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RELATIONSHIP BETWEEN WATERSHED MANAGEMENT AND
SPATIAL PLANNING IN TERMS OF SUSTAINABLE DEVELOPMENT

SUMMARY

With the growing population and economic development, water basins and water
resources have faced environmental pollution, ecological deterioration, and other
issues. Thus, the subjects of water basin protection and planning have been much more
critical. Sustainable watershed management and planning approach has appeared to
address the problems related to the water basins and water resources. However,
sustainable water resources management and planning are not straightforward,
involving various social, economic, and ecological dimensions. "Integrated Water
Resource Management™ (IWRM), as an approach toward water sustainability, has
achieved several common goals in watershed management for world countries. Even
though there are some noticeable achievements of IWRM in real cases, the concept is
still unclear and complicated in terms of implementation. This research aims to define
a planning structure and model for evaluating the plans suggested for water resource
protection. The work emphasizes providing connectivity between water basin
management as a sector with the land use planning and socio-economic sectors.
Turkey has 25 water basins that suffer from problems posed by fertilizer usage in
agriculture, incorrect land uses, sedimentation, wrong water policies, industrial water
pollution, illegal settlement, and so on. Turkey has initiated fundamental changes and
modifications in the watershed management process and planning approach following
the international agreements on watershed protection. This research aims to provide
an evaluation model of the water basin plans based on sustainability principles. First,
it evaluates the Turkey water resource management and planning modifications based
on the sustainable development criteria. The evaluation of two related plans (including
the Environment Plan and Protection Plan) could show that the plans’ regulations have
addressed the water and environmental pollution, stream health, economic restrictions,
administrative cooperation, sustainable agriculture, organic farming, and the protected
zones. However, some other aspects of sustainability such as the land use assessment,
finance allocation, social rights, user participation, life pattern, and public attitudes
have been underestimated in the action plans proposed for water resource protection
in Turkey.

Following the goal, this study ranks the sustainability dimensions in terms of their
importance in water resource resilience. The Analytic Hierarchy Process (AHP) was
utilized for weighing the sustainability criteria in planning water basins and
watersheds. According to the AHP structure, a questionnaire was prepared in which
the management and planning elements of water basins are asked for pair-
comparison. Experts who have knowledge or experience on the subject through a
questionnaire evaluated the water resource planning factors and sub-factors. As water
resource management planning is a specific field of study, a limited number of experts
has been chosen for answering the questionnaire. The questionnaire form was sent to
the selected individuals, including 20 persons of academicians (university teachers)

XXV



and 17 persons of professionals who are working in one of the State Hydraulic Works
(DSI), Istanbul Water and Sewerage Administration (ISKI), or Ministry of Agriculture
and Forestry in Turkey. Experts could rate the comparison as equal, slightly strong,
strong, very strong, and extremely strong. Finally, the questionnaire data were
obtained from the experts' judgments on the importance of the planning factors in
sustainable water resource management. Considering different perspectives and
opinions that might emerge between academicians and professionals in water resource
planning, the various groups' achieved answers are evaluated separately.

The evaluations of the experts’ judgments show that there are critical differences
among two groups of the academics and professionals' choices, especially in ranking
sub-factors of the ecology and built-environment. The professionals considered
ecosystem functions, infrastructure planning, land-use impacts, and other natural
sources as less critical for sustainable water resource planning and management. In
general, the academicians having more holistic views based on their knowledge, have
considered global issues for the water basin planning. They know more about climate
change, ecosystem and biodiversity, and land uses effects than the professionals. The
professionals and executors attempting to solve the existing issues like water pollution
and institutional principles in the water bodies have been affected by the institutional
perspectives. However, in most areas, with small differences, the correlation is
understandable among two groups prioritization in evaluating the economy, society,
and land-use sub-factors. The research shows that the various experts' conflicting
views should be identified, understood, or harmonized to make decisions through the
water basin planning and management.

After analyzing the questionnaires, a focus group meeting was designed to discuss the
achieved results. In this online discussion, 12 professors from Urban and Regional
Planning, Landscape Architecture, Forestry Engineering, and Environmental
Engineering were invited. They have been chosen based on their educations and
researches on the country's water resources. The professors were asked to analyze the
reasons for emerging different viewpoints on prioritizing the factors among the
experts. The professors who participated in the meeting have also expressed some
solutions and recommendations regarding Turkey's water basin protection through
another questionnaire, following the meeting.

According to the experts' opinions, the wrong and inappropriate land uses, water and
environmental pollution, and insufficient water infrastructure has been recognized as
the main problems of the water basins in Turkey. The participants also put comments
on the leading causes of the mentioned issues. Considering their words the land use
planning and water resources management is not integrated, the management system
in existing water resources is inappropriate, and there is no institutional coordination
and national laws related to the water basins in Turkey. Finally, as a consequence, this
research provides practical suggestions and solutions to mitigate the issues and
improve Turkey's water resource resilience. Suggested strategies are about the water
amount increase, water demand management, environmental protection, ecological
problems, water resources improvement, stakeholder and community involvement,
economic problems, land use plan and water basin management integration,
implementation problems, and the basin social life.

This study shows that water basin planning and management as an interdisciplinary
process needs to be integrated with different disciplines and sectors. It provides a good
example of using the AHP for evaluating the sustainability indicators and discovering
the conflicting perspectives on the water basin management and planning. The results
proved that there might be critically different views on the importance of the
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sustainability dimensions among the experts. The evaluation model for the water basin
plans, proposed in this research has a flexible structure that considers the diverse
perspectives and the future changes in the basin situations.
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SURDURULEBILIR KALKINMADA SU HAVZASI YONETIMIi VE
MEKANSAL PLANLAMA ILISKIiSi

OZET

Insan yasammnin her alaninda 6rnegin dogal sistemlerin ve hayatin siirdiiriilmesinde,
tarimsal iiretimde, ekonomik ve sosyal kalkinmada suyun 6nemi inkar edilemez. Hizli
kentlesme ve artan niifusla birlikte, su kaynaklar1 tahrip olmakta ve diinyanin pek ¢ok
bélgesinde su kitligi yasanmaktadir. Bunun sonucu olarak su konusu, siirdiiriilebilir
kalkinmanin merkezine yerlestirilmektedir. Su kaynaklarinin korunmasi ve
stirdiiriilebilirligi i¢in, su dagitimindan, su kullanimina ve atik su desarjimna kadar,
battncul bir planlama yaklagimina ihtiya¢ duyulmaktadir.

Su kaynaklarinin dogasi geregi su yonetim planlari, mekansal ve kendine 6zgii
olmalidir. Bu planlarda mevcut ekolojik sorunlar ele alinmali, ekonomik kaynaklarin
stirdiiriilebilirligi saglanmali, sosyal gereksinimlere cevap verilmeli ve havzadaki
yerlesmenin  ozellikleri dikkate almmmalidir. Ote yandan su kaynaklariin
planlanmasinda dikkate alinmas1 gereken ortak faktdrler s6z konusudur. Bu arastirma,
su kaynaklarinin planlama ve yonetim siirecinde ekolojik, sosyo-ekonomik ve yapisal
cevre kapsaminda ortak faktorlerin degerlendirilmesine odaklanmaktadir.

Tiirkiye’de su havzalarinda, tarim alanlarinda giibre kullanimindan kaynaklanan
sorunlar, yanls arazi kullanimi, sedimantasyon, yanlis su politikalari, endiistriyel su
kirliligi, kagak su kullanimlar1 vb. sorunlar yasanmaktadir. Tiirkiye su havzalarinin
korumasina iligkin uluslararas1 anlagsmalar1 kabul ederken havza yonetimi ve planlama
stirecinde bir dizi degisiklik giindeme gelmistir.

Bu aragtirmanin temel amacit su havzalarinin korunmasi c¢ergevesinde, ilgili
parametrelerin olusturulmasi ve onceliklerinin belirlenmesi, Tiirkiye i¢in su havza
planlamas1 ve yoOnetiminde siirdiiriilebilirlik parametrelerine dayali, koruma
stratejilerin ve ilkelerinin belirlenmesi ve mekénsal planlama sirecine entegre
edilebilecek kapsamli bir modelin olusturulmasidar.

Stirdiiriilebilirlik cergevesinde igme suyu havzalarin planlamasi ve yonetimi igin
gelistirilen parametrelerin dnceliklendirmesinde akademisyenler ve uzmanlar arasinda
farkli bakis acilarin olusabilecegi gibi farkli disiplinlerden akademisyen ve
uzmanlarda da farkli bakis agilarinin varligi tezin hipotezini olusturulmustur.

[lk asamada siirdiiriilebilir kalkinma ilkelerine gore Tiirkiye'deki su kaynaklarina
iliskin planlama yaklasimi ve yOnetim siireci degerlendirilmistir. Bu amag
dogrultusunda segilen 5 igme su havzasi ile ilgili mevcut Cevre Diizeni Plan1 ve Havza
Koruma Plan stratejileri siirdiirtilebilirlik faktorlerine gore degerlendirilmistir. Her iki
planda ¢evre kirliligi ve akarsu saglig1 konusu, idari igbirligi, ekonomik kisitlamalar
ve koruma bolgelerindeki faaliyetlerin belirlenmesi ve siirdiiriilebilir tarim konulari,
planlarin stratejileri ve gereksinimleri ele alinmistir. Degerlendirme sonuglarina gore
planlarda siirdiiriilebilir arazi kullanimi 6ngoriileri, finansman tahsisi, sosyal haklar,
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kullanic1 ve akademisyenlerin katilimi ve yasam kalitesi gibi bazi konularin gozardi
edildigi saptanmustir.

Bu c¢alismanin ikinci asamasinda siirdiiriilebilirlik boyutlari, su havzalariin
korunmasi agisindan degerlendirilmistir. Literatiire bagli detayli bir incelemeye dayali
olarak olusturulan model ¢ercevesinde su kaynaklari ve su havzalarinin
planlanmasinda siirdiiriilebilirlik faktorlerini ve alt faktorleri agirliklandirmak igin
analitik hiyerarsi siireci kullanilmigtir. Siirecte faktorler konu hakkinda bilgi veya
deneyime sahip uzmanlar tarafindan anket yoluyla degerlendirilmistir.

Ugiincii asamada Analitical Hirachy Siireci yapisina gére hazirlanan ve su havzalarinin
planlama ve yonetimi ile ilgili karsilikli karsilastirmanin istendigi anket segilen
kisilere gonderilerek akademisyenler ve uzmanlar arasinda ortaya ¢ikabilecek farkli
bakis agilar1 ve goriisler de dikkate alinarak cevaplar ayr1 ayr1 degerlendirilmistir.
Cevrimigi olarak hazirlanan form 20 akademisyen ve Devlet Su Isleri (DSI), istanbul
Su Kanalizasyon (ISKI) ve TC Tarim ve Orman Bakanhgi'nda ¢alisan toplam 17
uzmana gonderilmistir. Karsilastirma diizeyi uzmanlarca esit, biraz giiglii, giiglii, gok
giicli ve son derece giiglii olarak degerlendirilmistir. AHP sirecinin sonunda
uzmanlardan siirdiiriilebilir su havzalar1 yonetiminde ele alinan planlama faktorlerinin
onem siralamasi talep edilmistir.

Akademisyenler ve uzmanlardan olusan iki grubun tercihleri, 0zellikle ekolojik
cevrenin degerlendirilmesi ve arazi kullannmmin agirhiklandirilmasinda  kritik
farkliliklar ortaya koymustur. Uzmanlar, ekosistem fonksiyonlari, altyap: planlamasi,
arazi kullanim etkileri ve diger dogal kaynaklar gibi faktorleri, siirdiiriilebilir su havza
planlamasi ve yonetimi i¢in daha az 6nemli olarak degerlendirirken, akademisyenler
su havzasi ile ilgili genel ve kiiresel konulara 6rnegin iklim degisikligini, ekosistemi,
biyolojik ¢esitliligi ve arazi kullanimlarinin etkisi gibi konulara daha fazla énem
vermektedirler. Su kirliligi ve kurumsal ilkeleri gibi mevcut sorunlarin ¢éziimlerini
diistinen uzmanlar ve uygulayicilar kurumsal perspektiften de etkilenmektedirler.
Genel olarak, akademisyen ve uzmanlarin tercihleri sosyal ve ekonomik faktorleri
onceliklendirmede benzer diisiincede iken, arazi kullanimi ve ekolojik faktorleri
degerlendirmede farkliliklar ortaya ¢ikmaktadir.

Dordiincii asamada anketlerden elde edilen analiz sonuglarini tartigmak i¢in Sehir ve
Bolge Planlama, Peyzaj Mimarligi, Orman Miihendisligi, Cevre Miihendisligi
bélimlerinden; su kaynaklart konusundaki aragtirmalari ile taninan 12 6gretim iyesi
ile ¢evrimici bir odak grup toplantis1 gergeklestirilmistir. Toplantida akademisyenler
ve uzmanlar arasinda Onceliklendirmeye iliskin sonuglar ve farkli bakis agilari
tartisilmis ve daha sonra toplantiya katilan akademisyenlere cevrimigi bir anket
yoneltilerek sorun ve sorunlara yonelik ¢c6zum 6nerileri talep edilmistir.

Toplant1 sonucunda akademisyenler ve uzmanlar arasinda ortaya ¢ikan sonuglarda
farkliliklar1 en aza indirmek ve ortak akil gelistirmek iizere Oneriler gelistirilmistir;
Bunlar;

* Su havzalan ile ilgili projelerde iki grup akademisyen ve uzman arasinda isbirligi
konusunun yasa ve yoOnetmeliklerde yer almasi ve su kaynaklari ile ilgili yapilan
projelerde, su tiiketicileri, yoneticileri ve uzmanlar dahil paydas katiliminin diizenli
hale gelmesi ve su kaynaklarinin korunmasi ve planlanmastyla ilgili kararlarda yer
almalar1 saglanmalidir. Planlama siirecinin ilk asamasindan itibaren ilgili devlet
kurumlari, yerel kurumlar ve diger kamu kuruluslarin aralarindaki isbirligi
tanimlanmali ve olusturulmalidir.
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* Bu kapsamda cesitli karar verici gruplar, bilgi sahipleri ve kamu kullanicilart bir
araya getirilerek toplantilar, tanitim programlar1 ve egitim atOlyelerin organize
edilmesine ihtiya¢ duyulmaktadir. Bu programlar, kapsam belirleme ve
onceliklendirme, sorunlarin agikliga kavusturulmasi, yoOnetim stratejilerinin
belirlenmesi, ¢ozim Onerileri, kaynak tahsisi vb. konulari ele alarak, su kaynaklarin
planlamasinin  her asamasinda degerlendirilmelidir. Toplantilarinin  sonunda,
katilmeilarin ~ goriisleri  ortaklastirilarak ~ kapsamli  ¢éziimlerin ~ Onerilmesi
saglanacaktir.

» Akademisyenlerin ve uygulayicilarin katilim programlarinda ve projelerinde ortak
bir dile sahip olmalar1 6nemlidir. Akademisyenler, toplantilarda pratik stratejiler
sunmasi profesyonellerin daha basarili sonuglara yol agacak ve iliskiyi gli¢lendirecek
yaklasimlar1 basit bir dil ve teknikle anlamasini saglayacaktir.

* Tirkiye'de su havzalarinin yonetim sisteminin ve planlamanin farkli kapsam,
yaklasim ve siireclere yol acan karmagsik bir yapiya sahip olmalari nedeni ile su
havzalariyla ilgili bakanliklar, kurumlar ve diger ilgili sektorlerin politikalar,
diizenlemeler ve yaklasimlar agisindan bir koordinasyonun olusturmasina ihtiyag
duyulmaktadir.

Tiirkiye'deki su havzalarinin temel sorunlar1 yanlis ve uygunsuz arazi kullanimi, su ve
cevre kirliligi ve yetersiz su altyapisi olarak rapor edilmis, sorunlarin ana nedenleri ise
arazi kullanim planlamas: ve su kaynaklar1 yonetiminin birbirine entegre olmamasi,
mevcut su kaynaklarindaki yOnetim sisteminin uygun olmamasi, kurumsal
koordinasyonun yetersizligi, Tirkiye'deki su kaynaklarina iliskin ulusal politika ve
kanunlarin yeterli ve destekleyici olmamasi olarak belirtilmistir.

Bu arastirma; su kaynaklarinin miktarin1 ve dayanikliligini artirmak, su talebini
yonetmek, havzalarin gevresini korunmak, ekolojik sorunlari gidermek, su
kaynaklarmi iyilestirilmek, su ve c¢evre kirliligini azaltmak, paydas ve toplum
katilimin1 saglamak, su havzalarindaki ekonomik ve biitge sorunlarini iyilestirmek,
arazi kullanimi ve su kaynaklari arasindaki iliskiyi giiclendirmek, yOnetim ve
uygulama sorunlarini ¢ézmek ve su havzalarinda sosyal yasamu iyilestirilmek igin
pratik  oneriler ve ¢Ozumler sunmakta, sdrddrdlebilirlik  gostergelerinin
degerlendirilmesinde havza yonetimi ve planlamasindaki zorluklarin belirlenmesi
siirecinde AHP metodunun kullanilmasia 6rnek olusturmaktadir.

Arastirma sonuglarina gore akademisyenler ve uzmanlar arasinda gostergelerin
ozellikle 6nem siralamasinda farkli bakis agilar1 olmasi bir bagka deyisle arastirmanin
hipotezinin test edilmis olmasi, siirecin farkli disiplinlerin ve sektorlerin katilimi ile
organize edilmesinin 6nemini ortaya koymaktadir. Burada belirtilmesi gereken bir
diger husus da igme suyu havzasi yonetimi ve korumasina iliskin karar vericilerin konu
alanlar1 ile ilgili olarak donanimli olmalar1 ve kapsamli bilgiye sahip olmalari
geregidir. Uzmanlar, arazi kullanim etkileri, ekosistem dongiileri, ekonomik ve sosyal
gereksinimler gibi konular hakkinda bilgili olmalidirlar. Farkli uzmanlik grubunda yer
alan kisilerin tartisma ortaminda ortak akil iiretebilmeleri ve degerlendirmede her
uzman grubunun goriligiiniin alimmas1 gereklidir.

Havza koruma ve planlamasi siirecinin karar asamasinda paydaslar, kullanicilar,
yoOneticiler, uzmanlar ve diger ilgili kuruluslarin goriisleri ve bakis agilar1 arasindaki
farkliliklar saptanmalidir. Karar verme siireci, yonetim programlamasi ve uygulama
sirasinda ortaya ¢ikabilecek kritik zorluklar ortak akilla asilabilir. Paydaslar arasinda
yapilan tartisma toplantilar1 gatisan goriisleri paralel hale getirmenin yollarindan
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biridir. Bununla birlikte, farkli bakis agilari, havza yonetim pkanini daha butlnsel hale
getirmenin glclu bir yonu olarak kabul edilebilir.

