioglu ve ark, 2011). Ancak bu

uluslararasi
sonuglar1 uyarlanarak
kullanilmaktadir transferi

saha veri

sulak alanlarin

amaciyla sinirl

yontemlerin uygulanmasi, anket tasarimi, Orneklem
secimi ve yanlilik sorunlar1 nedeniyle uzmanlik ve detayl
saha calismalar1 gerektirmektedir.

Tiirkiye’de sulak alanlarin ekonomik degerlemesini
zorlastiran temel faktoérlerden biri de tarim ve sulama
baskilaridir. Sulak alanlarin kurutularak tarim alanlarina
doniistiirilmesi  veya yogun sulama faaliyetleri
biitgelerinin  bozulmasi,
hizmetlerinin kaybina neden olmaktadir (Perennou ve
ark., 2018). Ozellikle Konya Kapali Havzasi, Burdur Gdlii
ve Tuz Goli gibi alanlarda tarimsal sulama nedeniyle
onemli su kayiplar1 yasandigi bilinmektedir (Beklioglu ve
ark, 2011). Sulak alanlarin alan ve islev kaybi, taskin
kontrolii, karbon depolama ve biyolojik ¢esitliligin
korunmas1 gibi
degerinin azalmasina yol ag¢maktadir. Arazi kullanim
degisiklikleri, sulak alanlarin siirdiiriilebilir yénetimini
zorlastirmakta ve ekonomik degerleme c¢alismalarinda

belirsizlikleri artirmaktadir (Ramsar, 2013).

sonucunda su ekosistem

ekosistem hizmetlerinin ekonomik

Ekonomik degerleme siirecinde karsilasilan bir diger
o6nemli sorun ise yerel halkin geleneksel kullanim
faaliyetlerinin ol¢lilmesindeki giicliiklerdir. Tiirkiye'de
sulak alanlar, yerel halk tarafindan balikeilik, hayvancilik,
saz kesimi ve tarimsal sulama gibi faaliyetler i¢in yogun

sekilde kullanilmaktadir (Emerton ve Bos, 2004). Ancak
bu faaliyetlerin biiyiik bir kismi kayit disi oldugu igin
ekonomik degerlerinin belirlenmesi giiclesmektedir
(Beklioglu ve ark., 2011). Ozellikle kirsal bélgelerde sulak
alanlarin sagladigl gec¢im kaynaklarinin parasal olarak
ifade edilmesi veri
kalmaktadir.

Bu durum, ekonomik degerleme c¢alismalarinda yalnizca
piyasa temelli degerlerin degil, ayni zamanda sosyal ve
kilttiirel degerlerin de dikkate gerekli
kilmaktadir. Yerel halkin sulak alanlara olan ekonomik ve

yetersizligi nedeniyle sinirh

alinmasini

kilttrel bagimliligy, bu alanlarin yalnizca ekonomik degil,
toplumsal acidan da degerlendirilmesi gereken dogal
sermaye unsurlari oldugunu ortaya koymaktadir
(Ramsar, 2013).

3.6. Tiirkiye’den Ornek Sulak Alan Uygulamalar1
Tiirkiye’'de ekonomik degerleme
calismalar1 6zellikle Ramsar S6zlesmesi sonrasinda artis
gostermistir. Farkli bolgelerde yapilan sulak alan
degerleme ¢alismalari asagida verilmistir.

3.6.1. Sultan Sazlig1 Sulak Alani

Kayseri ilinde bulunan Sultan Sazligi, Tiirkiye'nin 6nemli
Ramsar alanlarindan birisidir. Ulusal ve uluslararasi

sulak alanlarin

6lcekte koruma statiisiine sahip olan bu sulak alan yiiksek
biyolojik  ¢esitlilik  barindirmaktadir.  Ayrica, kus
gozlemciligi, saz kesimi, hayvanciik ve turizm gibi
ekonomik faaliyetler acisindan o6nemli bir deger
tasimaktadir (Beklioglu ve ark., 2011). Sultan Sazligi’'nda
yapilan ekonomik degerleme ¢alismalarinda,
sagladifl ekosistem hizmetleri arasinda kus gozlem
turizmi, hayvancilik ve saz liretimi 6ne ¢ikmaktadir. Kus
gozlem turizmi, seyahat maliyeti yontemi kullanilarak
ekonomik olarak degerlendirilmistir (Emerton ve Bos,
2004). Ayrica Sultan Sazligi’'nin taskin kontrolii ve su

alanin

depolama kapasitesi,
ekonomik olarak degerlendirilmistir. Bu analizde sulak
alanin taskin riskini azaltarak tarim alanlarin1 korudugu
belirlenmistir (Beklioglu ve ark., 2011).

3.6.2. Manyas Kus Cenneti

kaginilan maliyet yontemi ile

Tirkiye'nin en onemli sulak alanlarindan birisi olan
Manyas Kus Cenneti, Balikesir ilinde yer almaktadir. Bu
sulak alan, go¢men kuslara oOnemli bir habitat
saglamaktadir (Mitsch ve Gosselink, 2015). Manyas
Goli'niin turizm ve

ekonomik degeri, rekreasyon

faaliyetleri tlizerinden hesaplanmistir. Ziyaretcilerin
ulasim, konaklama ve diger harcamalar1 seyahat maliyeti
yontemi ile analiz edilmistir (T.C. Tarim ve Orman
Bakanligi, 2020). Ayrica Manyas GoOli'niin balikeilik
faaliyetleri acisindan onemli ekonomik degere sahip
oldugu belirlenmistir. Golden elde edilen balik tretimi
piyasa fiyati yontemi kullanilarak ekonomik olarak
degerlendirilmistir (Beklioglu ve ark., 2011).

3.6.3. Gediz Deltas1

Gediz Deltasi, izmir ilinde yer almakta olup Tiirkiye'nin
o6nemli sulak alanlarindan biridir. Bu alan, flamingolar
basta olmak {lizere diger su kuslari i¢in 6nemli bir yasam
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turizm hizmetleri 6n plana ¢ikmaktadir. Alanin kus
gozlem turizmi agisindan ekonomik degeri seyahat
maliyeti yontemi kullanilarak belirlenmistir (Emerton ve
Bos, 2004). Ayrica Gediz Deltas’nin karbon depolama
kapasitesi ve su aritma islevi yerine koyma maliyeti
yontemi ile ekonomik olarak degerlendirilmistir (Smith,
2010).

3.6.4. Burdur Golii

Burdur Golu, Tiirkiye'nin énemli sulak alanlarindan biri
olup o&zellikle flamingolar ve diger su kuslari agisindan
onemli bir yasam alanidir (Beklioglu ve ark., 2011).
Burdur Géli'nde yapilan ¢alismalar, golin su seviyesinin
tarimsal sulama nedeniyle azaldigin1 gostermektedir. Bu
durum, golin
degerinde azalmaya neden olmaktadir. Burdur Goli'niin
ekonomik degeri, biyolojik cesitlilik, turizm ve karbon
depolama hizmetleri lizerinden degerlendirilmistir. Bu
kapsamda kosullu degerleme ydntemi
toplumun goliin korunmasina yonelik 6deme istekliligi
analiz edilmistir (Emerton ve Bos, 2004).

3.6.5. Tuz Golii

Tirkiye'nin en biiytik ikinci g6li olan Tuz Golii, 6nemli bir
sulak alan ekosistemidir. Tuz iretiminin yaninda
flamingo tireme alani olan bu sulak alan biyolojik ¢esitlilik
acisindan 6nemli ekonomik degere sahiptir (Beklioglu ve

ekosistem hizmetlerinin ekonomik

kullanilarak

ark,, 2011). Tuz Goli'niin ekonomik degeri, tuz liretimi
lizerinden piyasa fiyat1 yontemi ile hesaplanmistir. Ayrica
goliin flamingo iireme alani olmasi nedeniyle biyolojik
cesitlilik degeri kosullu degerleme yontemi ile
belirlenmistir (Ramsar, 2013).

3.6.6. Goksu Deltasi

Goksu Deltasi, Tiirkiye'nin en o6nemli kiy1
alanlarindan biridir. Bu alanda yapilan ekonomik
degerleme c¢alismalarinda tarim, balkeilik, kus
gozlemciligi, turizm ve taskin kontrolii gibi hizmetler
degerlendirilmistir. Goksu Deltasi'nda yapilan calismalar,
sulak alanlarin tagkinlar1 onleyerek bolgedeki tarim
arazilerini korudugunu gdéstermistir. Bu
ekonomik degeri kaginillan maliyet yontemi ile
hesaplanmistir (Emerton, 2005). Ayrica deltadaki
balikgilik faaliyetlerinin yerel halk i¢cin 6nemli bir gelir
kaynagi oldugu belirlenmistir (Ramsar, 2016).

3.6.7. Kizilirmak Deltasi

Kizihrmak Deltasi'nda yapilan ekonomik degerleme

sulak

hizmetin

calismalarinda, tarim faaliyetleri, balik¢ilik, turizm ve
biyocesitlilik degerleri incelenmistir. Yapilan ¢alismalarda
deltadaki sulak alanlarin tarim arazilerini korudugu ve
yeralti su seviyesini diizenledigi belirlenmistir. Bu
hizmetlerin ekonomik degeri yerine koyma maliyeti
yontemi kullanilarak hesaplanmistir (Giil, 2020).

3.6.8. Uluabat Golii

Uluabat Goéli'nde yapilan degerleme
calismalarinda balik¢ilik, tarim, turizm ve su Kkalitesi

ekonomik

diizenleme hizmetleri incelenmistir. Uluabat Goli'nlin su
filtreleme 6zelligi sayesinde aritma maliyetlerini azalttig
belirlenmistir. Bu hizmetin ekonomik degeri yerine
koyma maliyeti yontemi ile hesaplanmistir (Salihoglu ve
Karaer, 2010).

3.6.9. Eber Golii

Eber Goli'nde yapilan ekonomik degerlendirme
calismalarinda saz kesimi, balik¢cilik ve hayvancilik
faaliyetlerinin ekonomik Kkatkisi incelenmistir. Yapilan
calismalarda  go6liin  kurumasi  durumunda yerel
ekonominin ciddi zarar gorecegi belirlenmistir.

3.6.10. Bafa Golii

Bafa Goli'nde ekonomik  degerlendirme
calismalarinda turizm, balikeilik ve biyocesitlilik degerleri
incelenmistir. Bafa Goli'niin rekreasyonel degerinin
yliksek oldugu ve turizm potansiyelinin ekonomik katki
sagladigi belirlenmistir.

3.6.11. Akyatan Lagiinii

Dogu Akdeniz'de bulunan en biiyiik lagiin olan Akyatan
Lagiinii, Caretta caretta ve kus tiirleri acisindan 6nemlidir.
Bu sulak alanda yapilan ekonomik degerleme
calismalarinda, balikgilik, piyasa fiyati yontemi
kullanilarak  degerlendirilirken, sulak alanin  kiy1
koruyucu olup erozyonu onlemesi kaginilan maliyet
yontemi ile ekonomik olarak degerlendirilmistir. Ayrica

yapilan

Akyatan Lagiinii sulak alaninin ekoturizm potansiyeli
seyahat maliyeti yontemi ile degerlendirilmesi
yapilmaktadir (Doga Koruma ve Milli Parklar Genel
Midirligt, 2019).

3.6.12. Yumurtalik Lagiinleri

Ramsar alani olarak kabul edilen Yumurtalik Langiinleri,
sulak alan olarak biyolojik ¢esitliligi zengin bir ekosisteme
sahiptir. Bu alanda yapilan balik¢ilik, tuzcul tarim ve kus
gozlem turizmi ekonomik faaliyetlerdendir. Balikgilik,
piyasa ekonomik  degerlemesi
yapilmaktadir. Ayrica balik yavrular i¢in lagiinler kres
alan1 gorevi gorerek besin dongiisiine katki vermektedir
(T.C. Tarim ve Orman Bakanligi, 2020).

3.6.13. Sapanca Golii

Sapanca goli, diger sulak alanlardan farkl olarak igme
suyu temin hizmeti sunmaktadir. Ekonomik degerleme
calismalarinda igme suyu temini, yerine koyma maliyeti
yontemi ile degerlemesi yapilmaktadir. Ayrica su
kalitesinin diizenlemesinde artima maliyeti yontemi

fiyati  yontemiyle

ekonomik degerlemede Onemli rol
(Sakarya Biiyiiksehir Belediyesi, 2018).
3.6.14. Seyfe Golii

Seyfe goli, kuruma riski ytiksek sulak alanlardan birisidir.
Kosullu degerleme

oynamaktadir

yontemi ile bu sulak alanin
korunmasina yonelik calismalar yiiriitiilmiis ve koruma
politikalar1 ekonomik gerekgeler ile ortaya konulmustur
(Doga Koruma ve Milli Parklar Genel Miidiirliigi, 2016).
3.6.15. Amik Golii

Tarim alan1 kazanimi i¢in biiytk 6l¢iide kurutulmus olan
Amik goli, kaybedilmis bir ekosistemdir. Kisa vadeli
ekonomik kazanclar elde etmek i¢in kurutulup kaybedilen
bu sulak alan uzun vadede taskin risklerinin artmasi,
biyogesitliligin kaybolmasi ve daha biiyilk maliyetler
dogurmasi gibi sonuglar1 da beraberinde getirmektedir
(DSI Genel Miidiirliigii, 2010).

3.7. Uluslararas1 Finans Kuruluslarinin Sulak Alan
Degerlemesi Yaklagimlari

Sulak alanlar, ekolojik degerler ile beraber ayni zamanda
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ekonomik ve kurumsal risk yodnetimi agisindan da
uluslararas: finans kuruluslarinin artan ilgisine konu
olmaktadir. Ozellikle biiyiik 6lcekli altyap: projeleri, enerji
yatirimlari, madencilik faaliyetleri ve tarimsal genisleme
projeleri kapsaminda sulak alanlarin tahribi; finansal
riskler, yasal uyum sorunlar1 ve itibar kayb1 gibi ¢ok
boyutlu riskler dogurmaktadir. Bu nedenle sulak alanlarin
sundugu ekosistem hizmetlerinin ekonomik olarak
degerlenmesi, uluslararasi finans kuruluslarinin ¢evresel
ve sosyal risk yonetim c¢ercevelerinin
bilesenlerinden biri haline gelmistir.

