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ment in Korea, integrated watershed management in Japan, and healthy watershed management in the
US have been examined in this review. Pioneering countries utilize green infrastructural applications to
improve their resilience against climate change by adopting adaptive solutions and mitigating pollution
sources. This paper includes an overview of the implementation of green infrastructure exemplified by
bioretention in urban development and ecosystem maintenance. The good engineering practice for biore-
tention was established by applying data collected from other research. Biomantle and semi-direct injec-

Eazrtzgiztblﬁﬁy tion of storm water are the two methods for sustaining bioretention functionalities for peak flow
Watershed management reduction and soil stability enhancement. Maximum pollutants reduction efficiencies by bioretention
were reported in the past research, including 99% of phosphorus, 82% of nitrate, 92% of heavy metals,
and 96% of suspended solid. Lastly, a conclusive benefit analysis of green infrastructure from environ-
mental, economic, and social perspectives was conducted.
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1. Introduction

Anthropological activities, including domestic sewage, agricul-
ture, and industrial effluents, play a significant role in water pollu-
tion (Goldar and Banerjee, 2004) and damage the natural
watershed ecosystem and human health. One of the prerequisites
for sustainable development is to maintain watershed and ecosys-
tem at a healthy level. In order to achieve the goal, we need to
ensure that the watershed is resistant to natural disturbance, self
sustaining, and without effects on its surroundings, beneficial to
communities with ecological value (Luo et al, 2003). The
approaches and preservation need to be connected in laterally, ver-
tically and longitudinally; and variability of natural particularity
and temperature is obliged to be taken into account (Naiman
et al., 1992). The advanced watershed management in 1990s pro-
vided a holistic perspective that the health of the society and
watershed depends on each other. In other words, they are mutu-
ally beneficial to each other (Flotemersch et al., 2016a). And the
term “Watershed Integrity” is now used to describe the systems
which provide the service to our society with sustainable flow
(Flotemersch et al., 2016a). Climate change has already reduced
water availability and strained the ability of local water companies
to supply water. It has brought us into a water-stressed stages
where the excessive runoff in wet season cannot be beneficial dur-
ing dry seasons (Arnell, 2004). In order to clarify and face climate
change, regional and local scale approach is required for mitigation
and adaptation strategies (Xu et al., 2009). The adaptive manage-
ment describes one’s ability to cope with climate change and the
ability to adjust in different scales while maintaining the develop-
ment of our socio-ecological system (Pahl-Wostl, 2007). In other
words, the flexibility is to determine how well the management
can deal with upcoming events, such as flooding.

Green infrastructure serves as the planning tool for existing
pubic land, such as parks, forest preserves, greenways, alleyways
and roadside right-of way zones. Lovell and Taylor (2013) brought
up the idea that the flexibility of green infrastructure can furnish
unused open areas in the cities (Lovell and Taylor, 2013). Besides
the need for a policy, it also demands a transitional period of time
for the connection between multiple social ecological systems
which promote connectivity, accessibility, physical activity, and
leaning (Lovell and Taylor, 2013). The hierarchy theory can be used
to understand green urban infrastructure planning. The theory that
promotes a multi-scale system should prioritize only one issue
(O’Neill, 1985). Hierarchy systems can also explain landscapes.
Heterogeneous spaces are considered to be a huge net where larger
regions are essential to urban ecological process due to their higher
monetary value and more complex structures (Ahern, 2007).

Applying green infrastructure to agriculture water control
intends to regulate eutrophication caused by overusing fertilizers
and pesticides. For example, an ecological study of eelgrass
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reported by Latimer and Rego (2010) suggests the nitrogen over-
load should significantly harm to eelgrass (Latimer and Rego,
2010). Therefore, green technologies and green infrastructure
would be beneficial for on-site use at different locations. Advanced
modeling, sharing data, and amended approaches are of essential
ways to target varying and emerging issues. Software will increase
productivity whilst implementing green infrastructures. A study
conducted by Charalambous et al. (2012) introduced a user-
friendly tool that uses water loss quantification and visualization
to minimize inefficiencies (Charalambous et al., 2012). With proper
planning, spatial planning plays an indispensable role in urban
expansion (Madhu and Pauliuk, 2019). Planners and stakeholders
intend to formulate policies based on the existing problems
regarding watershed maintenance and water scarcity (Matthews
et al., 2015). Planners currently face challenges in redesigning facil-
ities to increase sustainability, so there is a need to understand
how green infrastructure can be integrated as an innovative prac-
tice (Matthews et al., 2015).

The objectives of this review article are: (1) to review the devel-
opment for healthy watershed management in various countries,
(2) to examine and highlight current barriers with corresponding
strategies, (3) to establish Key Performance Indicators for healthy
watershed environment, (4) to conduct beneficial analysis from
environmental, economic, and social aspects for green infrastruc-
ture, (5) and to assess and evaluate challenges and perspectives
for both short-term and long-term sustainable development.

2. Development of health watershed

From a historical point of view, different countries have all
made contributions to its watershed management development.
This review has chosen the UK, Canada, Japan, Korea, and the US
as examples to illustrate how water is managed. A worldwide
roadmap regarding water management development is shown in
Fig. 1.