Arastirmanin bir diger sonucu onerilen degerlendirme modelinin, farkli bakis agilarini
dikkate alan esnek bir model olmasidir. Zamana bagh olarak insanlarin yasami ve
bilgileri degismekte, iklim degisikligi ve su havzalarin Ozellikleri ve sorunlar1 da
degismektedir. Bu anlamda onerilen degerlendirme modelinin esnek olmasi geregi
vardir.
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1. INTRODUCTION

Water resources are critical sources for water purification, water supply, flood, and
erosion control (Kennedy et al., 2012). However, with the population growth and
urbanization, water demand and water pollution increase, environmental pollution
(both point and nonpoint pollution), droughtiness, deforestation, and the effect of
climate change, the water basin protection subjects have been much more critical.
Human activities and intervention in the water cycle put many river basins under stress
and have changed the hydrological regime of river basins. There are various cases
worldwide that illustrate the costs of environmental degradation at the basin scale. The
extent of these problems has often lead to a significant rethinking of basin planning

processes.

Water resources have become one of the main elements in sustainable development
(United Nations, 2014). In moving towards sustainable river basin management, an
integrated approach in institutional processes named Integrated Water Basin
Management (initiated from 1980) suggests an integrated planning approach.
Sustainable watershed management is a multidimensional process that needs the
involvement of various disciplines and sectors. It considers a specific position for
water sustainability in the plan's national, regional, development, and spatial strategies.
It should is integrated with the urban planning process and other related processes as
well. However, urban and regional planning in water basin protection seems to be
underestimated, and water basin planning takes an approach that is not integrated into

the urban planning process.

There is a noticeable gap between the water situation and land use patterns, and
urbanization. Cities are the primary problem holders of water scarcity because of rapid
development, population growth (cities are home to half of the world population),
water pollution, increasing water use, and aging water infrastructure in water basins.
Land use plans should be prepared following water resource protection strategies, and
urban planners must protect the catchment areas and reservoirs of potable water. Water

issues often remain disconnected from urban planning processes. Urban developers



and designers are not related to the water resource management and water demand-
supply system. This research aims to research how various disciplines can contribute
to water basin management to protect them, reduce water pollution, reduce water use
effects, and improve ecosystems and environmental values. This research also aims to
introduce a holistic approach regarding water resource sustainability structure the

sustainability principles in water basin planning and management.

Turkey is under the pressure of water shortage and the risk of ecological degradations
in the water resources. Since the second half of the twentieth century, the water uses
for the growing population, agricultural activities, energy purposes, and industrial
development have increased in Turkey, which has posed water basin deterioration.
Furthermore, Turkey has an average rainfall of 643 mm per year and located in a semi-
arid area of the globe, has a significant variation between regions in terms of
precipitation (3000 mm per year in some territories, however, 250 mm per year in

some other areas), (Yilmaz, 2014).

Over the last decade, Turkey, following the European Union membership has been
committed to function according to international agreements like Water Framework
Directive (2000). It led to several modifications and changes in Turkey's planning and
management approach to preserving drinking water resources. It seems necessary to
provide a valuation model for the water resource plans that can contribute to providing

a sustainable management and planning approach.

This research evaluates the planning and management process of the watersheds and
water basins in Turkey based on the sustainability structure defined for water

resources.



1.1 Purpose of Thesis

The main goals and sub-goals of the thesis are:

The thesis's first goal is to establish relevant parameters and determine priorities

within the water resource protection framework. Following this goal:

o

The main factors and subfactors related to water resource resilience are

recognized and explained.

In the prioritization of the parameters, various academics and professionals'
viewpoints are categorized and compared to understand the different and

similar perspectives.

A numerical weight is considered for each determining factor by using method

AHP that allows for a more clear categorization.

Second goal of the thesis is to create a comprehensive model for watershed

planning and management that can be integrated into the urban planning process.

To do so:

(@]

The achievements and challenges of integrated water resources management
as a holistic approach are analyzed in the framework of Sustainable

Development.

Various dimensions, primarily social and physical dimensions of a water basin
planning and management, are determined, and the planning strategies and

technique are recognized for improving the water resource situations

The relationship between water resource management and plan with the other

national, regional, spatial, and local plans are studied.

The third goal is to achieve the protection strategies and policies in Turkey's water

resources planning based on specified parameters through the following sub-goals.

o

The current water resource management systems and planning approaches are

analyzed in Turkey.

The strategies and policies defined in the main plans of some water resources
in Turkey are evaluated based on the determinant sustainability structure to

understand the missed aspects.



o The advantages and disadvantages of the water management systems in Turkey
are discussed through discussion meetings with the academics to achieve the

possible solutions and mitigate the current problems are recommended.



1.2 Research Background

The importance of water in all aspects of human life, agricultural production, economic
and social development is undeniable. Furthermore, water is necessary for natural
systems, wildlife, and environmental resistance. However, with growing cities and
populations, water resources have become frustrated, and water scarcity has started
happening in most countries. Today, one-third of the people of the globe live in areas
with water scarcity (Hoekstra et al., 2012), and most of the water basins are suffering
from the mismanaged governmental institution and inadequate knowledge about the

fundamentals of the riverine ecosystems and their dynamics (Mencio et al., 2010).

Water has been placed in the center of sustainable development laid in 1987
Brundtland Report. Many Millennium Development Goals at the Millennium Summit
(September 2000) as the most significant meeting of world leaders in history were
directly or indirectly connected to water issues. A holistic approach is needed for water
sustainability considering water issues from the water resources and water distribution
to the water uses and wastewater discharge. Water sustainability deals with water
issues at a small scale (water uses and water supply in urban areas) and cases of water
resources at larger scales like water basins and watersheds. Sustainable development
in urban areas requires easily accessible, equitable, and reliable water. However, on a
larger scale, the water resources are associated with various aspects of social,
ecological, economic, etc. Thus, water resources planning and management have
emerged as a critical challenge in spatially developing countries. In this way, it felt to
need a holistic and optimal solution involving socio-economic and environmental

dimensions in the management approach.

Sustainable Water Resource Management (SWRM) has become one of the most
significant Sustainable Development Goals (UN, 2014). “Integrated Water Resource
Management” as a sustainable approach to water management has been introduced to
the world since the late 19th century. Following the Global Water Partnership (GWP)
report and the Japan Water Forum presented in the fourth world conference on water
in 2006, many countries have planned to obtain IWRM as a global index. In 2006, the
UN secretary asked all states to provide a progress report on the development of
IWRM in 2008.



Previous approaches towards Sustainable Water Resource Management (SWRM)
have highlighted creating various indicators, including multi-dimensional economic,
social, and environmental aspects (Singh et al., 2009). The SWRM is not an easy task.
It deals with the water supply system, water distribution, water consumption,
discharges, different actions of upstream and downstream, surface and underground
water, and so on (Kharrazi et al., 2016). Furthermore, as a multi-dimensional process,
it is interconnected with socio-economic, ecological, and governance and built
environment, which has been caused it too much more complicated. This research,
trying to provide a clear framework for sustainable planning of watershed
management, identifies and the primary factors and sub-factors of sustainability in the
watershed management and planning process. Finally, with the use of the Analytical

Hierarchy Process (AHP) method, the determinant criteria are prioritized.

Analytical Hierarchy Process (AHP) can provide a more holistic understanding of
watershed systems. AHP has been found as one of the most appropriate tools for
decision-making scenarios, such as prioritizing the relative values of a set of
alternatives, choosing one factor from a group of factors, resource and water
allocation, and so on. AHP method has been used in land suitability, urban land-use
planning, and urban growth studies. Therefore, AHP can lead to a sustainable decision
in watershed planning and management by providing a framework for choosing a
preferred alternative among a set of potential solutions to a problem (Yavuz and
Baycan, 2013).

In Turkey, over the last decades, the water uses for the various needs of the population
have increased, which has caused ecological water degradation. Turkey has initiated
significant steps toward the protection and management of the water basins. This study
can help Turkey evaluate the planning and management process changes conducted
over the last years. Therefore, the research background includes reviews of two groups
of studies: researches performed on water resources, their protection, management,
and planning in Turkey, and the AHP method and its application in various related

researches.

1.2.1 Researches on water resources in Turkey

Various studies, research projects, and educational thesis have been conducted on

Turkey's water basins over the past ten years.



There are some known studies on landscape characterization, including
cultural values of water resources in Turkey. In research by Uzun et al. (2011),
functions of different landscapes are determined considering habitat and
biodiversity for the Lake Sugla located in the south of Central Anatolia as a
case study. They analyzed the patch's classes in the forest matrix in the Sugla
basin based on four criteria (size, form, the edge of the patch, and core areas).
The study shows that human interventions and agricultural actions are
enormous on Lake Sugla that caused fragmentation. Another landscape
evaluation has been performed again on Sugla lake to evaluate bio-cultural
diversity for ecotourism opportunities. Parameters of ecotourism development
opportunities were assessed through the SWOT (Strengths, Weaknesses,
Opportunities, and Threats) analysis by Ac¢iksoz et al., (2016). It proved that
the area covers rich cultural and natural landscape values for ecotourism
development. The main actions focus on infrastructure development,
increasing awareness of landscape heritage, enhancing forest rehabilitation,
and monitoring water quality at Sugla Lake (A¢iksoz et al., 2016). The third
landscape project is on providing Landscape Atlas for Yesilirmak water basin
by Uzun (2016). Turkey is membered in the Landscape Atlas of the European
Landscape Convention since 2014. The Landscape Atlas acts as a tool for
contributing to sustainable management by considering the balance of
protection and use of landscapes. It aims to integrate landscape planning
approaches into different sectors (e.g., urbanization, conservation, forestry,
agriculture, industry, energy, etc.) by providing decision-makers with
information about the diverse landscapes.

In Turkey, the water resources protection has started by basin protection action
plan for the Meri¢-Ergene water basin as the primary source of Turkey's
agricultural production in 2009. Uncontrolled industrialization and
urbanization of Ergene Basin and other issues have reduced its water quality.
A multi-dimensional Basin Protection Action Plan was prepared to raise the
water quality of the Ergene Basin. The monitoring stations have shown that
water discharge increased over the last years due to industrialization using the
groundwater. This plan suggested some actions, like cleaning the stream beds,
wastewater treatment plant, identifying the main water-polluting, and re-

arranging discharge standards. Later, water resources protection based on the



ecosystem functions has been addressed in a project by Tezer et al. (2015) for
the Melen Basin in Diizce province. In this research, the ecosystem services of
Melen Basin were evaluated by integrating the maps showing both lands uses
and the ecosystem service potential. In another study, Omerli Water Basin's
ecosystem-based planning was suggested (Tezer et al., 2016). It evaluates
factors that have caused changes in the ecosystem services and land use in the
basin. Through the spatial analyses and integrated evaluation of the Omerli
water basin's ecologic and socio-economic qualities, some main opportunities
were attained to solve the actual problems. The research has recognized the
areas with absolute conservation of ecosystem services functions, the areas
with the rehabilitation of ecosystem service, and the areas under the measure,
control, and protection (Tezer et al., 2016).

Two examples of research on water resource planning in Turkey can be
described here. One is research by Baycan and Yavuz (2016), which aims to
prioritize the planning strategies on Beysehir Water Basin facing the
environmental problems and socio-economic problems. Through this research,
457 households in 44 regions were participated to determine protection
strategies by the SWOT method. The strategies were provided for water use
regulation in rural areas, water quality improvement, stakeholder engagement,
environment-oriented tourism development, and the agricultural development
in the Beysehir Water Basin, as the largest drinking water reservoir in turkey
(Baycan and Yavuz, 2016). The second research relates to water resource
planning is sustainable planning for Gediz River Basin on the Menemen Plain
in 1zmir between 2013-2016. The Menemen Plain is an essential agricultural
basin that feeds the population of Izmir and has a significant vulnerability to
groundwater resources. The wells are at risk due to the density of farming
activities. According to the Groundwater Directive (2012), no structures, solid
and liquid waste discharges are permitted in distances of less than 50 meters to
drinking water wells.

In 2017, multi-dimensional research was also carried out by Demirel and
Velibeyoglu, which confirms the relations between water, energy, and food for
local development and sustainability. The results suggest climate-sensitive
agriculture, multi-layered solutions from strategic planning to urban design

solutions, risk and conflict analyses, a multi-scale approach to climate



adaptation, and the integration of blue-green networks at different ecological
scales (Demirel and Velibeyoglu, 2017).

1.2.2. AHP application in urban planning and water management

Water management as a multi-objective issue usually needs Multi-Criteria Decision
Making as an appropriate decision support tool. Applying the Multi-Criteria Decision
Making in watershed management is growing, particularly in water supply planning,
water policy, and infrastructure evaluation (Hajkowicz and Collins, 2007). The
simplicity of the Analytical Hierarchy Process (AHP) has resulted in its widespread
application in multiple decision-making scenarios, such as prioritizing the relative
values of a set of alternatives, choosing one factor from a group of factors, resource
and water allocation, and so on. AHP method has been used in land suitability, urban
land-use planning, and urban growth studies. Watershed planning and management
decisions contain multiple targets that cause conflicts among interest groups and
stakeholders. Considering various stakeholder values and alternatives for future
impacts, AHP provides a more holistic understanding of watershed systems. AHP
leads to a sustainable decision in watershed planning and management by providing a
framework for choosing a preferred alternative among a set of potential solutions to a
problem (Yavuz and Baycan, 2013). Here some examples of research using AHP are
explained.

e Weighing driving factors in Urban Growth Kathmandu valley, Nepal (2010):
The AHP method was used to weight the main drivers of urban growth in
Kathmandu valley/ Nepal (Thapa and Murayama, 2010). Seven main criteria
are regarded in growing the site, according to the urban and regional experts,
researchers and residents, and academics (Figure 1.1). So, through a set of
questionnaires, the respondents stated the relative importance of each driver
considering the others. Based on the results, population growth, economic
opportunities, and political situation are the highest-ranking drivers affecting

change in the core, fringe, and rural areas, respectively.
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Figure 1.1: Criteria and sub-criteria of Urban growth (Thapa and Murayama, 2010).

Drivers of rural development in Chile (2007): In this research, the AHP method was
used to determine and prioritize the activities supporting rural development in Chile
(Oddershede et al., 2007). Firstly, the primary activities impacting the region's
progress were identified by experts, local decision-makers, and government
representatives. With the AHP, the values of the selected attributes related to each
function were obtained by the experts' preferences based on their expertise and
knowledge (Figure 1.2). In the region, the activities encouraging urban growth were
the harbor activities, industrial, agricultural, fishing, tourism, and commercial
activities. The tourism sector is recognized as more important for the community's
development rather than the other sectors. Therefore, the activities related to tourism
should be the primary concern. Regarding the environmental issues, the leading
actions are to create social awareness and encourage non-polluting industries by

providing incentives (Oddershede et al., 2007).
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Figure 1.2 : The Hirarchy Stucture of AHP in the research (Oddershede et al., 2007).

AHP application in urban sustainability indicators' prioritization (2013): AHP
was also used to eliminate the derivers which are less effective in urban
sustainability through research by Michael et al. (2013). A list of urban
sustainability indicators was provided from the sources and compared to each
other to obtain their priorities. According to the result, the indicators related to
environmental dimensions are more important, followed by the economic,
social, and institutional dimensions (Michael et al., 2013).

AHP approach for assessing urban renewal proposals (2008): It used the AHP
method for finding the best design proposal. Three main factors (economic,
environmental, and social sustainability) consisting of various design sub-
criteria are prioritized regarding their relative importance. Therefore, a series
of pairwise comparisons were performed by the experts. According to the
answer, the weight of the green design factor is the highest because it enhances
environmental and economic sustainability. Green design with proper building
orientation and facade design can mitigate natural resource consumption
(Figure 1.3), (Lee and Chan, 2008).

11




[ Sustainable Urban Renewal Proposal ]
1
1 1 1

[Econnmic Suslainahilily} [ Environmental Sustainability ] [ Social Sustainability J

_[ Access to public facilities J | | Access to work J -[ Provisions for disabled,

elderly/ children

- Green construction

{ Green design J l—  Sensc of community

_‘ Provisions for establishment

of different businesses distinctiveness

- Building form -

employment

e Provision of open spaces | feu| Access to open spaces

Green design ] | Conservation of local ]

- Availability of local
Community involvement

Compatibility with }

neighborhood

Convenience, efficiency &
safety of pedestrian & public
transport users changing needs

-
— Rehabilitation of L Adaptability of
repairable properties development to the

Figure 1.3 : The main criteria ad sub criteria recognized for Urban Renenovation

(Lee and Chan, 2008).

Pedestrians' mental satisfaction's relationship with physical characteristics on
sidewalks using AHP (2015): AHP method was also applied in urban social
studies such as research for pedestrians' satisfaction in Tehran/Iran. First, the
potential physical and mental characteristics of sidewalks that affect
pedestrians' satisfaction were determined to research. AHP was used to rank
four selected sidewalks in Tehran to achieve each sidewalk's overall rank
(Figure 1.4), (Shafabakhsh et al., 2015).

’ Superior Sidewalk ’

T e

Mental Characteristics Physical Characteristics

//l\\ ////I\\\\

Accessibility | Continuity

Beauty | Inviting | Security Comfort || Attraction Tree \Vid(h[l)pc Building | Lighting | Facility || Pavement

Sidewalk No. 1 ’ Sidewalk No. 2 ‘ Sidewalk No. 3 Sidewalks No. 4 ‘

Figure 1.4 : The AHP structure presenting the related sub-criteria of the physical and

mental characteristics (Shafabakhsh et al, 2015).

Public choice of urban water service management (2013): In research by Ruiz-
Villaverde et al. (2013), the AHP was used for a decision on urban water
service management in Granada (in southern Spain). The method was used to
select the responsible manager of the water service by the public (Figure 1.5).

The water services can be managed by one of the local entities: a public
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company, a private company, or a mixed company. The preferred alternative

is a mixed public-private company.

( G: Management Choice ]

e N

 Jo ’ ) . ) ) C4:Improvements
RAcEY, P development

A1: Local Entity A2:Public A3: Private A4: Mixed
: company company company

Figure 1.5 : Hierarchy for the case study of Granada (Villaverde et al., 2013).

Stakeholder participation in integrated water resources management with the
use of AHP (2017): To apply Integrated Water Resource Management in the
Pranburi watershed in Thailand, the AHP model was used for selecting the
suitable alternatives for water resource management (Thungngern et al., 2017).
Sub-criteria of the awareness campaign for ongoing sustainable water
management and stakeholders' participation within the Pranburi watershed has
been recognized as the most important factors. The selected alternatives for
water resource management were the strategies for watershed planning and
training in water resource management and techniques.

