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Constructed wetlands nature-based solutions to
enhance urban resilience in Egyptian cities

Nermen M. Matter@®» and Nevine G. Gado

Architecture Engineering Department, Modern academy for engineering and technology,
Cairo, Egypt

ABSTRACT

Cities worldwide face resilience challenges as climate risks interact with rapid
urbanization, loss of biodiversity and ecosystem services, poverty, and
Socioeconomic inequality. This leads to the social, physical, and economic col-
lapse of cities and their systems. Over time, urban resilience challenges are
expected to increase, driven by urbanization, land use, and climate change. It is
for this reason that the concept of urban resilience is increasingly attracting the
attention of governments, and urban planners. Gray infrastructure is not always
suitable for profitability, resilience, or sustainability. Now more than ever, green
infrastructure is recognized as a nature-based solution (NBS) that plays a signifi-
cant role in addressing resilience challenges in urban areas. These solutions can
be applied through spatial measurements and parameters in and around the city.
Constructed wetlands (Cws) are artificial imitations of natural wetlands, one of the
most biologically diverse natural ecosystems, and in addition to aesthetics, It
provides an effective model for resilient environmental engineering solutions as a
low-cost and easy-to-operate alternative to traditional urban management sys-
tems. Consequently, the main objective of this research was to define criteria for
integrating constructed wetlands (Cws) into the urban landscape as nature-based
solutions (NBS) and address the limitations and maximize advantages as well as
contribute to replicate best practices of constructed wetlands (Cws) in different
Zones (Desert, River's floodplain, coastal) in Egyptian cities for enhancing the
urban resilience.
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Introduction

This research covers — two major parts; first of which prove a theoretical
framework through literature review examining the notion of urban resili-
ence, comprehensive approach to resilience, characteristics of a Resilient
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System, as well as the role of infrastructure in enhancing resilience.
Subsequently, studying nature-based solutions (NBS) as resilient systems
and their potential in facing urban resilience challenges. Like that the con-
cept, benefits, and forms of constructed Wetlands (Cws) say the correlation
between them as flexible, nature-based, and multifunctional solutions cap-
able of responding to various urban risks and pressures.

The second part of the study applies an analytical approach, through
reviewing and analyzing different experiences of constructed wetlands
(Cws) projects that incorporates the concept of urban resilience city that
faces major challenges and hazards. Furthermore, pointing the role that
constructed that wetlands could play as a flexible solution to the high-
profile climate change risks facing Egyptian cities.

The paper strives to define criteria to integrate constructed wetlands (Cws)
as nature-based solutions into the urban landscape to enhance urban resi-
lience in cities. This meant to address the limitations and maximize advan-
tages as well as contribute to replicate best practices of constructed wetlands
to prominent resilience challenges hazards facing Egyptian cities, and thus
enhance urban resilience in different Zones (Desert, River's floodplain,
coastal) in Egyptian cities by producing clear findings and recommendations.

Urban resilience definition

Over the earliest years, resilience definitions have proliferated according to
different fields and perspectives. Theorists have contributed to the definition
of resilience. In the 1970s, the ‘resilience’ appeared as an ecological term to
express the system’s ability to cope with change and preserve and improve its
function in case of disturbance. Resilience is therefore defined as the ability of
systems to resist, adapt to, and recover from the impact of risks quickly and
effectively. Later, the term was applied to cities due to the complexity of the
system, which is constantly facing changing conditions [1], and the concept
of ‘urban resilience’ quickly gained attention as a key place for research in
urban studies.

At the urban scale, the meaning of resilience in the context of cities
concentrated on understanding the disaster risks it can face, mitigate, and
respond to potential disasters that can occur to minimize the long-term
losses, damage of property, infrastructure, economic activities, and the envir-
onment. Adding to how rebound from these shocks and chronic pressures [2].

Comprehensive approach to resilience

The comprehensive approach to resilience put forward by the Asian
Development Bank (ADB) includes four main dimensions: physical, financial,
ecological and society resilience, see Figure 1. This aims to build resilience to
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Figure 1. The comprehensive approach to resilience. Source: Lu, Xianfu. “Building
Resilient Infrastructure for the Future”. Asian Development Bank Sustainable
Development Working Paper Series 61 (2019).

climate change and natural disasters to achieve the 2030 Strategy priority of
strengthening disaster and climate resilience while promoting prosperous, inclu-
sive development comprehensive and sustainable, through achieving different
priorities [3].