2.1. River basin management-UK

In the UK and other developed countries, river quality, and
groundwater contamination from the point and non-point source
pollution have always been the primary concerns (McGonigle
et al., 2012). Temperature and hydrology change and biogeochem-
ical cycles, such as carbon cycle, were noted in upland catchments
in England under climate change (Curtis et al., 2014). However,
substantial progress to drinking water and rivers has been made
ever since privatization. For example, over the past two decades,
biology has contributed to water quality improvement in the UK
to large reductions in acid deposition (Curtis et al., 2014). River
basin management plan with the focus on Thames River has been
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Fig. 1. Development of sustainable water management including USA, UK, Canada, Japan, and Korea from 1950 to 2020.

put into application in modern river basin management in the UK.
The plan contains two parts which aim to prevent water body dete-
rioration and protect conserved land and water bodies, and
improves water quality and provides actions and future regulation
suggestions. Large infrastructures are applied along the river basin
district. Other than river basin based management, the sustainable
drainage system is another way to cost-effectively improve water
quality and quantity besides surface water solution (Ashley et al.,
2015). Upon sustainable drainage system in the UK, integrated sys-
tematic planning of “street” greening, along with the optimization
of existing biofiltration technique, green roofs, downspout discon-
nection, and sub-catchment riparian corridors was suggested as
the improved approach for urban development (Ellis, 2013).

2.2. Eco-health watershed management-Canada

Anthropological activities impact the watershed ecosystems
ability to provide products and service which underlie human
health. In Canadian water management history, a safe drinking
water source is progressively becoming a primary concern because
of waste discharge, excessive nutrients, and chemical use. Many
waterborne diseases and outbreak incidents were originated from
treatment industries. Although the intensity of the treatment is
well taken care of, poor source water quality control can be the
inherent threat associated with potential health risks. In Canada,
the roles of federal and provincial governments differ from juris-
dictions in the context of drink water protection. Under the clear
division cooperation system, provincial governments are in charge
of the authorization of use of water, water development, flow reg-
ulations, legislate water supply and pollution control where the
federal government is responsible for keeping jurisdiction in terms
of overall navigation, fisheries, national part inspection and aborig-
inal reservations (Davies and Mazumder, 2003). One of the noted
methodologies is the framework of watersheds, ecosystem, social
systems, and health well-being. The watershed governance, a
three-dimension framework, unifies from four basic elements
and integrates them into two emergent approaches: eco-health
and watershed-based integrated water resources management.
The former argues that the human health and well being are not
only the consequences but reflection as well and the later states
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the point of watersheds being appropriate units (Parkes et al.,
2010). Upon this theory, methodologies like environmental flow
which is to maintain water quantity at an acceptable level in
regard to sustainable development for aquatic biota is applied to
Maritime provinces (Tharme, 2003). Multi-barrier approach which
aims to reduce the vulnerability of drinking water contamination
targeting on first nations safety (Patrick, 2011) are noted in Canada
watershed management as well.

2.3. Sustainable water management-Korea

Sustainable water management is essential to the future for the
world that programs to protect the ecosystem while propping
growth and development. The transformation of Korea watershed
management was from water quality management to watershed
management system. Better participation and cooperation plus
successful policies, which include Total Pollution Load Manage-
ment System (TPLM), Buffer Zone System, Land Purchase System,
Supports for the Source Water Management Areas (SWMA), and
Water Use Charges and the Basin Management Funds, are comple-
mentary to each other while providing benefits for various zones.
One major water issue among Asia countries is flooding and
drought even due to climate change (Azam et al., 2017b). Govern-
ment is essential to Korea adaptive watershed management as well
as participation from stakeholders (Kang and Park, 2015). Data col-
lection and utilization, therefore, is of one of the important factors
required for design and measures for reducing damage from flood-
ing, such as hydrological engineering center’s hydrology modeling
system (HEC-HMS). The application is useful for policy-makers and
other regulations to mitigate the risks with suitable measures
(Azam et al., 2017b). The decision supporting system (DSS) which
has evolved to several subsystems including database, model base,
knowledgebase, and general user interface (GUI). With incorporat-
ing with HEC-HMS, flow prediction and urban water demand fore-
casting can be better predicted (Zeng et al., 2012).

2.4. Integrated water management-Japan

Integrated management can be classified into many kinds.
Integration of different agencies plays an irreplaceable role in
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establishing the intact administration in watershed management
(Nakamura, 2008). Reasonably allocating resource to departments
and institutes can dramatically save time, space and human
resources to reach a product management level. Japan, as a pio-
neer, applied software and computer science in the watershed
development and efficiently integrated the capability of society
and government functions to prevent, inspect and evaluate water-
shed (Berndtsson and Jinno, 2008). Ministries in Japan play a crit-
ical role in water management. However, the need for a more
comprehensive top-down approach is required. Although inte-
grated management has contributed to water quality and quantity
improvement, ministries policymakers need to perform more col-
laboratively. Besides, strengthening local government capacity is
also a solution although its corresponding financial problem
remains a challenge (Kataoka, 2011).

2.5. Healthy watershed management-US

The pursuing towards sustainable development is of the main-
stream in the United States due to the growing exploitation in the
regions where lack of water is the problem. The aggressive
demand is also growing in terms of natural habitats, urban area,
water, and other source-based features. Hence, the most signifi-
cant challenge the US facing currently will be how to manage
resources in a sustainable manner (Thorud et al., 2000). The role
of technology and sophisticated tools suddenly becomes critical
and indispensable. Properly utilization helps policymakers to have
a clear view of whom or what aspects being left behind (Thorud
et al., 2000). Social science is equally crucial to water managing
at this moment. The planning and design outcomes are needed
to be implemented by policymakers who generally have a wilder
point of view.