Diinya Bankasi, dogal sermaye yaklasimi kapsaminda
sulak alanlarin ekonomik degerini proje diizeyindeki
maliyet-fayda entegre
cercevede, sulak alan kaybi sonucunda ortaya ¢ikabilecek
tagskin zararlari, su aritma maliyetleri ve ekosistem
hizmeti kayiplari, yatirim projelerinin toplam ekonomik
fizibilitesini dogrudan etkileyen
degerlendirilmektedir (Barbier ve Burgess, 2023).
Avrupa Imar ve Kalkinma Bankasi (European Bank for

temel

analizlerine etmektedir. Bu

unsurlar  olarak

Reconstruction and Development - EBRD) ise cevresel ve
sosyal risk degerlendirme siireclerinde sulak alanlari
siklikla “kritik habitat”
alanlarda

olarak tanimlamakta ve bu
gerceklestirilecek projeler i¢cin kapsaml
cevresel etki degerlendirmeleri talep etmektedir.
EBRD’nin ¢evresel ve sosyal politikalari, sulak alanlar
izerinde dnemli etkiler yaratabilecek projelerde kaginma,
azaltma ve telafi hiyerarsisinin uygulanmasini zorunlu
kilmaktadir (Citaristi, 2022).

Uluslararast Finans Kurumu (International Finance
Corporation - IFC) ise sulak alanlarin korunmasini
dogrudan yatirnm kosullarina baglayan en kapsamli
yaklasimlardan  birini  benimsemektedir. [FC'nin
Performans Standardi 6 (PS6), “Biyolojik Cesitliligin
Korunmas: ve
Yonetimi” basligi altinda sulak alanlari;

Sirdirilebilir Canli Dogal Kaynak

o Kritik habitat,
o Yiiksek biyolojik ¢esitlilik alani,
o Ekosistem hizmeti saglayicisi

olarak simiflandirmaktadir. PS6 kapsaminda yatirim
projelerinin, sulak alanlarda net kayip yaratmamasi,
miimkiin olan durumlarda ise “net kazang¢” saglamasi
beklenmektedir. Bu yaklasim, ekonomik degerleme
¢alismalarinin yatirim tasarimi ve karar alma siireclerine
dogrudan entegre edilmesini gerekli kilmaktadir
(Standard ve ark., 2012).

Uluslararasi finans kuruluslarinin ¢evresel politikalarinda
one cikan bir diger temel ilke ise “biyocesitlilik telafisi” ve
“net kayip yok” (no net loss) yaklasimidir. Bu yaklasim
dogrultusunda, bir sulak alanin kaginilmaz olarak zarar
gormesi durumunda; ekosistem restorasyonu, esdeger
ekolojik degere sahip alanlarin olusturulmasi veya
mevcut koruma alanlarinin genisletilmesi gibi telafi
mekanizmalar1 uygulanmaktadir (Bull ve ark, 2013). Bu
siireclerde ekonomik degerleme, telafi
6lceginin ve etkinliginin belirlenmesinde kritik bir arag

O6nlemlerinin

olarak kullanilmaktadir.

Gliniimiizde sulak alanlar, finansal kurumlar tarafindan
yalmzca cevresel varliklar olarak degil, ayni zamanda
kredi riskini etkileyen dogal sermaye unsurlari olarak da
degerlendirilmektedir. Sulak alanlarin zarar goérmesi
asagidaki risk tiirlerini beraberinde getirmektedir:

° Fiziksel Riskler: Taskin sikliginin ve siddetinin
artmasi, su kaynaklarinin azalmasi, altyapr hasarlarinin
artmasl

° Finansal Riskler: Proje
ylikselmesi, sigorta primlerinin artmasi ve yatirim geri

maliyetlerinin

doniis oranlarinin diismesi
Riskler:  Ulusal
uyumsuzluk ve uluslararasi ¢cevresel standartlarin ihlali

° Yasal g¢evre mevzuatina

. itibar Riskleri: Yatirimci giiveninin azalmasi ve
kurumsal siirdiiriilebilirlik performansinin zayiflamasi

Bu nedenle bankalar ve yatirim kuruluslari, kredi
degerlendirme ve proje finansmani siire¢lerinde sulak
alanlarin varligini ve sunduklart ekosistem hizmetlerini
giderek daha fazla dikkate almaktadir (Standard ve ark,
2012). Ozellikle
entegrasyonu kapsaminda,
depolama ve taskin kontrolii gibi islevleri “dogal risk
azaltic dogal
sermayenin finansal karar alma siireglerindeki roli
giderek gliclenmektedir.

3.8. Sulak Alan Degerlemede Giincel Yaklasimlar

Sulak alanlarin degerlenmesi,
ekonomik faydalarin parasal olarak hesaplanmasiyla
sinirh  kalmamakta; ekolojik, sosyal ve dogal sermaye
boyutlarini biitiinciil bicimde ele alan ¢ok boyutlu
yaklasimlar c¢ercevesinde degerlendirilmektedir (De
Groot ve ark, 2010; Costanza ve ark., 2014). Sulak
alanlarin sundugu ekosistem hizmetlerinin biytik bir
boliml piyasa dis1 nitelik tasidigindan, geleneksel

iklim risklerinin finansal sisteme

sulak alanlarin karbon

varliklar” olarak ele alinmakta ve

giniimiizde yalnizca

ekonomik degerleme yontemleri bu hizmetlerin tamamin
yansitmakta yetersiz kalmaktadir.

Bu nedenle son yillarda dogal sermaye muhasebesi,
ekosistem hizmetleri modelleme yaklasimlari, ¢ok kriterli
karar analizleri ve katilimci degerleme yontemleri gibi
biitiinlesik ve disiplinleraras1 yaklasimlar 6n plana
cikmaktadir (Millennium Ecosystem Assessment, 2005;
Smith, 2010; Bateman ve ark., 2013; Boyd ve Banzhaf,
2007). Bu giincel yaklasimlar, sulak alan ydnetimi ve
politika gelistirme siireclerinde daha kapsaml, seffaf ve
stirdiiriilebilir kararlarin alinmasina katki saglamaktadir.
3.8.1. Dogal Sermaye Yaklagimi

Giincel sulak alan degerleme yaklasimlarinin temelinde
dogal sermaye muhasebesi yer almaktadir (Barbier,
2011). Dogal sermaye yaklasimi, sulak alanlar1 ekonomik
sistemin ayrilmaz bir parcasi olan iiretken varliklar
olarak ele sagladiklar1
hizmetlerinin finansal ve fiziksel gostergeler araciligiyla
Ol¢ililmesini amag¢lamaktadir (Costanza ve ark., 2014).

almakta ve ekosistem

Bu yaklasim sayesinde sulak alanlarin karbon depolama,
su aritimi ve tagkin kontrolii gibi hizmetleri yonetim ve
politika entegre edilebilmekte, dogal
kaynaklarin siirdiirilebilir kullanimi desteklenmektedir

kararlarina
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(Bateman ve ark., 2013). Son yillarda dogal sermaye
muhasebesi, 6zellikle iklim degisikligi ve su yonetimi
baglaminda sulak alan degerlemesinde yaygin olarak
kullanilmaktadir (De Groot ve ark., 2012).

3.8.2. Ekosistem Hizmetleri Modelleme Yaklasimi
Sulak degerlemesinde
modelleme yaklasimlarinin kullanimi giderek artmaktadir
(De Groot ve ark., 2010). Bu modeller; arazi kullanim
degisikligi, iklim degisikligi ve farkli yoOnetim
senaryolarinin sulak alanlarin ekosistem hizmetleri ve
ekonomik degerleri lizerindeki etkilerini analiz etmeye
olanak saglamaktadir (Wang ve ark., 2021).

Modelleme yaklasimlari, alternatif yonetim segenekleri
arasinda fayda-maliyet karsilastirmalarinin yapilmasini
mimkiin kilmakta ve o6zellikle restorasyon, koruma ve
planlama projelerinde 6nemli bir karar destek araci
olarak kullanilmaktadir (Bateman ve ark. 2013; Turner
ve ark., 2000).

3.8.3. Toplam Ekonomik Deger Yaklasimi

Toplam Ekonomik Deger (Total Economic Value - TEV)

alan ekosistem hizmetleri

yaklasimi, sulak alan degerlemesinde uzun siiredir
kullanilan temel cergevelerden biridir (Barbier ve ark.
1997). Bu yaklasim, dogrudan ve dolayll kullanim
degerleri ile birlikte kullanim dis1 degerleri (varlik ve
miras degeri gibi) kapsayarak sulak alanlarin gergek
ekonomik degerinin ortaya konmasini amaglamaktadir
(Hein ve ark., 2006).

Giincel ¢alismalarda TEV yaklasimi, ekosistem hizmetleri
siniflandirmalariyla birlikte kullanilarak sulak alanlarin
ekonomik, sosyal ve Kkiiltiirel boyutlar1 daha biitiinciil
sekilde degerlendirilmektedir (Millennium Ecosystem
Assessment, 2005; Smith, 2010).

3.84. Katlima ve Toplum Temelli
Yaklasimlar

Son yillarda katihmci ve toplum temelli degerleme
yaklasimlari, sulak alan ¢alismalarinda giderek daha fazla
o6nem kazanmaktadir (Hein ve ark., 2006). Bu yaklasimlar,
yerel halkin sulak alanlara atfettigi ekonomik, sosyal ve
kiltiirel degerlerin  belirlenmesini amaglamaktadir
(Davidson, 2013).

Toplum temelli degerleme yontemleri, 6zellikle piyasa
fiyatlariyla ifade edilemeyen sosyal baglar, geleneksel
kullanim bigimleri
degerlendirilmesine katki saglamaktadir. Bu yoniiyle

Degerleme

ve Kkiiltiirel kimlik unsurlarinin
katihme1 yaklasimlar, sulak alanlar i¢in siirdiiriilebilir
yonetim planlarinin olusturulmasinda 6nemli bir rol
oynamaktadir (Millennium Ecosystem Assessment, 2005;
Bateman ve ark., 2013).

3.8.5. Uzaktan Algilama ve CBS Tabanli Degerleme
Yaklasimlar

Giincel sulak alan degerleme c¢alismalarinda uzaktan
algilama ve Cografi Bilgi Sistemleri (CBS) énemli araglar
haline gelmistir (Wang ve ark. 2021). Uydu goriintiileri
ve mekansal veriler kullanilarak sulak alanlarin alan
degisimleri, hidroljik 6zellikleri ve ekosistem hizmetleri
zamansal ve mekansal olarak analiz edilebilmektedir (De
Groot ve ark., 2012).

Bu yaklasimlar, ozellikle genis oOlgekli sulak alanlarin
ekonomik degerlerinin belirlenmesini kolaylastirmakta
ve fayda transferi yontemleriyle birlikte kullanildiginda
daha tutarh sonuglar elde edilmesine katk: saglamaktadir
(Costanza ve ark., 2014; Brander ve ark., 2006).

3.8.6. Fayda Transferi ve Meta-Analiz Yaklasimi

Fayda transferi yontemi, benzer 6zelliklere sahip sulak
alanlardan elde edilen ekonomik degerlerin veri eksikligi
bulunan yeni alanlara uyarlanmasini igermektedir
(Brander ve ark. 2006). Bu yaklasim, zaman ve maliyet
avantajl saglamasi nedeniyle 6zellikle ulusal ve bolgesel
olcekte yaygin olarak kullanilmaktadir (Turner ve ark.,
2000).

Son yillarda bu yontem, meta-analiz yaklasimlari ile
desteklenerek ¢ok sayida sulak alan ¢alismasinin birlikte
degerlendirilmesini miimkiin kilmaktadir. Meta-analiz,
farkli calismalardan elde edilen sonuglar istatistiksel
olarak birlestirerek daha giivenilir ve genellenebilir deger
tahminleri sunmaktadir (Brander ve ark., 2006; De Groot
ve ark, 2012).

3.8.7. Cok Kriterli Karar Analizi Yaklagimi

Sulak alanlarin ¢ok boyutlu yapisi, yalnizca ekonomik
degerleme sonucuna dayali kararlarin yetersiz kalmasina
neden olmaktadir. Bu nedenle giincel ¢aligmalarda ¢ok
kriterli karar analizi (CKKA) yo6ntemlerinin kullanimi
giderek yayginlasmaktadir (Bateman ve ark., 2013).

Bu yaklasim, ekolojik, ekonomik ve sosyal Kkriterlerin
birlikte degerlendirilmesine olanak taniyarak planlama ve
politika gelistirme siire¢lerinde daha dengeli kararlarin
alinmasini saglamaktadir (Hein ve ark., 2006; De Groot ve
ark., 2010). Ozellikle alan kullanim planlamasi ve koruma
onceliklerinin belirlenmesinde etkin bir ara¢ olarak
kullanilmaktadir (Turner ve ark., 2000).

3.8.8. Ekosistem Hizmetleri Finansman Yaklasimlari
Giincel sulak alan degerleme ve yonetim yaklasimlar
ekosistem hizmetleri i¢in (PES)
mekanizmalar1 da 6énemli bir yer tutmaktadir (Davidson,
2013). Bu yaklasimlar, sulak alanlar1 koruyan veya
siirdiirtilebilir sekilde yoneten paydaslara ekonomik

arasinda 0deme

tesvikler saglamay1 amaglamaktadir (Smith, 2010).
Ekosistem hizmetleri finansman mekanizmalari, 6zellikle
karbon piyasalari, su havzasi yonetimi ve iklim uyum
projeleri kapsaminda yaygin olarak uygulanmaktadir. Bu
yontemler, sulak alanlarin uzun vadeli korunmasina ve
stirdiiriilebilir yonetimine katki saglayan yenilikgi araglar
olarak degerlendirilmektedir (Millennium Ecosystem
Assessment, 2005; Barbier, 2011).