Use of AHP in watershed management in Beysehir Lake (2013): In Turkey, a
combination of SWOT-AHP was used in Yavuza and Baycan (2013) research
to analyze the inhabitant's perceptions towards successful management of
Beysehir Lake that suffers from various environmental and socio-economic
problems. The problem hierarchy was structured in four levels to develop the
best strategy for the basin's socio-economic and ecological sustainability.
Yavuza and Baycan (2013) showed that improving water usage in rural areas
and agriculture is the optimal approach to solving the inhabitants’ basin
problems. The decrease in the lake water quantity was accepted as the basin's
primary problem by the inhabitants, and rural tourism was the lowest-rated

strategy.
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1.3 Hypothesis

Various sustainability factors, covering ecology, society, economy, and land uses, are
included in the water resource management and planning. Involvement of different
issues in the process has made water resource planning a complicated task that requires
a holistic and comprehensive approach. This research's primary goal is to determine
an evaluation model of water resource plans based on sustainability indicators. It
attempts to discover the inter-relationship among water resources sustainability
variables according to the experts' opinions.
The involvement and participation of diverse groups of stakeholders and water users
is a particular item in decision-making for plans and management strategies.
Sometimes, there is a vast discrepancy in viewpoints between stakeholders and public
users, academics and professionals, local managers and regional planners, or even
among researchers of different fields of land-use planners, landscape architects,
economists, environmentalists, and watershed managers.
Therefore, before deciding on an evaluation model for sustainability criteria in the
water resource plans, it seems essential to discover the conflicting views that might
happen among the experts. According to the explanations:
¥~ A brilliant framework should be achieved that covers sustainability parameters
of water resource planning and management.
¥~ Opinions and judgments of various experts and stakeholders should be taken
in the water resources planning and management process.
In this way, the central question of the thesis can be:
Whether it is possible to define an evaluation model for the water resource plans?
o Academics (knowledge holders)and professionals (who have experience in
water resource planning and management) have various perspectives and
evaluations.
o The academics are influenced by their various educational knowledge!!
o The professionals working at different institutions may be influenced by the

institution's regulations, scopes, and operational targets!!
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2. WATER SUSTAINABILITY

2.1 Water Scarcity

The total amount of water in the world is 1.4 million km3, and 97.5% of this water is
salty water in the oceans. Only 0.5% remained, in which 2.5% is available as
freshwater. More than 90% of fresh water is in poles and underground, and the rest is

used in various sectors (70% in agriculture, 19% in industry, and 11% in domestic).

At the world level, there is enough freshwater to meet the global water demand.
However, the temporal and spatial differences of water demand and water availability
have resulted in water scarcity in several global locations. Nearly 1.7 *109 individuals
live in places where groundwater is being overexcited, and around 4.0 billion persons
are under extreme water scarcity, at least over some part of the year. Half a billion
people experience severe water scarcity at all time of the year, in which 180 million
live in India, 73 million in Pakistan, 27 million in Egypt, 20 million in Mexico, 20
million in Saudi Arabia, and 18 million in Yemen (Mekonnen and Hoekstra, 2016).
The annual variations of water consumption and blue water availability (fresh surface

water and groundwater) have led to colossal water scarcity (Hoekstra et al., 2012).

Over the last few decades, water reduction has threatened sustainable development due
to a regularly increasing freshwater demand (Mekonnen and Hoekstra, 2016). The
primary driving factors for the increasing global water demand are enhancing living
standards, changing life patterns, increasing global population, and the spread of
irrigated agriculture (Ercin and Hoekstra, 2014). Also, climate change will exacerbate

the degree of water scarcity in the following decades (Vorosmarty et al., 2000).

According to the United Nations estimation, 2 billion people will face absolute water
scarcity, and that two-thirds of the global population will be suffered from water
shortage in 2025 (UN). The World Economic Forum (2014) rated the ten most serious
concerns of the world, of which four of them are directly or indirectly related to the

water issue. They are about the food crisis (rank 8), extreme weather phenomena (rank
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6), climate change (rank 5), and the water crises (rank 3), (United Kingdom

Department of Economic and Social Affairs, 2014).

Furthermore, large water consumption has reduced river flows (mainly over the dry
seasons) and decreases basin water and groundwater levels. Water overconsumption
affects human life during droughts periods, leads to harvests shortage, income loss for
farmers, and pressure on whole societies (Hoekstra et al., 2012). According to the
Mekonnen & Hoekstra study (2016), 71% of the world population (around 4.3 billion
people, two-thirds of the world population) live in conditions of moderate to severe
water scarcity at least one month of the year. Approximately 66% (4.0 billion) people
are under severe water scarcity at least one month of the year. Furthermore, some
businesses that depend on water in their operations or supply chains also experience
water scarcity risks (World Economic Forum, 2015). Other effects are biodiversity
losses, land subsidence, low water navigation, soil salinization, and groundwater
pollution (SOLAW, 2011).

Sever water shortage emerges in places with either dense population (like Greater
London) or the sites with irrigated agriculture (like High Plains in the United States),
or both (India, eastern China, Nile delta). High water shortage levels may occur in
regions without huge populations density or extreme irrigated agriculture but in areas
with less natural water availability, such as in the glob’s arid districts (for example,
Sahara, Taklamakan, Gobi, and Central Australia Deserts) (Figure 2.1), (Mekonnen
and Hoekstra, 2016).
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Figure 2.1 : Annual average of monthly blue water scarcity in the world
between1996—2005 (Mekonnen and Hoekstra, 2016).
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Year-round, less freshwater scarcity is occurred in the forested regions of South
America (the Amazon basin), Central Africa (the Congo basin), Malaysia-Indonesia
(Sumatra, Borneo, New Guinea), and in the northern forested areas of North America,
Europe, and Asia. Other regions with less water scarcity can be in South China, the
Eastern half of the United States, and vast European areas. There are many areas at
higher latitudes, in Southern Europe, the Western area of the United States, Central
Asia, Turkey, and North China, that experience moderate to severe water scarcity in
the spring and summer. Sites with mild to severe water scarcity over more than half of
the year contain parts of Argentina and northern Chile, North Africa and Somalia,
north of Mexico and regions of the western United States, Southern Africa, Pakistan,
Australia, and the Middle East. Groundwater shortage is found in many China, the
United States, India, Pakistan, Mexico, Iran, and Saudi Arabia (Figure 2.2),
(Mekonnen and Hoekstra, 2016).
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Figure 2.2 : The number of months per year in which blue water scarcity exceeds 1.0
between 1996-2005 (Mekonnen & Hoekstra, 2016).

Today, one-third of the global population lives in areas with water scarcity. According
to the statistics, by 2025, this degree will exacerbate to over two-thirds of the world
population. Therefore, enhancing the planning and management of water resources is
a substantial challenge that impacts users, businesses, and policymakers (WBCSD,
2006). The scientific society has studied to develop techniques and tools to evaluate
the consequences of water consumption and promote appropriate water management
strategies and policies (Manzardoa et al., 2016).
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2.1.1 Global water use

Water Use is the volume and amount of water consumed by several people, a country,
or used in industry, agriculture for crop production, or any other particular goal. Global
water use has been increased speedily in the last decades. A lot of water is consumed
and polluted through human functions and activities. At a world scale, most of the
water is consumed for agricultural activities. However, there is also a plentiful amount
of water used and contaminated in domestic and industrial sites. Water pollution is
associated with some human activities such as irrigation, washing, cleaning, bathing,

cooling, and processing.

There are different ways and measures of water consumption, such as total water use,
drinking water use, non-consumptive use, withdrawn water use from surface and
groundwater sources, water footprint, etc. Each of these measures and the degrees of
water use is suitable for particular intentions and purposes. Water Footprint is a known
measure of water use related to signal consumption of a person, a group of people, or
a production chain. Figure 2.3 shows the world countries’ water footprint in which
green countries are the nations with equal water footprint or smaller than the global
average. Regions in red color have a water footprint beyond the global water footprint
average. As Hoekstra and Chapagain's (2017) research shows, there are large
differences among countries: the USA average water footprint is 2480m3/cap/yr while

China has an average water footprint of 700m3/cap/yr (Figure 2.4).
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Figure 2.3 : Average national water footprint per capita (Mekonnen & Hoekstra,
2016).
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Figure 2.4 : Countries’ water footprint (per capita) considering water consumption

in different sectors (Hoekstra and Chapagain, 2017).

The most important drivers as to the large water footprints were recognized by

Hoekstra and Chapagain (2017), which are respectively:

Gross national income of a country that explains the reason for the large water
footprint of Switzerland, USA, and Italy,

Water-intensive consumption patterns can partially explain the giant water
footprints of Canada, Spain, France, the USA, Italy, Portugal, and Greece. High
use of industrial goods and meat causes a large water footprint. For instance,
the average meat use in the United States is 120 kg/yr, more than three times
the world average meat consumption.

Climate is another factor of different and high water footprints of the countries.
In areas with high evaporation, such as Mali, Senegal, Chad, Sudan, Syria, and
Nigeria, the water need per crop production unit is almost large.
Water-inefficient agricultural activities in Cambodia, Sudan, Thailand,
Turkmenistan, Nigeria, and Mali, Water productivity in terms of output per

drop of water is relatively low (Hoekstra and Chapagain, 2017).

Decreasing water footprints can be performed in different ways (Hoekstra and

Chapagain, 2017), which are:

To disconnect the current relationship between increased water consumption
and economic growth through utilizing production methods that need low
water per unit of production. For instance, water productivity can be grown in
agriculture through supplementary irrigation and rainwater harvesting

techniques.
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e To change and replace consumption patterns into the patterns requiring less
water and decreasing meat consumption. As there are subsidies in the water
sector, water cost is not usually reflected in the product price. Consumption
patterns are affected by awareness-raising, pricing, product labeling, or
incentive programs that make individuals motivated to replace their
consumption behavior.

e To move production from regions with low water to places with high water
productivity, thus raising global water use efficiency. Like what happened in
Jordan for externalizing its water footprint by importing wheat and rice
products from the USA (having higher water productivity). Currently, 16% of
global water use is not designated for domestic production but export
productions. Thus, studies on water policy should consider and analyze

interregional or international virtual water flows.

2.1.2 Urban water scarcity

Rapid population growth, urban expansion, and economic growth have posed
significant global water challenges in urban areas (Yang et al., 2016). Cities are facing
spreading vulnerability to water stress due to several reasons, including rapid
development, climate change, population growth, water pollution, increasing water use
(Kennedy et al., 2012), declining revenues, aging infrastructure, and a range of other
challenges (Whitler and Warner, 2014). In 2014, 54% of the global population (3.9
billion people) lived in cities. Two-thirds of the world population will be living by
2050 in urban areas. Besides, most of this population growth occurs in developing
countries with limited capacity to handle these challenges (WWAP, 2015). Main
water-related challenges in the cities are access to sanitation and water supply,
pollution and wastewater management, institutional capacity and water governance,
climate change, and water-related disasters (WWAP, 2015). Here some primary
reasons for water scarcity in the cities are explained.

o Population Growth of Cities: the world's population has increased to 7 billion
people, that more of them live in megacities than in rural regions. Today, 3.3
billion persons live in cities, according to the United Nations Population Fund,
this number is predicted to increase to 4.9 billion by 2030 (UNFPA, 2007).
This rapid population growth will be in Asia and Africa between 2000 and
2030. It is measured that 70 percent of the world population will be living in
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urban areas by 2050 (UN-Habitat, 2009). It means that the cities will absorb
the world population growth (Leeuwen and Sjerps, 2016).

Climate Change: it assumes that climate change will become drier, hotter with
more variable climate regimes, especially in locations of the world that are
already arid (Kennedy et al., 2012). Climate change will cause more extreme
and frequent weather, which will change the water quality, quantity, and
seasonal water availability in urban regions. There is a risk of climate-related
disasters in the coastal cities located close to water bodies (Bahri, 2012).
Urban Rapid Development (Urbanization): today, there are more than 400
cities, more than 1 million residents, and 23 megacities (mainly in Asia) in the
world (UN, 2012). Metropolitan regions with more than 10 million are
becoming large and standard (Cohen, 2004). There were only two megacities
in 1970 (Tokyo and New York), ten megacities in 1990, and 23 megacities in
2011. They will be 37 megacities by 2025 (Leeuwen and Sjerps, 2016). While
the expanded urbanization has resulted in greater socioeconomic chances and
enhanced social welfare, it is developing additional pressure on water resources
ecosystems (Savenije et al., 2014). Water resources are vital to preserve the
environment and public health and to support the economy and community
development (Whitler and Warner, 2014). Residential areas have increased
beyond the urbanization plans because of the population growth that
unfortunately caused illegal housing growth. Urbanization and community
development, either legal or illicit, consumes a large amount of green land,
forest, agricultural areas, which deteriorate the environmental and natural
cycles. Therefore, increased urbanization presents planners and policymakers
with many challenges and competition for water resources (Malano et al.,
2014).

Increasing Per Capita Water Use: overusing water resources is a global issue,
mainly in large cities (Hoekstra and Chapagain, 2007; Notovny, 2010). The
rate of water consumption rapidly increases in the cities as urbanization and
population growth expand. Global water consumption grew sixfold (more than
two times the population growth rate) between 1900 and 1995 (Bahri, 2012).
Furthermore, economic development and new technologies like washing
machines, showers, and dishwashers increase domestic water use and per-

capita water use.
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e Aging infrastructure: old water infrastructure, water pipes replacement, and
water equipment need over time have been issues in many cities. Many water
infrastructure has made problems due to surpassing their expected lifetime
(Whitler and Warner, 2014). Planners should work with water sectors and
institutions to analyze the water infrastructure upgrades required to ensure

enough drinking water supply (Whitler and Warner, 2014).

2.2 Sustainable Development and Water

The cities' fast growth has raised challenges as to megacities 'impact on the natural
resources and their future sustainability (Mitchell, 2006). According to the many kinds
of research, the cities are related to leading global issues such as climate change, water
scarcity, biodiversity degradation (Grimm et al., 2008; UNEP, 2012). In the late 20th
century, people discovered that the only way for sustainable economic progress is to
understand the relationship between environmental preservation, development of the
economy, and social inclusion. In this way, sustainable development as a concept has
emerged. The foundation of sustainable development was laid in 'Our Common
Future,' known as the Brundtland Report from the United Nations World Commission
on Environment and Development (WCED, 1987). It was defined as a "development
that answers the requirements of the present's requirements, the ability of future
generations to meet their own needs.” Sustainable development considers economic
growth and prioritizes environmental issues, improves the equitable distribution of
wealth, and empowers the community rather than marginalizing them (Chandniha et
al., 2014). The concept of sustainable cities is an international movement, including
making the towns healthier, greener, and sustainable places for their inhabitants. In
another definition, sustainability is enhancing the quality of human life while
maintaining the supporting ecosystems' carrying capacity (van Leeuwen et al., 2012).
Sustainable Development has resulted in holistic agreements on several fundamental
principles to shape practice and policies which are

« Integration of environmental protection and economic development;

e Making equity among rich and developing countries;

« Improving technical and scientific knowledge related to sustainability;

« Protecting citizens from ecological issues by governments;

o Making the polluter pay for restoring deterioration of the environment;
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o Carrying out the environmental impact assessment and negative ecological
consequences of projects before initiation;

e Considering the specific roles for young people, the needs of future
generations, women, indigenous people, and traditional practices and
knowledge as to environmental management.

Water is central to the sustainability concept (Gregory and Hall, 2011). Many
Millennium Development Goals at the Millennium Summit (September 2000) as the
most significant meeting of world leaders in history were directly or indirectly
connected to water issues. Sustainable development in urban areas requires easily
accessible, equitable, and reliable water. Supplying water demand to the fast-growing
urban populations in developing countries has generated a complicated problem. It is
exacerbated in cities where urban growth is unplanned, as it is difficult to project and
monitor water demand and consumption (Russo et al.,, 2014). Water system
sustainability deals with challenges related to infrastructure, sanitation, socio-
economic conditions, and water resources. Meeting water demand and water
infrastructure for the cities' growing population are among the main challenges in the
cities’ water sustainability (Kennedy et al., 2012). Most of the river basins suffer from
mismanaged governmental institutions and inadequate information on the riverine
ecosystem drivers and their dynamics (Mencio et al., 2010). Therefore, governmental
and technical management should be considered in their sustainable management
(Ludwig et al., 2014).

2.2.1 Sustainability

One of the most popular sustainability principles is the "triple bottom line approach,”
which comprises environmental, economic, and social sustainability dimensions.
These principles have been vastly utilized to create other sustainability frameworks in
different areas. In city development, two indicators of assets and governance are added
to those three disciplines (Figure 2.5). In general, the sustainability concept covers five
main groups, including the natural, economic, social, physical environments, and

governance, which is explained in the following text.
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Figure 2.5 : Dimensions of city sustainability (Brattebg et al., 2013).
2.2.1.1 Sustainability and natural environment

The current usage of the natural resources has to be organized to maintain the
necessary life-support cycles, thereby not compromising the use of coming generations
of the same resources ( Jgnch-Clausen and Fugl, 2001). Natural resources include land,
water, air, airspace, geology, ecosystem, minerals, energy, petroleum, gas, sand,
forests, wildlife, fish, and aquatic resources. Mismanagement of renewable resources
often makes them more ephemeral and limited than fixed geological resources.
Conservation of natural wealth like water, vegetation, animal, soil, etc., is at the center

of resilience. Three main aspects of environmental sustainability are:

Ecosystems, biodiversity, and ecological services

Environmental Sustainability also mean meeting human requirements without
compromising the ecosystem's cycle and health. An ecosystem includes animals,
plants, and microorganisms living in biological communities and interacting with each
other and their chemical and physical environment. The synergistic feedbacks exited
between organisms and their environment have sustained the functions of ecosystems.
Human development should consider the production effect on ecological cycles and
protect them in the current natural environment. Ecological systems play critical roles
in sustaining life support systems on Earth by flood controls and drinking water supply,
amelioration of climate, waste assimilation, generation of soils, recycling of nutrients,
pollination of crops, maintenance of species, and maintenance of the landscape
scenery, aesthetic values, and recreational sites. The services of ecosystems are

categorized into four groups:
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o The provisioning services that are the products achieved from ecosystems, such
as genetic resources, food, pharmaceuticals, natural medicines, freshwater, and
energy resources;

o The regulating services that are the benefits caught from the regulation of
ecosystem processes, like water purification, air quality regulation, climate
regulation, waste treatment, disease and erosion regulation, water regulation,
and natural hazard regulation;

o The supporting services such as nutrient cycling and dispersal, soil formation,
photosynthesis, and water cycling;

o The cultural services like the non-material benefits achieved from ecosystems
to the people through cognitive development, spiritual enrichment, recreation,
reflection, and aesthetic experiences (Novotny et al., 2010), (Figure 2.6).