First (Physical Resilience): Climate change and natural disaster risks
must be considered when planning, designing, and constructing infra-
structure projects.

Second, (Ecological resilience): More attention needs to be paid to bio-
diversity and ecosystem services.

Third (Social Resilience): Emphasis should be placed on the human and
social dimensions of climate and disaster resilience. In particular, the dispro-
portionate impact of climate change and natural disasters on poor and
vulnerable populations.

Finally (financial resilience): Economic management of residual disaster
risks must be strong and effective and must support rapid relief and early
recovery efforts and rebuild to build back better [3].

The growing interest in green infrastructure (Gl)

Historically, structural interventions to reduce disaster risk have focused on
gray infrastructure which refers to build structures and mechanical equip-
ment as containers, earthwork, pipes, pumps, water treatment plants, and
canals. These solutions are embedded within watersheds or coastal
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ecosystems whose hydrological and environmental attributes profoundly
affect the performance of the gray infrastructure. Although, this is not always
proper in terms of profitability, resilience, or sustainability, there is a need to
promote green infrastructure (nature-based solutions) which is a general
term referring to ‘actions to protect, sustainably manage, and restore natural
or modified ecosystems that addressing societal challenges effectively and
adaptively, concomitantly providing human well-being and biodiversity ben-
efits’. Which endorsed by various international agreements and initiatives to
support the alignment of environmental and risk management goals [4].

Definition of natural based solutions (NBS)

The European Union has defined (NBS) as ‘actions inspired, supported or
copied from nature’ [5]. These solutions are approaches that use nature and
natural processes to deliver integrated infrastructure, services, and solutions
to address the growing challenge of urban resilience. The concept of (NBS)
appeared in the early 2000s to promote nature in addressing the challenges
associated with climate change. Several factors have fueled the increasing
interest in (NBS) as [6]:

e Brings numerous benefits to cities and addresses various social
challenges.

e Reducing natural disaster risks and recognizing the impacts of climate
change.

¢ Contribute to the restoration of biodiversity.

e Create recreational opportunities, improve human health, water and
food security, and support community wellbeing and livelihoods.

Design for resilience using nature-based solutions (NBS)

NBS is widely seen as a new tool and asset class to address climate and
disaster risks, and as a tool to build resilience. Which characterized by the
seven attributes of resilience systems named by the City Resilience
Framework [7]. They are: (Reflective, Robust, Flexible. Redundant,
Integrated, Inclusive, Resourceful suggests how NBS interacts with and sup-
ports these seven characters, see Figure 2.

Nature-based solutions (NBS) for urban regeneration can be applied
at all scales and spatial contexts, in and around cities. Examples include
small-scale green spaces on buildings, biological systems and green
corridors along streets and water bodies, urban parks, and forests
within city limits. Constructed wetlands (Cws) are an effective example
of flexible eco-engineering solutions as a low-cost, easy-to-operate
alternative to traditional urban management systems. It is used to resist
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Figure 2. Resilient system qualities and contributions of nature-based solutions. Source
Author, adapted from Arup. 2014. City resilience framework. City resilience index.

tions/research/section/city-resilience-index.

New York: the Rockefeller foundation https://www.arup.com/perspectives/publica

natural disasters, support the stability of the urban ecosystem, and
activities.

provide a safer, more suitable space for biological habitat and human

Wetlands system

Wetlands are defined as land where the water surface is close to the ground.
The definitions approved by the Ramsar Convention are: “A swamp, bog,

peatland, or water areas, whether natural or human-caused, permanent, or
temporary, having stood or flowing water, fresh, brackish, or salt water,
marine’s whose depth does not exceed six meters. Which may include coastal

and coastal areas next to wetlands, islands, or seawater that are more than six
meters deep at low tide and within wetlands [8].
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Constructed wetlands system (cws)

Systems designed for constructed wetlands (Cws), like natural wetlands, are
designed to take advantage of natural processes associated with wetland
vegetation, soil, and other assemble their associated microorganisms to aid in
water treatment and supply other added functions to the water [9].