3.9. Politika, Planlama ve Karar Alma Siireclerine
Entegrasyon

Sulak alanlarin ekonomik ve ekolojik degerlerinin
belirlenmesi, politika iiretimi ve planlama siireglerinde
bilimsel temelli ve kanita dayal kararlarin alinmasin
kolaylastirmaktadir (Millennium Ecosystem Assessment,
2005; Davidson, 2013).
ekonomik olarak ifade edilmesi, sulak alanlarin yalnizca
cevresel degil ayn1 zamanda kalkinma ve refah agisindan
da stratejik dogal varliklar oldugunu ortaya koymaktadir
(De Groot ve ark., 2010; Costanza ve ark., 2014). Bu

Ekosistem hizmetlerinin
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baglamda, sulak alan degerleme c¢alismalarinin ulusal
politika belgeleri, planlama araglar1 ve karar alma
mekanizmalarina entegre edilmesi giliniimiizde giderek
onem kazanmaktadir (Bateman ve ark. 2013; Barbier,
2011).

3.9.1. Ulusal Sulak Alan Yénetim Planlari

Ulusal sulak alan yonetim planlari, sulak alanlarin
korunmasi ve siirdiiriilebilir kullaniminin saglanmasina
yonelik temel politika araglar1 arasinda yer almaktadir
(Ramsar, 2016; Davidson, 2013). Bu planlar kapsaminda,
ekolojik islevleri kadar
degerlerinin de belirlenmesi bitiincil bir yo6netim
yaklasiminin olusturulmasi agisindan kritik 6neme
sahiptir (Millennium Ecosystem Assessment, 2005; De
Groot ve ark., 2010).

Sulak alan degerleme calismalari, yonetim planlarinda
koruma ve restorasyon onceliklerinin belirlenmesinde
onemli bir rol oynamaktadir (Barbier ve ark, 1997;
Davidson, 2013). Ekosistem hizmetlerinin ekonomik
degerlerinin ortaya konmasi,

sulak alanlarin ekonomik

koruma alanlarinin

sinirlarinin ~ belirlenmesi ve ydnetim hedeflerinin
olusturulmasinda bilimsel bir temel saglamaktadir
(Costanza ve ark. 2014; TEEB, 2010). Ayrica degerleme
sonuglary,  restorasyon = ve projelerinin

onceliklendirilmesine katki saglayarak kaynaklarin daha

izleme

etkin kullanilmasina olanak tanimaktadir (Bateman ve
ark, 2013).

3.9.2. Mekansal Planlama ve Degerleme iliskisi

Sulak alan degerleme c¢alismalari, mekansal planlama
siireclerinde oOnemli bir karar destek araci olarak
kullanilmaktadir (De Groot ve ark., 2010; Bateman ve ark.,
2013). Arazi kullamim planlamasinda sulak alanlarin
sagladig1 taskin kontrolii, su aritimi ve karbon depolama
gibi  ekosistem dikkate  alinmasi,
sirdiirtilebilir kalkinma hedefleri agisindan kritik bir
gerekliliktir (Millennium Ecosystem Assessment, 2005;
Costanza ve ark., 2014).

Mekansal planlama siirecinde sulak alan degerlerinin
belirlenmesi, yapilasma Kkararlarini ve arazi kullanim

hizmetlerinin

tirlerini  dogrudan etkileyerek c¢evresel risklerin
azaltilmasina katki saglamaktadir (Hein ve ark., 2006;
Bateman ve ark, 2013). Bu nedenle giincel planlama
yaklasimlari,

mekansal degerleme c¢alismalarini planlama siireglerine

ekosistem hizmetleri haritalama ve
entegre etmektedir (Wang ve ark., 2021; De Groot ve ark,,
2010). Boylece ekolojik hassasiyetler, mekansal karar
alma mekanizmalarinin ayrilmaz bir bileseni haline
gelmektedir (Davidson, 2013).

3.9.3. Koruma-Kullanma Dengesi

Sulak alan ydnetiminde temel konulardan biri, koruma ve
kullanim arasindaki dengenin saglanmasidir (Millennium
Ecosystem Assessment, 2005; Barbier, 2011). Ekonomik
degerleme ¢alismalari, sulak alanlarin korunmasinin uzun
vadede sagladig1 ekonomik ve toplumsal faydalar: ortaya
koyarak kisa vadeli dayall
kararlarinin  sorgulanmasina  olanak tanimaktadir
(Costanza ve ark., 2014; De Groot ve ark., 2012).

kazanclara kullanim

Sulak alanlarin tarim, turizm veya yerlesim alanlarina
doniistiiriilmesinin uzun vadede ekosistem hizmetlerinin
kaybina ve ekonomik zararlara yol a¢ti1 bir¢ok ¢alismada
vurgulanmaktadir (Millennium Ecosystem Assessment,
2005; Barbier ve ark, 1997). Bu nedenle degerleme
calismalaryi, politikalarinin
gelistirilmesi ve kalkinma projelerinde g¢evresel etkilerin
biitlinciil bicimde degerlendirilmesi acisindan énemli bir
ara¢ olarak 6ne cikmaktadir (Smith, 2010; Bateman ve
ark,, 2013).

3.9.4. Yerel Yonetimler icin Pratik Cikarimlar

Sulak alan degerleme calismalari, yerel yonetimler icin
afet risk yonetimi, altyap1 planlamasi ve kentsel gelisim
stireclerinde 6nemli karar destek mekanizmalari
sunmaktadir (Davidson, 2013; Bateman ve ark., 2013).
Ozellikle sulak alanlarin taskin énleme islevleri, imar
planlar1 ve altyapt yatirimlarinda dikkate alinmasi
gereken kritik unsurlar arasinda yer
(Millennium Ecosystem Assessment, 2005; Costanza ve
ark., 2014).

Yerel yonetimler, sulak alanlarin turizm ve rekreasyon
potansiyelini degerlendirerek yerel ekonomik kalkinmayi
destekleyebilir ve ayni zamanda koruma hedeflerine katki
saglayabilir (Smith, 2010; De Groot ve ark., 2012). Yerel
paydaslarin siirece aktif katiliminin saglanmasi ve yerel

stirdiiriilebilir ~ kullanim

almaktadir

yonetimlerin sulak alan ydnetim planlarina entegre
edilmesi, strdiriilebilir = ydnetim
basarisini artirmaktadir (Ramsar, 2016; Davidson, 2013).

uygulamalarinin

4. Sonug

Sulak alanlarin siirdiiriilebilir yonetimi ve korunmasi
acisindan ekonomik degerleme c¢alismalar1 giiniimiizde
giderek daha oOnemli hale gelmistir (Millennium
Ecosystem Assessment, 2005; De Groot ve ark., 2010).
Yapilan uluslararasi ¢alismalar, sulak alanlarin yalnizca
ekolojik degil; ayn1 zamanda ekonomik ve sosyal acidan
da yiiksek degere sahip dogal sermaye unsurlari
oldugunu ortaya koymaktadir (Costanza ve ark. 2014).
Buna karsin, dzellikle gelismekte olan tiilkelerde sulak
alan degerleme sonuglarinin politika ve planlama
slireclerine yeterince entegre edilememesi, sulak alan
kayiplarinin ~ temel  nedenlerinden  biri
degerlendirilmektedir (Barbier, 2011).

Tiirkiye, sahip oldugu sulak alan cesitliligi ve biyolojik
zenginlik acisindan 6nemli bir potansiyele sahiptir. Sultan
Sazlig1 Sulak Alani, Manyas Kus Cenneti, Gediz Deltasi,
Burdur Goli, Tuz Goli, Goksu Deltasi, Kizilirmak Deltasi,
Uluabat Goli, Eber Goli, Bafa Goli, Akyatan Lagiind,
Yumurtalik Lagiinii, Sapanca Golii, Seyfe Goli ve Amik

olarak

Golu gibi sulak alanlar ekonomik deger ve ekosistem
hizmetleri agisindan 6nemli arasinda yer
almaktadir. Kizilirmak Deltasi, Gediz Deltasi, Manyas Kus
Cenneti ve Burdur GOli uluslararasi éneme sahip kus
alanlar1 arasinda yer alirken Tuz Go6li ise flamingolar ve
diger kus tiirleri icin lreme alani olusturmada kritik
oneme sahiptir. Sapanca Golu ve Uluabat Goli igme suyu
ve su kaynaklarinin korunmasi agisindan 6nemli islevlere
sahiptir. Kiy1 ekosistemlerinin korunmasinda ve balikg¢ilik

alanlar

BS] Env Sci / Ecem Gl SEZEN ve Bahadir AKMAN

34



Black Sea Journal of Environmental Sciences

faaliyetleri acisindan ise Akyatan Laglinii ve Yumurtalik
Lagiinii biyolojik deger i¢in dnemli bir yere sahiptir.

Sulak alanlar sagladiklari ekosistem hizmetleri ile beraber
ekonomik katkilar saglamaktadir. Manyas Kus Cenneti ve
Sultan Sazligi Sulak Alani, kus gozlemciligi ve doga
turizmi bakimindan ekonomik katki saglarken Akyatan
Lagilinii ve Goksu Deltas: ise balik¢ilhk faaliyetleri ile
ekonomik katki saglamaktadir. Tuz Goliine bakildiginda
ise tuz retimi ile Tirkiye deger
katmaktadir.

Tirkiye’de yer alan bazi sulak alanlar ¢evresel tehditler
ile karsi karsiya kalmaktadir. faaliyetler,
kentlesmeler, kirlilik ve iklim degisiklikleri, kontrolsiiz su
kullanim1 ve su yo6netimi politikalarinin baskisi altinda
bulunan bir¢ok
kaybetme riskiyle kars:1 karsiyadir. Amik Golii, Eber Golii
ve Seyfe Goliu biiylik Olglide zarar goérmiis bazi1 sulak
Sulak degerinin
belirlenmesi, koruma mevzuatinin giiclendirilmesi, ulusal
veri tabanlarinin gelistirilmesi ve ekosistem hizmetleri

ekonomisine

Tarimsal

sulak alan ekosistem hizmetlerini

alanlardir. alanlarin  ekonomik

haritalama ¢alismalarinin yayginlastirilmasi, Tirkiye'de
sulak alanlarin daha etkin ve siirdiiriilebilir bigimde
yonetilmesine katki saglayacaktir.

Sulak alan degerleme ydntemlerinin her birinin giicli ve
zaylf yonleri bulunmaktadir (Turner ve ark, 2000;
Barbier ve ark., 1997). Piyasa temelli yontemler somut
ekonomik veriler saglarken, biyolojik ¢esitlilik ve kiiltiirel
degerler gibi piyasa dis1 hizmetlerin degerlendirilmesinde
yetersiz kalabilmektedir (Bateman ve ark., 2013; De Groot
ve ark., 2010). Kosullu degerleme yontemleri kullanim
dis1 degerlerin Ol¢lilmesine olanak saglasa da anket
uygulamalarina dayal nedeniyle
icermektedir. Fayda transferi yontemleri hizli sonug
tretse de farkli cografi ve sosyo-ekonomik kosullar

olmasi belirsizlik

nedeniyle hata pay1 tasimaktadir (De Groot ve ark., 2012).
yaklagimlar1 ise
kapsamli analiz imkani sunmakla birlikte yiiksek veri ve
uzmanlik gereksinimi nedeniyle uygulamada
kalabilmektedir (Wang ve ark., 2021).

Sulak alan degerleme c¢alismalarinin uygulanmasinda
karsilasilan en 6nemli engel, uzun dénemli ve giivenilir
veri eksikligidir. Bunun yaninda kurumsal koordinasyon
yetersizligi, finansman sorunlar1 ve uzmanlk eksikligi gibi
yapisal
belgelerine yeterince entegre edilmesini
zorlastirmaktadir (Barbier, 2011; De Groot ve ark., 2010).
Sulak alanlarin etkin korunmasi ve siirdiiriilebilir
yonetiminin saglanabilmesi i¢in degerleme ¢alismalarinin
ulusal politika belgelerine sistematik bicimde entegre
edilmesi gerekmektedir. Bu kapsamda, Tirkiye'ye 6zgi
ulusal sulak alan degerleme rehberlerinin gelistirilmesi,
uygulamada standartlagsmayi saglayacak énemli bir adim
olacaktir.

Ekosistem hizmetleri modelleme

sinirlh

sorunlar, degerleme sonuglarimin politika

Ekosistem  hizmetleri haritalama ¢alismalarinin
yayginlastirilmas1 ve uzaktan algilama ile CBS tabanli
yaklasimlarin daha etkin kullanilmasi,
siireglerinin bilimsel temellere dayandirilmasina 6nemli

katk: saglayacaktir. Ayrica yerel yonetimlerin sulak alan

karar alma

yonetiminde daha aktif rol almasi tesvik edilmeli ve ¢ok

diizeyli anlayis1 cercevesinde kurumsal
kapasite giiclendirilmelidir.
Katilimer yonetim yaklasimlarinin benimsenmesi, yerel

halkin karar alma siireglerine etkin katilimini saglayarak

yOnetisim

sosyal kabul diizeyini artiracaktir. Bununla birlikte,
ekosistem hizmetleri
gelistirilmesi, sulak alanlarin korunmasina ydnelik
finansal stirdiiriilebilirligin saglanmasina katki
saglayabilir. Son olarak, akademik c¢alismalar ile politika
yapicilar arasindaki is birliginin gii¢clendirilmesi, bilimsel
bilginin karar alma siireclerine daha etkin bicimde
aktarilmasin1 mimkiin kilacaktir.

icin 6deme mekanizmalarinin

Katki Orani Beyani
Yazarlarin katki ytizdeleri asagida verilmistir. Yazarlar
makaleyi incelemis ve onaylamistir.

E.G.S. B.A.
K 50 50
T 50 50
Y 50 50
VTI 50 50
VAY 50 50
KT 50 50
YZ 50 50
GR 50 50
PY 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= yazim, GR= gonderim ve revizyon, PY= proje
yonetimi.