Source: Metro Vancouver Regional Planning 2018

Figure 2.6 : Four categories of ecosystem services based on the Millennium
Ecosystem Assessment.

Biodiversity at various genetic, species, population, and ecosystem levels contributes
to keeping the ecosystem functions and services. The destruction of biological
diversity has been a challenge and caused a reduction of physical heterogeneity in
both marine and terrestrial species involving fora and fauna required for the stability

of the ecosystems.
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Natural sources (water, forest, and land)

Land and agricultural degradation is an issue defined not only with the reduced soil
quality but also the diminution of the whole ecosystem and the involved biodiversity,
ecological systems, ecosystem provisions like carbon sequestration, food prices, and
affecting all life forms. Water quality and water quantity are the main factors in the
resilience of natural systems. Water quality is related to the physical and chemical
attributes of water resources affected by anthropogenic and climatic changes in the
water basins (Diamantini et al., 2017). Human pollution through agricultural, urban,
and industrial activities have reduced the quality of water resources. The least stream
flows are needed to avert significant damage to water bodies and the surface water's
ecological process. Activities like water resource protection and hydrological system

conservation must maintain the watersheds' water quantity (Ouyang, 2012).

Climate robustness (rainfall, runoff-temperature-humidity)

Climate change mainly refers to weather change over time, primarily in forms of
variation in precipitation, wind, temperature as the primary focus. Climate change will
cause situations such as heavy precipitation, glaciers melting, unusually warmer
weather, polar warming, more extended droughts and dry seasons, coral-reef
bleaching, sea-level rise, distribution changes of plant and animal, natural disasters,
and increased environmental degradation. It is expected that climate change intensifies
runoff patterns by the frequency and intensity of flooding and droughts in the water
basins (R&sénen et al., 2017). Environmental hazards such as landslides, flooding,

droughts, and extreme weather-related events also matter in ecological sustainability.

2.2.1.2 Sustainability and social environment

Social sustainability occurs when the human processes and the human relationships
positively support the capacity of the resource for current and future generations to
create healthy communities and promote wellbeing, through understanding what the
individuals need from the places where they live and work. Socially sustainable
societies are diverse, equitable, and democratic that promote a good quality of life
(Western Australia Council of Social Services). In general, social sustainability
includes five dimensions, which are:

e Equity (socially and economically fairness),

o Diversity (cultural diversity, diverse beliefs, viewpoints, backgrounds,

cultures, life circumstances, and ethnic and racial groups),
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e Social cohesion (sense of belonging, participation people in social activities,
individuals accessibility to civic and public institutions, and the connection
between the people and groups in the broader community),

o Quality of life (appropriate and affordable housing, mental and physical health,
education, training, and skill development opportunities).

Socially water sustainability deals with all persons' fundamental right to access
adequate water with good quality and quantity. The scopes of this dimension are the
user' satisfaction, their needs and expectations, and the public acceptance of water
services (Marques et al., 2015), sufficient food, sufficient water, sanitation and access
to safe water, education opportunity, stakeholder participation in decision making,
demand management, water consumption, acceptance and awareness of water basin
planning, and relevant roles in the community. Water availability means access of the
city population with potable water (Shen et al., 2011). Socio-economic development
and population growth continuously expand water demands, water pressure, and water
shortage risks (Zhou et al., 2017). Therefore, accessibility to drinkable water is one of

the central social dimensions of water sustainability.

2.2.1.3 Sustainability and economic environment

Economic sustainability means keeping the resources, both human and material
resources, to generate long-term sustainable values through optimal use, recycling, and
recovery. Sustainable development is mainly mentioned to sustain a permanent income
for humankind, obtained from non-declining capital stocks (Hicksian income).
Permanent stokes of human-made, natural, human, and social capital (Spangenberg,
2005) are considered essential and often adequate in sustainable development criteria.
It also means long-term costs for using resources. Maintenance of human sources and

technology in a long-time are included in economic calculations.

Material consumption, organic farming, employment, public debt, price of water,
construction in the riparian area, development of agriculture, per-capita gross domestic
product (Xing et al., 2018; Shen et al., 2011), payment for ecosystem services, energy
production, hydraulic power generation capacity are some of the economic
sustainability-related sub-factors. Moreover, efficient water and waste recycling can
contribute to proper resource management by providing benefits in urban and rural

areas (Shen et al., 2011). In a water reuse project in Shenyang, water from industrial
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cooling was sold for an urban car wash at a low price, street cleaning, and urban

greening (Xiao, 2010).

2.2.1.4 Sustainability and built environment

Built or physical environment concludes living space, buildings, infrastructural
elements related to waste management, transportation, and other utility systems to
serve the building areas produced or developed by people. There are various
environmental problems in cooling and heating buildings, new building construction,
and transportation between facilities. Examples of those environmental issues are the
deterioration of water and air quality due to the pollutants released from construction
sites, the natural scenery disruption, and noise pollution caused by construction.
Building for sustainable development includes applying construction methods,
designs, and practices that function for integral quality of environmental, social, and
economic performance holistically. In sustainable building, the environmental quality,
the entire life cycle of facilities, the applicable rate, and future values are considered.
The European Commission’s policy on the Urban Environment (2004) highlights four
main challenges facing Europe's urban areas, which are: urban transport, urban
environmental management, urban design, and sustainable construction.
Sustainability-related indicators of the physical and built environment are:
o Local community participation in the design and planning process;
o Site orientation and placement to maximize passive solar, ventilation, and
Views;
« Air quality to remove external sources of pollution;
e Improvement of transportation infrastructure, public transportation, and
embodied facilities and energy;
e Improvement of amenities such as housing, employment, education, and
healthcare;
« Social integration (tenure, density, etc.);
o Accessibility issues for those with disabilities;
e Recycling potential on non-renewable resources using their durability,
adaptability, etc.;
e Reduction of energy demand by design, renewable energy systems, and use of
district heating systems;

e Historical and cultural values;
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e Land use issues including soil erosion, pollution impact, mixed-use, high

building density, etc.;

o Assessment of the environmental impact, including greenhouse gas emissions,

air pollution, etc.;

e Reduction of water consumption by water-saving devices, etc;

o Habitat and biodiversity protection;

o Facilities management and life cycle planning and management.

Infrastructure reliability and capacity, adequacy of the rehabilitation rate, adequacy of
training, knowledge transfer, capacity building, and information management are
some of the physical sun-factors in water substantiality (Brattebg, 2012). The lack of
sewage treatment systems in most rural communities has caused upstream pollution
and reduced drinking water quality. The sewage generated from the single-family
accommodations and other small commercials that are not connected to the
municipality's water treatment systems is leaked to creeks, rivers, and other sources of
freshwater (Kosolapova et al., 2017).
There is no doubt that the technologies can play a central role in water sustainability
by providing some techniques in water distribution systems, irrigation systems,
wastewater treatment, nutrient recycling, and water storage. All those technologies can
expand the water supply and mitigate water use by efficient water use and water
demand management (Yang et al., 2016). For instance, it is possible to harvest the
rainwater into water tanks or infiltrate it into green infrastructures through technology.
Rainwater can serve as clean water resources for landscape irrigation purposes
(Gregory and Hall, 2011; Ma et al., 2015). Gathering available water reduces water
shortages, especially during drought periods and dry seasons. The technology could
also mean re-conceptualizing treatment plants from energy consumers to resource
generators creating methane as a fuel source or fertilizer in agriculture (Russo et al.,
2014).

2.2.1.5 Sustainability and governance

A right governance level is necessary, mainly when the resources are too limited to
provide the people's minimum need. Governance for sustainable development refers
to reforming societal institutions to improve the welfare of society. It includes a
commitment to guarantee that the decisions respond to the current time's critical

development priorities without undermining future generations' perspectives (Figure
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2.7), (Meadowcroft et al., 2005). It is dealing with the government and the governance

functions of other social actors. In general, sustainable governance is concerned with

planning and managing social changes by democratic interactions and specific

reforms. In developing courtiers, it needs the fundamental transformation of

production and consumption to reduce the human impact imposed on nature. One main

challenge with governance is corporate governance that can create an environment of

confidence where the stakeholders, government, public, and service providers

corporate. The European Commission has highlighted some excellent governance

qualities that contain participation, accountability, openness, effectiveness, and

coherence. Some of the fundamental requirements of sustainable management are:

Integrating the economic, social, and environmental dimensions into social
decision-making;

Incorporating educational and cultural practice into sustainable development;
Adapting to long term focus and changing unsustainable activities located in
core economic sectors like construction, transportation, energy, manufacturing,
resource extraction, and agriculture by multisectoral governance having
connections among institutions at local, regional, national, and global levels
into other decision-makers of stakeholders, citizens, and communities;
Integrating diverse types of knowledge (natural and social sciences) into
decision-making processes;

Promoting a better understanding of social/ecological interactions;

Sustaining appropriate political frameworks and supports for long term
adjustment;

Applying engagement as an education process by governments by acquiring
experiments, experience, lessons, and options;

Distributing the costs and benefits among social groups and identifying the
public interest and government's appropriate role (Meadowcroft et al., 2005);
Fortifying the persistency of social institutions and their capacity to adapt to
unpredicted crisis and shocks;

Creating suitable political structures for future decisions, policy design, goal

setting, and performance monitoring.
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Economic dimension Social dimension

Figure 2.7 : Charter of sustainability (Meadowcroft et al., 2005).

Governance on water-related efforts means sustaining continuous administration over
a long time of water basin planning. Cross-agency coordination for equitable allocation
and ecosystem protection is vital in supporting water basins (Agyenim, 2011). There
is also a need to integrate institutional aspects towards the water basin's sustainability
(Belay et al., 2010). The responsibility of the government and public authorities,
especially during the decentralization process, is essential. Governmental funding and
annual financial input in education and institutional capacity building are often
necessary for water basin sustainability (Dinar et al., 2007). Central government
support is advantageous as long as it permits the stakeholders to take responsibility
and conduct the reform process. In water sustainability governance, there is a need for
stakeholder participation (Ludwig et al., 2014) to allow various users and
policymakers involve at all levels (Durham, 2002). It contributes that all state and
public stakeholders communicate in the decision-making process to enhance the
people’'s awareness on the main problems like water shortage and resources
management, improve the understanding of the regional water cycle, and develop
knowledge of alternative water resources (Thomasa and Durham, 2003).

There is a set of general water criteria, principles, and indicators to develop a flexible
and adaptable water sustainability framework. By utilizing the sustainability
indicators, the local and regional water sectors can enhance their water sustainability
by evaluating the condition. The leading sustainability indicators (social, natural
environment, economic, built environment governance) related to the urban water,

water resources, and management are summarized in Table 2.1.
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Table 2.1 : Sustainability factors of water systems are recognized under each

category.

Water Sustainability

Leading indicators related to the urban water and water resources

Natural environment

Social environment

Economic (financial)
environment

Physical/Built
environment

Institutional
environment
/Governance

Water quality protection, efficient use of water, conservation of
rivers, forests, and other natural resources, rehabilitation, and
restoration of degraded ecosystems optimize energy and material
uses, pollution prevention and control, wastewater management
and treatment (Loucks and Beek, 2017).

Water availability, human uses, health, quality of services, quality
of drinking water, accessibility to financial and physical water
services, acceptance of water payment, awareness of new water
sources, role and social responsibility in water affairs (Marques et
al., 2015).

Payment for water-related ecosystem services, ensure economic
investment, approaches to risk/cost management (direct cost and
indirect cost), water efficiency, risk-sharing policies, prices for
irrigation and drinking water, the capital charges, the equitable
cost for operation and maintenance, economical and
environmental externalities, costs of water reuse, water recycle
(Loucks and Beek, 2017).

Land uses and density, build areas and location, cultural
protection, adequate infrastructure, technical performance,
reliable technology and their flexibility (Loucks and Beek, 2017),
adaptability to climate change; engineering structures for dams
and storage reservoirs and water-lifting devices, planning facilities
for navigation, facilities required for the drainage systems,
sewerage and industrial wastewater treatment plants, pumped-
storage plants, hydroelectric power storage, so on.

Institutional coordination, public participation, access to
information and documentation, the mechanism for accenting
collective and individual uses, clearness of policies, and strategies
align with city planning (Marques et al., 2015).

2.3 Evaluation of Water System Sustainability

There are various methods and tools to assess water system sustainability using water

managers and urban planners at multiple scales. Spatial variations, socio-political

characteristics, and data availability determine the evaluation methods (Russo et al.,

2014). In general, there are three primary evaluation methods for Sustainable Water

Management in the cities.
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2.3.1 Indicators and indices

There are various categorizations of urban water sustainability indicators that address
extensive water resources such as lakes, aquifers, and urban water systems. The
framework of water sustainability covers the necessity of environmental quality, water
infrastructure, human health and welfare, economics and finance, institutions and
society, and planning and technology. Align with those principles, Mays (2006)
provides seven factors for water system sustainability. They are basic water needs of
human and ecosystem health, a minimum standard of water quality, long-term
renewability of water resources, institutional plans to resolve water conflict, accessible
data on water sources for all sectors, and participatory water-related decision making
(Juwana et al., 2010). According to Srinivas et al. (2018), sustainable watershed
management and planning are complicated operations covering economic, social,

environmental, and technical factors.

The water index and indicators should quantify and simplify the data and information
for evaluating ecological values. The indicator method provides simple numerical
data, making it possible for the cases to be compared (Juwana, 2012). Developing
indicators need serious effort to assess the link between water use and sustainability
dimensions. There are no definite urban water sustainability indicators, as urban water
sustainability should consider the city's temporal and spatial variables. However, some
indexes may play an important role in sustainability. Peter and Nkambule, in their
assessment (2012), assessed 25 indicators in four groups of financial,

social/environmental, technical, and institutional.

According to their research, even though all criteria are essential, the social criteria
involving equity and technical criteria (the system's functionality) are critical. In Table

2.2, some general indexes addressed water in sustainable development are defined.
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Table 2.2 : Standard indices that address water in sustainable development are

defined.
Index Founder/ Objectives Main Indicator
Year
Water Poverty Sullivan, To provide clean water to the people who  -The water availability,
Index (WPI) 2002 are “water poor” have no available water ~ -The people’s capacity to access
because of different reasons such as long  water.
distance of water sources, high cost of
water, and insufficient water
infrastructure (Novotny et al, 2010).
The Canadian Polic To measure community well-being in -Resource (availability, supply,
Water Resear%h terms of the water resources, ecosystems, demand); ecosystem health
Sustainability Initiative services, and community's ability to be (quality, stress, native fish);
Index 2007 : effective water stewards. human health (reliability, access,
impact); infrastructure (demand,
treatment, condition); capacity
(financial, education, training).
The To mitigate the environmental crisis to It covers environmental health
Environmental human health and to fortify ecosystem and ecosystem vitality and
Performance vitality and natural resource management provides a rational basis in
Index (Novotny et al., 2010). environmental policymaking
(Novotny et al., 2010).
The Watershed Chaves and  To integrate the Environment, Hydrology, The human activities, the quality
A, Alipaz /2007 Life, and Policy aspects of a watershed of the watershed in the base year
Sustainabilit
Index Y under three Pressure, State, and Response of study, the quantity and quality
parameters to create an integrated of natural resources, and the
assessment of the current situation of society’s degree of intent to
watershed management for a specific address ecological problems in
period in a given basin (Chandniha & etel, the watershed (Juwana & et al.,
2014). 2010; Chandniha & et el, 2014).
. . . As a baseline assessment of urban water — s
City Blueprint | - developed in cycle services' sustainability, allowing a §an|tat|on, drinking water,.
Index as Water the infrastructure, water security,

management
indicators

Netherlands

city to quickly understand how advanced
it is in water management and compare
its status with other towns (Novotny et
al., 2010).

2.3.2 Product-related assessment

water quality, climate robustness,
governance, and biodiversity and
attractiveness (Van Leeuwen et
al. 2012).

Product-related assessments can provide data on energy, water, and land needs for a

specific product or a supply chain. Awareness of environmental protection and the

negative impacts of both consumed and manufactured productions on the environment

have led to developing tools to evaluate these impacts. Here, two methods of Life

Cycle Assessments, Water Footprint are explained.

2.3.2.1 Life cycle assessments (LCA)

The life cycle is a series of consecutive stages of a production system, from natural

resources or raw materials to final production and disposal (ISO 14040). Life cycle

assessment evaluates the inputs, outputs, and the potential environmental impacts of a
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product chain throughout its life cycle (ISO 14040). Four steps are recognized in an

LCA assessment:

a) The scope definition step, including the system boundary and detail level, depends

on the assessment'’s intended use and subject;

b) The inventory analysis phase (LCI), as the second stage is a data inventory of
input/output based on research. It includes a collection of information that is necessary
to catch the defined goals of the study;

c) The impact assessment phase (LCIA) is the third phase to achieve additional data

needed to assess a product system and better analyze its environmental qualities.

d) The interpretation phase (the final step) summarizes and discusses the results of an
LClI or an LCIA, or both as a basis for suggestions, conclusions, and decision-making
regarding the definition of the scope (ISO 14040), (Figure 2.8).

LCA is one of several environmental management methods (e.g., environmental
auditing, environmental performance evaluation, environmental impact assessment,
and risk assessment) that might not suit all situations and cases. LCA defines a product
system through stages of unit processes with a system boundary with defined input
and output flow as elementary flows. The unit process is connected through flows of

intermediate products or waste for treatments (1ISO 14040).

/ Life cycle assessment framework \

)

J

Goal and scope
definition le

Direct applications;

/_L N\ - Product development

and Improvement
Inventory ™ In ’ - Strateglc planning

terpretation - Publi - -
analysis - Public policy making
= - Marketing

\ / - Other

Impact

assessment

N
o W,
Figure 2.8 : Life Cycle Assessment Process (ISO 14040).

2.3.2.2 Water Footprint (WF)

A footprint family is a group of indicators that relate using the consumers' pattern and

demand of production to the natural resources (Novotny et al., 2010). Three general
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categories of footprint family are the ecological footprint, carbon footprint, and water
footprint. A footprint enables quantitative assessments that describe the effect of
human activities on natural sources and global sustainability. The concept of Water
Footprint (WF) was introduced by Hoekstra and Hung in 2002 and further developed
by Chapagain and Hoekstra (2007) as the total used water by an individual, household,
business, sector, city, or country for various purposes from domestic use to the
agriculture and production. It estimates the amount of direct and virtual (indirect)
water consumption (Hoekstra et al., 2011). WF methodologies are being useful and
applied in several cases at regional and global levels. In Southeast Asia, several Middle
East cities have the largest footprint concentrations (van Leeuwen et al., 2012).
However, its urban-level experiences are limited due to the lack of local data (Paterson
et al., 2015).