One of the most sophisticated smart infrastructures is green
infrastructure, the popular storm water management tool. This rel-
atively new approach, which is encouraged by the U.S. Environ-
mental Protection Agency (EPA), was introduced to reduce storm
water runoff incorporating with other smart devices and technolo-
gies (Meng and Hsu, 2019). An example from (Tsegaye et al., 2019),
proposed the methodology Gray to Green (G2G) approach by using
Tampa and Milwaukee as examples to prove that green infrastruc-
ture could potentially become a more flexible, effective, and
benefit-providing solution for treating and managing the urban
water system. Water sustainability is defined as the available
freshwater supply during climate change, extreme weather,
drought and flood, and overpopulation (Mays, 2007). In the past,
conserving water resources was executed with gray infrastructure
practices. Yet, the exploitation of water and improvement in
urbanization required more integrative and innovative systems
(Al-Jayyousi, 2003), such as a green system.

2.6. Summary of roadmap for watershed management

In the early 1930s and 1940s, watershed management was
regarded as “watershed management from the viewpoint of the
forester” in 1938. In the 1940s, watershed management requiring
economic studies were brought up (Kotok, 1938). The main focus
on sustainable development was brought up in 1962 by Rachel
Carson’s Silent Spring, which brought up toxicology, ecology, and
epidemiology together to exhibit a better understanding the attri-
bute of environment management with the combination of social
and economic (Hsu and Chao, 2020). The period between 1950s-
1970s under the growing industrialization was known as water
governance initiatives where most of the first version laws and
water protection policies were carried out in different countries.
For instance, England has published River Act 1951 to prevent pro-
gressive pollution. In 1968, the Intergovernmental Conference for
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Rational Use and Conservation of the Biosphere came up and
showed the world the whole systematic idea of ecologically sus-
tainable development. Then, environmental issues, especially for
water problems, became one of the dramatic concerns from 1970
to 1985. Therefore, the second phase of watershed protection is
about water pollution control. The urgent alarm brought peoples’
attention. Many of the global conferences and legislation emerged
during this time. For instance, the National Environmental Policy
Act was passed in 1969 for addressing the environmental problem
around the United States. International Institute for Environment
and Development (IIED), conducted by the United Kingdom, fol-
lowed up right after First Earth Day in 1971. It built up the concept
of seeking the best of both worlds between economic development
and environmental deterioration and resource consumption.
Canada also started to take actions on preventing environment
and resources with a competitive measure, namely Greenpeace.
Also, the Great Lake Water Quality Agreement in Canada and the
United States was out for protecting and restoring desirable lake
area. After the 1990s, the world trend has entered into an urban-
ization period where climate change becomes a primary issue in
the worldwide. Integrated Watershed Management was officially
introduced. An example from Japan was the establishment of the
First Environment Basin Plan, also refers to the integrated
approach. Not only has individual movement among countries
been awakened by the climate change meeting in 1985 regarding
global warming in Austria, but it was reported by the World Mete-
orology Society, the United Nations Environment Programme
(UNEP), and the International Council of Scientific Unions respec-
tively. In 1996, ISO 14001 is officially accepted as the international
standard operation for environmental management.

The terminology “Green” appeared in public within a high fre-
quency after 2005, green economy, green transportation, and green
infrastructure were consistently accepted by people, organizations,
and regulations. A significant change of focus in the 2000s in terms
of water contamination prevention was from pollution control to
drinking water and human health. The term “Healthy” was the
keyword during the 2000s. Healthy watershed management with
green infrastructure started to play a relatively important role. In
September 2015, the United Nation (UN) General Assembly
adopted a resolution identifying 17 Sustainable Development
Goals (SDGs) with a combination of 169 associated targets to
achieve by 2030, which were supported by every county involved
in the United Nations. Sustainable watershed development became
the name of the game. Water sustainability is defined as the avail-
able freshwater supply during climate change, extreme weather,
drought and flood, and overpopulation (Mays, 2007). In the past,
conserving water resources was executed with gray infrastructure
practices. Although the focus has been switched from protection
and prevention to response and recovery, the current issues still
need to be solved separately and individually. Due to the inherent
problems are various and independent, analysis and strategies are
required according to their characteristics. The main issues are
listed out as follows: water quality contamination, ecological con-
dition deterioration, water quantity insufficiency, lack of integra-
tion of governance, insufficiency of adaptation measures to
climate change

3. Barriers and strategies

Although we are stepping into a sustainable watershed man-
agement period, water issues cannot be avoided entirely. Some his-
torical water problems remain as obstacles. The barriers are sorted
into five categories and further discussed in the following sections.
The strategies and key performance indicators will also be pro-
vided, respectively.
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3.1. Barriers and issues

Water scarcity was never distributed evenly in the world. In the
specific region around the world, such as arid areas, Central Asia,
and North Africa, water is severely scarce and irrigation for agricul-
ture will become a significant issue (Rijsberman, 2006). The shock-
ing data collected by (Mekonnen and Hoekstra, 2016) proved that
two-third of the population, which is approximately 4.0 billion
people, has been suffering insufficient water for at least a month
per year. Water quality contamination is the main reason behind
it and has been the primary concern for centuries. Industry priva-
tization, urbanization, and technology development contributed to
this specific issue. Although it has been mitigated significantly, the
proper strategies are required for future build out and growth. The
progressive phase for the water issue is of the ecological condition
deterioration. The precondition to solve the degradation problem is
to have a clear understanding of how it was damaged in the first
place. The very early sign is the reduction of wildlife. However,
restoring ecosystem of habitats and natural resource requires
incorporating with other studying factors which includes individ-
ual, population, community, ecosystem, and landscape conditions.
The gap between conceptual strategy and practical implementa-
tion is mainly associated with the lack of action from stakeholders
to apply theoretical principles (Kraff and Steinman, 2018). Enforce-
ment to the locals and individuals is required. Although public par-
ticipation is encouraged, some stakeholders stated their perplexity
of the federal systems. Such phenomenon exhibits the status quo
issue of water management integration (Kraff and Steinman,
2018). Recruiting proper participators is another challenge due to
the scarcity of labor. The insufficiency of adaptive measurement
to climate change exposes critical issues, such as water quality
contamination and water quantity control. In addition, there is a
lack of tools to analyze hydrometric condition in hazardous areas.
A study done by (Mishra and Coulibaly, 2010) revealed that many
basins do not have sufficient data flow to execute decision making.
Insufficient gauges are not able to cover the entire watershed area.
However, distributing inspection tools in large watersheds incur
the increase of expenditures. Fundamental aspects of sustainability
are education, collaboration, communication, and engagement.
Individual activities or single organization are not capable of
changing the entire problem. Therefore, cultivating shared values
motivate people to protect the watershed. These shared values
include the understanding of green chemistry, green infrastruc-
ture, and climate change (Taye et al., 2019).