Catisma Beyani
Yazarlar bu calismada higbir c¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyam
Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir ¢alisma yapilmadigi i¢in etik kurul onay1 alinmamaistir.
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Abstract: The TagTag-Dokan River Basin on the Little Zab River in northern Iraq faces seasonal water shortages in summer and
recurrent flooding in winter due to high runoff downstream of Dokan Lake. To address this, this study applied deep learning neural
network models to forecast annual precipitation and estimate surface runoff up to 2030. Monthly rainfall data from Koya
Meteorological Station for 1987-2024 were used to model runoff via the Soil Conservation Service Curve Number method. Five deep
learning architectures Multilayer Perceptron, Convolutional Neural Network, Recurrent Neural Network, Long Short-Term Memory,
and Gated Recurrent Unit were trained on 70% of the data and tested on 30%. Model performance was evaluated using MSE, RMSE,
MAE, AIC, and BIC. Results show RNN outperformed other models with the lowest errors (MSE = 1009.65, RMSE = 31.78, MAE = 23.09),
followed by CNN, LSTM, GRU, and MLP. Forecasts indicate a consistent seasonal pattern: peak rainfall and runoff occur in winter, with
zero runoff from June to September. The observed average annual runoff for 1987-2021 was 396.56 million m?, while the predicted
runoff for 2024-2030 averages 331.37 million m® annually. The findings confirm that substantial rainfall water over 330 million m?
per year—is discharged unused into the Little Zab River. The study concludes that applying deep learning algorithms is a reliable tool
to predict the annual precipitation and surface runoff in TaqTaq-Dokan basin. Consequently, this study recommends that relevant
organisations in Iraq take necessary actions and implement strategic plans and policies to conserve water by constructing ponds,
dams, and reservoirs in areas with high precipitation.
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1. Introduction

Over recent decades, northern Iraq has experienced
increasing hydrological extremes, with intensified winter
floods and prolonged summer droughts linked to
seasonal variability in precipitation and temperature (Al-
Ansari and Knutsson, 2011). The TaqTaq-Dokan Basin on
the Little Zab River is particularly vulnerable. Major flood
events in 1988 and 2019 illustrate this risk. In 2019,
heavy rainfall in northern Iraq caused the Dokan
reservoir to overflow, with the Little Zab River
discharging approximately 1200 m3/s, or 103 million m?
per day. This excess runoff raised river levels by ~2 m
and inundated extensive agricultural and residential
areas downstream of the Dokan District (IMOS, 2025).
Such events highlight the urgent need for reliable long-
term forecasts of precipitation and runoff to support
flood mitigation and water conservation planning.
Accurate forecasting of rainfall and runoff is a central
challenge in hydrology because rainfall generation
involves multiple interacting, non-linear, and scale-

dependent physical processes (Dada et al, 2021).
Traditional statistical methods such as linear regression
and classical time-series models often fail to capture
these complexities, especially under data-scarce and
highly seasonal conditions. Early warning systems based
on robust predictions can reduce fatalities, infrastructure
damage, and agricultural losses, making predictive
accuracy a critical water
management.

In response, artificial intelligence and, particularly, deep
learning have emerged as powerful tools to extend
traditional hydrological modelling. Unlike statistical
models, deep learning architectures can learn non-linear
relationships and temporal dependencies directly from
data without strong a priori assumptions (Gelete et al,
2023). However, their application in data-limited basins
requires careful justification. In this study we address
three key methodological concerns: 1) Data sufficiency:
We use 37 years of continuous monthly rainfall (1987-
2024) from Koya Meteorological Station, which provides

priority for resource
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444 monthly observations. This record length exceeds
the minimum commonly recommended for training deep
models in hydrology and allows a 70/30 train-test split
while preserving inter-annual variability. 2) Model
complexity and overfitting control: We compare five
architectures of increasing complexity: MLP, CNN, RNN,
LSTM, and GRU. Model selection is based not only on
error metrics (MSE, RMSE, MAE) but also on information
criteria (AIC, BIC) that penalize excess parameters,
thereby guarding against overfitting. 3) Generalization
and benchmarking: To demonstrate the added value of
deep learning under limited data, all models are
benchmarked against the SCS-CN method for runoff and
against the performance of simpler ML models reported
in regional studies. This ensures that any improvement is
attributable to architecture rather than data artefacts.
Recent studies in Iraq and neighbouring regions support
the potential of Al for rainfall prediction but also reveal
important gaps. Tahseen and Ali (2025) found ANN
outperformed MLR, XGBoost, SVR, and RF for monthly
rainfall in Erbil. Hamaamin (2025) reported ANN
(R?=0.75) and ANFIS (R*=0.72) performed well for daily
precipitation in Sulaymaniyah. Muhamad and Ali (2025)
showed ANN superior to MLR, ANFIS, LASSO, and ELNET
in Pirmam, while Latif, Mohammed and Jaafar (2024)
found a SARIMA-ANN hybrid outperformed standalone
ANN in Sulaymaniyah. In southern Iraq, Algahtani et al.
(2023) demonstrated that a hybrid CNN-BDLSTM gave
the best results for the Hawizeh, Hammar, and Central
Marshes. Internationally, Aizansi, Ogunjobi and Ogou
(2024) and Chen et al. (2022) reported mixed results
favoring MLP and LSTM respectively, depending on
climate and data length.

Despite this growing body of work, two critical gaps
remain. First, most Iraqi studies focus on Erbil,
Sulaymaniyah, or southern wetlands. No study to date
has developed and validated a deep learning rainfall-
runoff forecasting framework specifically for the TaqTaq-

Dokan Basin, a transboundary sub-basin with high flood
risk and strategic importance for Dokan Dam operations.
Second, prior work rarely addresses model parsimony
and generalization under limited data, often applying
complex models without comparison to simpler
baselines or without reporting overfitting controls. To
address these gaps, the present study applies and
evaluates five deep learning architectures: MLP, CNN,
RNN, LSTM, and GRU, to forecast monthly precipitation
and estimate surface runoff in the TaqTaq-Dokan Basin
up to 2030. By coupling data-driven precipitation
forecasts with the SCS-CN runoff method and by
explicitly testing for overfitting and generalization, this
research provides a reproducible and operationally
relevant tool for long-term water resource and
agricultural planning in northern Iraq.

2. Material and Methods

2.1. Study Area

TaqTaq Dokan River Basin is located on the Little Zab
River in Southeastern Erbil and has a large area of
approximately 978 km2. Moreover, the basin has a
geographical coordinate  that  extends from
35°52'24.01"N 44°32'03.34"E in the downstream part
and ends at 35°56'04.02"N 44°57'46.93"E in the
upstream part of the basin, which is known as Kalkasmaq
Mountain, which separates Erbil
Province, as shown in Figure s 1 and 2. The area has
average annual precipitation (614 mm), which starts in
October and ends in June the next year. Based on the

from Sulaimani

obtained data from the Iraqi Meteorological Organization
and Seismology (IMOS), Koya Meteorological Station for
the period (1987-2024), the maximum amount of
monthly precipitation has been observed in January
(127.5 mm), followed by December, March, February,
November, April, October and May, with no rainfall in
June, July, August and September, as presented in Figure

=
Kani|Rash

Figure 1. Taq-Taq Dokan drainage basin area and location of the proposed dam in Sarkalak (IMOS, 2025).
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Figure 2. Location of TaqTaq-Dokan River Basin (Ali and Abdullah, 2019).
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Figure 3. Average monthly rainfall in the Taq-Taq Dokan River Basin during 1987-2024 (IMOS, 2025).

2.2. Rainfall Data

The meteorological data have been obtained from the
Iraqi Organization and Seismology
(IMOS), Koya Meteorological Station, for the period
(1987-1988 to 2023-2024) as given in Table 1.
Additionally, because of the climatic effects on most
hydrologic phenomena, a water year or hydrologic year
was adopted instead of a calendar year. The U.S.
Geological Survey (USGS) has adopted the 12 months
from 1st October to 30th September as the hydrologic year
for the United States (Davis, 2010). This period was
chosen for two reasons:

Meteorological

1. To break the record during the low-water
period near the end of the summer season, and
2. To avoid breaking the record during the winter

and to eliminate computation difficulties during
the ice period (Davis, 2010).
As illustrated above, there are two missing data points
for the hydrologic periods of 1990-1991 and 1991-1992
due to political instability in northern Iraq and the

consequences of the war between Iraq and Kuwait. For
finding out the missing rainfall data during 1990 to 1992,
a climatology forecast (CF) interpolation method has
been applied to determine the average monthly rainfall
for the aforementioned missing hydrologic years.
Moreover, the CF model was applied twice to get better
precision. Firstly, the average monthly rainfall was found
for 1990-1991, and then the average of 35 years was
to the monthly amount of
precipitation for 1991-1992. For determining the
average monthly rainfall, the following Equation 1 was
applied, which was stated mathematically as follows:

utilized determine

n
_ 1 1
X = ;Z X 9]
=1
where:

X is the climatological average monthly rainfall
n denotes the total number of observations in the
historical data (36 observations),

BS] Env Sci / Majeed Kakarash OMAR and Ako OMER

40



Black Sea Journal of Environmental Sciences

Xxi represents each observation. After inputting the
monthly data for the whole duration, the average
monthly amount of precipitation was obtained for the
study area, as presented in Table 1.

2.3. Calculating the Surface Runoff Volume

Runoff is the rainwater that runs or flows over the
natural land surface after water losses by interception,
infiltration, and evaporation. It's the principal parameter
and plays an important key role in the water budget. The
simple and widely used Soil Conservation Service (SCS)-
Curve Number (CN) method was used to estimate an
approximately realistic value of total runoff from total
rainfall in the study area (Jalal and Al-Kubaisi, 2024).

- (boy

2
5T 08S P >0.2S (2)

Q=0
where: Q = Runoff depth in (mm), P = Precipitation
(monthly average of rainfall) in (mm), and S = Potential
maximum retention after runoff begins, including initial
abstraction which is assumed to be (0.2 S). Moreover,
(S): related to soil and cover conditions, of the watershed

P<02S 3)

throughout CN, where CN denotes a range between (0
and 100), and (S) is related to (CN).

S = — 254 (4)

It can be observed that there are different land use types
with diversified area percentage; therefore, in order to
have a precise CN-value, the average Curve Number has
been considered and it has been computed based on the
equation (Equation 4). Based on this criterion, the
following equation has been applied to determine the
average value of CN for the whole basin area.

Y(CNi x Ai)

— 5
CN_avg W (5)
Q volume = Q depth X Area (6)
where:

CNi: The Curve Number for a specific land use/soil group
sub-area.

Ai: The area of that specific sub-area.

Y'Ai; The total area of the watershed.

Table 1. Total annual precipitation for the period 1991-2021 of the study area (IMOS, 2025)

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total
1987-1988 1288 395 3881 1925 1135 2281 77.2 12.6 0 0 0 0 1180
1988-1989 3.1 19.6 2219 253 411 102.7 0 0 0 0 0 0 4137
1989-1990 11.6 2747 1101 1179 1291 269 125 0 0 0 0 0 795.3
1990-1991 29.8 66.7 101.5 120.7 87.8 97.9 624 141 0 0 0 0 580.9
1991-1992 30.6 68,5 1044 1241 902 1006 64.2 14.5 0 0 0 0 597
1992-1993 0 0 90.5 82 90 101 316.5 69 0 0 0 0 749
1993-1994 185.2 182 785 181.1 101 122 78 8 0 0 0 0 9358
1995-1996 0 15 378 2253 508 2729 772 12.3 0 0 0 0 691.3
1996-1997 1.8 7.2 1123 110 2055 155 0 0 0 0 0 0 591.8
1997-1998 16.5 952 1312 2213 102.7 2146 56.2 16.8 0 0 0 0 8545
1998-1999 55 23.8 5.3 127.6 1134 5.9 26 0 0 0 0 0 307.5
1999-2000 14 17 91 1743 411 36 15.4 2.5 0 0 0 0 391.3
2000-2001 12.5 15 1325 60.2 854 1315 26.2 15 0 0 0 0 4783
2001-2002 9.3 363 161.7 2305 385 1395 525 6 0 0 0 0 674.3
2002-2003 2.1 86.6 2568 1725 103 1843 405 12.5 0 0 0 0 8583
2003-2004 11.8 1427 168 3355 123 25,5 1293 12 0 0 0 0 94738
2004-2005 0 206.5 17 167 169 74 47 1 0 0 0 0 681.5
2005-2006 0 17 395 1698 103.1 7 103.5 36.5 0 0 0 0 4764
2006-2007 171.5 41 28 81 159.1 758 1004 418 0 0 0 0 698.6
2007-2008 0 5.5 13 76.5 57.6 63.5 1.5 0 0 0 0 0 217.6
2008-2009 61.5 11 28 1.5 415 72 59.5 0.5 0 0 0 6 281.5
2009-2010 66 335 1605 421 1455 123 66 21 5 0 0 0 662.6
2010-2011 55 0 38 158 60.3 49 149 22.5 5 0 0 0 4873
2011-2012 12.5 14.5 46.5 1583 76 122.2 36 8 0 0 0 0 474
2012-2013 18 51 1353 2545 957 10.9 106 164 0 0 0 0 592.4
2013-2014 0 69.5 117.7 695 7.6 141 30.3 3.9 0 0 0 0 4395
2014-2015 87.2 1518 78 51.2 43.3 82.4 259 12.5 0 0 0 21 5529
2015-2016 110.1 186.7 782 100 49 165.5 84 0 0 0 0 0 773.5
2016-2017 2 26 170.5 47 349 1022 51.2 8.5 0 0 0 0 4423
2017-2018 0 65.4 25.1 554 299.7 217 734 468 0 0 0 0 587.5
2018-2019 46 195 323 1325 94 2274 1768 255 0 0 0 0 1220
2019-2020 69.5 58.5 757 1373 86.2 1655 432 23 3 0 0 0 661.9
2020-2021 0 39.8 42.5 49.8 66.8 24.3 9.6 43 0 0 0 0 2371
2021-2022 45 4.6 1134 132.6 425 35.1 10.2 25.3 0 0 0 0 368.2
2022-2023 7.9 122 42 1056 451 1312 732 10.4 0 0 0 0 537.4
2023-2024 7 145.8 98 101.1 146.1 84.6 76.5 32 0 0 0 5 696.1
Average 314 704 1073 1275 928 1034 66.0 149 04 00 00 09 6149
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2.4. Digital Elevation Model (DEM)

The WMS 11.1 (Watershed Modeling System version
11.1) is selected as the hydrological Model to simulate
the TaqTaq Dokan River catchment for the feasibility
study (Figure 4). A study of this nature needs a model
that takes into many
characteristics as possible (land use, soil information,
temperature data, and rainfall data, etc.).