Water is considered in three forms of blue water: rainwater and greywater (Hoekstra
et al., 2011). The blue water footprint refers to the use or consumption of freshwater
resources, including surface and groundwater. The green water footprint refers to the
use of rainwater, which does not recharge in runoff or the groundwater. Rainwater can
be stored in the soil or stayed on the top of the soil, consumed during the production
process. The grey water footprint is the amount of freshwater needed for dilution of
pollution load so that the water quality remains above the water quality standard.
According to Hoekstra et al. (2011), a WF assessment, like Life Cycle Assessment,
has four steps summarized in Figure 2.9.

| Setting goals and scope |
|zJ I—{ Water Footprint accounting —
[
Blue water g Grey Water i Green Water
Footprint Footprint Footprint
E I Water footprint sustainability assessment |
E | Water footprint response formulation }

Figure 2.9 : Four distinct phases of Water Footprint assessment according to the
Hoekstra et al, (2011).
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The WF can be applied in one unique process phase or a whole production chain. For
instance, the WF can be described as the WF of a user or group of consumers or the

water footprint of a producer or the whole industry chain.

2.3.3 System-based tool

One of the System-Based tools is "Emergy," which is defined as the available energy
used directly or indirectly in a production (Odum, 1996). This theory emphasizes that
all functions of the world's current systems (ecological, economic, and social) are
generated through energy transformation. This tool is based on energy flow and its
pattern in the ecosystem and human structure. and defines energy quality in a
hierarchical order (Ma et al., 2015). For example, to generate phosphate fertilizer, it
requires more energy investment than generating wind energy, as phosphate needed
fossil fuel in mining and phosphate formulation. Similarly, phosphate fertilizer has
higher "energy quality” (Ma et al., 2015). Therefore, water quantity is not the only
matter, but also the energy quality of water is an important issue. Emergy applies to
water systems with elements such as drinking water, surface/groundwater, wastewater,

stormwater, water basins, and their related infrastructures (Ma et al., 2015).

All material, energy, and information flow having different qualities can be holistically
analyzed in a cycle. Thus, a system's attributes and pattern, including interactions with

subcomponents, can be optimized, and its sustainability can be evaluated.

Emergy analysis of the urban water system concluded that the drinking water and
wastewater treatment processes are massive energy-chemical-intensive processes. The
energy values for drinking water are high due to the high energy requirement of
electricity, and wastewater treatment comes from raw materials like soil, organic

matter, fertilizers in food, and modern agricultural techniques (Ma et al., 2015).

2.3.4 Integrated assessment

Integrated sustainability assessment is used to assess urban water decision making.
Integrated assessments aim to do a holistic review using impact assessment, cost-
benefit analysis, risk analysis, and dynamic models. It provides robust quantification
through a system perspective. Integrated Assessment is applied to resolve natural
resource issues internationally. Integrated Assessment is defined as the scientific

principle that integrates knowledge on a problem and makes it available for decision-
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making processes. In another definition, the Integrated Assessment is an "Integration
of knowledge from various disciplines aiming to solve complex societal problems,
arising by the interaction between the environment and humans, in a way to sustainable
development” (Croke, 2007). Integrated assessments include several standard
features, which are:

o A problem focused function and a focus on key elements;

o Linking of policy to research;

o An adaptive, interactive, transparent framework improving communication;

o Connection of complexities between natural and human environment;

o Recognition of essential missing knowledge for inclusion;

o The team shared values, objectives, and experiences;

o Characterization and decrease of uncertainty in projection;

o And recognizing spatial dependencies, feedbacks, and impediments.
Integrated Assessment models need an adaptive process that incorporates both
scientific knowledge and stakeholder in model development. As a part of an integrated
assessment, models must be produced to act for other disciplinary components that
contributed to the evaluation. That process should permit trust between stakeholders
and scientists to contribute and resolve conflicts arising from the model application.
Modeling and participatory processes should include stakeholder groups and the
public at large (Croke, 2007). Models should be rather identifiable, with proper
sensitivity to primary changes to the factors and data. A simple model can be easily
discussed with the stakeholders. Hydrological models should develop inevitable
consequences at levels of the catchment and scales of social and economic groups
relevant to the issue being considered. The choice of scales and models in integrated

modeling also depends on the modeling scopes.

2.3.4.1 Multi-Criteria Decision Model

The Multi-criteria decision model is an integrative process utilized to assess urban
water sustainability with a central concentration on stakeholder participation. It
assesses urban water cycle sustainability through weighting techniques that gather
stakeholders' perspectives and preferences. Multi-criteria decision analysis could be
described as a process that considers all factors and variables that can effectively solve
problem-solving and determine the effect of those factors on the issue. Multi-criteria

decision making has various stages, including determining scopes and objectives,
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selecting elements to measure the goals, identifying alternatives, appointing weights
to the details, and applying the proper mathematical formula for ranking options. The
model includes some.
o In this method, all types of qualitative and quantitative data and attributes are
included.
o The main criteria, goals, and scores are transparent for an open discussion.
o This participatory process is traceable, which lets you communicate the results
and reviewing the model.
o It makes it possible to calculate one single aspect of sustainability or to regard
all factors of the dimensions, which are beneficial for policy-making;
o As the procedure describes the results by the scores and weights, it is

theoretically trustable.

After scoring each criterion based on the stakeholders' judgments regarding the
sustainability principles, a simple aggregation model can be applied to stimulate the
sustainability score for each urban water cycle. The responders or decision-makers
may use the seven groups of the judgments, including 'no," 'very weak," 'weak,’
'moderate," 'strong,’ 'very strong' or 'extreme' difference to score the differences in

preference (Marques et al., 2015).

The Analytic Hierarchy Process (AHP)

The decision-making process requires evaluating different factors, assessing
alternatives based on the factors, and aggregating the assessments to get the partial
ranking of the alternatives considering the problem (Bhushan and Rai, 2014). The the
Analytic Hierarchy Process (AHP) has provided a better assessment and explanation
of a problem by presenting a hierarchical structure model. For the first time, Professor
Thomas L. Saaty produced the Analytic Hierarchy Process (AHP) as a Multi-Criteria
Decision Making model in the 1970s. The AHP could achieve widespread application
in various areas. Through this tool, the subjective evaluations are turned into numerical

weights and values. Four main steps are defined in AHP, which are:

e Step 1: Determining goals, criteria, and sub-criteria
The most crucial part of decision making is decomposing the issue or problem into a
hierarchy of scope, criteria, sub-criteria, and alternatives. It is fundamental to the AHP
process that the decision problem is structured as a hierarchy (Bhushan and Rai, 2014).

Various levels form a hierarchy structure: the first level is the research goal, the second
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level includes the main criteria, and the other levels are related to the other sub-criteria
(Figure 2.10).

Goal

Criterion 1 Criterion 2

‘5ub.cﬁmri°n Sub-Criterion Sub-Criterion Sub-Criterion
| 4
1 2 3

Alternative 2 Alternative 3

Alternative 1

Figure 2.10 : AHP’s method structure in decision making with three levels.

e Step 2. Collecting data

In the second step, information and data are gathered from decision-makers through a
questionnaire. Then, a pairwise comparison of criteria and alternatives is asked based
on the hierarchy structure. Experts can give value and rate to the comparison as equal,
slightly strong, strong, very strong, and extremely strong (Table 2.3; Figure 2.11). The
comparisons are performed for each criterion and turned into quantitative numbers
(Bhushan and Rai, 2014). The experts must first develop priorities for the main criteria
by a pairwise comparison matrix. The expert's members are then asked to compare the
sub-criteria under the main criteria Finally, the alternatives are evaluated concerning
each of the sub-criteria (Saaty, 1980).

Table 2.3 : Scores for the importance of variables.

Importance Scale Definition of Importance Scale

1 Equally Important Preferred
Equally to Moderately Important Preferred
Moderately Important Preferred
Moderately to Strongly Important Preferred
Strongly Important Preferred
Strongly to Very Strongly Important Preferred
Very Strongly Important Preferred

0o N OO OB~ W DN

Very Strongly to Extremely Important Preferred

9 Extremely Important Preferred

The number of judgments needed for a particular matrix of order = n(n - 1)/2
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Where n is the number of elements being compared

Criterion Criterion
A 9 8 4 6 5 4 3 2 2 3 4 5 9 7 8 9 B

4= e )
Important

Incresing Incresing

Importance Rate Importance Rate

Figure 2.11 : The importance rate in pair comparison of two criteria of A and B; the

importance rate of criteria is increased with choosing high numbers close to each criteria.
e Step 3. Developing comparison matrix

It is organizing the pairwise comparisons of various levels into a square matrix. The

diagonal elements of the matrix are 1. The criterion in the ith row is better than the

criterion in the jth column if the value of the element (i, j) is more than 1; otherwise,

the criterion in the jth column is better than that in the ith row (Bhushan and Rai, 2014),

(Table 2.4).

Table 2.4 : Pair comparison of the criteria level.

Criterionl Criterion 2
Criterion 1 1 3
Criterion 2 1/3 1

e Step 4. Calculating Principal Eigenvalue

There are several methods for calculating the eigenvector (Coyle, 2004). The principal
eigenvalue of the comparison matrixes and their normalization give the relative
importance of the diver's criteria being compared. Multiplying the numbers in each
row of the matrix and then taking the nth root of that product gives the eigenvector.
The nth roots are summed and used for normalizing the eigenvector elements to add
to 1.00. The normalized eigenvectors identify the weights of each criterion or sub-
criteria among the others (Bhushan & Rai, 2014), (Table 2.5).

Eigenvalue =N Root of data multiple =I1= N ala2a3a4 ... ....

Table 2.5 : A Square Matrix of the pairwise comparisons among three sub-criteria,
as an example.

Criteria Sub Sub Sub N® Root of Normalization

Criterion 1 Criterion2  Criterion3 Value Product  Eigenvector

Sub Criterion 1 1 2 8 2.51 0.594
Sub Criterion2 1/2 1 6 1.44 0.341
Sub Criterion3 1/8 1/6 1 275 0.065
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Furthermore, the AHP rates each alternative's rank based on the considered importance
of one alternative over another for a common criterion (Bhushan & Rai, 2014).
Therefore, each alternative's weight and value according to each sub-criterion are

achieved.

e Step 5. Prioritizing the alternatives
Each alternative rating is multiplied by the sub-criteria's weights and aggregated to
gain local ratings concerning each criterion. The local ratings are then multiplied by
the weights of the criteria and aggregated to get global ratings.

Local derived scale (local rating) =) (weight of each alternative X weight of each

sub-criterion).

Global derived scale (global rating) =Y (weight of each alternative X weight of

each sub-criteria xweight of each criteria)

e Step 6. Consistency Rate (CR)
It is a mathematical index of the accuracy level of pairwise comparisons. For example,
if item A is more preferred over item B, and item B is more preferred over item C.,
thus item A should be more preferred over item C. If not, then the comparisons are not
consistent. And, inconsistencies arise in comparing three items, A, B, and C.
o To get Aw= Amaxw and Amax> n.

Saaty (1980) proposed that a consistency ratio less than or equal to 0.10 is acceptable
in the decision-making process. A lower consistency range enhances the accuracy. The
bigger consistency ratio of a matrix is unacceptable, which means the decision-maker
should review the judgments (Coyle, 2004).

o The consistency index by CI = (A max _n)/(n _1)
Where: A max = maximal self-value (the maximum eigenvalue) of the comparison matrix of rank-n; n
= the number of compared characteristics.

e Consistency ratio (CR) =CI/RI
where: Rl = random index, dependent on the matrix degree.

The final step is to calculate the Consistency Ratio for a set of judgments using the CI
for the corresponding value from large samples of matrices of purely random
judgments using Table 2.6 derived from Saaty’s book (Coyle, 2004).

Table 2.6 : The upper row is the order of the random matrix, and the lower is the
corresponding index of consistency for random judgements (showing RI).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
00 00 05 09 11 12 13 14 14 14 15 14 15 15 15
0 0 8 0 2 4 2 1 5 9 1 8 6 7 9
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3. WATERSHED MANAGEMENT

Thousands of years ago, efforts to control rivers were initiated, and in the late 19th and
early 20th centuries, the concept of the river basin as a unit for managing and planning
water has emerged (Molle, 2006). In ancient times, human beings chose to live in a
watershed like the Yellow River banks in China and the fertile crescent of Nile,
Euphrates, and Tigris to provide their requirements and manipulate the basin for
cultivation, floods, and drought control. Modern watershed management has roots in
Romans and Greeks' urban water supply systems and tree planting on slopes and
hillside terracing in Mediterranean landscapes. However, with watershed degradation,
several parallel movements had emerged in the 19th century. Through top-down
planning, Watershed management failed to protect the downstream assets due to less
attention to the upstream communities. In the second half of the 19th century, the
development and construction of large dams on river basins had followed various
purposes: improving technology in building dams, the fear of water depletion, and

industrial pollution of streams.

3.1 Concepts of River Basin and Watershed

River basins and watershed have been recognized as appropriate units for management
and planning approaches (Wani and Garg, 2014). hydrology, a river basin, receives
and collects the precipitation and surface water (snowmelt and rain runoff) and drains
them off into a water body like a sea or lake. Water basins have covered a system of
rivers (Russo, 2008) that contain the earth's groundwater.

According to their sizes, water resources are named differently: water basin,
watershed, subwatershed, or water catchments. Watersheds are the geographical areas
located inside the water basin that are smaller than water basins.

There are two kinds of water basins: close and open once. The closed drainage basin
is streams that cannot reach their waters to the sea or pour into the lake. In the
formation of closed basins, the ground shapes and the climate are practical. Open

basins that drain into the sea emerge in coastal areas and humid climates. A particular
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water basin response to different hydrological processes depended on its divers
hydrological, physiographic, and geomorphological factors. Each watershed area has
specific living and nonliving elements having interaction with each other and the
environment. River systems are interconnected transfer systems that carry water,
nutrients, contaminants, sediment, and biota across space and time.
Some definitions used in the determination of a water basin or watershed boundary:

e The confluence: the junction of one stream with another stream,

o Outlet: the lowest junction (the lowest elevation),

o Headwaters: the places where surface waters first begin flowing,

o Stream order: used to categorize the streams within a watershed. First-order is

when a stream first begins (Figure 3.1).

Watershed Boundary

Figure 3.1: A shematic image of a watershed structure showing the Stream Orders,
Headwaters, Confluence, Outlet, and Watershed Boundary.

3.2 Watershed Natural Structur

There are various forms of biotic materials (plants and animal species) and abiotic
(non-living) components like air, water, and soil within the watershed. A watershed is
not restricted to these physical and biological structures but includes interactions
(called ecology) and various climatic, geomorphic, and hydrologic processes
(Watershed academy web). In general, six necessary ecological attributes are identified
by the EPA’s Science Advisory Board (U.S.) for a healthy watershed, which are:
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3.2.1 Hydrology

A Watershed is a hydrological unit that conducts the stream water and is drained out
by a single outlet. Climatic processes, topography, geology, hydrological factors,
surfaces, and underground characteristics play a critical role in creating basin
discharge. Hydrological processes occurring on the land can be affected by various
structures such as drinking water and sewerage network, roads, ponds, and other land
and water use. The main factor which causes large fluctuations in discharge is rainfall
over the year (Meybeck et al., 1992). Precipitation falling over the watershed can be
stored on the water bodies, move as runoff to stream channels, infiltrate to the ground,
or go as evapotranspiration. Quantity and fluctuation of water flow are dependent on
the natural regimes and hydrologic connectivity, including interactions between the

water surface and water ground.

3.2.2 Geomorphology

The topography and shape of a catchment are physical factors that determine how fast
rainwater and runoff reach a stream or river. However, the watershed size, soil type,
and construction influence the water flow in getting the stream. The structure of the
sub-soil is also an essential factor of any watersheds. For instance, particular soil types
like sandy soils are very pervious, and rainfall on these soil types is more likely
discharged into the ground (Meybeck et al., 1992). In the impervious surfaces, the
precipitation creates surface runoff having a high risk of flooding. Watershed
components like sediment, water, organic matter, and valley characteristics such as
slope, bedrock, width, soils, and vegetation define a river channel's morphology.
Watershed inputs, sediment size and amount, and channel form should balance stream
slope and flows. This natural balance called dynamic equilibrium is created in nature

through various variables.

3.2.3 Landscape condition

Land cover and vegetation are leading factors in assigning the chemical and hydrologic
characteristics of a water body. They regulate watershed hydrology, stabilizes soil, and
protect habitat for aquatic and terrestrial species. The quantity, type, and structure of
the land covering a watershed and various landscapes (Riparian forests, agricultural
and urban landscapes) have different aquatic ecosystems. For example, the riparian

forests regulate shading, temperature, and organic matter to headwater streams, while
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agricultural and human landscapes increase runoff, sediment, and nutrient by reducing
water infiltration. Therefore, it was suggested the protection of four types of landscape
zones in the watershed, including 1) vital habitats, 2) water corridors, 3) undeveloped
regions like forests, 4) buffers to filter water pollution hazards from aquatic resources,
and 5) cultural areas including both terrestrial and marine ecosystems (EPA, 2012).

There are four primary considerations in the watershed landscape, which are:

 Interconnection of the landscape patches, wetlands, and habitats are essential

as they maintain the ecological process and natural functions.

« Natural connectivity through green infrastructure, rooted in Frederick Law
Olmsted's idea of linking parks (Novotny et al., 2010), can create open and

green spaces to meet both ecosystems and humans' needs.

« River as natural hydrology is a landscape element that establishes connectivity

among habitats, terrestrial, and riverine elements.

« The natural disturbance regime (e.g., floods, fires, droughts, landslides, and

debris flows), frequency, and intensity affect watershed ecosystems.

3.2.4 Water quality

Water quality is the chemical, biological, and physical quality of water containing
organic matter, nutrient loadings, inorganic constituents, suspended solids, pH and
dissolved oxygen, and physical parameters such as water temperature and turbidity
(Novotny et al., 2010). These constituents are related to the natural hydrology of
wetlands and are mainly dynamic. Various pollutants from different natural sources of
anthropogenic actions are transferred in the water bodies through terrestrial,
hydrological, or atmospheric processes and finally moved to the rivers (Mainali and
Chang, 2018). Dissolved oxygen fluctuations in waterways are based on biotic activity,
nutrient amount, streamflow, and temperature. However, the primary source of
nutrients in the river is human involvement through agricultural and urban land-use.
The monitoring of these parameters should be considered a part of a watershed
ecosystem assessment (EPA, 2012). The primary focus of a water resource

management and plan is about measuring and restoring water quality.