Techniques for constructed wetlands

Constructed wetlands (Cws) vary in size and appearance as do water flows. By
using two types of water flow: surface water flow or groundwater flow
depending on numerous factors such as needed water flow or other aesthetic
or landscape factors, see Figure 3.

Surface constructed wetlands. The open water system simulates a natural
wetland ecosystem where plants filter the water. Wetland plants are wonder-
ful natural assets; and water purification see Figure 3., this system supports
a significant degree of biodiversity [10].

Subsurface gravel wetlands. These systems treat contaminated water by
slowly pumping it through underground gravel layers where water is filtered
through the root zone and soil in a vertical or horizontal attitude flow model,
see Figure 4 [10].

Constructed wetlands (Cws)achieving a comprehensive approach to
resilience

Constructed wetlands (Cws) supply a set of functions covering the four
dimensions of the comprehensive approach to building resilience to disasters
and climate change (environmental, physical, social, and financial resilience)
see Figure 5.

} .
\V " \‘ \‘ '/’6—- Macrophytess
st MY
Influent Y \ AV Water level control

|

Treated effluent

Water level Impermeable liner

Figure 3. Surface constructed wetlands. Source: Abou-Elela, S.I., et al., 2019.
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Figure 4. Subsurface gravel wetlands (vertical or horizontal flow). Source: vymazal, J.,
2005.

Conservation, réstoration, and
rehabilitation of ecosystems

In terms of CWS ecosystem health, the most effective
CWS can sometimes be habitat restoration.

Climate and disaster
risk-informed infrastructure
planning and development

Support for enhancing financial

preparedne
climate and

CWS are generally less expensive CWS are adaptable solutions
than traditional infrastructure RES I L I EN c E that can be resilient in the face
of climate and disaster risk.

in capital, operations, and
maintenance expenditures.

"]

,,‘%AL '3:\&'

CWS can be less expensive and
mare community-oriented than traditional infrastructure.

Figure 5. Catalogue of constructed wetlands (CWS) for Urban Resilience. Source:
adapted from X. Lu. 2019. Building resilient infrastructure for the future: background
paper for the G20 climate sustainability working group. ADB sustainable development
working paper series. No. 61. Manila: Asian development Bank.

Physical resilience (risks and natural disasters)

Constructed wetlands (Cws) contribute to plan and develop infrastructure
aware of climate and disaster risks, they can supply resilience to the following
natural hazards:

e Floods: Constructed wetlands (Cws) in floodplains along water courses
are used as temporary water reservoirs to mitigate the effects of floods
by absorbing excess water and keeping or returning it to the aquifer.
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® Drought: constructed wetlands (Cws) can store water to create a buffer
against drought.

e Fires: artificial wetlands can function as a natural barrier to the spread of
fires, regulating their frequency and intensity.

e Hurricanes: coastal salt marshes help mitigate the impact of storms by
slowing the speed and reducing the height and force of waves, slowing
winds, and stabilizing soil and sediment.

¢ Landslides and erosion: artificial wetlands reduce the risk of river basin
and riverbank erosion.

e They provide natural flood storage, distribute flood flows, and reduce
impacts to downstream areas.

e Heat stress risk: Constructed wetlands (Cws) can help reduce the heat
island effect in urban areas and supply cooling to surrounding areas,
which is especially suitable in urban environments where heat stress is
more severe [11].

Ecological resilience
Constructed wetlands (Cws) are being improved to conserve and restore
ecosystems, see Figure 6.

e Habitat and biodiversity enhancement: Varied species find suitable
habitats in the constructed wetlands, contributing to the creation of
healthy, multi-functional landscapes. The values of biodiversity can be
enhanced by introducing islands and creating areas of varying water
depth, which positively reflected in the character and identity of the
urban environment [12].