The DEM has changed to Triangulated Irregular Network
(TIN) in order to define the three-dimensional surface
area of the Basin which has been presented in the Table
2.

2.5. Computation of the Curve Number (CN)

The CN is one of the essential and most important
variables in the estimation of runoff, a higher CN
indicates higher runoff. In the current study the relevant
CN number was selected as a function of land use land
cover (LULC) as given in Figure 5 and Table 3. Moreover,
the AMC II (Antecedent Moisture Condition type II) curve
number was chosen for the calculation of daily runoff
data. Many samples were taken from the watershed area
and tested in the College of Engineering Soil Lab in order

account as catchment

Elevation (m)

to classify them. The results were illustrated in Table 4.
The table shows that the classification of the soil type
ranges from Sandy clay (A), Loam (B), Sandy clay loam
(C) and Clay and Clay Loam (D) (Withers and Vipond,
1974). For this reason, the average hydrologic soil
condition curve number has been used in the calculation.
From many investigations for the study area, the area of
the catchment has been divided based on the Land Use
map extracted from the Google Earth Engine, as revealed

in Table 3.

1. A percentage area of about (60%) of non-cultivated
agricultural land, pasture with no mechanical
treatment practice and medium hydrological
condition, the CN is ranging from 82 to 89.

2. A percentage area of about (33%) of non-cultivated
agricultural land, pasture with No mechanical
treatment practice and medium to good hydrological
conditions. (CN=72, 81, 88,91)

A very small percentage area about 7%) of grassland,

shrubs, forests, built-up area and water bodies compose

the basin area with low, medium and good hydrological

conditions (CN varies from 39 to 100).

Figure 4. Digital elevation model (DEM) of TaqTaq Dokan River basin.

Table 2. General properties of the TIN extracted from the Watershed Modelling System (WMS 11.1)

Property Value Unit
TIN ID 24141 -
Number of Vertices 74847 -
Number of Triangles 148512 -
Max z 1671.99 m
Min z 313.5 m
TIN Area 977.9082 km?
Centroid, x 482193.44 m
Centroid, y 3975463.61 m
Centroid, z 586.78 m
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Figure 5. Land use cover for the study area. Source: Google Earth Engine, 2026.

Table 3. Classification of different land use types, curve number (CN) and area of specific sub-area in the study area

Land Use Type Texture HSG CNi Ai CNi x Ai
Bare Clay D 89 160 14240
Bare Clay loam D 89 370 32930
Bare Loam B 82 2 164
Built-up Clay D 98 10 980
Built-up Clay loam D 98 20 1960
Cultivation Clay D 91 140 12740
Cultivation Clay loam D 91 115 10465
Cultivation Loam B 81 32 2592
Cultivation Sandy clay A 72 3 216
Cultivation Sandy clay loam C 88 7 616
Forest Clay D 83 1 83
Forest Clay loam D 83 1 83
Forest Sandy clay loam C 77 1 77
Grass Clay D 80 7 560
Grass Clay loam D 80 8 640
Grass Sandy clay A 39 15 585
Shrub Clay D 89 1 89
Shrub Clay loam D 89 1 89
Shrub Loam B 79 12 948
Shrub Sandy clay A 68 1 68
Shrub Sandy clay loam C 86 1 86
Water Clay D 100 25 2500
Water Clay loam D 100 45 4500

CN-avge = 89 for the whole basin

ZAi =978

Z(CNi x Ai) = 87211

2.6. Statistical Parameters

Five deep learning techniques have been applied to
forecast the annual precipitation and runoff in the study
area, including Multilayer = Perceptron  (MLP),
Convolutional Neural Network (CNN), Recurrent Neural
Network (RNN), Long-Short Term Memory (LSTM) and
Gated Recurrent Unit (GRU). The data set has been split
into training (70%) and testing (30%). Moreover, the
efficiency of each model has been evaluated through five
different statistical performance parameters, including
Mean Square Error (MSE), Root Mean Squared Error
(RMSE), Mean Absolute Error (MAE), Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC).

3. Results

3.1. Summary Interpretation of Model Performance,
Hydrology, and Forecasting

The statistical evaluation of five deep learning
architectures showed that RNN achieved the highest
forecasting accuracy for monthly precipitation in the
TaqTaq-Dokan Basin, with MSE = 1009.65, RMSE = 31.78,
and MAE = 23.09 (Table 9). The model ranking was RNN
> CNN > LSTM > GRU > MLP. The superior performance
of the simple RNN over LSTM and GRU can be explained
by the characteristics of the dataset and the basin’s
hydrology. The TaqTaq-Dokan rainfall record exhibits
strong, regular annual seasonality with a short memory:
high winter rainfall followed by four consecutive dry

BS] Env Sci / Majeed Kakarash OMAR and Ako OMER 43



Black Sea Journal of Environmental Sciences

months. In such conditions, complex gating mechanisms
in LSTM and GRU are not required and can lead to over-
parameterisation. The RNN with only one hidden layer
and 12 neurons had the lowest AIC (797.79) and BIC
(1185.70),  indicating  better
generalisation under limited data (37 years). In contrast,
LSTM and GRU required 2-4x more parameters, resulting
in higher AIC/BIC and slightly higher MAE, suggesting a
tendency toward overfitting. CNN performed second best
because convolutional filters effectively captured local
temporal patterns of the wet season but lacked the
explicit recurrence needed for year-to-year dependency.
MLP performed worst because feed-forward networks
cannot model sequential dependencies directly.

Hydrologically, all models reproduced the basin’s
Mediterranean climate signature: concentrated rainfall
from October to May with peaks in December-February,
and zero rainfall/runoff from June to September (Table
10). The 2024-2030 forecast averages 538.5 mm yr™* of
rainfall and generates ~331.37 million m® yr™* of runoff,

parsimony  and

compared to 396.56 million m*® yr~* observed for 1987~
2021 (Table 11, Table 12). The 16.4% decrease in
forecasted runoff is driven by lower predicted winter
peaks, particularly in January and February. Despite this
decrease, the volume remains substantial. With CN = 89,
steep slopes of 313.5-1671.99 m, and thin soils, the basin
converts >70% of winter rainfall to surface runoff once
the initial abstraction la = 0.2S is exceeded. This explains
historical flood events in 1988 and 2019 when Little Zab
discharge reached ~1200 m?/s. The high correlation
between observed and predicted runoff (r=0.902, Figure
12) confirms that the models captured both the wet-
season hydrograph and the summer zero-flow period.
Compared to similar studies in semi-arid and
Mediterranean regions, these results are consistent but
context-dependent. In Erbil and Pirmam, Tahseen and Ali
(2025) and Muhamad and Ali (2025) also found ANN-
type models outperformed statistical and tree-based
models for monthly rainfall. In Benin (West Africa, sub-
humid), Aizansi et al. (2024) reported MLP > LSTM, while
in Turkey, Chen et al. (2022) found LSTM > RF. In the
southern Iraq marshes, Algahtani et al. (2023) found
CNN-BDLSTM optimal. The variation across studies
confirms that no single architecture is universally
superior. In basins with short, highly seasonal records
like TaqTaq-Dokan, a parsimonious RNN often
generalizes better than deeper LSTM/GRU networks, as
also observed here.

Regarding climate variability, the forecast indicates a
shift toward slightly lower winter peaks but persistent
drought. If this continues, two
implications arise for runoff generation: 1) Reduced total
annual runoff may decrease flood frequency but will not

summer trend

eliminate winter flood risk due to the high CN and rapid
response. 2) Longer dry periods and zero summer runoff
will increase water scarcity stress from June to
September. Therefore, the ~331 million m?® yr? of
forecasted seasonal runoff represents a critical but

currently unregulated resource. While this study
provides only preliminary hydrological evidence, these
forecasts can serve as input for future multidisciplinary
assessments  that storage,
sedimentation, geotechnical, environmental, and

must also consider
economic factors before any infrastructure decision.

In summary, the results demonstrate that a simple RNN
architecture is most effective for forecasting seasonal
precipitation in data-limited, Mediterranean basins. The
models reliably capture seasonal dynamics and provide a
6-year outlook that can support planning for flood
mitigation and water conservation, while acknowledging
that climate variability may further alter the magnitude
and timing of future runoff.

3.2. Statistical Evaluation of the Architectures
3.2.1.MLP

Table 4 presents the performance comparison of several
Multi-Layer Perceptron (MLP) architectures using five
evaluation metrics: Mean Squared Error (MSE), Root
Mean Squared Error (RMSE), Mean Absolute Error
(MAE), Akaike Information Criterion (AIC), and Bayesian
Information Criterion (BIC). The results indicate clear
variability in predictive performance across different
hidden-layer structures. The architecture (48, 24)
achieved the lowest MAE (24.707417), indicating
superior predictive accuracy compared with other
architectures. Although the architecture (8) recorded the
smallest MSE (1127.663452) and RMSE (33.580701), its
MAE values were higher than those of (48, 24),
suggesting less consistent prediction performance.
Additionally, AIC and BIC values increased with model
complexity, with (48, 24) showing the largest values,
which is expected due to the higher number of
parameters. However, despite the penalty for complexity,
the predictive accuracy of (48, 24) remained superior.
Overall, considering MAE as the primary accuracy
indicator for forecasting performance, the MLP
architecture (48, 24) was selected as the most suitable
model.

3.3. Deep Learning Multi-Architectures and Statistical
Parameters

Moreover, as illustrated in Figure 6 above, the plot shows
that architecture (48, 24) achieves the lowest prediction
errors compared with other CNN structures. This
confirms the superiority of a deeper convolutional
architecture for capturing temporal patterns.

Moreover, as illustrated in Figure 6 above, the plot shows
that architecture (48, 24) achieves the lowest prediction
errors compared with other CNN structures. This
confirms the superiority of a deeper convolutional
architecture for capturing temporal patterns.

3.3.1.CNN

Table 5 presents the of different
Convolutional Neural Network (CNN) architectures using
5 evaluation metrics, including MSE, RMSE, MAE, AIC,
and BIC. The results demonstrate noticeable differences
in prediction performance among the tested
architectures. The architecture (24, 12) achieved the

comparison
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lowest MSE (1017.615716) and RMSE (31.900090),
indicating strong performance in minimizing squared
prediction errors. However, the architecture (32, 16)
produced the lowest MAE (23.731448), suggesting better
overall forecasting accuracy and improved robustness
against extreme values. Although the architecture (16, 8)
also showed competitive performance with low MSE
(1022.152558) and MAE (23.881005), its error values
were slightly higher than those of (32, 16). Furthermore,
AIC and BIC values increase with model complexity, and
the architecture (32, 16) exhibits larger AIC and BIC
values due to higher parameterization, which is expected

Table 4. MLP architecture comparison

for deeper CNN structures. Overall, considering MAE as a
primary indicator of predictive accuracy, the CNN
architecture (32, 16) was selected as the most suitable
model. This architecture provides improved prediction
stability, better fitting of nonlinear patterns, and
enhanced forecasting performance for precipitation time-
series data.

Additionally, as can be observed from Figure 7, the plot
shows that architecture (32, 16) achieves the lowest
prediction errors compared with other CNN structures.
This confirms the superiority of a deeper convolutional
architecture for capturing temporal patterns.

Architecture MSE RMSE MAE AIC BIC

(8) 1127.663452 33.580701 25.015215 668.7579 910.9321
(12) 1218.910915 34.912905 25.423874 785.6599 1147.8497
(16,8) 1215.552636 34.864776 25.053138 1153.4861 1910.0127
(20,10) 1365.150853 36.947948 27.510682 1416.7983 2447.6461
(24,12) 1390.121166 37.284329 26.493720 1705.9402 3045.3994
(32,16) 1129.596071 33.609464 25.149468 2364.8658 4424.4182
(48, 24) 1188.918616 34.480699 24.707417 4096.0904 8007.3112

o = = s

Best MLP Architecture

0 Output

X5

X3
Figure 6. MLP best architecture plot.
Table 5. CNN architecture comparison.
Architecture MSE RMSE MAE AIC BIC
8) 1050.702875 32.414547 25.444865 5976.3045 11910.6446
(12) 1134.148519 33.677122 24.477425 8557.1192 17251.8167
(16, 8) 1022.152558 31971121 23.881005 11382.5690 23111.9453
(20,10) 1155.578137 33.993796 24.996735 14110.2984 28754.3380
(24,12) 1017.615716 31.900090 24.464250 16854.2887 34447.2817
(32,16) 1069.617714 32.705011 23.731448 22457.4286 46051.1988
(48, 24) 1094.431340 33.082191 24.565313 34042.8734 70049.6799
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Figure 7. CNN best architecture plot.

3.3.2.RNN

Table 6 presents the performance comparison of
different Recurrent Neural Network (RNN) architectures
using evaluation metrics including MSE, RMSE, MAE, AIC,
and BIC. The results indicate that the architecture (12)
achieved the lowest MSE (1009.654576), RMSE
(31.775062), and MAE (23.087294), demonstrating
superior prediction accuracy compared with other
architectures. Although architecture (32, 16) showed
competitive MAE (24.136223) and lower MSE compared
with several models, its performance remained inferior
to (12). On the other hand, deeper architectures such as
(16, 8), (20, 10), and (24, 12) exhibited higher error
values, suggesting that increasing network complexity
did not necessarily improve prediction performance for
this dataset. Moreover, AIC and BIC values increased
substantially with model complexity, indicating a higher
penalty for larger architectures. Overall, based on the
minimum error values and balanced performance across
evaluation metrics, the RNN architecture (12) was
selected as the most suitable model. This architecture
provides better generalization ability and efficient
learning of temporal dependencies in precipitation time-
series data.