The water quality of rivers shows large spatial and seasonal changes (Mainali and

Chang, 2018). Pollutions based on their sources are in two groups: point sources of
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pollution appear where damaging substances are sent directly into a water body, like
from sewage treatment plants or industrial sectors. These sources are easily detected
since pollutants are discharged from one source (New York State Department of State,
2009); nonpoint pollution sources emerge where pollutants indirectly come in the
water at several points and locations from various sources. Pollutants that impact the

quality of water are categorized into five types according to their sources which are:

. Nutrients from sources like on-site septic systems, livestock waste, and lawn
fertilizers leading to the growth of algae and aquatic plants: Those plants are consumed
by bacteria that cause the decrease of oxygen in the water. The low amount of oxygen

can hurt fish communities and disturb water quality (New York State, 2009);

. Organisms like pathogens associated with low and slow overflows: that may

cause polluting drinking water sources, and destroy shellfish beds, and diseases;

. The sediment of construction sites, eroding streambanks, or road surfaces:
disturb water quality. Recreational activities and boating may be affected by
deposition, and deposits may impair the habitat due to altering substrate composition

and turbidity water temperature (New York State, 2009).

. Hydrocarbons in grease and oil leaking from cars on parking lots and roads:
can be transported to the rivers or accumulated in the sediment at the stream bottom.

It can hurt aquatic organisms;

. Trash and floatables from road runoff: can pose both health problems and
aesthetic issues. They often have grease, heavy metals, oil, and other toxic ingredients

affecting water quality.

3.2.5 Biological condition

Biodiversity contains the primary aspect of a watershed biological condition: the
number of species in a region and the life diversity at all levels from genes to
ecosystems. The natural state determines a watershed's ability to maintain and support
an integrated, balanced biological diversity condition and their composition in the area.
Biological community and genetic diversity, species health, composition, population
size, and other species' conditions affect watershed health and support ecological
process. Aquatic habitats are affected by vegetation cover and landscape conditions

through the dynamic linkage among aquatic and terrestrial elements in a watershed.
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For many biological assessments, it uses reference conditions as a model to determine
the watershed's biological health. Reference condition is a natural aquatic community

model without human pollution and intervention (EPA, 2012).

3.2.6 Habitat

Aquatic habitats, riparian, wetland, floodplain, lake, and shoreline communities are
directly related to the watersheds' physical and chemical characteristics of water and
geomorphic processes—different habitat types (number and distribution), hubs, and
connectivity influence the population health. Various habitats serve different
ecosystems like cool water rivers, support diverse species, and regulate minerals inputs
to the aquatic system (Figure 3.2). They needed to have hydrologic connectivity with
the river channel and surrounding ecosystems to be maintained. The biological
communities are adapted to the wetland's environmental conditions. Nutrient
availability is low in some wetlands due to the low oxygen availability to the plants
and slow decomposition. However, in other wetlands, the organisms feeding species
of shellfish, amphibians, fish, and insects are developed because of the high levels of
nutrients productivity. Furthermore, many birds and mammals depend on the wetlands

for water, food, and shelter, especially over breeding and migration.

Figure 3.2 : Three habitat zones of the lakes: the littoral zone (with sufficient
sunlight), the limnetic zone with no light penetration, and the benthic zone (consisting
mud and sand supporting many fish life) (EPA, 2012).
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3.3 Watershed Protection

Watersheds are associated with social-ecological systems, which means that human
communities' health and well-being are dependent on the health of the watersheds and
vice versa. This relationship is protected by maintaining their diverse ecological and
social structures and adapting to unexpected characteristics of natural processes (EPA,
2012). There are also many economic benefits to protecting watersheds, including:

o Creation of water-related recreation opportunities like fishing, swimming,
boating, and ecotourism opportunities;

« Minimization of the vulnerability to floods, fires, and other natural disasters;

e Contribution to water supply for human needs, agricultural and industrial uses;

e Reduction of costs needed in drinking water treatment by protecting surface
water sources and aquifer recharge zones;

« Mitigation of the climate change effect by holding vast amounts of carbon
(U.S. Environmental Protection Agency, 2011a) and regulating flows during
droughts and large storm events.

However, watersheds are under various threats posed by humans by changing land
uses, water pollution, environmental degradation, and intervention in rivers'
hydrological cycle by bed streams and landscape changing. For instance, phosphorus,
nitrogen, and potassium fertilizers have adverse effects on the ecological processes.
The drainage basin carries the mineral components to the outlet (mouth), and with their
aggregation, the natural balance is disturbed. Watersheds should be protected as
integral systems by understanding their critical ecological attributes (Figure 3.3). For
maintaining the ecological integrity of aquatic ecosystems, it requires understanding
the chemical, biological, and physical condition of water bodies and vital watershed
functions and attributes (hydrology, geomorphology, and natural disturbance pattern).
Those processes generate freshwater ecosystem characteristics, including stream

channel, organic matter inputs, habitat structure, soil productivity, and so on.
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Figure 3.3 : The five main factors that determine integrity of the wetlands (EPA,
2012).

Wetland protection means to support the ecological process of the aquatic region such
as rainfall-runoff, groundwater recharge, plant succession, sediment transport, and
other processes that provides beneficial services and functions. The watershed's natural
functions are categorized into three ecological functions:

1. Storage and transportation of minerals such as organisms, water, sediments, energy,
and so on: As a watershed is a region that drains into a common outlet, its primary
function is temporary storing and transporting water and other minerals besides water.

2. Natural transformation and cycling: divers components, biota, and materials in the
watershed are associated with cycles of nitrogen, carbon, and phosphorus.
Biogeochemical cycles involve the components transported in the watershed and cause
the chemical transformation and change.

3. Ecological succession: in watershed terms, succession is a process that circulates a
large volume of the watershed's water, energy, and materials from the abiotic
environment back into the biotic or from a group of predominant organisms to a set of
dominant microorganisms. Succession may gradually establish vegetational structure

changes affecting the habitat and diversity and create renewable resources for humans.
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3.4 Watershed Management Approaches

Basins are the largest watershed management unit. Water Basins, including surface
and groundwater, collect almost one-third of the world's available freshwater. The
water basin is used for industrial and domestic water consumption and agriculture (Du
et al., 2018). Each basin covers a group of watersheds and smaller watershed called
sub-watersheds. They contain vast areas from several hundred to thousands of square
miles, including agriculture, forest, suburban, and urban areas. Livestock and people
are the indispensable part of a watershed, and their functions influence the productive
situation of watersheds and vice versa. Therefore, the watershed is not only the
hydrological unit but a social, ecological, and political entity that has a significant role
in providing social and economic security, food, and life-related services to rural

residents (Figure 3.4).

Figure 3.4 Perspetive of a watershed.
3.4.1 Integrated Water Resource Management

In the past, water-related sectors, including wastewater treatment, water supply, solid
waste management, stormwater drainage, and sanitation, have been planned as isolated
sectors under a central administration. Fragmented water resources management has
posed the water resources degradation in many watersheds as it had failed to
distinguish between different water qualities for various uses (Bahri, 2012). All
domestic water was treated to drinking water standards, and water was used only once
and disposed of with a considerable volume of materials and energy. Lack of

appropriate infrastructure and high transaction costs in the centralized management of
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water basins had worsened the problems (Dinar et al., 2007; Kharrazi et al., 2016).
With population growth, it became expensive to aggregate water services over vast
areas and transport water over a long distance by pumping energy. Besides, the whole
system was vulnerable to hazards, such as draughts and salt loads (Raucher and
Tchobanoglous, 2014). Therefore, due to these problems, conventional water
management became outdated, and a new paradigm of "integrated water management"

has emerged at both levels of urban and basin water management.

3.4.1.1 Theory framework

The concept was described in Agenda 21 through the International Conference on
Water and the Environment in Dublin (1992) (van den Brandeler et al., 2018). Dublin-
Rio Principle (UNCED Rio de Janeiro, 1992) emphasizes that blue water is limited
while necessary to sustain life, the environment, and economic development. Thus,
watershed management should consider the water resource social, economic,
environmental, and technical dimensions. The Global Water Partnership defines
IWRM as a process that promotes the coordinated management and development of
land, water, and related resources (human-environment relations), to improve the
economic and social welfare equitably without compromising the resistance of critical
ecosystems (Molle and Mamanpoush, 2012). The new paradigm at the basin scale
highlights the decentralization of watershed management to the lowest level, the
stakeholder participation, cross-agency coordination, and the protection of the
ecosystems (Agyenim, 2011). It provides several tools and strategies that should be
planned for a watershed to improve the surface water and groundwater (Safavi et al.,
2015). Main integrated management goals in watershed planning are:

« Soil protection and control of erosion, landslide, flood, overflowing,

o Water production at the desired quantity and quality,

e Improvement of the socio-economic situation of the basin and rural

development,

o Achievement of forestry objectives,

o Conservation and development of wildlife and biodiversity production,

e Land use purposes and organize,

e Preserving cultural resources,

o Land and water management integration,

e Sustainable irrigation for agriculture,
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the best development of natural resources, watersheds, infrastructure,
agriculture, social services, etc.,

Recreational goals,

Reclamation of the degraded land natural resources in a conservative
approach,

Development of methods in the use and control of natural resources with the
advancement of civilization and technology,

Conservation of water ecosystem, their enhancement, and sustainable water

use.

3.4.1.2 Integration aspects

Adopting an Integrated Water Resource Management (IWRM) that considers all

relevant technical, social, economic, and environmental factors need to consider

integration at relevant scales and water sectors, at relevant disciples, at administrative

levels, and in the environment systems. Biswas (2004) presented 35 categories for the

integration aspect, but according to Grigg, 2008, we consider seven main types which

are;

Integration across policy sectors: the governments establish the inherent
interdependencies of nature and economic and social sectors in IWRM through
primary policy sectors such as environment, natural resources, agriculture,
public health, transportation, energy, and emergency management (Grigg,
2008).

Integration across water sectors: it integrates water sub-sectors such as water
quality, water supply, irrigation, environmental water and flood control,
hydropower, navigation, and recreation. This integration can expand to contain
all aspects of water use, water quantity and quality management in upstream
and downstream, surface and groundwater integration, and freshwater and
coastal zone management (Kidd and Shaw, 2007).

Integration of geographic units and the surrounding environment: it involves
basin management and management between basins. The water supply of a
basin may be wastewater from another basin (Grigg, 2008).

Integration across government units: it includes integration of vertical levels
such as the national, regional, and local levels, and horizontal dimensions such

as government units at the same level.
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Integration among management functions: it needs alignment among experts,
planners, finance staff, engineers, and other organization members.
Integration among organizational scales and administrative tools: It is
integration across phases of management like policy, design, planning,
construction, implementation, treatment, recycling, and so on (Grigg, 2008;
Jonch-Clausen and Fugl, 2001).

Human sectors and disciplines integration: Disciplines and professions should
be included in water resources management as an interdisciplinary process.
This integration is cross-sectoral integrations for spatial planning and water
management on both sides and inter-agency integration among public, private,

and voluntary sector interest in water management (Kidd and Shaw, 2007).

3.4.1.3 Main techniques and achievements of IWRM

Each water basin is a complicated system with various ecosystems inside, with

cultural, ecologic, social, and specific nature. For providing an appropriate integrated

management plan, it should create the water basins characterization, goals and the

problems identification, setting of data collection networks, environmental impact

assessment, risk management, and data communication through raising awareness.

According to the various studies and projects, some main achievements through the

integrated river basin management are identified, which are:

Decentralization: it means the devolution of authority from the center to the
lowest sector and admission of responsibility by local communities in the
watershed management (Dinar et al., 2007). The lowest level refers to the water
users and stakeholders’ involvement in basin management. Governments,
international agencies, and organizations are responsible for decentralization
and subsidizing water resource management from centralized administration to
the basin level management. One central aspect of decentralization is how
much the stakeholders and users involve in the decision-making process
(Thomasa and Durham, 2003).

Stakeholders’ participation: the stakeholder’s involvement in the watershed
level concerns all water-related functions such as planning, watershed
assessment, implementation techniques and strategy, water quality
maintenance, water allocation methods, monitoring, basin guideline, flood

control, and monitoring (Chenoweth et al., 2001). The users’ participation in
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the decision- making process enhances public understanding of the regional
water cycle and improves their awareness of water scarcity and alternative
water resources (Thomasa and Durham, 2003). That may lead to efficient water
use. Water resource management should be based on transparent participation
in decision-making, which ensures access to the information. In this way, the
community must address local issues in an integrated way (Safavi et al., 2015).
Furthermore, to manage the water basin, the government and the water boards
need the co-operation of other governmental organizations, citizens, land users,
and the business community (Billib et al., 2009). There are various ways, such
as public hearings, comment and notice procedures, and advisory committees,
for public involvement in water resources management.

Governmental budget: the government and public authorities are responsible
for the large scale of water, including maintaining and monitoring the quality
and quantity of groundwater, river, and lakes rivers (Thomasa and Durham,
2003). According to Dinar et al. (2007), the political economy plays a critical
role in the decentralization process of the basin. It impacts the fulfillment in
transaction costs and compromise required in the process. Sharing the
decentralization process's budget and price needs many organizations and a
considerable length of time within a river basin. Dinar et al. (2007) emphasize
that water basin management's success is associated with the combination of
three primary financial sources: central government support, basin revenues
remaining in the basin, and financial responsibility on the part of water users.
Payment for Ecosystem Services (PES) as a market-based tool is used to
internalize the benefits provided by natural capital (Smith et al., 2015), which
can ensure both ecological and economic scopes and demands (Fu et al., 2018).
Water and Land Use Allocation: land-use changes the watershed and
groundwater cycles (Du et al., 2018). Evaluating and assessing the land-uses
in a watershed will contribute to the local stakeholders with appropriate
decision making on protection and management strategies. Studies have
proved that land-use activities such as agriculture have negatively affected the
stream water quality. Upstream water quality in a forested area was better than
that in a deforested stream (Tarlé Pissarra et al., 2008). Water allocation means
sharing water between various regions and competing water users. It is

necessary when the natural sources and water availability are limited and fails
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to meet all water users' needs. The national water allocation plan and a local
water availability assessment determine the amount of utilizable water in the
watershed. The watershed allocation plan should also assess the water required
for environmental flows. The water allocation is generally divided among
priority purposes to meet inter-basin requirements, strategic objectives like for
hydropower schemes, and the water supply of different regions according to

administrative boundaries or some other division (Speed et al., 2013).

Inter-basin water transfer projects: water resources are distributed unevenly in
diverse spatial and temporal scales globally. However, the population and
socio-economic growth occurs in many places and increases water demand and
the water bodies' pressure, leading to water shortage (Zhou et al., 2017). Inter-
basin water transfer has been a useful engineering project and method that will
ensure water accessibility to water-scarce places. However, challenges on
inter-basin water transfer are too complicated due to the demand changes.
Thus, the crucial task is to optimize the water allocation plans between the
supplying and demanding water. In China, plenty of water transfer projects
have been implemented that involved reservoir establishment, complicated
water diversion works, long tunnel construction, and massive water pumping.
As the impacts of inter-basin water transfer projects on the water-supplying
basin and their socio-economic systems are comprehensive, intelligent water
allocation strategies are critical to mitigate these adverse effects before and

after project implementation (Zhou et al., 2017).

Climate Adaptation: researchers who work on watershed planning and
management face issues on how to determine policy based on a future climate
change and how to evaluate its environmental effect (Ahn et al., 2014). The
impact of climatic change on water resources is hard to precipitate.
Simultaneously, with population pressure, increased water demand, and waste
and pollution, it could be very extreme in single water resources (Ludwik,
1991). A warming trend could change precipitation and streamflow regimes
and cause floods or drought. It will damage the watershed forests impacting
the entire river basin by soil erosion, downstream flow changes, and overall

water quantity reduction (Ludwik, 1991). Climate change will influence the
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river basin ecosystems and their interrelated elements and systems.
Commissions already placed in many watersheds will have the function of
managing watershed ecosystems in a different environment and adapting to
new climate conditions (Ludwik, 1991).

Flood risk management: flood risk management acts as a tool to improve water
sanitation and health. For flood management, a wide range of flood control
techniques and measures, including structural measures like bridges and dikes,
and non-structural measures like early warning systems and land use planning,
are needed (Résénen et al., 2017).

Adequate wastewater management: integrated water resources call for
collecting and treating wastewater before discharging into nature, watershed
restoration, and wastewater recycling (Zhou et al., 2017).

Water Quality Monitoring: there is a need for well-equipped and carefully
managed monitoring networks for pollution analysis. Research of Diamantini
et al. (2017) identifies the importance of statistical analyses of physical and
chemical quality of water basin (such as pH, water turbidity and temperature,
electrical conductivity, biological oxygen, and chemical oxygen demand,
dissolved oxygen, available nitrogen, phosphates, phosphorus, and chloride)
considering temporal and spatial trends of pollution changes in the river basin
by statistical data analyses. The control and monitor of topographical, physio-
chemical characteristics (monthly, seasonal or annual), and erosion evaluation
of water have been used as environmental degradation indicators in the
watersheds (Tarlé Pissarra et al., 2008). That indicates the ecological health of
watersheds (Tarlé Pissarra et al., 2008).

Water Footprint Accounting: the grey and blue water footprint analyses are not
only water use indicators, but they can also provide water utilization data useful
in decision-making (Wang et al., 2013). Water accounting through water
footprint is also necessary for water demand management in domestic and
agricultural sectors, water extractions control from sources, and water transfer
analysis from other basins (Safavi et al., 2015). The WF at the basin scale
shows the threat and pressure on its water resources that make the spatial and
temporal comparisons possible. Furthermore, in regions with water scarcity or
a contaminated area, WF accounting can provide valuable data to the

management sectors (Pellicer-Martinez & Martinez-Paz, 2018).
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Supply and demand management incorporation: IWRM aims to incorporate
supply and demand management. Water availability in watersheds alters
between dry and wet seasons. However, the human water demand differs based
on construction rate, population growth, agriculture patterns, etc. When
watersheds become urbanized, proper supply and demand planning will be
necessary. In exceeding demand over water supply and exploitation, the
surface and groundwater resources become polluted.

Sustainable Irrigation: one of the main objectives of IWRM is irrigation
management and planning at the basin scale (Billib et al., 2009). Causapé et al.
(2004a) highlight that the three crucial factors determine the quality of
irrigation containing irrigation management and irrigation system, soil
characteristics, and crop water requirements. Some vital suggestions for
enhancing irrigation are to raise the efficiency of flood irrigation, apply the
pressurized systems in the previous soils, and reuse the drainage water for
irrigation. There is a suggestion for conjunctive management of surface and
groundwater for irrigation to develop the watersheds' sustainable use and
protect the water of high quality in the primary reservoirs (Billib et al., 2009).
Sustainable farming: sustainable farming pinpoints crop diversification by
utilizing advanced technologies, the use of a good variety of seeds, and the
application of stabilized fertilizer (Wani and Garg, 2014). It refers to carrying
out appropriate changes in the existent cropping patterns towards a more
balanced agriculture system to increase cropping capacity and mitigate crop

failure risk.