PROCESSES
Carbon
sequestration

b

. Evaopotranspiration
Coaoling effect

Biodiversity

Water
collection

TR v

Water cleaning Overflow Infiltration

Sediment
trapping Clean recharge

Figure 6. Benefits of constructed wetlands for managing climate and disaster risks.
Source: World Bank, 2021. A catalogue of nature-based solutions for urban resilience.
Washington, D.C. World Bank group.
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e Water quality and sediment quality management: constructed wetlands
are efficiently treating wastewater resulting from rainwater runoff or
agricultural or municipal discharges. It often required regular mainte-
nance to increase the efficiency of the system.

e Carbon storage and sequestration: constructed wetlands play
a significant role in carbon sequestration. However, performance
depends on design, as they must be effectively managed and designed,
so as not to become a source of greenhouse gases [13].

Social resilience
Constructed Wetlands (Cws) supply multifunctional solutions on multiple
levels; they supply aesthetic and sensory experiences for urban communities:

¢ Quality of life: From an aesthetic standpoint, constructed wetland urban
landscapes play a unique role in enhancing community quality of life
and people’s well-being as well as creating opportunities association for
recreational and outdoor activities.

e Health, physical and psychological benefits: In the urban context, con-
structed wetlands are improving water and air quality which support
physical health, improve mental health, increase sense of happiness. and
reduce crime rates [14].

Institutional and financial resilience

Constructed Wetlands (Cws) are financial resilience solutions on multiple
levels, due to simple configuration, less energy consumption, lower labor
costs and more oriented toward poor and marginalized communities than
traditional infrastructure:

e Stimulate the local economy as many other jobs could be available:
Constructed wetlands have significant tourism potential, which can
stimulate the local economy by creating jobs [15].

e Resource production: Constructed wetlands (Cws) are an important
source of food and construction materials. These uses must be carefully
managed so as not to undermine other ecological functions, which
require a balance between agricultural uses and biodiversity needs [16].

Defects of constructed wetlands (Cws) and how to overcome

Constructed wetlands (Cws) are seen as resilient, nature-based solutions,
however, a range of main disadvantages is:
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o Surface-constructed wetlands require a large area of the earth’s surface,
and this can be overcome by using the Subsurface gravel wetland
system, especially the vertical ones (VSF), as it requires less surface
area see Figure 7.

¢ Increasing water loss through evaporation, especially in hot areas, so it is
preferable to use Subsurface gravel wetlands because of their small size
and therefore low evaporation rates. Waterwheels can be used in
Surface constructed wetland systems to move the surface of water and
then reduce evaporation rates.

e They are considered potential mosquito breeding sites and can be
treated by maximizing large invertebrate predators in the system [17].

e The surface of the open water contributes to odor emissions and can be
overcome by using odor-absorbing trees such as mangroves.

e Biomass management of productive plants is a concern, as increased
plant biomass density affects the hydraulic efficiency of the system and
threatens plant health. The biomass must be harvested above ground,
and biomass can be reused to produce fertilizer and biofuels.

¢ High transpiration rate in hot climatic areas, therefore, requires a proper
study of the available native plant species used in Constructed wetlands
(Cws) to figure out their water demand. Plant species choice should be
considered to reduce evaporation rate to keep water balance in these

systems.
Surface Flow CW Area per Household
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Figure 7. Comparison between several types of constructed wetlands (Cws) and the area
required for each. Source: UNICEF,2014
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Constructed wetlands (Cws) case studies as resilient solutions to
address urban risks

In recent years, various constructed wetland (Cws) projects have highlighted
the resilient role of artificial wetlands in the face of climatic, urban, social, and
economic challenges, which will be illustrated in the following section.

The case studies selecting criteria

(1) Wetland creation/restoration

(2) Multifunctional Parks

(3) Different Zones (Desert, River's floodplain, coastal)

(4) Various Scale wetlands (Large-scale, Medium-scale and Small-scale
wetlands)

Case 1: Wadi Hanifah Wetlands Park (large-scale parks)

Location: Riyadh, Saudi Arabia, 2010 - Zone: Arid, Hot desert

Wadi Hanifah is the longest and most important valley near Riyadh in
central Saudi Arabia’s desert region of Najd. The valley is a natural water
drainage system for an area of 4,000 square kilometers, and it is fed by
multiple streams. This continuous flow of water and treated wastewater has
created a unique natural phenomenon among the arid lands, which creates
an artificial wetland a hundred kilometers long with small waterfalls, lakes,
and islands, supporting a rich variety of plants and animal, see Figure 8 [18].