Furthermore, as presented in Figure 8, the plot indicates
that architecture (12) achieves the lowest error values
among all RNN structures. This confirms that a single
hidden layer with 12 neurons is optimal for this dataset.
3.3.3.LSTM

Table 7 presents the performance comparison of
different Long Short-Term Memory (LSTM) architectures
using multiple evaluation metrics, including MSE, RMSE,
MAE, AIC, and BIC. The results indicate that the
architecture (20, 10) achieved the lowest MAE
(23.576105), demonstrating forecasting
accuracy compared with the other tested architectures.
Although the architecture (12) recorded slightly lower
MSE (1048.624301) and RMSE (32.382469), its MAE
values were higher than those of (20, 10), suggesting less

superior

accurate overall predictions. Similarly, the architecture

(8) showed competitive performance but remained
inferior to (20, 10) across most evaluation criteria. More
complex architectures such as (32, 16) and (48, 24)
exhibited higher error values, indicating that excessive
model complexity did not improve predictive
performance for this dataset. Additionally, AIC and BIC
values increased with model size, reflecting the penalty
for increased model parameters. Overall, based on the
lowest MAE and RMSE values and balanced predictive
performance, the LSTM architecture (20, 10) was
selected as the most suitable model. This architecture
effectively captures long-term temporal dependencies in
precipitation data and provides improved forecasting
accuracy.

Moreover, as highlighted in Figure 9, the plot shows that
architecture (20, 10) achieves the minimum prediction
error among the tested LSTM models. This confirms that
a two-layer LSTM
performance.
3.3.4.GRU

Table 8 presents the performance comparison of
different Gated Recurrent Unit (GRU) architectures using
evaluation metrics including MSE, RMSE, MAE, AIC, and
BIC. The results indicate that the architecture (48, 24)
achieved the lowest MAE (24.140111), demonstrating
superior forecasting accuracy compared with other GRU
structures. Although the architecture (8) recorded
relatively lower MSE (1115.121502) and RMSE
(33.393435), its MAE values were higher than those of
(48, 24), indicating less accurate predictions. The
architecture (32, 16) also showed competitive
performance with MAE (24.374528), but its error values
remained slightly higher than the selected model. In
contrast, deeper configurations such as (16, 8) and (20,
10) exhibited substantially larger
suggesting that these architectures overfit or failed to
capture temporal dependencies effectively. Additionally,
AIC and BIC values increased with network complexity,
which reflects the penalty for additional parameters in
larger GRU models. Overall, considering MAE as the

structure improves learning

error values,
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primary indicator of forecasting accuracy, the GRU temporal dependencies and better generalization
architecture (48, 24) was selected as the most suitable performance for precipitation forecasting.
model. This architecture provides improved learning of

Table 6. RNN architecture comparison

Architecture MSE RMSE MAE AIC BIC
(8) 1087.403401 32.975800 25.088756 618.4675 809.2065
(12) 1009.654576 31.775062 23.087294 797.7939 1185.7013
(16, 8) 1288.442537 35.894882 26.719621 1317.1549 2245.1323
(20,10) 1216.832315 34.883124 26.212149 1769.5524 3186.1645
(24,12) 1143.649083 33.817881 26.341683 2317.6447 4325.7619
(32,16) 1075.183918 32.789997 24.136223 3705.7556 7205.4946
(48, 24) 1137.374784 33.724988 24.158032 7645.2981 15362.7263
) e o
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Figure 8. RNN Best Architecture Plot.

Table 7. LSTM architecture comparison

Architecture MSE RMSE MAE AIC BIC
(8) 1060.859888 32.570844 24.697693 1096.9106 1802.0019
(12) 1048.624301 32.382469 24.251647 1808.1798 3276.2271
(16, 8) 1086.868030 32.967682 24480828 3034.4365 5814.0822
(20,10) 1105.792297 33.253455 23.576105 4403.5240 8649.0739
(24,12) 1119.323965 33.456299 24.315975 6060.2903 12080.3557
(32,16) 1191.047341 34.511554 24940039 10240.2031 20735.1338
(48, 24) 1162.946330 34.101999 25.107427 22046.6989 45194.6970
= (=3 Hader? Qo
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Figure 9. LSTM best architecture plot.
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Finally, as demonstrated from the Figure 10, the plot
shows that architecture (48, 24) achieves the lowest
prediction errors among GRU models. This confirms the
advantage of a deeper GRU structure for capturing
rainfall patterns.

3.4. Final Summary of the Models'
Architecture

Table 9 presents the comparison of the best architectures
for five deep learning methods, including MLP, CNN,
RNN, LSTM, and GRU, using evaluation metrics such as
MSE, RMSE, MAE, AIC, and BIC. The results indicate that
the RNN model with architecture (12) achieved the
lowest MSE (1009.654576), RMSE (31.775062), and MAE
(23.087294),
accuracy among all methods. The CNN model with
architecture (32, 16) ranked second, producing
competitive error values (MSE=1069.617714,
MAE=23.731448), followed by the LSTM model (20, 10),
which achieved similar MAE (23.576105). The GRU
model (48, 24) showed moderate performance with
slightly higher error values, whereas the MLP model (48,
24) recorded comparatively larger RMSE and weaker
overall accuracy. Overall, based on the combined
evaluation metrics, the models can be ranked according
to forecasting performance as follows: RNN (12) ranked
first, CNN (32, 16) ranked second, LSTM (20, 10) ranked
third, GRU (48, 24) ranked fourth, and MLP (48, 24)
ranked last. These findings indicate that recurrent-based
models, particularly the RNN architecture, provide better
capability for capturing temporal dependencies in
precipitation time-series data and yield more accurate
forecasting results.

3.5. Results of Predicting Precipitation by different
ANN Models (2025-2030)

Table 10 presents the 72-month forecast of monthly
precipitation using MLP, CNN, RNN, LSTM, and GRU
models for the period October 2024 to September 2030.
The results clearly demonstrate a consistent seasonal
rainfall pattern across all models. For example, in
October 2024, predicted rainfall ranges from 5.18 mm
(MLP) to 29.17 mm (CNN), while in November 2024,
values increase to between 41.75 mm (MLP) and 65.13
mm (RNN). The precipitation reaches peak values during

Optimum

demonstrating the highest prediction

winter months, particularly in January 2025, where
predictions vary from 96.93 mm (CNN) to 130.20 mm
(MLP), and February 2025, ranging between 99.30 mm
(CNN) and 120.51 mm (MLP). The rainfall then gradually
decreases in March 2025 (74.06-99.76 mm) and April
2025 (53.93-84.14 mm), followed by low rainfall in May
2025 (23.91-34.69 mm), while all models predict zero
rainfall from June to September, reflecting the dry
summer season. This seasonal pattern is repeated
throughout the forecast horizon. For instance, in January
2028, rainfall predictions range between 72.16 mm
(CNN) and 130.72 mm (MLP), and in February 2029,
forecasts vary from 76.57 mm (CNN) to 129.95 mm
(MLP). Similarly, in January 2030, predicted precipitation
ranges from 69.63 mm (CNN) to 124.26 mm (MLP).
These consistent peaks during the winter months and

zero rainfall during the summer months confirm that all
models successfully captured the periodic hydrological
behavior of precipitation. Overall, the forecasted results
show strong agreement among models, with the RNN and
LSTM models producing smoother transitions, while MLP
predicts higher winter peaks, and CNN provides
comparatively moderate estimates. The similarity of
predicted values across models and across forecasted
years stable and long-term
precipitation forecasting.

3.6. Observed Annual Runoff

Based on the methodology, the annual volume of runoff
has been estimated using equations 2, 3, 4 and 5 for the
last 37 year (1987-2024) in the study area, as
demonstrated in Table 11. It can be seen that the
maximum monthly runoff has happened in January due
to high amount of precipitation, whereas, despite of
having a small amount of rainfall from June to September,
the volume of runoff is zero because the rainfall amount
in summer periods is generally smaller than the initial
abstraction value (0.2S) based on Equations 2 to 5
highlighted from the methodology sections. Therefore,
over the last 37 years, more specifically from 1991 to
2021, there has been a large amount of water discharged
into the river and valleys without getting any benefits
from it. Additionally, in high rainfall seasons, the surface
water runoff has resulted in flooding and destroyed tens
of thousands of acres of agricultural lands, residential
areas and fish ponds in the region, as it happened more
recently in 2019.

3.7. Predicted Amount of Annual Runoff in TaqTaq
Dokan Basin

As illustrated in Table 12, the predicted amount of runoff
varies over the hydrologic year and based on the
previous methodologies, the surface runoff is correlated
with the amount of precipitated rain in the area. The
surface runoff due to high potential precipitation starts
from October and ends in May next year, in which the
peak runoff will occur in January, amounting to
approximately 77 million m3 as revealed in the (Table
12). Moreover, for the other months, the runoff is
gradually declining due to the decrease in rainfall in the
area. There will be no runoff in the summer period, as

indicates reliable

presented in the table 12. Therefore, there will be a fair
amount of surface runoff from October to the end of May
which is slightly more than 331 million m3 for each year
for the period of 2025 to 2030 (72 months forecast).
Consequently, regardless of evaporation and infiltration
of water to the underground, a large amount of surface
water is discharging to the Dokan River (Little Zab River)
without getting any benefit to the agriculture, drinking
water supply and hydropower. Finally, as it has been
illustrated from the Figure 12, there is a high correlation
between the observed and predicted volume of runoff
(r=0.902), the prediction model successfully captures the
overall hydrograph schematics and the dry season zero
flow periods, however the model slightly underpredicts
peak discharge volumes from October to January as
presented in Figure 12.
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Table 8. GRU architecture comparison

Architecture MSE RMSE AIC BIC
(8) 1115.121502 33.393435 26.388473 988.0533 1573.1291
(12) 1140.152731 33.766148 26.981616 1549.4518 2734.6053
(16, 8) 1329.365055 36.460459 28.866641 2567.1248 4832.4182
(20,10) 1293.595905 35.966594 28.417130 3653.4064 7084.5651
(24,12) 1215.851681 34.869065 24911312 4961.5016 9798.5567
(32,16) 1130.117982 33.617227 24.374528 8252.8949 16621.8360
(48, 24) 1244.082184 35.271549 24.140111 17538.9477 35852.0339
Input Hidden-1 Hidden-2 Output
(n=12) (n=48) (n=24) (n=1)
Best GRU Architecture
" = .* Output
Figure 10. GRU best architecture plot.
Table 9. Final summary: best architectures per method
Method Best Architecture MSE RMSE MAE AIC BIC
MLP (48, 24) 1188.9186 34.480699 24.707417 4096.0904 8007.3112
CNN (32,16) 1069.6177 32.705011 23.731448 22457.429 46051.199
RNN (12) 1009.6546 31.775062 23.087294 797.7939 1185.7013
LSTM (20,10) 1105.7923 33.253455 23.576105 4403.524 8649.0739
GRU (48, 24) 1244.0822 35.271549 24.140111 17538.948 35852.034
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Figure 11. Combined forecast comparison plot of MLP, CNN, RNN, LSTM and GRU.
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Table 10. Precipitation forecast until 2030 by different ANN models

Years Models Oct Nov Dec Jan Feb Mar Apr May
MLP 5.175 41.754 86.256 130.204  120.506 99.755  84.141 34.688
CNN 29.173 56.229 73.354 96.933 99.298 74.055 53.927  24.218
2024-2025 RNN 25914 65.125 84.798 104369  113.352 95.324 68385  30.059
LSTM 13.593 54.551 88.585 119.909  116.553 92.573  69.306  23.909
GRU 12.635 47.026 87.749 129.758  111.906 93.074  74.859 33.58
MLP 3.111 19.444 78.868 131.575 123.356  103.568 94.708  40.092
CNN 19.493 43.1 67.599 82.71 84.591 70.047  50.334  25.729
2025-2026 RNN 18.552 49.513 79.151 101.331 109.428 97436  67.581  29.996
LSTM 13.786 37.546 86.966 118.857  109.822 92.78 70.347  27.419
GRU 10.464 21.249 76.831 126.39 111.402 95.573  80.754  42.748
MLP 1.695 8.879 68.456 131934  126.775 105.786 98.148  46.096
CNN 18.524 40.099 61.59 75.59 79.334 67.861  49.829  27.439
2026-2027 RNN 14.211 44,368 76.567 99.823 108.758 98.062  68.288  30.509
LSTM 14.376 34.037 84.298 117.01 108.317 93.179 71827  30.122
GRU 9.773 18.409 66.475 122.698  114.619 97.554  83.481  49.036
MLP 2.238 5.208 61.085 130.716  128.615  106.403 98.585 51.75
CNN 17.982 37.542 58.33 72.162 77.329 67.119  50.387  28.888
2027-2028 RNN 12.058 42.089 75.174 99.067 108.65 98.583 69.25 31.099
LSTM 14.604 32.385 81.852 116.207 108.237 93.781 73.104  32.023
GRU 10.425 17.458 59.483 119.518  116.973 98.614  84.878  52.805
MLP 2.533 4.706 55.547 127.547 129954  106.448 97.618 56.304
CNN 17.255 35.81 56.514 70.486 76.573 67.109  51.198 30.02
2028-2029 RNN 10.88 40.796 74.286 98.624 108.681 99.054 70.116  31.627
LSTM 14.638 30.996 79.871 116.063 108.541 94388 74178  33.491
GRU 10.875 16.96 55.008 116.837 118.4 99.173  85.699  55.165
MLP 2.634 4.66 50.627 124.26 130.692 106.878 96.484  60.548
CNN 16.605 34.568 55.429 69.625 76.337 67324 51965  30.854
2029-2030 RNN 10.133 39.93 73.657 98.328 108.742 99.448  70.821  32.064
LSTM 14.592 29.752 78.273 116.197 108928 94.944 75.09 34.685
GRU 10.552 16.52 51.838 114.373 119.383 99.646  86.272 56.992
Average monthly 12.61597 32.35697 71.15057 109.3034 108.8017 92.51797 74.052 37.13183

Table 11. Observed annual surface runoff in Taq-Taq Dokan Basin Area for the period 1991-2021

Month Average Monthly Rainfall (mm) CN S 0.2S Q (mm) Area (Km?) Volume (m3)
Oct 31.44 89 31.4 6.3 11.19 978 10948098
Nov 70.4 89 314 6.3 43.05 978 42099250
Dec 107.3 89 314 6.3 77.07 978 75375339
Jan 127.5 89 31.4 6.3 96.29 978 94167485
Feb 92.8 89 314 6.3 63.49 978 62089449
Mar 103.4 89 31.4 6.3 73.40 978 71782035
Apr 66 89 31.4 6.3 39.14 978 38283361
May 14.9 89 314 6.3 1.86 978 1816648
Jun 0.4 89 314 6.3 0 978 0

Jul 0 89 314 6.3 0 978 0

Aug 0 89 314 6.3 0 978 0

Sep 0.9 89 31.4 6.3 0 978 0
Average Annual Runoff (1987-2021) 396561666
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Table 12. Predicted amount of annual runoff in the TaqTaq Dokan basin

Average Monthly Area
Month ) CN S [a=0.2S  Q (mm) Volume (m3)
Rainfall (mm) (Km2)
Oct 12.6 89.0 31.4 6.3 1.1 978 1036212.2
Nov 324 89.0 314 6.3 11.8 978 11568189.6
Dec 71.2 89.0 314 6.3 43.7 978 42754129.0
Jan 109.3 89.0 314 6.3 79.0 978 77223031.8
Feb 108.8 89.0 314 6.3 78.5 978 76760805.4
Mar 92.5 89.0 314 6.3 63.2 978 61816898.8
Apr 74.0 89.0 31.4 6.3 46.3 978 45253522.0
May 37.1 89.0 314 6.3 15.3 978 14954965.8
Jun 0.0 89.0 31.4 6.3 0.0 978 0.0
Jul 0.0 89.0 314 6.3 0.0 978 0.0
Aug 0.0 89.0 314 6.3 0.0 978 0.0
Sep 0.0 89.0 31.4 6.3 0.0 978 0.0
Average Annual Runoff (2024-2030) 331367755
Observed Vs Predicted Runoff
100.000.000
Tg 80.000.000
£ 60000000 \/’\
g 40.000.000
S
S 20.000.000
o
0
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Figure 12. Relationship between the observed and predicted runoff for the whole hydrologic year.