3.4.1.4 Main challenges in IWRM implementation

The lake of definition: the experience of developing the IWRM approach for
the Sdo Francisco river basin in Brazil has been applied by Braga and Lotufo
(2008). A broad number of stakeholders have been involved in the plan
preparation. However, unclear definitions on some aspects, such as water
allocation, negatively affected the whole project. There is no compromise on
the fundamental issues of IWRM, such as what dimensions should be
integrated and how by whom it will be possible.

Larg gap between concept and actions: in Latin America, several examples of

IWRM have been implemented, mainly focused at the constitutional level, and
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just a few efforts have resulted in the end-user (Garcia, 2008). The discussion
of Silva-Hidalgo et al. (2009), according to a case study in Mexico, indicates
that the IWRM application should be flexible for today's development,
understandable, and available to the public. It should also integrate diverse
viewpoints and concentrate on efficient solutions. Biswas (2008c) criticized
IWRM for the problems of implementation in the real world. At present, the
IWRM has more questions than answers regarding what precisely the concept
means and how the performance is. There is either no experience in conducting
the IWRM for macro-scale policies and projects. Real-life political, social, and
physical factors also make IWRM challenging to achieve in practice
(Sandoval-Solis, 2020). For these reasons, water professionals have called for
a greater focus on refining IWRM concepts through research and quantifying
its implementation results.

Institutional barriers: institutional coordination has been one of the main
challenges of integration (Billib et al., 2009). Analyzes of the water
development and decentralization process in Mexico (Scott and Banister,
2008) showed that significant advances had been established in river basin
councils, irrigation management, user participation, groundwater management,
energy policy, and water legislation. However, implicit procedural and
institutional contradictions in allocating the water resource stayed a challenge
(Billib et al., 2009).

Lack of systematic data collection: Doummar et al. (2009) present an IWRM
case in Lebanon's Lower Litani River Basin. They discovered the approaches
that can obtain multiple economic, environmental, and social advantages. Their
results identify that the IWRM process's performance depends on data (the
quantity and quality) gathered in the area, especially in developing countries.
Low legal basis and Legitimacy: IWRM principles have low priority as they
are planned to fit into different agencies' activities. However, they should be
followed as part of an integrated approach. Many actions should be divided
among various agencies, including private companies, government agencies,
and non-government organizations. Due to the low legal basis, the
achievements are not noticeable in the practical phase even though the concept
has creditably. So, the results have low efficiency and effectiveness (Mitchell,
2005). Furthermore, staff, time, and other resources are needed to perform the
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integration. Integration does not emerge without costs designated and care

taken in deciding on the necessity of an integrated approach (Mitchell, 2005).

3.5 Examples of Watershed Management

In the past, as it was mentioned, systems of wastewater, water supply, and stormwater
have been planned and managed separately. Integrated Water Resource management
approaches the water management systems as a single connected process, impacting
other sectors of land use patterns, agriculture, and energy. To address aging
infrastructure, climate change, and population growth while balancing environmental,
social, and economic needs, water professionals have focused on implementing IWRM
principles. World countries have been initiated modifications on their water policy and

water management systems based on the new paradigm.

In developed countries like United States, Canada, England, and some European
countries, various successful water projects have been performed. They could address
the issues of communities participation, water infrastructure investment, water
resources conservation, sustainable management of river streams, harvesting storm
water and green infrastructre, ground water regulations, pollution management and
control, water quality and supply management, more cost-efficient management,
distribution of water between ecosystem needs and consumptive uses, and so on. Here,
four watershed management cases are clarified in terms of their management approach,
water policy reformation, and the relevant achievements and challenges. Two cases
including the Rhine river basin management plan and the Mississippi watershed
management in developed countries and two cases, including the Poyang Lake Basin
in China and the Mexico watershed management from underdeveloping countries, are

chosen to explain.

3.5.1 The United States

Before, in the United States, water management has been performed by federal
agencies and states. In the 1960s, due to the management coordination failure, the
federal agencies' role in policy-making decreased. The lack of water resource
management cooperation at the basin scale caused environmental degradation and
challenged social and economic development priorities. In the 1970s, the federal

government turned its role of managing regional river basin into a national and

60



supportive legislative role dealing with pollution reduction, land management,

resource conservation, and species protection.

In the twenty-first century, water management has turned into a local catchment level
and basin-scale institutional arrangements as the focal point of water resource
management. IWRM became popular in the late 1990s in the United States through
the works of Global Water Partnership (Biswas, 2008). During past decades,
infrastructure, water supplies, and economic and land resources were managed
independently, without much coordination. Furthermore, there was no protection to
the environment until the Clean Water Act (2008) and the Endangered Species Act.
The American Water Resources Association Board supported the national water
strategy and called for implementing IWRM across the United States. The executed
cases highlight integrating physical and human systems through holistic management

of the public's resources, participation, and water use sectors (Sandoval-Solis, 2020).

The main elements contributing to the US's watershed approach are geographic
management units, stakeholder involvement, management schedule, and coordinated
management activities. Coordinated management is provided by a series of
departments and agencies responsible for wetlands protection, waste management,
water, air pollution control, drinking water source protection, transportation,
agriculture, and navigation. Thousands of ‘watershed partnerships' have formed in
watershed management in the past 15 years. They have involved federal agencies (e.g.,
EPA, Department of Agriculture, National Oceanic and Atmospheric Administration,
and US Fish and Wildlife Service), state and local government agencies,
environmental interest groups, concerned landowners, and citizens, non-government,
and volunteer groups. All of these groups' functions involve watershed management.
The Mississippi river basins Rhine river basin management plan are explained here to

understand the US watershed management activities Russo et al., 2008).

3.5.1.1 The Mississippi watershed management and protection plan

The Mississippi River drained into the Gulf of Mexico stems from northern Minnesota.
The river's significant inflows originate from Ohio, Missouri, Arkansas, Illinois, and
White. So many rivers and estuaries contribute a volume of sediment, water, and
nutrients to the Mississippi. It remains enormous biological diversity and performs

various activities. The river itself provides a wide range of functions and activities
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such as barge access, hydroelectricity, commercial, industrial, recreational water-
related opportunities, public drinking water, residential land uses, and stormwater and
wastewater discharge. Thousands of lakes, small and large rivers feed freshwater into
the Northern Gulf of Mexico, creating an environment that sustains a huge diversity
of life.

The Mississippi River basin includes the Northern Gulf that provides 80% of the
freshwater inflow, 91% of the nitrogen, and 88% of the phosphorus load over 1972—
1993. Nitrogen amounts have risen around threefold since the 1960s that caused the
reduction of bottom oxygen amount in the northern Gulf in summers and springs. The
relationships between land use and nutrient loading have been analyzed by using
statistical modeling in the river. The significant sources of nitrogen loading were
identified that originates in the upper Mississippi Basin. It showed that non-point
sources posed 90% of nitrogen loads was rooted in the cropping and population density
(Russo et al., 2008).

The first Mississippi Watershed Management Plan was prepared in 1986, addressing
land use, surface water quality and quantity, and storm drainage without the existing
commission's approval. It identified main point and non-point watershed pollution
sources especially groundwater pollution rooted in past commercial and industrial
activities. Gulf of Mexico Watershed Nutrient Task Force was established to deal with
federal and state agencies' nutrient management. The plan's main objectives were to
reduce hypoxic areas, encourage voluntary, cost-effective actions and adaptive
control, recognize additional funding sources to maintain existing programs on the
federal regulatory mechanism, and provide measurable consequences (Russo et al.,
2008).

Conservation projects for the Mississippi River basin have been considered to preserve
through activities to reduce the harmful effects of development on watershed habitats.
The main factor is nutrient pollution extracted from agricultural runoff and issues
related to toxins and sediment. This plan cooperates with producers and local farmers
through programs to mitigate nutrients pollution. The Mississippi River/Gulf of
Mexico Watershed Nutrient Task Force deals with dead zones in Mexico Gulf, new
farming practices, and nutrient run of management. The Action Plan (2001) aims to

decrease the nutrients discharges into the Gulf, protect the Mississippi River streams
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through sedimentation reduction programs, improve the life quality to enhance
communities across the River Basin through land management and an incentive-based

approach.

The 2008 Action Plan determines a national strategy to address water quality
improvement and the nutrient pollution in the Gulf of Mexico in the Mississippi River.
The 2008 Action Plan was a reassessment for the 2001 Action Plan. According to the
2008 Action Plan, several five Annual Operating Plans are required until the next
reassessment suggests strategies to sustain the Plan goals. The Mississippi River's
nutrient amount decreased to 12%, even though reducing the hypoxia region to 5000
square kilometers was not achieved (Mississippi Watershed Management
Organization, 2011).

The Upper Mississippi Watershed Forestry Partnership emerged from 2004-2008 to
diminish the Mississippi River watershed's changed landscapes. Surrounding forests
have been recognized as essential parts to protect the Upper Mississippi River
Watershed water quality. Around 70% of the Upper Mississippi Watershed forests
have been turned to land for agricultural and urbanization that damaged water supplies,
the wildlife habitat and contributed to nitrogen loading in the Gulf of Mexico. It was
suggested identification of the forest, woodlands, and habitats' ecosystem services and
incentives to form wetlands and forest buffers to maintain the water quality. The
Mississippi River Basin Healthy Watersheds Initiative (MRBI) (2010 to 2013) was
developed to enhance the Mississippi River Basin health. The initiative has selected
12 states in watersheds involving partners, past attempts of producers, and state and
federal agencies in this area. It also introduced local producers in the watershed to
conservation programs to monitor nutrient runoff from agricultural areas. Each state
chose three area watersheds based on the site's future growth and current water quality
data to reduce nutrient discharge, with particular consideration to watersheds having

the most considerable impact on managing nutrients.

The Mississippi Watershed Management Organization focusing on the Mississippi
River aims to create the long-term management of land and land source within the
watershed. During the watershed plan preparation, all participants and agencies were
asked to determine exact issues and problems. The Mississippi Watershed

Management Organization goals are divided into eight ones composing surface water
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quality and quantity, public participation, erosion and sediment measurement,

recreation, groundwater, wetlands, land use, and cultural and historical resources.

Implementation will concentrate on three areas: policies and standards, projects, and
programs. The plan also directs its member society to implement the Mississippi
Watershed Management Organization's standards and guidelines through local plans
and ordinances. The fifteen specific goals, policies, and projects for the Mississippi
Watershed Management Organization programs are outlined in Table 3.1 (Mississippi

Watershed Management Organization, 2011).
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Table 3.1 : The goals and actions defined by the Mississippi Watershed

Main Areas Goals Defined Actions
Surface Water Flood prevention. Cooperating with different government and non-governmental
Quantity agencies and organizations to determine suitable scopes.

Surface Water
Quality

Recreation

Public
Participation

Groundwater

Erosion and
Sediment
Control
Land Use

Historical and
Cultural
Resources

Mitigation of the drought
effects.

Protection of the surface water
quality;

Diminishment of  non-point
pollution sources.

Cooperation with other agencies
to enhance surface water
quality;

Chance development for public
outdoor recreation in a way that
protects the environment;

Development of a continuous
river corridor.

Enhancement of community
participation in management
programs;

Awareness  raise  of  the
communities  living in the
watershed on environmental
impacts of non-point pollution
sources and rebuild programs on
the Mississippi River;

Protect quality and quantity of
groundwater.

Restore and protection of the
wetland resources.

Control of soil erosion.

Reduce and restore of the human
impacts on shorelines habitats
and natural corridors.

Protection of cultural values
related to the Mississippi River
history.

Conducting flood control programs as well as improving water
quality.

Measuring water supply plans suggested by organizations like
the US Environmental Protection Agency, the Metropolitan
Council, Minnesota Department of Natural Resources, etc.
Regarding the works of other agencies in developing a response
plan of drought.

Controlling water demand and designing programs, policies, and
projects toward water resource conservation.

Generate detention ponds and grit chambers to treat stormwater
runoff.

Creating programs to expand awareness of non-point pollution
sources.

Educating children on watershed issues through partnerships
with schools about watershed problems.

Cooperating with the Minneapolis Park and Recreation Board
and other municipal departments for enhancing water quality
while developing chances for public enjoyment.

The land will be purchased along the river when available to be
appropriate water quality improvement, public interest in
outdoor recreation, cost, other agencies/entities' interest, and
feasibility of purchase.

Planning for comment and review with the public.

Publishing a newspaper minimum once a year, which is broadly
distributed within the watershed.

Developing appropriate management practices to enhance
groundwater resources through participation between the
Mississippi  watershed  management and  brownfield
transformation.

Providing an inventory of watersheds and wetlands.

Analyzing the wetland functions by adopting a methodology.
Building an on-going education program in the wetland.
Evaluating the regions in the watershed in terms of restoration.

Assessing to identify the amount of erosion along the
Mississippi River.

Developing a technically suitable and consensus-based
management framework for protecting, restoring, and improving
the wetland ecosystem.

Preserving cultural sources through groups and agencies like
Metropolitan Council, Minneapolis Historic Preservation
Commission, the Minnesota Historical Society, various non-
governmental organizations, and citizens.

Management.
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3.5.2 Europe

Stable hydrological situations and large rainfall are significant in northern Europe. In
the late nineteenth century, infrastructure and navigation development became the
critical priorities. They caused a reduction in fishing in the Rine (crossed five
countries) and the Danube as two European main continents rivers. The water quality
deteriorated significantly with the industrialization (especially after the Second World
War) and urbanization across the rivers. National operations obtained the strategic
purposes at basin scale after the International Commission for the Rhine Protection.
Most of the pollution reduction goals had been acquired by 2000. The European Union
described the Water Framework Directive (2000), linking all member states for
ecological conservation and protection and water quality improvement. The Water
Framework Directive (WFD) requires the member states to guarantee that water bodies
attain good ecological status regarding environmental health as a focal point in water
policy. The WFD also endeavor to appose divers of pieces of EU water policies and
legislation into one exclusive framework. Before the WFD, member states were eager

to carry out the purposes like rive salmon restoration.

3.5.2.1 Rhine river basin management plan

The Rhine River starts from its origination in Switzerland (1320 km), crossing France,
Germany, and the Netherlands to the North Sea, including a basin area of 170,000 km2
covering parts of Austria, Italy, Leicht- einstein, Luxembourg, and Belgium. Pollution
of the Rhine River that emerged in 1850 was extremely challenging after the
population growth. The river was polluted by hydrocarbons, heavy metals, organic
chlorine compounds, pesticides, domestic, industrial, and agricultural wastewater
discharge. This caused worse toxicological issues in the ecosystem. The Rhine salmon
population crashed in the 1950s due to overfishing, water quality decline, and socio-

economic development.

The Rhine river was a dead river by the 1970s, and regions of the Rhine basin have
faced several struggles between ecological targets and development increase. The
industries' preferences have led to the dams and weirs development and the ecosystem
damage due to changing river sedimentation and velocity in spawning regions.

Constructions of dams and dikes developed agriculture around the river. It caused an
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85% decrease in the ecological alluvial floodplains and plant and animal habitats,

depending on those floodplains (Wang et al., 2016).

One of the essential factors for solving the socio-economic and ecological issues in the
Rhine basin was the collaboration between upstream and downstream regions. The
International Commission for Protection of the Rhine basin (ICPR) was developed in

1970 to enhance international cooperation among the Rhine countries.

The ICPR is responsible for assessing the extent and type of Rhine pollution,
suggesting techniques and measures mitigate it, and providing agreements among
occupied countries. However, the commission acts only as an advisor to basin
management, and the funding and implementation of projects and research are under
the commitments of individual states. The Rhine protection agreements against
chemical and chloride pollution were developed by the commission and approved by
all sectors in 1976. Since their operation, oxygen levels in the downstream region have
reduced to suitable levels, the salinity came back to a more natural condition, and the
biodiversity has improved. In comparison, Nitrogen reduction had not been met in the

Rhine's Swiss region by the early 2000s.

The Rhine action plan as an adaptable and flexible plan was formed in 1987 to fortify
technology, desist from environmental pollution, and cultivate ecosystem restoration.
That plan aimed to restore the mainstream's ecosystem and revive the ecologically
important zones surrounding the Rhine. It contained initiatives to strengthen the Rhine
ecosystem and promote the native and migratory species. The ICPR established the
"Action Plan on Flood Defense" due to destructive floods of riparian regions in 1995
and 1997. The utilization of modeling has helped understand how the diverse land-use
and urbanization scenarios around the Rhine could influence river runoff. The Rhine
states have recognized that successful international watershed management must turn
from an "upstream-downstream" attitude to a holistic ecosystem protection approach.
It points out that linking flexible conventions, basin-scale research and information
sharing, and the systematic release of data and resources to implement the accepted

measures (Wang et al., 2016).
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3.5.3 China

China is a country that has droughts and severe flood disasters. China's fast economic
development and massive population growth have caused pressure on water resources.
The master planning of river basins has been defined as the basis for water resource
management. Since 1949, water management practices have evolved over three
periods.

o First, river basin planning emphasized the river systems rehabilitation, the
watercourse drainage to improve flood discharge, the construction of river
embankments, and the reduction of flood and drought impact.

e The second planning phase was to experience fast social and economic
development, water pollution, and water shortage. The Master Plan includes a
development plan of water resources, essential river basins, and various
thematic programs.

e At the beginning of 20 century, in a period of extreme economic development
and water resources development, a series of thematic plans as to human well-
being like a plan for securing urban drinking water safety and dangerous
reservoirs and water-saving reform of irrigation regions had emerged.

o Finally, innovative planning by the principle of sustainable water resources
development and scientific development has emerged to solve water resources
management's critical issues. Master plans of the river basin are the basis of
water resources development and the basis for social control of watersheds.
The experts and public involvement have also been encouraged over the

planning process.

3.5.3.1 Integrated watershed management of Poyang Lake Basin

This case can be considered a successful model of integrated watershed management
for developing countries. Poyang Lake having a 162,250 km? catchment, is situated on
the Yangtze River within Jiangxi province as the biggest freshwater lake in China. The
alignment of the watershed geography and Jiangxi regional boundary in practice
makes it more effective basin management. It has made possible the administrative
activities and conflict resolution between ecological protection and economic

development and better control over land uses and industry throughout the watershed.
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Poyang Lake is the habitat of 19 bird species included as threatened species (Wang et
al., 2016).