3.2. Strategies and current approaches

To address the current critical watershed issues, five strategies
are suggested in this review correspondingly.

1. Clarify the water environment

Enhance drinking water and catchment management with pro-
tective policies and Best Management Practice (BMPs). Utilize Low
Development Impact (LID) concept benchmark to enforce insti-
tutes abided by the laws and regulations. Establish watershed
management and comprehensive water management system, and
incorporate water source protection into the assessment system
(Ajaero et al., 2020).

2. Maintain the healthy ecological processes in habitats

Develop a holistic river basin health assessment guideline and
formulate corresponding policies. Promote the implementation of
green infrastructure, and create buffer system within and outside
of the urban region. Build ecological corridors and habitats, and
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simulate the natural environment towards the eco-friendly
approach.

3. Promote public awareness and participation

Appeal low carbon lifestyle and set up an incentive system to
promote public acceptance.

Strengthen community and organization functions, and pro-
mote “green” concept in education. Establish renewable energy
and water sustainability information platform to enhance the uti-
lization rate of the government.

4. Implement comprehensive management of watersheds

Cooperate with the national development and conservation
plan, and draw up a water supply system for water reconstruction
and restoration. Integrate and utilize various resources such as
water, soil, forest, agriculture, and optimize coordination of divi-
sions. Review domestic and foreign water management experi-
ment and actions, and adopt suitable approaches and
methodologies where can be applied.

5. Consolidate disaster preparation precaution

Establish a water supply system operation management data-
base and technology exchange platform, and strengthen related
management program in terms of communication, coordination,
and cooperation mechanisms. Develop water security and risk
management assessment along with new technology development
for the response of extreme situations. Develop contingency plans
and strengthen the monitoring and early warning capability of
sudden changes in water quality and quantity.

3.3. Key performance indicators

Upon the establishment of the strategies, a set of secondary and
tertiary indicators which can be determined according to its pri-
mary indicators shown in Fig. 2.

3.3.1. Clean river water

Performance indicators are important in helping long planning
and vision. Clean river water is an indicator of the clearness of
the water itself. It also points out the importance of the water qual-
ity, sediment quality, biotic condition and public acceptance. The
more specific indicators presented in Table 1 are broken down
based on river water quality; for example, contain dissolved oxy-
gen concentration and various nutrient levels. The analysis of sed-
iment quality consists of its river bed stability and sediment
transport degree. A buffer system protects watersheds functions
against trapping sediments and improving water quality by elimi-
nating nutrients. Watershed quality inspection plays an important
role in public acceptance. The opinions from individuals which can
be conducted and collected by questionnaires and surveys repre-
sent the public voice. Inspection data can be seen as the fundamen-
tal elements of models setup and data collection, as well as a
decision making process for resource allocation. Drinking water
quality and recreation water bodies develop the first fence before
going into the deeper data analysis. The success of data analysis
and control relies on post-assessment, design, planning, and accu-
racy. Non-structural flood risks management can be another
approach to achieve water quantity control in terms of combining
physical and theoretical practice (Dawson et al., 2011). The forth-
coming development for flood control risk management practice
needs to incorporate hydro-meteorological information with real-
time weather forecasts (Azam et al., 2017a). Another recommenda-
tion given by (Lovell and Sullivan, 2006) suggested to amend
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Fig. 2. Key performance indicators for healthy watershed management.

Table 1 Table 2
Key performance indicators - clean river water. Key performance indicators - ecological and environmental conservation.
Primary Secondary Tertiary Indicators SDGs Primary Indicator ~ Secondary Tertiary Indicators SDGs
Indicator Indicators Indicators
Clean River 1.1 River DO, Heavy metal contents Goal 6 Ecological and 2.1 River Days of river flowrate  Goal 14
Water water RPI Goal 14 Environmental  base flow to meet the base flow
Nutrients Goal 15 Conservation 2.2 Ecological conditions Goal 14
1.2 Sediment  Riverbed stability Goal 6 Assessment of river corridor and
quality Annual sediment transport Goal 14 of river habitats
Heavy metals contents Goal 15 corridor Terrestrial habitat Goal 15
1.3 Biotic IBI index or SEARS index Goal 6 and aquatic
condition B-IBI index Goal 14 connectivity
Algae Goal 15 Riparian connectivity
1.4 Public Survey result about river water  Goal 3 2.3 Ecology Goal 14
acceptance quality Biodiversity Conservation Goal 15
Survey result about recreation Goal 14 Biological control
water area 2.4 River Hydrological Goal 13
Use frequency of recreation Goal 11 integrity regulation
facilities in water area Regulation of water ~ Goal 14
chemistry
Sediment regulation  Goal 15

strategies for a better choice indication of stakeholders and society.
In addition, biotic condition, such as bacteria and algae concentra-
tion level, needs to be restricted at a certain level. An index of bio-
tic integrity (IBI) and a benthic index of biotic integrity (B-IBI) are
used to measure, quantify and comparing biological condition in
streams for watershed health assessment (Minns et al., 1994). It
is also important to carefully select the candidate metrics and eval-
uate the competent habitats by comparing to the reference site.
The accumulative scaling and equal weighting in each factor allow
researchers to visualize how much each metric contributes to fair
score (Weisberg et al., 1997). The reflection of the indicators to
SDGs includes good health and well being, clean water and sanita-
tion, life below water, life on land, and sustainable cities and
communities.

