METU Environmental Engineering
Departmental Seminar Spring 2024

A COMPREHENSIVE ASSESSMENT OF CIRCULAR WATER ECONOMY MODELS
THROUGH WATER-ENERGY-FOOD-ECOSYSTEM (WEFE) NEXUS APPROACH
USING HYDROLOGICAL WEAP MODEL

Natural resources are under significant pressures, such as increasing population, consumption
patterns, land use changes and global warming.

Neglecting the pressures and the interactions of resources increases the competition between the
urban, agricultural and industrial sectors. In addition, water stress affects ecosystem function,
economic development and social equity. The Water-Energy-Food-Ecosystem (WEFE) Nexus
promotes a holistic systems approach that integrates all sectors equally and accelerates sustainable,
equitable and resilient socio-economic development for all. The success of long-term nexus
policies can be enhanced by implementing sustainable management practices. One of them, the
Circular Water Economy, aims to minimize the gap between supply and demand across the sectors
by promoting the achievement of future sustainability goals.

The Porsuk Watershed (Turkiye) is a semi-arid region covering an area of 10,825 km2 and is
highly dominated by urban, agricultural, and industrial sectors. Porsuk Stream is the most
important tributary of the Sakarya River, with a length of 448 km. In addition to surface water,
groundwater plays a significant role in meeting the demands of different sectors. The aim of this
study is to assess sustainable water resources management strategies to enhance resilience and
reliability at demand sites by comparing the performance of Circular Water Economy models such
as Reduce, Reuse, Recycle and Replenish. Thus, understanding the complex synergistic and trade-
off relationships in resource management within the watershed will contribute to stakeholders in
the decision-making process. A hydrological model of the Porsuk stream is created using Water
Evaluation and Planning System (WEAP) software between 2004-2022.

The most preferred water allocation alternatives are selected according to environmental and
economic indicators using Multi-Criteria Decision Making (MCDM) methods. Scenarios are
performed at multiple demand sites in the hydrological model. Accordingly, the Reduce scenario
helps to mitigate water deficit and affect sector allocations in the watershed.

With the Reuse, Recycle and Replenish combination scenarios, demand site reliability and
resilience increases. In addition, circular water economy practices help to meet more
environmental flow requirements and mitigate pressure on the aquifer.
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SU-GIDA-ENERJI-EKOSISTEM BAGI YAKLASIMIYLA DONGUSEL SU
EKONOMIiSi MODELLERININ HIDROLOJiK WEAP MODELI iLE KAPSAMLI BiR
DEGERLENDIRMESI

Dogal kaynaklar artan niifus, tilketim aligkanliklari, arazi kullanimindaki degisiklikler ve kiiresel
1sinma gibi dnemli baskilar altindadir. Baskilarin ve kaynaklarin etkilesimlerinin géz ard1 edilmesi
kent, tarim ve sanayi sektorleri arasindaki rekabeti artirmaktadar.

Ayrica, su stresi ekosistem islevini, ekonomik kalkinmay1 ve sosyal esitligi etkilemektedir. Su-
Enerji-Gida-Ekosistem (SEGE) Bagi, tiim sektorleri esit sekilde entegre eden ve herkes igin
stirdiiriilebilir, adil ve diren¢li sosyoekonomik kalkinmayi1 hizlandiran biitlinsel bir sistem
yaklasimini tesvik etmektedir. Uzun vadeli SEGE bagi politikalarinin basarisi stirdiiriilebilir
yonetim uygulamalarinin hayata gegirilmesi ile artirilabilir. Bunlardan biri olan Ddngiisel Su
Ekonomisi, gelecekteki siirdiiriilebilirlik hedeflerine ulagilmasini tesvik ederek sektorler arasinda
arz ve talep arasindaki a¢ig1 en aza indirmeyi amaglamaktadir.

Porsuk Havzasi, 10.825 km2'lik bir alan1 kapsayan yar1 kurak bir bolge olup kentsel, tarimsal ve
endiistriyel sektorlerin baskist altindadir.

Porsuk Cay1, 448 km uzunlugu ile Sakarya Nehrinin en 6nemli koludur.

Yiizey suyunun yani sira yeralti suyu da farkli sektorlerin su taleplerinin karsilanmasinda 6nemli
bir rol oynamaktadir. Bu ¢aligmanin amaci, Azaltim (Reduce), Yeniden Kullanim (Reuse), Geri
Dontisim (Recycle) ve Yuzey suyunu geri besleme (Replenish) gibi Dongisel Su Ekonomisi
modellerinin performanslarini karsilastirarak su talep noktalarindaki dayanikliligi ve giivenilirligi
artirmaya yonelik stirdiiriilebilir su kaynaklar1 yonetimi stratejilerini degerlendirmektir.

Boylece, havza igindeki kaynak yoOnetimindeki karmasik sinerji ve degis-tokus iliskilerinin
anlasilmasi, karar verme siirecinde paydaslara katki saglayacaktir. Su Kaynaklar1 Degerlendirme
ve Planlama (WEAP) sistemi kullanilarak Porsuk Cay1'nin 2004-2022 yillar1 arasindaki hidrolojik
modeli olusturulmustur. Cok Kriterli Karar Verme (CKKYV) yontemleri kullanilarak ¢evresel ve
ekonomik gostergelere gore en ¢ok tercih edilen su tahsis alternatifleri secilmistir. Senaryolar
hidrolojik modelde ¢oklu talep bolgelerinde uygulanmistir. Buna gore, Azaltim senaryosu su
ac1gin1 azaltmaya yardimci olmus ve havzadaki sektorler arasi su tahsislerini etkilemistir. Yeniden
Kullanim, Geri Donilisim ve Yiizey suyunu geri besleme kombinasyonlari ile su talep bolgesi
giivenilirligi ve dayanikliligr artirllmaktadir. Ayrica, dongiisel su ekonomisi uygulamalari ¢evresel
akis gereksinimlerinin daha c¢ok karsilanabilmesine ve akifer lizerindeki baskinin azaltilmasina
yardimci olur.
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