Urban resilience challenge

Parts of Wadi Hanifah, particularly those near Riyadh, were used in an aggres-
sive and environmentally harmful manner until recently. Different areas of the
valley were used as garbage dumps. And a sizable part of the valley was
damaged and polluted.

Figure 8. Zones make up the Wadi hanifah project. Source: https://www.landscapeper
formance.org/case-study-briefs/wadi-hanifah.
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(1) Quarrying and sand mining for concrete production have left scars in
many places in the valley.

(2) Good agricultural land is encroached by industrial and urban
development.

(3) The natural flow of water impeded in several areas, resulting in stag-
nant pools and swamp-like situations [18].

Project concept

To solve the site issues, A developed plan to create urban green infrastructure

a mid of the dry, arid land through a series of strategies including see Figure 9:
(1) Implementation and adoption of national wetland policies

(2) Rehabilitation of land uses and activities of the valley.

(3) Combining economic growth with environmental conservation

(4) Supply an environmentally sustainable approach.

(5) Water demand management [19].

Resilience project outcomes
Physical outcome:

(1) Mitigation of the wares of climate change
(2) Surround existing natural wetlands to preserve natural ecosystems.
(3) Conservation of water resources.

Ecological outcome:
(1) Arabian wetlands conservation strategy and biodiversity preservation
(2) Supplying water treatment while creating unique open Green Space
for Public Recreation

Figure 9. Wadi hanifah existing situation (bioremediation site, restoring natural land-
scape, open-space attraction, family booths and semi-enclosed sections). Source:
https://www.landscapeperformance.org/case-study-briefs/wadi-hanifa.
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(3) Re-naturalization with indigenous species of shading trees, ornamental
shrubs.

(4) Enriching the environment with diverse indigenous habitat of various
fauna.

(5) Using natural stones and local materials

Social outcome:

(1) Restore the social, cultural, and recreational importance of the wadi to
the people of Riyadh.

(2) Supplying a few aesthetic and recreational values through offering
unique and interactive experiences and through designing various
thematic zones that encourage visitors to experience the various
activities.

(3) Developing a major part of the park to get public participation by
Respecting cultural and social values in the park’s design and offering
family compartments, and semi enclosed areas that respect users’
privacy.

Financial outcome:
(1) Reduce economic hardship at the community level.
(2) Using The network of ponds as a water sponge for Saving of a great cost
value through utilizing water sources instead of desalinization [20].

Case 2: Weiliu Wetland Park (medium-scale parks)

Location: Xianyang, China,2017 — Zone: River’s floodplain

Weiliu Wetland Park was built on a stretch of the Wei River floodplain
outside Xianyang city, which was flooded due to urbanization. The park is
approximately 3200 m long and 470 m wide, with a total area of 1504 square
kilometers see Figure 10 [21].

\
cobark Gogus everd

. o bank (10 yewr event

Figure 10. Weiliu Wetland Park site location, existing conditions upstream and down-
stream (layout & zones). Source: https://landezine.com/weiliu-wetland-park-by-yifang-
ecoscape.
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Urban resilience challenge
The project site had numerous significant issues:

(1) The natural floodplain of the Vi River right upstream is replaced by an
artificial concrete bank.

(2) Water pollution and riverside water environment due to ditches dug
across the area transporting rainwater and wastewater leaking from
the city into the river.

(3) Loss of local habitat and biodiversity following rapid urbanization in
downstream neighborhoods.

(4) Ecological degradation

(5) Gradual loss of rural landscape [22].

Project concept

To address site issues, the complete restoration and reconstruction of the

local floodplain ecosystem is the primary goal of the project. A plan is

developed through a series of inclusive strategies, see Figure 11:

(1) Adaptive flood control and Stormwater management

(2) preserve the existing natural wetland.

(3) Improving water quality

(4) Reuse wastewater

(5) Restore biodiversity, turning this area into an urban park that brings
many values to the environment and people [23].