4. Discussion

This study evaluated five deep learning architectures for
seasonal precipitation and runoff forecasting in the
TaqTaqg-Dokan Basin, an area that experiences winter
floods and summer water shortages downstream of
Dokan Lake. The results show that deep learning models
can reliably capture the basin’s strong seasonal
hydrological cycle, and they provide a practical basis for
long-term water management planning.

4.1. Model Performance and Selection of RNN

Among the five architectures tested, the Recurrent
Neural Network achieved the lowest error across all
metrics: MSE = 1009.65, RMSE = 31.78, and MAE = 23.09
(Table 10). This is consistent with the ability of RNNs to
model temporal dependencies in hydrological time
series. The ranking of models was: RNN > CNN > LSTM >
GRU > MLP. The superior performance of RNN over LSTM
and GRU in this case likely reflects the relatively short
sequence length and the clear annual seasonality of
rainfall in northern Iraq, where a simpler recurrent
structure may generalize better than deeper, more
parameter-heavy models. In contrast, the MLP recorded
the highest errors, which aligns with findings that feed-
forward networks are less effective for sequential rainfall

data compared to recurrent or convolutional structures
(12)(48)(24).

This result agrees with regional studies. Tahseen and Ali
(2025) reported that ANN outperformed MLR, XGBoost,
SVR, and RF for monthly rainfall in Erbil, and Muhamad
and Ali (2025) found ANN superior to MLR, ANFIS,
LASSO, and ELNET in Pirmam. However, other studies
show that hybrid or convolutional-recurrent models can
be optimal in different contexts: Algahtani et al. (2023)
found a CNN-BDLSTM best for southern Iraqi marshes,
while Aizansi, Ogunjobi and Ogou (2024) reported MLP >
LSTM in Benin. Thus, no single architecture is universally
best; performance remains site- and data-dependent, as
also noted by Chen et al. (2022) for Turkey, were LSTM
outperformed RF
4.2, Seasonal
Interpretation
All five models reproduced the observed pattern: peak
rainfall and runoff in December-February, with zero
runoff from June to September (Table 11, Table 12). This
reflects the Mediterranean-type climate of the basin,
where 614 mm of average annual rainfall is concentrated

Patterns and Hydrological

in 8 months and summer rainfall is below the SCS-CN
initial abstraction threshold (0.2S) (Eq. 3). The estimated
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average annual runoff for 1987-2021 was 396.56 million
m3, while the 2024-2030 forecast averages 331.37
million m® yr™* (Table 12). The reduction in the forecast
period is driven by lower predicted winter peaks, but the
magnitude remains substantial. With a basin-wide CN of
89, steep topography (313.5-1671.99 m), and limited
infiltration, intense winter rainfall is converted rapidly to
surface runoff, which is consistent with the flood events
reported in 1988 and 2019 when Little Zab discharge
reached ~1200 m3/s (IMOS, 2025).

4.3. Water Resource Implications

The forecast of >330 million m® of unused runoff
annually indicates a significant unutilized water resource
in the TaqTaq-Dokan Basin. At present, this volume is
discharged to the Little Zab River during high-rainfall
months, contributing to downstream flooding and loss of
agricultural and land (IMOS).
challenges have been reported elsewhere in Iraq, where
Al-based forecasting is increasingly seen as a tool to
improve water security (Hamaamin, 2025; Latif,
Mohammed and Jaafar, 2024). The use of a hydrologic
year (Oct-Sep) and CF interpolation for missing 1990-
1992 data also improved model stability, following
standard practice in hydrology.

4.4, Limitations and Future Work

residential Similar

Three limitations should be noted. First, the models were
trained on a single meteorological station, which may not
fully represent spatial variability across the 978 km?
basin. Second, runoff was estimated using the SCS-CN
method, which assumes AMC II and does not explicitly
model infiltration dynamics or reservoir operations at
Dokan Dam. Third, climate non-stationarity was not
incorporated; future changes in temperature or rainfall
intensity could alter the seasonal pattern (Al-Ansari and
Knutsson, 2011). Future work could integrate multi-
station data, physically based hydrological models, and
climate projections to improve robustness.
Overall, the findings confirm that deep
particularly RNN, is a reliable tool for

learning,

annual
precipitation and runoff prediction in the TaqTaq-Dokan
Basin. The models capture seasonal variability with
sufficient accuracy to support planning. Given the
forecast of ~331 million m® yr™* of unused runoff, there
is a clear case for strategic water conservation measures,
including ponds, dams, and reservoirs in high-
precipitation zones, to reduce flood risk and enhance
water availability during summer droughts.

5. Conclusion

This research applied five deep learning architectures to
predict monthly precipitation and estimate surface
runoff in the TaqTaq-Dokan River Basin using data from
IMOS Koya Station (1987-2024). Among the models,
RNN provided the highest accuracy for monthly
precipitation forecasting. All models captured the basin’s
strong seasonal cycle with winter peaks and summer
drought. The hydrological analysis indicates an average
annual runoff of 396.56 million m? for 1987-2021 and a

forecast of 331.37 million m® yr™* for 2024-2030. This
represents significant seasonal water volume that is
currently unregulated and contributes to flood risk in the
region.
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Abstract: A growing global population and finite natural resources have intensified debate over the environmental sustainability of
food production systems. Within this landscape, the livestock sector is frequently criticized based on greenhouse gas emissions, water
footprint, and land use; yet these assessments often involve methodological inconsistencies and comparisons detached from
biophysical context. This review re-examines common claims directed at livestock by drawing on the scientific literature and by
placing sectoral impacts within a data-driven framework. The composition and origins of livestock-related greenhouse gas emissions
are discussed, and the core distinction between the biogenic methane cycle and fossil fuel-derived carbon emissions is emphasized.
Water footprint debates are addressed through the green, blue, and grey water taxonomy, highlighting that a substantial share of water
associated with livestock production derives from precipitation rather than from withdrawals that directly compete with domestic or
industrial demand. From a land-use perspective, attention is given to ruminants’ capacity to utilize grasslands and rangelands that are
largely unsuitable for cropping, as well as to the potential for carbon sequestration under well-managed grazing systems. This
narrative review draws on literature published between 2006 and 2025, prioritizing both foundational references and recent advances
in methane accounting, emissions-intensity frameworks, and mitigation strategies. Evidence indicates that interventions including
productivity gains, herd health and reproductive management, reproductive biotechnologies, feed technologies, manure management,
and biogas production can meaningfully reduce emissions intensity without constraining output. Collectively, the findings suggest that
mitigation priorities should focus less on restricting livestock per se and more on reducing dependence on fossil fuels while scaling
scientifically grounded practices within livestock systems. A livestock sector managed on scientific principles may contribute to global
food security and, under appropriate governance and practice, form part of a credible climate mitigation portfolio.
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1. Introduction and other anthropogenic activities have contributed to

Current estimates place the global population above 7.44
billion, with projections reaching 9.6 billion by 2050
(FAO, 2025). This demographic pressure increases

environmental challenges, including global warming and
climate change. In recent years, however, public
discourse has at times assigned a disproportionate share
of climate responsibility to livestock systems. Following
the publication of the FAO report Livestock’s Long
Shadow (2006), livestock greenhouse gas (GHG)

demand on constrained natural resources and places the
long-term viability of food production systems under

sustained scrutiny. Animal-source proteins remain

central to human nutrition, providing essential amino
acids, including tryptophan and phenylalanine, that are
considered necessary for growth, development, and
cognitive function. These amino acids also participate
directly in the biosynthesis of neurotransmitters that are
relevant to human health and wellbeing. Livestock
production, therefore, is not merely an economic activity;
it intersects with global public health and food security in
ways that are difficult to replace through simplistic
substitution narratives (Fernstrom, 1994; Wu, 2016;
Elmadfa & Meyer, 2017).

Since the Industrial Revolution, expanding fossil fuel use

emissions became a focal point of policy debate. Some
assessments, nonetheless, appear to underweight the
complex biological cycles inherent to animal production
and the ecosystem services such systems can provide,
thereby framing livestock as a larger “environmental
culprit” than the evidence necessarily supports (Steinfeld
et al.,, 2006; Pitesky et al,, 2009; Mitloehner et al.,, 2020;
IPCC, 2021).

This review evaluates livestock-sector impacts on climate
change through three primary lenses: greenhouse gas
emissions, water footprint, and land use. It also
interrogates methodological choices that can generate
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misleading generalizations, and it considers technology-
oriented mitigation strategies compatible with
sustainable production.

2. Review Methodology

This study is a narrative review that re-examines
common regarding
environmental impacts through three main dimensions:
greenhouse gas emissions, water footprint metrics, and
land-use patterns. The objective is to interpret these
indicators within a biophysical and methodological

claims livestock-related

context rather than to generate original quantitative
estimates.

Relevant literature was identified through targeted
searches of major scientific databases and search engines
(e.g, Web of Science, Scopus, and Google Scholar),
complemented by reports from international
organizations such as FAO, IPCC, and UNFCCC. The
primary screening focused on publications from 2006 to
2025, allowing inclusion of both foundational studies and
recent advances in methane accounting, emissions-
intensity frameworks, and mitigation strategies.

Search keywords included combinations of “livestock
emissions,” “enteric methane,” “biogenic methane,” “GWP
and GWP*” “water footprint,” “green water,” “blue
water,” “land use,” and “rangelands.” Priority was given
to peer-reviewed articles and assessment reports with
clearly defined system boundaries.

Findings were synthesized qualitatively by comparing
methodological choices, system boundaries, and
indicator definitions across studies. Given differences in
regional production systems and accounting frameworks,
results are interpreted comparatively and contextually
rather than as precise universal values.

3. Results

The literature reviewed reveals diverse environmental
impacts related to livestock farming. Studies show that
absolute emission values alone provide a limited basis
for comparison between production systems. When
emissions are expressed per unit of output, significant
variability emerges, and productivity level, animal health,
and management intensity, rather than species-specific
biological processes, appear as primary determinants of
emission intensity.

Methane use significantly influences the outcomes
regarding livestock farming's impact on the climate.
Studies using traditional GWP;o, measures tend to
attribute disproportionate warming impacts to livestock
systems, while incorporating
frameworks such as GWP* report distinctly different
results, particularly in systems with stable or declining
herd sizes. This difference highlights the importance of
metric selection in shaping both scientific interpretation
and policy narratives.

studies alternative

Furthermore, when considering resource use, livestock-
related water and land footprints are frequently directly

correlated with, and often dominate, human food or
freshwater resources. While green water from rainfall
accounts for the vast majority of reported water use, a
significant portion of the land used by ruminant systems
consists of pastures unsuitable for agricultural
production. These findings demonstrate that the impacts
of livestock farming are resource-use dependent and may
not be accurately represented by global averages.

3.1. Greenhouse Gas Effects

Livestock activities produce greenhouse gas emissions
because of biological processes. The sources,
composition, and atmospheric of these
emissions, however, follow dynamics that differ in
important respects from emissions dominated by fossil
carbon.

behavior

Recent studies show that the climate impact attributed to
livestock methane depends on the accounting metric
applied, and that stable methane emissions may result in
little or no additional warming when alternative metrics
such as GWP* are used (Correddu et al., 2025).

The livestock sector is estimated to account for
approximately 14.5% of global anthropogenic GHG
emissions, corresponding to roughly 7.1 gigatonnes of
CO,-equivalent per year (Gerber et al, 2013). Sectoral
emissions can be broadly characterized as follows.
Enteric fermentation: Methane (CH,) produced via
microbial fermentation in the digestive systems of
(cattle, sheep, goats) represents
approximately 39-44% of livestock-related emissions.
Reports indicate that an adult bovine rumen can generate
500-1500 liters of gas per day, with methane comprising
roughly 30-40% of that volume (Johnson et al., 1995).
Feed production: The cultivation, processing, and
transport of feed crops contributes the largest share of

ruminants

emissions attributed to livestock (about 45%). These
emissions largely reflect nitrous oxide (N,O) releases
associated with fertilizer use and carbon dioxide (CO,)
emissions linked to agricultural mechanization and
energy inputs (Bouwman et al,, 2002; Smith et al., 2008).

Manure management: Storage and handling of manure
accounts for approximately 10% of livestock-sector
emissions (FAO, 2013).