3.3.2. Ecological and environmental approach
As the SDGs are the guidance of every aspect, ecological and
environmental conservation has become one of the primary key
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Hydrological
connectivity
Temperature
regulation
Habitat provision

performance indicators and four sub classes are used as secondary
indicators. Details listed in Table 2 contains each indicator and the
corresponding SDGs. To understand the recharge and base flow,
two methods, “water balance” and “stream flow filter and reces-
sion”, can be used in the estimation. The benefit for using the filter/
recession technique is the simple requirement of daily stream flow.
Many models provide the simulation of management and various
climate scenarios which include changes in temperature, radiation
humidity, precipitation and gaseous condition such as CO2 emis-
sions (Arnold et al., 2000). Besides river base flow, the assessment
of river corridor could be employed as the tool for stream channel
design and rehabilitation. Habitats, aquatic connectivity, and
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riparian connectivity are the three tertiary indicators to evaluate
the healthy level of a river corridor. The research from (Bennett
et al., 2008) has suggested that a cost effective, more stable and
better drainage system could be developed with the design flow
of a meandering stream corridor with vegetation. The third sub
indicator is considered as the biodiversity. Three indicators
brought up by (Duelli and Obrist, 2003) in agricultural landscapes
represent the three systems conservation, ecology, and biological
control. Similarly, watershed indicators are not too different from
those of agriculture. Conservation which means the number of
the species in a defined area, ecology which represents natural
level and resilience, and biological control which indicates the
defence system from species invasion can be established as the
healthy watershed indicators.

The integrity of environmental resources, green infrastructure
implementation, and public awareness are the three major compo-
nents of the United States watershed management. The equation
referring to a conceptual design to describe the integrity of a
watershed is introduced as the Index of Watershed Integrity
(Flotemersch et al., 2016b):

WI = Wiyyp x Wlcgem x Wisgp x Wisconsiv < Wlremp < Wity apr

In the equation, WI ranging from O to 1 represents the holistic
integrity of the watershed and a larger the number means higher
watershed integrity. Hydrological regulation, regulation of water
chemistry, sediment regulation, hydrological connectivity, temper-
ature regulation and habitat provision are the six key functions
providing references for determining the index. Due to the difficul-
ties in the determination of these components, the practicality can
be changed by the impact of different stressors. The index can be
helpful for water reclamation and restoration as in the entire man-
agement system (Thornbrugh et al., 2018).

3.3.3. Green infrastructure development

The most important key performance indicator, the green
infrastructure development which covers 10 out of 17 SDGs is
shown in Table 3 First of all, the distribution of Green Infrastruc-
ture (GI) includes green covering area, the utilization of green
infrastructure, and distribution patterns. Knowing the infrastruc-
ture coverage rate is the first move to be aware of the city defi-
ciency and availability. Sufficient green space carries the value
beyond its environmental and economic benefit. It restores the liv-
ability and enhances healthy vibe within the city. However, the
judgement can be made based on the pattern of how green is dis-
tributed. It is important to have knowledge of how and where the
green infrastructures were dispensed. One way to examine the pat-
tern of GI is by observing the edge of each district. Appling GI in a
board cutter factory, for example, may provide the aesthetic value
as well as other potential benefits. Landscape condition can be
evaluated as the secondary indicator to correspondingly reflect
SDG Goal3, Goal 14 and Goal 15. A habitat assessment score system
where it is used to compare with River Habitat Survey can be
employed to assess the worth of the area (Raven et al., 1998). Based
on the type of basin outlet system, which means either detention
BMP or infiltration BMP, surface flow could be reduced by 27-
31% and the cost is $1,141,000-$1,319,000 (Sun et al., 2016). In
addition to adopting newly generated technologies, management
practices are a major part of green infrastructure (Fig. 3). Unlike
the previous indicators, public participation acts the intangible
but obligatory role which delivers the better city/community resi-
lience, cleaner energy and more extensive partnership. Different
forms of participation are acquired, such as the participation of
forestation and planting, public adopting parks and green space,
as well as community green-action (reforest). Lastly, riverbank
revitalization including water accessibility and usability, area eco-
logically conserved in riverbanks, and level of river coast lines,
plays a critical role for determining water cleanness and life qual-
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Table 3
Key performance indicators - green infrastructure development.
Primary Indicator Secondary Tertiary Indicators  SDGs
Indicators
Green 3.1 Utilization Goal 9
Infrastructure Distribution GI covering rate Goal 11
Development of GI Distribution Goal 12
pattern Goal 15
3.2 Landscape  Habitat Goal 3
condition assessment score Goal 14
Economic value Goal 15
3.3 Public Participation o Goal 7
participation afforestation and Goal 11
planting works Goal 17
Participation of
adopting parks
and green area
Participation of
community green-
ification and
landscape
development
3.4 Water accessibility Goal 3
Revitalization  and usability Goal 6
of riverbanks  Area percentage of Goal 13
ecologically Goal 14
conserved in
riverbanks

River coast lines

ities. In addition, climate change and human well-being are the
indirect but long-term impact in this case.