Urban Park:
Interact with water

™

Wetland Park:

e A
Reuse of wastewater ;‘g
o

= G

Subsurface wetlands Surface wetlands Oxidation lagoons

-~

Floodable Park:
Adaptive flood management

=

Figure 11. Weiliu Wetland Park existing situation (bioremediation site, restoring natural
landscape, open-space attraction, family booths and semi-enclosed sections). Source:
https://landezine.com/weiliu-wetland-park-by-yifang-ecoscape.
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Resilience project outcomes
Physical outcome:
(1) Create flood-resistant and adaptive landscape based on existing
terrain.
(2) The lowest area is designed as a natural flood wetland; Areas with low
flood risk are used as artificial wetlands.
(3) The highest areas of the land are reserved for relaxation and entertain-
ment spaces.

Ecological outcome:

(1) Preservation of the previously degraded natural wetland

(2) Reusing the main spine for green corridor using bio engineering
techniques for flood protection, biodiversity restoration and habitat
protection.

(3) Purifying wastewater for reuse and producing recycled water that is
used for landscape irrigation and finally directed to replenish the
natural floodplain wetlands.

(4) Promote natural recovery process After landfill removal and sand
dredging.

Social outcome:

(1) Return to rural lifestyle and experience nature.

(2) Supply a wide range of recreational opportunities to meet the local
demand for natural and rural activities of residents and visitors.

(3) Create a variety of recreational spaces that provide dynamic experi-
ences such as civic squares, water playgrounds, urban farms, and rustic
fitness areas with local cultural elements.

(4) Integrating water and local culture, with water as the main theme, the
design supplies nearby parks for residents and visitors to have many
opportunities to return and experience the restored flood plain.

(5) Create artistic experiences in nature using artistic elements expressed
through two colorful bridges in the wetland.

Financial outcome:
(1) Land valuation, increase in land prices in neighboring areas after
completing the park.
(2) Maximize project benefits while reducing construction and mainte-
nance costs.
(3) A cost-benefit study found that the average construction cost of this
park was one-third lower than similar local parks in Xianyang [23].
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Case 3: south LA Park (small-scale parks)

Location: Los Angeles, USA,2011- Zone: Coastal, Mediterranean

The South LA Park project is perceived as a multi-benefit constructed
wetland. Which is approximately 36,421.7 m2 see Figure 12. The park was
built with the main aim of water treatment; hence the wetland method takes
up a generous part of the land to promotes public health and follows federal
Clean Water Act criteria [24].

Figure 12. South LA Park site location, existing conditions upstream and downstream
(layout & zones). Source: (LPS-CSB- 1041, 2016).

Urban resilience challenge
Challenges ranged from:

(1) How to transform the former industrial site into a sustainable park. In
addition to the complex funding.

(2) Managing the brownfield cleanup and excavation of a historical site to
coordination with multiple agencies.

(3) The historic importance of the site stems from its use as a maintenance
yard for buses and trolleys dating back to 1901.

(4) Partnership and interagency coordination as well as public
stakeholders

Project concept
The South LA Wetland Park proves a bold, integrated, and sustainably engi-
neered project approach that can

(1) Capture and treat urban rainwater runoff.
(2) Divert water through a flood control system through constructed wet-
land system.
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(3) Transform a former brownfield site into a rare public park space for the
community,

(4) Provide a neighborhood revitalization facility in a historically
neglected area.

(5) Create a new neighborhood rejuvenating amenity, see Figure 13 [25].

I3
i

(1) Storm drainage: The subsurface storm drainage system collects urban storm water runoff.

(2) Diverter: Storm water redirected to a pretreatment system that filters oil, trash, and other materials from the
storm water before it treated.

(3) Separator: Hydrodynamic separator used to separate oil, grease, and garbage.

(4) Trash screen: Then as the storm water passes through the trash screen, any leftover debris brushed off.

(5) Constructed Wetland: Rainwater is currently being “pre-treated” before sending to the wetland. Pollutants
absorbed by plants and removed from the water.

(6) Storm Drain: Any surplus water now cleaned up and returned to the storm drain system.

Parking Lot Retrofit Oxford Basin South Los Angeles Residential Retrofit
Bioswale Regional Project Wetlands Park Rain Garden

Figure 13. South LA Wetland Park Existing situation (stormwater runoff treatment
design, currently fully operational park, supplying community recreational possibilities).
Source: (Shannon, K., et al., 2016- LPS-CSB- 1041, 2016).