The population growth has led to the transformation of forest to crop agriculture, land
reclamation from the lake, ship traffic, pollution, and overfishing in the Poyang Lake
basin. In the early 1980s, the basin was affected by soil erosion. Water pollution in the
Gan River's upper areas and forest cover decreased to 31.5 % in the catchment and the
surface area. The other adverse ecological effects on Poyang Lake are:

o Biodiversity loss.

o Degradation of wetland habitat and water quality.

o The spread of disease posed by parasitic worms over the last few decades.
Furthermore, ecosystem degradation has increased poverty due to the linkage between
the river basin and its economy. Management of Poyang Lake could provide a unique
case of partnership among local communities, local government, and international
organizations to create holistic monitoring and systematic research in the watershed
and improve economic and ecological conditions. Over the last 30 years, various
projects at basin scale have been performed in the Poyang Lake basin aiming at
sustainable water resources management, ecosystem function preservation, and
economic development enhancement by an integrated approach. Management
techniques and strategies have also concentrated on the restoration of the ecosystem.
The farming land was returned to the forest and increased forest regions by 623,333
ha between 2001 and 2008 by afforestation and planting of bare lands and agricultural
lands.

It improved the forest landscape linkage and decreased the ecological effect of
landscape fragmentation in the agricultural land. Fifteen protected regions for
waterfowl and 77 wetland parks in the watershed identifies the necessity of waterfowl
preservation in management initiations. However, there are remained some issues in
the basin-like habitat damage and biodiversity loss. Since the 2000s, Poyang Lake has
experienced severe low water levels and an earlier dry season, which resulted in
adverse environmental and social consequences, including water shortages for
irrigation and domestic use, lack of appropriate habitat for wintering migratory of the
birds, and deterioration of water quality (Wang et al., 2016).

One of the main challenges to manage the Poyang Lake watershed is the changed flow
dynamics between the Yangtze River and Poyang Lake following the dam's

construction over the Yangtze River. In 2008, the regional government suggested the
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Poyang Lake hydraulic project for restructuring the barriers with less control of the
waterway over the flooding seasons so that the lake and river could naturally be
connected. The increased accommodation over dam closure may increase the nutrient
amount and result in water pollution (Wang et al., 2016). This would negatively affect
sensitive aquatic regions and species. The Chinese governments analyze the dam's
effect on these issues and review the plans' engineering suggestions over 2016—2020.
As submerged vegetation, the Poyang Lake ecosystem requires a shallow water level
to obtain enough sunlight and bird species feeding on this vegetation. Therefore, in
many recent proposals, the controlled water depths nearly imitate the natural seasonal

fluctuations in Poyang Lake (Wang et al., 2016).

3.5.4 Mexico Watershed Management

Mexico has significant water-related issues such as excessive exploitation and
pollution of groundwater and surface water sources. Serious measures are needed to
prevent social, environmental, and economic effects. Water management has
historically been too centralized in Mexico. After passing the Federal Irrigation Act of
Mexico, in 1926, water resources management emerged in Mexico. The 1992 National
Water Act encouraged participation between state and local water users and civil
society defined the roles of local stakeholders, and announced the creation of river
basin councils. However, due to the gap between water supply and demand,
environmental deterioration was going on.

The main reforms related to water have been the National Water Commission (CNA)
that emerged in 1989 and the National Water Law in 1992 (Hearne, 2004). Today,
many of the CNA functions like water resource planning have been decentralized to
the regional sectors. The national water plans and policies are formed through a
bottom-up approach. Public policies related to water reform have also been organized
to the privatization of infrastructure operation and development. The leading
institutional transformations happened in three main areas:

o Management of Mexico's large Irrigation Districts has transferred from the
Federal government to the farmers, water user associations were established,
and 3.5 million hectares have been changed and returned into farmland as to
the primary water consumption sector.

« The municipalities have attained responsibility for water supply and sanitation

services.
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o Water scarcity of Mexico followed by its population growth and the industrial
developing plants, especially in the border crossing cities, have caused lower
water quality (Hearne, 2004). Water Management institutions have formed to
improve water quality in the Northern Border Region (Hearne, 2004)

e  The National Water Commission regulates for collecting fees for pollution and
effluent discharges.

Both internal reasons like deteriorating water quality, water shortages, and external
items such as neoliberal reforms, macroeconomic crisis, and decentralization approach
helped Mexico's institutional change in the water sector. It shows that the water sector
is related to the varying social, political, and economic situation. Therefore, water
sectors and institutions have evolved with the Mexican society. Water sanitation, cost
recovery, and sanitary coverage, wastewater treatment, and potable water have
increased. Water users have been reported, and new institutions have been established
for irrigation systems management and environmental problems along the northern
border with the United States (Hearne, 2004).

During the last twenty years, Mexico has built considerable improvements in
assessment and monitoring of quantity and quality of surface and groundwater,
bottom-up and top-down approaches to water basin planning, dam safety and
implementation of hydraulic infrastructure, the formation of river basin councils,
discharge control, and water rights administration. It researched the sustainable and
integrated water management in regions with overexploited wetlands. Mexico also has
substantial developments in basin planning in some key basins like the Lerma-Chapala
where specific actions were needed to address water quality issues. In Lake Lerma-
Chapala, water scarcity and reductions in the water quantity was continuing. A
sophisticated allocation plan of the watershed has been created to handle these

problems.
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4. WATER RESOURCE PLANNING

4.1 Water Resource Planning Approaches

Water resource systems have lots of benefits for both people and natural ecosystems.
However, many of the water systems are not supported due to diverse issues. Problems
such as inadequate and infrastructure, pollution caused by agricultural and industrial
activities, eutrophication of nutrient loadings, infestations of exotic animals and plants,
and salinization from irrigation are seen in the water bodies. Extreme withdrawals of
streamflow, heavy fish harvesting, habitat change, and floodplains by developing
functions and alteration in sediment and water flow regimes have exacerbated their
situation. Thus, planning and decision-making at water basin levels and watersheds

are required to meet various water resource systems' needs.

Watershed planning ensures adequate and sustainable supplies and water quality by
addressing socioeconomic factors, including adequate education, population growth,
and poverty (Loucks and Beek, 2017). Barrow (1998) stated that river basin planning
is water allocation between different stakeholders and human needs, and
environmental objectives. According to Brooks et al. (2013), watershed management
organizes the land and other natural resources on a basin for providing the expected
services and products without negatively affecting soil and water resources. Water
resource planning concentrates on the relationship between land cover and land use,
water quality, water storage, and water movement regarding the basin area as a
functional unit for water management and planning. It plans to manage the land and
how it is used through recognizing the relationships between social, economic, and
ecological processes (New York State, 2009). Although each water resource plan
considers various aspects and reflects specific management strategies and unique
purposes, there are some common qualities covered in every water resource planning

program. The water resource planning is:

« a dynamic process because the variables of the plans are almost altering.

Therefore, the plan will change with them;
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» a holistic approach that considers all the beneficial functions of a water area,
the factors needed to maintain the processes, and the strategies required to treat

water quality;

» a geographic area that is determined by a drainage basin. A water resource
plan should cover a geographically vast area to ensure that the plan will address

all causes of impairments, the primary sources, and threats to the water area;

e an integrated process with other planning activities of national, state,
provincial, and local planning functions through data sharing, stakeholder

participation, and implementation of management measures (EPA, 2008).

Planning is an essential tool to improve and support operational management and

supplies an opportunity to:

» analyze the current condition of the water bodies and the priorities over their

use;
* prepare visions, set targets and goals, and orient the management;

« produce a structure for organizing law and policy, related research, and public

participation;

« enhance the policy, public acceptance of water allocation, and water control,

especially in times of stress;

» simplify the interaction and coordination among stakeholders and managers,

and create a management plan (Loucks and Beek, 2017).

Today, most of the new water resource plans address the concerns and issues related

to three trends:

4.1.1 Water security and the sustainable development goals

One trend is a growing concept for the sustainability of human development. Water
security has been determined as one of the largest universal economic development
issues by the World Economic Forum. UN-Water (2013) defined water security as a
population’s capacity to ensure stable access to an adequate amount of water (with
standard quality) for maintaining human well-being, livelihoods, and socio-economic
improvement and supporting protection against water-related disasters and water
pollution. Efforts have recognized many aspects of water security and the ways to
quantify them. UN Sustainable Development Goals have specified targets and
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different goals for 2015-2030, such as the water supply for sanitation and drinking,
water productivity in agriculture, energy and industry, environment, flood, and
drought reduction. There is an expectation that many countries manage their water,
considering Sustainable Development Goals as targets in their water basin planning.
Therefore, proposed management and plans are needed to be evaluated by their

impacts in terms of those defined goals.

4.1.2 The bottom-up participatory approach to water resource planning

There are identified two primary approaches in water resource planning and
management. One, which is often called command and control, is from the top-down
approach. In the past, experts of water resources have been involved in creating master
plans to develop the river basins all around the world. These plans usually include
several documents besides various appendices explaining all water resources use and
management dimensions. Through these reports, suggested structural and
nonstructural management items are determined and analyzed for recommending the

preferred plan.

In the top-down approach which is dominated by professionals, the experts have
assumed that one or more institutions can prepare the water resources development
plan and manage the basin's activities influencing the basin ground and surface waters.
Today, top-down approaches have become less acceptable and desirable due to current
perspectives that call for developing cooperation and participation in management and

planning activities and less government control and regulation.

The other approach is the bottom-up approach, which is called the grassroots approach
as well. Over the last decades, the interested stakeholders' participation has
increasingly happened in the water resources management and planning processes.
Through consensus development, the plans are being generated from a bottom-up
process rather than a top-down approach. Water resources management and planning
don't mean the implementation and application of science. However, it creates a social
environment for getting all people who should be engaged from the beginning,
continuing the planning process. The successful operation of water resources planning
and management needs the active cooperation and participation of all community
institutions involved in resource management and economic development (Loucks and
Beek, 2017).
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Nongovernmental organizations, interested citizens, and professionals in
governmental institutions cooperate to build adaptive and comprehensive water
management policies, programs, and plans. The system being managed will be
sustainable through stakeholder participation. Bottom-up planning must either comply
with applicable regulations and laws or suggest changes to them. It should evaluate
multiple performance criteria and various alternatives including sustainability factors,
and recognize prioritizing correct strategies and trade-offs among conflicting targets.
Through working together, both approaches will result in a holistic management policy

and an integrated plan.

4.1.3 Demand-oriented approach

Until the 1960s, water management was designed to meet the primary functions of
food production and health through the supply approach for more than three centuries.
The supply approach’s main problem was how to determine a water requirement and
then how to make water available for that. These requirements were only understood
after population growth, economic and agricultural development emerged, not as
policy matters (Hoekstra, 2000). A common perception of this approach was that water
shortage issues happened when there was not adequate water to supply productive and
social demands. The water shortage problem is solved by increasing the water supply
infrastructure that requires a vast water project expenditure. Despite these activities,
by the end of the 20th century, nearly 1.2 billion individuals still suffered without
access to clean potable water, and 2.4 billion lacked adequate sanitation services
(Dieterich, 2003). Furthermore, it has resulted in overcapitalization, resource overuse,
pollution, and other issues of varying severity (Ruelas-Monjardin, 2010). Due to those

problems, the model of the water supply has been seriously criticized.

Water demand management has been known as a process that encourages the efficient
use of existing water supplies rather than developing new ones. The proposes of water
demand management can be obtained through economic, ethical, technological, and
educational considerations (Ruelas-Monjardin, 2010). This approach's logic is that
water demand cannot continue to increase as water availability is limited, and water

uses should be in harmony with the available resources (Hoekstra, 2000).

In the Third World Water Forum held in Kyoto (2003), to develop the water industry's

economic performance, the potentials of this approach were identified and promoted.
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In this forum, water was valued as an economic commaodity, and as a result, there was
a need to price water for recovering the expenses of service delivered (Ruelas-
Monjardin, 2010). In this way, by improving water use efficiency rather than
increasing supply, the demand-oriented approach aims to satisfy the water needs. This
approach puts the water demands themselves rather than engineering or structural
solutions, as a point of concern. It shows the cheapest way of easy access to the
available water, especially in areas where other demands are being considered on water
resources. Following efficient water use, it should be allowed to market mechanisms
and private sector participation. However, this approach deals with big problems and
challenges, despite its international acceptance. Water management as a commodity
has been identified as a complex issue. At least six prerequisites are needed to treating

with water as another commercial good, which are:

e It must be able to be measured, controlled, and treated as a commercial
commodity;

e The water demand must exceed the water;

e The water as a product must be provided when it is needed;

e It must be mobilized and transferred to where it is most needed;

e The water market must be accepted by society;

e The mechanisms of regulation and administration must be existed to ensure

equity and fairness (Ruelas-Monjardin, 2010).

In addition to those difficult prerequisites, regarding water as a commercial good, it
needs to consider the rights for its use both in terms of popular habits and law. For
managing water issues, the supply and demand planning approaches still deal with
various challenges and it is needed to achieve holistic management of water resources
for preventing conflicts and meeting natural and social demands (Ruelas-Monjardin,
2010).

4.1.4 Integration of spatial planning and water resources management

Terrestrial and aquatic systems are tightly connected. Thus they both should be
regarded when planning for water management or framing land-use dynamics
(Mitchell, 2005). Integrated water management is probably more efficient if connected
to the land-use planning or basic official plans. Despite the efforts and time allocated

on integrated watershed management planning, it has shown little action through last
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performed experiences. The cause is the IWRM has low legitimacy and legal basis.
There is a challenge in the implementation, as many of the activities should be taken
by various institutions and organizations involved in government agencies, personal
companies, or nongovernment institutions (Mitchell, 2005).

Integrated watershed management should be created and implemented through linkage
to other relevant sectors and initiatives having credibility due to their administrative
power or statutory policy. The progress can be significantly achieved when the IWRM,
spatial and environmental policies, agricultural programs, and protected projects have
been connected to a statutory base of official plans and land-use planning at the local
level.

Sustainable water resources need regulations that can only be developed by spatial
management and planning (Figure 4.1). For instance, restoring water-related functions
by conservation planning and implementation can be gained by incorporating the
protective water zones into the overall spatial plan. Simultaneously, spatial
development must be supported by appropriate water resources development (Asian
Development Bank, 2016).

The integrating spatial planning and basin planning, which needs excessive
coordination for developing and managing land, water, and related resources, achieved
noticeable attention in many countries.

The European Union Water Framework Directive severely focuses on the need for
strong ties between river basin management and land use planning.

Policies of land use planning are essential mechanisms for implementing the watershed
plans. The watershed plans' scopes and requirements should be incorporated into
official municipal plans, both to upper-tier and lower-tier ones. The upper-tier official
plan should provide a regulatory way and direction to the lower-tier municipal plans
considering the zoning plans and watershed plan's suggestions. The lower-tier plans
should offer more data and detail. However, the formation of the connection between
these two systems needs numerous efforts in linking separate institutions and policies.
There is limited knowledge of how to apply the connection and integration, or what it
means in practical terms for key planners and stakeholders (Asian Development Bank,
2016). According to the six rivers project (2009-2013), the integration of spatial
planning and water resources planning comprises two main inputs:

* Spatial planning inputs to the basin plans can be consistent projections for population

growth, land use, settlement, other socioeconomic factors. The spatial plans show
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future land allocations and provide the water demands for irrigation, industrial and
domestic, or water required for flood protection considering population, settlement,
and land-use projections to the basin planning projects.

* Basin planning inputs to spatial plans are water zoning requirements that address the
various dimensions of water resources (runoff from the upstream catchment, urban
runoff, erosion, etc.), and can be impacted by spatial management. Two basin planning
and spatial planning processes have been achieved through several strategies and
policy formation. The interaction between basin plans and spatial plans needs adequate
communication in two phases of the planning process. It also needs to quantify impacts
and requirements and conduct adaptations to suggested developments in spatial

planning and water resources planning to optimize an overall development.

Water resources
planning
Input from spatial (river basin scope)
planning to water resources
management plan

Projections for Water zoning
land use requirements
Input from
water
zoning to
Spatial planning spatial planning
(national,
island scope)

Conflict resolution; valuation
of alternative land use

Figure 4.1 : Water Resource Planning Process in relationship with other areas of
planning (Asian Development Bank, 2016).

4.2 Key Aspects of Water Resource Planning

In various sectors like domestic, agricultural, environmental, and industrial sectors,
water resource management and planning have caused more contradiction and made
an unsustainable system in the basin area. As a flexible plan, water resource planning
needs broad participation of the community to support the water quality improvements
and guides the restoration and protection of the water reservoirs. Watershed planning
supports water quality improvement through balancing environmental and economic
factors at the local level (New York State Department of State, 2009). Watershed
planning also provides an opportunity for strengthening the interrelationships between

water management and land use planning. The fact is that more urban area means
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reduced infiltration, larger hard surfaces, increased rainfall-runoff, enhanced
sedimentation, and erosion in the water resources. Therefore, three main aspects are
identified in watershed planning: community involvement, land use planning, and

management programs.

4.2.1 Community involvement

Stakeholder participation is recognized as a primary factor for environmental decision-
making. In a general sense, stakeholder participation is a process that eases the
inclusion of the knowledgeable individuals who are affected by, involved in, or having
experience or expertise related to the water resource issues (Pigmans et al., 2019). It
emphasized that whole community participation and involvement at all phases of
project planning and implementation are undeniable. It is more critical when the new
investment will affect the local communities’ health, security, and prosperity
(Dungumaro and Madulu, 2003). Involving the community and building strong
partnerships right at the start of the watershed planning process will form a basis for
implementing the proposed plan. The stakeholders' interests and views on the water
areas' future can be captured by bringing people together. Community involvement
needs three actions in watershed planning:

o The key stakeholders should be identified. A stakeholder is a person or group
who will lose or gain something based on the water resource plan results. They
are the individuals and groups, including officials, civic and business leaders,
environmental groups, educational institutions, neighborhoods - who have an
immediate benefit in the future of the water resource (New York State
Department Of State, 2009).

e An advisory committee should be organized in the watershed. First of all, in
the planning process, an advisory committee should be organized to examine
all dimensions of building the water resource plan, efforts on the planning
process and its implementation. This committee's responsibilities include
providing input on watershed conditions, advising staff on managing the
process, holding regular meetings, informing the society on the watershed
planning, and working with the municipal team and others to complete various
tasks. Members of the advisory committee should contain representatives from

regional and local nonprofit organizations, local governments, property

80



owners, water managers and suppliers, and academic and business
communities (New York State Department of State, 2009).

Partnerships should be established. A partnership refers to an agreement
between two or more entities to participate and work together following a
specific purpose. The partners represent divergent viewpoints on the issues of
the watershed p