3.3.4. Integrated water management

Successful strategic management is the key towards an inte-
grated development. A good management team is also to optimiz-
ing resource allocation to departments so that the institutes can
dramatically save time, space, and human resources. By achieving
so, project management is essential for proper arrangement to
inaugurate the standardized systematic approach. Meanwhile, a
sustainable steady economic growth under integrated manage-
ment relies on financial support, such as annual budget from the
government. It is the sign of endeavour from the top management.
The detailed indicators along with their corresponding SDGs are
summarized in Table 4.

Integrated management of different agencies plays a major role
in establishing cohesive administration in watershed management.
In addition, the integration of technology and infrastructure sets
up an advanced approach for reducing water consumption and
improving food quality, particularly in the United States and China.
Applying a combination of retention and solar energy in agricul-
ture as an underground submersible solar photovoltaic pump pro-
motes water efficiency by Meerow and Newell. This concept
illustrates how sustainable development practices align with Best
Management Practices (BMPs). The Integrated Watershed Commit-
tee should encourage public involvement and bring stakeholders
together to represent common benefits for successful integrated
management (Taye et al., 2019) .

The economy, social well-being, and the environment are clo-
sely bonded by water. The Watershed Governance Prism Heuristic
can present its relationship in 4 clear perspectives which convey
the essentiality of balancing ecosystem and social systems. When
social systems develop at a steady pace, ecological systems thrive
(Morrison et al., 2012). Specifically, a healthy watershed aids in
promoting wellbeing by supplying high quality freshwater. In
addition, partnership may setup within private enterprises, or link
outside with non-profit organizations and even with government.
The larger the network and more interactions between
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Fig. 3. The gradient of green infrastructure practice towards water sustainability.

organizations is, the more chance is able to development city and
community resilience. Local institutes are the driving force in
adaptation management. There are three levels of institutes as in
rural areas: public, private and civic. The public, also known as
states scale, consists of local agencies and local governments. Pri-
vate indicates service organizations and private businesses. Civic
refers to membership organizations and cooperatives. The
community-based and participatory approach for cross-level col-
laboration conducted by (Daley et al., 2015b) suggests that a com-
prehensive assessment of community values and behaviors should
be considered. Community-based planning focuses on eliminating

Table 4
Key performance indicators - integrated watershed management.

Primary Indicator Secondary Tertiary Indicators SDGs
Indicators
Integrated 4,1 TMDL Pollution reduction from Goal 6
Watershed (Total point source Goal 11
Management Maximum Pollution reduction from Goal 13
Daily Load) non-point source
4.2 Project management Goal 8
Management  Financial support - Annual  Goal 17
system budget
4.3 Performance evaluation for  Goal 3
Performance  river pollution prevention Goal 6
evaluation Performance evaluation for  Goal 7
ecological conservation in Goal 14
watersheds Goal 15
Performance evaluation for
disaster prevention in
watersheds
4.4 Cooperation with private Goal 11
Cooperation enterprises Goal 17
with Cooperation with non-

partnership profit organization

Government
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resource pollution boosts the recovery of the aquatic habitats.
There are four principles for community-based watershed manage-
ment: collaboration of the local stakeholder and investors, preser-
vation of the integrity of the system, clarification of scientific
information and social values, and adoption of adaptive manage-
ment (Daley et al., 2015a). Moreover, the cooperation between
educational institutes and policymakers for the improvement of
training on management, infrastructure, and technology can con-
tribute to better water quality. Another benefit to achieve water
sustainability with education is the non-profit aspect. Although
this partnership requires initial investment in capital, the rate of
return produces profit.

3.3.5. Disaster prevention and adaptive management

SDG 13, climate actions, is running through this section, which
can be observed in Table 5. The author has suggested four sub indi-
cators for adaption management in terms of disaster prevention
and control. The management describes the ability to cope with cli-
mate change and to adjust in different scales while maintaining the
development of our socio-ecological system (Pahl-Wostl, 2007). In
other words, the flexibility is to determine how well the manage-
ment can deal with upcoming events such as flooding. On the other
hand, the indicators are used for practitioners instead of planners
and policy makers. In this case, the loop can be formed where more
positive feedbacks can be collected and implement back into prac-
tice. Therefore, an integration of green and gray infrastructure and
contingency plans are required as adaptive measures. Upon mea-
sures, standardized protocol can be the solutions to address the
sudden events and emerging conditions. In addition, the use of
database and information technology as another secondary indica-
tor includes detective measures and geographic information sys-
tem. Used as tertiary indicators, the system is correspondingly
reflecting the improvement of marine ecosystem, green infrastruc-
tures and water quality, which represent SDG 6, SDG 9, and SDG
14, respectively.
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Table 5
Key performance indicators - disaster prevention and adaptive management.
Primary Indicator Secondary Tertiary Indicators SDGs
Indicators
Disaster Prevention 5.1 Green and gray Goal 11

and Adaptative Adaptation infrastructure Goal 14

Management measures Contingency plans Goal 15
5.2 Pre- Abi8lity to adjustin  Goal 3
warning different scale of Goal 6
system for water bodies Goal 13
water quality Goal 14
monitoring
5.3 Protocol SOP in disaster or Goal 9
for disaster emerging Goal 11
or emerging  conditions Goal 13
conditions
5.4 Database  Detective measures Goal 6
and GIS Goal 9
information Goal 14
platform

4. Green infrastructure benefits

Conceptualized GI management is the key towards a successful
watershed management. In this section, quantified benefits of GI
will be discussed and the summery of environmental, economic
and social benefits of green infrastructure practice are listed in
Table 6.