Resilience Project outcomes
Physical outcome:
(1) Creation of a series of wetlands that filter urban stormwater run-
off before it is reintroduced into the area’s water supply [24].
(2) Rainwater management through rainwater collection, storage, and
purification. This reduces rainwater flooding.
(3) Mitigating the effects of climate change and the urban heat island
effect.
(4) Reduction of carbon sequestration.
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Ecological outcome:

(1) Treating 14,000 gallons of rainwater runoff from the 525-acre catch-
ment per day. This is enough ability to treat all runoff during the dry
season.

(2) Removing of 100% of oils & greases, 75% of bacteria, 96% of total
suspended solids, 41% of nitrates and 34% of phosphorus from rain-
water runoff

(3) Planting eighty-eight kinds of trees along the perimeter of the wetland.
Helping to sequester 1.82 tons of atmospheric carbon per year.

(4) Reuse of decomposed granite in pedestrian trail along the pond

(5) Sustain natural habitats and connecting the city to nature.

(6) Maintaining wetland pond depths of at least five feet promotes water
flow, increases water oxygenation, limits establishment of emerging
plants, allows particle deposition, and reduces mosquito breeding will
be suppressed.

Social outcome:

(1) Adding cultural value to the community.

(2) Supplying recreational and social activities opportunities for residents
and visitors

(3) Providing an outlet for visitors of all ages and various activities

(4) Creating Impressive surrounding recreation trail

(5) Educating visitors about the types of plants, regions, and the wetland
treatment process by educational signage.

Financial outcome:

(1) Enhancing the Land Value,

2) Contributing to increase home value within approximate blocks.

3) reducing energy consumption on site by using Solar powered lighting.

4) producing 8,081 kWh of energy annually, which is 66% of the site’s
total energy use. saving $1,700 in energy bills annually [25].

(5) The earlier three different showcased above revealed that the con-
structed wetlands are considered as one of the best natural resilience
solutions for managing the urban challenges. As the frame of each case
linked to the nature of risks, and physical, ecological, social, financial
city’s character.

(
(
(

Constructed wetlands in Egypt (opportunities and challenges)

This technique was used in Egypt to purify water, but it was no longer an
agricultural activity. Its benefits were limited to water purification and its use
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for irrigation, agriculture, and fish farming. The technique was used by the
Ministry of Irrigation and the National Water Research Institute in Egypt’s Bahr
Al Bakar drainage canal on Lake Manzala, where agricultural wastewater was
treated and reused to irrigate crops. There is also another group of lakes and
ponds in the Western Desert, created by the natural accumulation of agri-
cultural runoff and the collapse of the Toshka sewer, and which were created
as freshwater basins after part of the excess flood water was diverted during
the Nile floods [26].

Urban challenges in Egyptian cities

Egyptian cities face many challenges in enhancing their resilience and risks,
whether social, economic, technological or natural. Development and pros-
perity strategies are threatened as following [27]:

e |ndiscriminate urbanization, because of the non-adherence to urban
spatial plans leading to increased pressure on land, institutions, and
services.

e Lack of infrastructure in some urban areas, while marginalizing the
needs of vulnerable groups, particularly low-income populations.

e Poorly maintained infrastructure increases the size of natural hazards,
such as flooding and urban heat island effects.

e Climate change-related disasters affecting urban areas (rising sea levels,
storm surge, nonstop rains, heat waves impact, water scarcity and air
pollution).

e Lack of disaster preparedness, rapid response, and effective coordina-
tion as a part of the emergency strategies

Constructed wetlands (Cws) as resilient solutions to urban challenges
in Egyptian cities

In Egypt, constructed wetlands (Cws) are a promising solution to a variety of
urban and climate problems, including examples: heat island effect, high
levels of pollution in Egyptian cities, wastewater management, storm runoff,
coastal zone management.

Egypt Cities can be categorized according to their exposure to urban
hazards, along with their main characteristics, into: Coastal, Delta and river,
Desert cities, see Figure 14.