3.2. Regional and Species-Level Distribution

When emissions are disaggregated by product category,
beef and dairy typically account for the largest shares,
contributing about 41% and 20% of total livestock
emissions, respectively. Pork and poultry products (meat
and eggs) tend to have smaller shares, around 9% and
8%, respectively. Regionally, enteric fermentation often
dominates in many developing regions, including parts of
Asia, Latin America, and Africa, whereas in high-income
settings emissions linked to energy use and manure
management may be more prominent. In Tirkiye, the
share of livestock within total national GHG emissions
has been reported at about 7.2, below the global average
of 8.2, while China and the United States remain among
the leading countries in both aggregate emissions and
livestock production volume (Gerber et al,, 2013; Herrero
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et al, 2013; FAO, 2025). These patterns are informative,
but they should be interpreted cautiously because system
boundaries, accounting conventions, and production

structures differ markedly across datasets and
jurisdictions.
National-scale analyses further demonstrate that

livestock-related greenhouse gas emissions exhibit
strong spatial and temporal heterogeneity, with emission
hotspots linked to regional production intensity and
management practices, as shown in recent assessments
of the Turkish livestock sector (Yalcinkaya, 2024).

3.3. Scientific Misconceptions and the Methane Cycle
A substantial portion of criticism directed at livestock
rests on methane’s global warming potential (GWP),
which is commonly cited as roughly 28 times that of CO,
over a 100-year horizon. Yet such comparisons
frequently overlook the difference between “new” carbon
introduced from fossil reservoirs and “biogenic” carbon
circulating within a relatively short biological loop.
Methane emitted by ruminants typically persists in the
atmosphere for about 10-12 years before oxidizing to
CO,, which can then be re-assimilated by plants through
photosynthesis. This describes a short-cycle, largely
closed carbon pathway. Fossil fuel combustion, by
contrast, transfers carbon that has been geologically
sequestered for millions of years into the active
atmosphere-ocean-biosphere system, adding net loading
rather than recycling recent biogenic carbon (Allen et al,,
2018; Mitloehner, 2021). These distinctions do not imply
that methane is inconsequential; they do suggest that
representing livestock as the sole or primary driver of
climate change is a reductionist interpretation that may
obscure higher-leverage mitigation opportunities.

16.000

Beef (1kg)

3.4. Water and Land Use

Livestock resource use is often criticized, particularly in
relation to water withdrawals and land demand. A closer
reading of the underlying metrics indicates that many
widely circulated claims depend on decontextualized
aggregates and on water accounting categories that are
not always clearly communicated to non-specialist
audiences.

Water footprint discussions frequently invoke striking
figures such as “15,000 liters of water for one
hamburger” (Mekonnen & Hoekstra, 2012). When the
accounting is unpacked, however, more than 87% of the
total water footprint associated with livestock products
is typically “green water,” defined as precipitation stored
in soil and used by vegetation (Schyns et al., 2019). This
water would fall and largely evaporate or be transpired
through plants even in the absence of livestock
production, and it does not necessarily compete directly
with drinking water supplies or industrial withdrawals.
“Blue water,” reflecting surface and groundwater
withdrawals, often constitutes a comparatively small
fraction of the total in livestock systems, reported at
around 6.2% overall and falling below 4% in pasture-
based systems (Zonderland-Thomassen et al, 2014).
Intensive systems that rely heavily on concentrate feeds
can increase blue and grey water footprints, but the
dominant contribution of rainfall-derived green water
remains a defining feature of many livestock water
footprint estimates. This does not absolve the sector
from local water governance concerns, particularly in
water-stressed basins; it does indicate that global
headline numbers can be misleading if interpreted as
direct consumption of scarce potable water (Figure 1).

I Green Water (Rain) [ Blue Water (Irrigation) [ Grey Water (Pollution)

14.000 . |
12.000 1 1
10.000 T T
8.000 - |
6.000 - |
4.000 ! |
A\ i |

Rice (1kg)

Wheat (1kg)

Figure 1. Water use by source: livestock and crop products (Mekonnen et al,, 2012).

Although
agricultural land, much of this area consists of grasslands
and rangelands that are not suitable for cropping (FAO,
2018). Ruminants convert cellulose-rich plant material
and various agricultural by-products, which humans
cannot efficiently digest, into nutrient-dense animal-

livestock uses a large share of global

source foods, providing a pathway that can complement
rather than directly compete with crop-based human
diets. Well-managed grazing lands can also store carbon
in soils. Global modeling studies suggest that improved
grassland management could retain on the order of 0.4-
0.6 gigatonnes of CO,-equivalent per year in soils
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(Conant et al,, 2001; Wilkinson, 2011). These estimates
are context-dependent, and sequestration is neither
limitless nor guaranteed; it can saturate over time and
may be reversed by mismanagement, drought, or land
conversion. Still, the evidence supports the view that
livestock systems can be designed to deliver both food
and ecosystem services, rather than functioning solely as
net resource drains. The distribution of global
agricultural land use, based on Mottet et al. (2017),

illustrates this point: roughly 68% of agricultural land is
marginal pasture unsuitable for crop cultivation, while
only about 12% of arable land is used to produce animal
feed. This pattern suggests that a substantial fraction of
livestock production occurs on land that does not readily
compete with direct human food cropping, though the
degree of competition varies by region, production
system, and feed sourcing (Figure 2).

Land Use Type
HEl Marginal Pasture
Arable Feed Crops
I Human Food Crops

Figure 2. Distribution of land use in livestock production (Mottet et al.,, 2017).

3.5. Comparisons with Other Sectors

Fair evaluation of livestock’s environmental impact
requires methodologically consistent comparisons across
sectors. The frequently cited claim that “livestock causes
more emissions than transport” illustrates how boundary
choices can distort public understanding. In the FAO’s
2006 report, livestock emissions were estimated using
life cycle assessment (LCA), while transport emissions
were often represented only by direct tailpipe emissions.
When both sectors are evaluated using comparable
system boundaries, transport’s share of global emissions
is estimated at about 16.9%, whereas livestock’s direct
emissions are closer to about 7% (FAO, 2006). In
Tiirkiye, a similar pattern has been reported: transport
accounts for approximately 13.5% of total emissions,
while livestock’s direct contribution is around 1.3%
(UNFCCC, 2023). These figures should be interpreted
with care because inventories evolve, sectoral definitions
differ, and data quality varies; nonetheless, the
underlying methodological point remains robust.

3.6. Where the Dominant Emissions Lie: The Energy
System

Sectoral breakdowns of global greenhouse gas emissions
consistently identify energy-related activities (electricity
production, heating, transport, and industry) as the
dominant source, at about 76.2% (IPCC, 2022).
Agriculture, including livestock, is typically estimated at
roughly 11-14%. Since 1990, emissions attributed to
energy systems have increased by around 163%,

whereas growth in agricultural emissions has been
reported at roughly 1% in the referenced synthesis
(Victor et al.,, 2019). While any single estimate depends
on methodological conventions, the broader inference is
difficult to escape deep decarbonization of energy supply
and demand is likely to remain the central lever for
climate mitigation, with livestock mitigation best
understood as complementary rather than substitutive
(Figure 3).

3.7. Mitigation Strategies

Rather than restricting animal-source food production or
attempting abrupt, large-scale dietary shifts, mitigation
can be pursued through efficiency gains and targeted
technological interventions within existing systems.
Reported differences in emissions intensity across
producers imply potential:
narrowing these gaps could reduce global livestock
emissions by approximately 18-30% (Herrero et al,
2016). Such estimates should be treated as conditional
on adoption, governance capacity, and local constraints,
but they are broadly consistent with the idea that “how”

substantial abatement

livestock is produced often matters at least as much as
“how much.”

Increasing output per animal (milk, meat, eggs) is among
the most effective routes to lower emissions per unit of
product. Under an emissions intensity framework,
production from high-performing animals and well-
managed systems typically carries a smaller footprint
than production from low-yield systems, even if absolute
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emissions remain non-trivial (Figure 5). Improvements
in herd health, reductions in mortality, and enhanced
reproductive performance reduce the proportion of
animals consuming resources without -contributing
proportionally to output. Equivalent production can then
be achieved with fewer animals, lower feed demand, and
reduced waste generation. Reproductive biotechnologies,

including estrus synchronization, artificial insemination,

embryo transfer, and genomic selection, can accelerate
genetic progress at the herd level, producing durable
improvements in fertility, robustness, and productivity.
Artificial insemination and structured breeding programs
facilitate rapid dissemination of superior genetics, raising
per-animal production and indirectly lowering emissions

intensity (Figure 4).

I Encrgy Sector Agriculture (Livestock) I Agriculture (Crops)
[ Indusiry & Waste

Figure 3. Sectoral distribution of global greenhouse gas emissions (FAO, 2013).
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Figure 4. Inverse relationship between milk yield per animal and carbon footprint index (1950-2020).
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Expanded veterinary services, through earlier disease
detection and prevention, can reduce productivity losses
and stabilize output over time. In many low- and middle-
income settings, productivity gaps are plausibly linked to
limitations in animal health infrastructure, reproductive
management, and genetic improvement. In these
contexts, widening access to veterinary care and modern
reproductive technologies could

intensity without reducing total production, although

reduce emissions

outcomes will depend on economics, extension capacity,
and producer incentives (Capper et al., 2009; Thornton,
2010; Gerber et al.,, 2011; Herrero et al,, 2016; Mottet et
al, 2017; FAO, 2018).

Improvements in feeding strategies are among the most
direct approaches to
Increasing digestibility, optimizing ration balance, and
minimizing feed losses can lower emissions substantially.
Biotechnological approaches, including the use of lipids,

reducing enteric methane.

nitrates, and feed additives, have been shown to suppress
methane formation at the source under certain
conditions (Beauchemin et al., 2008; Hristov et al., 2013).
Translating controlled-study results to diverse farm
contexts, however, requires attention to animal health,
cost, supply chains, and the risk of unintended effects on
productivity or nitrogen cycling.

Nutritional strategies influence livestock methane
emissions primarily through changes in productivity and
emission intensity rather than through consistent
reductions in absolute

daily methane output.

Improvements in diet formulation and feed efficiency

may increase milk yield, thereby lowering methane
emissions per unit of product even when total emissions
per animal remain relatively unchanged, particularly in
intensive dairy systems, while outcomes may differ in
extensive production contexts (Hristov, 2023). These
findings indicate that the mitigation potential of feeding
strategies should be evaluated using intensity-based
metrics alongside absolute emissions.

Appropriate manure management can reduce both
methane and nitrous oxide emissions while enabling
renewable energy production. Anaerobic digestion in
biogas facilities captures methane that would otherwise
be emitted, converts it into usable energy, and can reduce
odor and water pollution risks (Montes et al, 2013).
Performance depends on storage practices, digester
design, operational reliability, and how digestate is
subsequently handled. Poor implementation can erode
expected benefits.

Grassland rehabilitation, prevention of overgrazing, and
rotational grazing can improve vegetation cover and soil
structure, increasing the potential for soil carbon storage.
These approaches may allow livestock systems to
contribute actively to mitigation rather than being
treated solely as emission sources (Lal, 2004; McSherry &
Ritchie, 2013). The
sequestration rates vary widely, can plateau, and are
sensitive to climate variability and management
consistency. Even so, where conditions are favorable and

limitations are non-trivial:

governance supports durable practice, soil carbon
strategies can complement emissions reductions.

Genomic Selection
Choosing the best genetics

Superior Herd
More efficient, healthier animals

Nk

Lower Emissions
Reduced Methane per kg

O

Lower Resource Use
Less Water, Feed & Land

Figure 5. Genomic selection for efficient and low-emission livestock production.

4. Discussion

The findings of this review suggest that simplified
narratives framing livestock as a primary driver of
climate change often overlook key biophysical and
methodological considerations. While livestock systems
emit greenhouse gases, particularly methane, their
climate impact differs fundamentally from fossil fuel-

based emissions and is frequently overstated when
evaluated using static metrics.

Rather than focusing on reductions in livestock numbers,
the literature highlights the effectiveness of emissions-
intensity-based mitigation strategies. Improvements in
productivity, herd health, reproductive efficiency, and
nutritional management consistently emerge as the most
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feasible pathways for reducing environmental impacts
without compromising food security.

Veterinary interventions play a central role in this
context. Enhanced animal health, fertility management,
and reproductive biotechnologies contribute directly to
higher output per animal, thereby lowering emissions
intensity. These approaches are particularly relevant in
regions with significant productivity gaps,
substantial mitigation can be achieved through efficiency

where

gains.

Overall, the evidence supports a mitigation strategy
centered on technological improvement and system
optimization within livestock production, complemented
by broader decarbonization efforts in the energy sector.
Under such an approach, livestock systems can continue
to contribute to global nutrition while aligning more
closely with climate mitigation objectives.

5. Conclusion

Livestock production plays a central role in meeting the
nutritional needs of a growing global population while
supporting rural livelihoods and food system resilience.
The evidence reviewed in this study indicates that the
environmental impacts attributed to livestock are
frequently overstated when evaluated using inconsistent
system boundaries or static metrics that do not
adequately reflect biogenic carbon dynamics. Fossil fuel-
based energy systems remain the dominant driver of
global greenhouse gas emissions, whereas livestock-
related emissions constitute a smaller and more source-
use-dependent share.

A mitigation pathway centered on efficiency gains,
technological improvement, and
management emerges as more credible than strategies
focused on reducing livestock numbers. In this context,
the adoption of modern scientific approaches in livestock
production plays a critical role in increasing output per
animal. Improvements in herd health management,
reproductive biotechnologies, genetic improvement

sound veterinary

programs, balanced nutrition strategies, and data-driven
decision-support systems can substantially enhance
production efficiency while reducing environmental
impacts on a per-unit-of-product basis. When combined
with advances in manure management and grassland
stewardship, such approaches allow livestock systems to
contribute to climate mitigation objectives without
undermining food security. Future research should
therefore focus on comparative, long-term evaluations of
these practices across different livestock production
systems, with particular attention to quantifying the
contribution of veterinary services and technology
adoption using robust performance indicators.

Some limitations of this review should also be
considered. The findings are based on secondary data
from studies employing different system boundaries,
accounting frameworks, and impact measures, which
restricts direct quantitative comparisons across sources.
Reported emission and resource-use values vary

according to production system characteristics, regional
conditions, and methodological assumptions. In addition,
cross-country comparisons influenced by
differences in livestock systems, feed resources, climatic
conditions, and data quality. These considerations
indicate that caution is warranted when interpreting
global estimates and underscore the need for context-
specific assessments.
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