4.1. Environmental

As the main functionality for green infrastructure, environmen-
tal protection and recovery are always considered as primary tasks.
Groundwater recharge functionality is one type of design objec-
tives for Low Impact Development. Many direct and indirect bene-
fits are concluded from the past experience. Due to the exclusive
design purpose of bioretention, not only for groundwater replen-
ishment, it also recharges and reuses for base flow in hydrologic
cycles (Davis et al., 2009). Bioretention assessment pointed out
there is a 96.5% peak flow reduction for small and medium-size
storm events, which is an outstanding result of its physiochemical
property (Demuzere et al., 2014). According to the review from
(Davis et al., 2009), the removal efficiency of total phosphorus,
total nitrogen and total suspended solid from selected field labora-
tory were 52%-99%, 65%-99%, and 59%-99%, respectively. Other
than water quality, green infrastructure may significantly elevate
air quality in urban area by noise reduction, air pollutants removal
and pollutants avoidance. Sonic environment improvement
through leave-absorbing-energy is the main mechanism for noise
elimination (Wang et al., 2014). From aesthetic point of view, a
cost-benefit analysis conducted under a certain scenario in New
York city presented an annualized medium value of $74,050,538
which is generated by green roof aesthetic/ recreation
(Rosenzweig et al., 2006).

Biodiversity can be improved over time and space in a green
area especially in larger regions and it gives people the wildness-
experience in some green developed area in Europe (Mabelis and
Maksymiuk, 2009). One proof is that diversified plant species are
able to strengthen soil stability at high elevation (Pohl et al,
2009) and ecological redundancy. In this case, biodiversity could
also improve ecosystem resilience due to the composition of
functional group of organisms with its individual responses to
the environment (Walker, 1995). Green corridors play a significant
role to strengthen biodiversity in green area and it presents that
the efficacy of corridors has a direct relation to urban ecological
development (Vergnes et al., 2012). Corridor projects are important
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building blocks for green infrastructure in the United States
(Benedict and McMahon, 2012).

For climate change regulation, vegetation intends to mitigate
the urban heat island effect where the area has high surface tem-
perature (Meerow and Newell, 2017). Green infrastructure helps
to decrease air and ground temperature through offering shades
and to promote evapotranspiration process throughout a long-
term climate change (Demuzere et al., 2014). In addition, vegeta-
tions in green infrastructure are also able to reduce greenhouse
gas (GHG) including carbon dioxide (Demuzere et al., 2014), nitro-
gen oxide, and ozone levels (Meerow and Newell, 2017).

4.2. Economic

Many economic benefits are the reflection of the social and
environmental benefits. It has been acknowledged as the impor-
tant natural capital where the tangible material benefits can be
seen, rather than being social and environmental conceptual
advantages (Matthews et al., 2015). Green infrastructure, such as
the aforementioned green roof, offers development advantages to
both public organizations and private institutions. Life Cycle
Assessment (LCA) can be used for environmental impact analysis
to provide decision makers with more holistic view of environmen-
tal risks, economic data, and quality of life impact. A cost-benefit
LCA of green roofs compared to traditional roofs was conducted
in (Carter and Keeler, 2008). The analysis indicated that the green
roof had valuation advantage (Muerdter et al., 2018) by decreasing
green roof production costs. With the implementation of green
roof, property value can also be elevated. Investment opportunities
increasingly appear with respect to incremental green space. The
research also suggests that the implementation of an incentive
framework could expedite the economic yields. Other studies esti-
mate the value of green roofs to be 20-25% higher than conven-
tional roofs, based on benefits from reduced electricity costs,
increasing air-quality benefits by 40% (Foster et al., 2011). An inte-
gration approach of using gray and green infrastructure combina-
tion was investigated and it was found out that a partial
replacement of gray infrastructure with green infrastructure can
provide a saving around $35 million within its life cycle (Cohen
et al, 2011).

Green investment can boost the number of cyclists to switch car
to biking and lower the emission of carbon dioxide (C0O2), nitrogen
oxide (NOX) and PM10 as well. Expense can be saved by reduction
of the emission with a unit price of € 30/kg for PM10 and € 6.5/kg
for NOX, respectively (Vandermeulen et al., 2011). Green infras-
tructure can mitigate health problems due to slighter urban heat
island effect from climate change perspective (Meerow and
Newell, 2017). Green infrastructure or space can be a significant
influential factor regarding to treating cardiovascular disease
because of it functionality of fixing air conditions and heat reduc-
tion (Shen and Lung, 2016). Trees and other plants are also able to
reduce radiant energy by providing shading and through evapo-
transpiration, which vaporize water to cool the air (Simpson,
2002). Study suggested that even a short visit to the natural envi-
ronment can obviously have a positive influence on stress relief
than artificial surroundings (Tyrvdinen et al., 2014).

4.3. Social

Green infrastructure can benefit the social matrix in cities and
communities. As green infrastructure encourages people to join
in social activities, social interactions; thus satisfaction can be
observed in high density urban areas when extreme events are
encountered. It indicates that green infrastructure can improve
physical (Demuzere et al., 2014) and mental health (Meerow and
Newell, 2017), and the reduction of psychological stress as well.
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Table 6
Environmental, Economic and Social Benefits of Green Infrastructure.