Coastal cities

Cities are found on the Red Sea and Mediterranean coasts and benefit
from coastal ecosystem services. At the same time, these cities face
threats such as sea level rise, coastal flooding, erosion, and other forms
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Figure 14. Cities classification in Egypt. Source: Author, adapted from World Bank, 2021.
A catalogue of Nature-based solutions for urban resilience. Washington, D.C. World Bank

Group.

of land subsidence and saltwater intrusion. Constructed wetlands could
improve by:

e Formation of intermediate buffer zones that protect beaches and coasts
from erosion.

Reducing the energy of waves and storm surges

Reducing saltwater intrusion and making use of rainwater.

Delivering more productive, aesthetically pleasing, and resilient
solutions.

Delta and river cities

Found along the Nile River, which receive help from fertile soils, but also
suffer from seasonal fluctuations in water level, and are often prone to
flooding. Constructed wetlands enhance urban resilience by:
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e Rehabilitation of floodplains of rivers

e Performance as a natural sponge to enhance rainwater storage and

reduce flood risks in downstream areas.

Reducing surface runoff of rainwater.

Increasing carbon sequestration and reducing pollution levels in these cities.

Restore the balance of the ecosystem.

Increase green spaces or open parks throughout the city and reduce

urban heat.

e Exploiting endangered lands in the Nile Delta for aquaculture or rice
cultivation. It has beneficial effects on the soil.

¢ Enhancing food security.

Desert cities

Found in the eastern and western deserts and the Sinai Peninsula. The
difference in the characteristics of the geographical location appears
between the desert cities in the eastern desert and Sinai and the oasis
cities in the Western Desert. The first is characterized by steep slopes,
and it is often vulnerable to flash floods from stormwater, erosion, and
landslides. Constructed wetlands enhance urban resilience through:

e Restoration of forest cover in high mountain areas to intercept and slow
down flood waters.

e Collecting the absorbed water and recharging the groundwater level.

¢ Reduce heat island effect.

¢ In Oasis cities in the Western Desert, constructed wetlands enhance
urban resilience through:

e Creation of green belts in remote areas based on the use of treated
wastewater from local communities.

e Support the stability of the soil and reduce the movement of sand
dunes and thus reduce the impact of dust on the Nile Delta.

e Supplying job opportunities for the population, see Figure 15.

Conclusion, findings, and recommendations

Cities face increasing climate-related challenges. Climate change and urbani-
zation are worsening disaster risks, and these risks hit the poor and vulnerable
hardest people. By protecting natural systems and investing in green
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Figure 15. The vertical section proves the potential of integrating constructed wetlands
(cws) as nature-based solutions into urban landscapes (coastal, riverine, and desert) to
enhance urban resilience and support disaster risk management. Source: Author,
adapted from World Bank, 2021. A catalogue of nature-based solutions for urban
resilience. Washington, D.C. World Bank Group.

infrastructure, cities can strengthen their resilience and protect development
gains for future generations.

There is growing interest in nature-based solutions (NBS) and harnessing
nature for climate resilience around the world. Major international agree-
ments highlight the importance of this NBS as a resilience-building tool and
as a resilience system to manage climate change and disaster risks.

Theoretical and analytical studies show that constructed wetlands are
a flexible technology, and several benefits can be realized by combining
this technology with gray infrastructure.

Physically, it stands for a multifunctional landscape that can be used to
address a variety of urban and climate change issues.

Ecologically, they improve water and air quality, energy supply and con-
servation, promote natural habitats and biodiversity, adapt to specific site
conditions, and protect important ecosystems.

Socially, constructed wetlands improve the quality of life of citizens
through aesthetically pleasing recreational landscaping that combines
green space and water bodies, thereby increasing community
connectivity.
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Financially, these are sustainable projects that not only use fewer
resources but can also generate economic benefits through agriculture, fish-
ing, and other economic activities.

As a conclusion, this study aims research recommends recreating the
installation of constructed wetlands (Cws) in Egyptian cities allowing
them to use in unusual ways, as well as gray infrastructure that
improves the quality of life and enables flexibility in current and
urban areas by reproducing the gray infrastructure that makes it possi-
ble. We also recommend applying integration between infrastructure
and green infrastructure in the Futuristic Egyptian city.
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