Water-Energy Nexus 3 (2020) 186-197

Aspects Sub-aspect Related benefits

Reference

e Water quality improvement
Peak runoff control
Groundwater replenishment
Pollutants removal

Noise reduction

Aesthetic attraction

Soil stabilization

Lift head rate

Suppress erosion
Biodiversity

Ecological habitat and corridor
Ecosystem resilience

Environmental Water quality and

quantity

Air quality

Soil quality

Ecological conservation

Climate regulation
Heat island effect
Greenhouse gas reduction
Economic Ecological value
Landscape aesthetics
Increase property value

opportunities

Cost reduction Reduce sewage treatment costs

Health benefit

disease

Indirect energy saving
Direct energy saving
Energy production
Extend life expectancy
Improve physical health
Improve mental health
Community cohesion
Reduce crime rate

Energy Saving

Social Public health

Community
development

Public education

Participation

Positive emotion

Competencies

Livable space

Art creation, travel and social
Urban attraction

Living and working environment
Healthy and sustainable lifestyle

Culture

Public participation

Livability

Thermal comfort and reduced energy use

Environmental quality improvement
Environmental protection and radiation control

Improve economic growth and

Reduce facility maintenance costs
Reduce costs for air pollutants removal

Reduce psychological stress and related diseases
Reduce the disease caused by air pollution
Reduce heart and brain diseases such as heart

(Demuzere et al., 2014) (Davis et al., 2009)

(Meerow and Newell, 2017) (Wang et al., 2014)

(Pohl et al., 2009)

(Mabelis and Maksymiuk, 2009) (Vergnes et al., 2012) (Walker,

1995)

(Demuzere et al., 2014) (Meerow and Newell, 2017)

(Benedict and McMahon, 2012)

investment

(Foster et al., 2011)

(Wang et al., 2014)

(Wang et al., 2014)
(Meerow and Newell, 2017) (Takano et al., 2002) (Demuzere et al.,
2014)

(Kuo and Sullivan, 2001) (Meerow and Newell, 2017) (Demuzere
et al.,, 2014)

Support urban community development

(Mell, 2009)

(Benedict and McMahon, 2012)

Living environment surrounded by walkable spaces has a positive
relation with longer life expectancy for elders (Takano et al., 2002)
since it creates healthier and more breathable air (Benedict and
McMahon, 2012). It contributes to physical connectivity of habitats
and urban landscape with a supportive ecosystem (Meerow and
Newell, 2017). Another study proved that people who live in a
“greener” area are less fearful to its surrounding and less violent
incidents are reported (Kuo and Sullivan, 2001). Both of the contri-
butions improve community and city development in a long-term
run. It was suggested that practical experiment sometime is more
useful than theoretical approach to help people understand the
imbalance between urban development and ecosystem restora-
tion. Using public access gardens as a mutually beneficial method
can educate people heterogeneously about the relationship of envi-
ronmental and society (Demuzere et al., 2014). With an educa-
tional purpose, more participation with positive attitudes can be
expected. A checklist approach used in Sweden and currently being
developed in UK including seven elements emphasises health, edu-
cation and regeneration, which are used to evaluate high quality
living standards in the context of urban renaissance (Mell, 2009).
A higher livability area where green infrastructures are applied
also intends to be more attractive to business investments, tourism
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and homeowners, which can bring more opportunities for the
incoming real estates. Economically and environmentally, friendly
smart growth is the type of development that helps to improve
community and city livability with a better living condition.

5. Challenges and perspectives

Despite the benefits of green infrastructure to human beings, a
few recurring issues are observed and followed by the impact of
urbanization where population densification and closed-packed
city structure. Unhealthy phenomenon will lead to several prob-
lems that have been emerged in the past including degradation
of green space quality on private properties and territories, social
inequalities when green measures are implemented and resulted
in lower quality green space in urban areas in the context of
exploitation (Haaland and van den Bosch, 2015). Currently a move-
ment to solve the upcoming challenges without causing further
damage to the existing environment and surroundings is to review
past experience from the research and regulatory action. Also,
strengthening public awareness is essential for long-term develop-
ment. Other potential problems such as insufficient funding and
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inconsistent data among regions can be interpreted as the reflec-
tion of the lack of attention from the government. Modified and
amended policies, regulations, and the law must be put into prac-
tice correspondingly.

Additionally, standardized criteria for green infrastructure are
emergent under the current situation. It is necessary to conduct
both top-down and bottom-up approaches to implement the crite-
ria. In other words, local landscape-scale planning is more likely to
become increasingly useful by establishing assessments which can
provide a more useful approach and a detailed plan. In the United
States, most states have established design guidelines for various
types of green infrastructure because of geographic differences.
However, uniform guidelines for each geographic characteristic
should be clearly stated. More research and effort should put into
Best Management Practices for adaptive strategies as well as
address climate change within various scenarios. Cooperation
among the individual homeowner, academia, business with the
non-profit sector, along with government, must be well coordi-
nated. Financially, stable financial sources and consistent incentive
measures would support evaluation and assessment of perfor-
mance and cost-benefit.

The bottom-up approach is fully reflected in the implementa-
tion as shown in Fig. 3. Compared to gray infrastructure, green
infrastructure intends to develop a long-term outcome. Developed
landscape and hard infrastructure require each decision-maker to
have alternative and contingency plans. The combination of gray
and green infrastructures would be the ideal solution which would
be highly suitable for current circumstances. On the one hand, it
can contribute to on-site runoff attenuation and combined sewer-
age reduction. On the other hand, with the optimized engineering
design and regularly sanitation maintenance, stormwater would be
able to become more purified in a cost-effective way. The system-
atic optimization then, leads us to a municipal scale where a
sponge city, for example, is ready to build upon. Clean domestic
water supply and an optimized water-energy nexus can be
expected. As a result, closer landscape connectivity with improved
city livability will come with the change of structures and strate-
gies. To adapt to climate change, the actions will assist and guide
us to a relatively sustainable developing environment where the
ecosystem can be restored and sustained.
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