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Abstract

Flood risk has become the most important problem in urban areas. A pilot study was car-
ried out in the Giizeltepe neighborhood of Izmir Province, located in the west of Turkey,
which is an urban regeneration area with poor socio-economic status and insufficient infra-
structure services. According to this study, the areas where water collects and the areas
where the slope and elevation are low were determined and the rainwater infrastructure
system was integrated into the area. Then, the “Low Impact Development” model, which
is an effective method for preventing runoff and water pollution, was examined and applied
throughout the area. In this context, 8 scenarios were determined according to the char-
acteristics of the area through the mathematical method SWMM 5.2 program and it was
determined how much flooding was prevented by which Low Impact Design (LID) tool.
According to the study, the runoff rate is significantly high in the absence of LID systems.
Without LID interventions, 70% of rainwater is converted to surface runoff. However, the
implementation of various LID systems effectively reduces this rate: permeable surfaces
decrease runoff by 13%, infiltration trenches by 30%, bio-retention cells by 29%, vegeta-
tive swales by 33%, green roofs by 19%, rain gardens by 30%, and rain barrels by 19%.
The development of a method to prevent a risky disaster such as flooding by using blue and
green infrastructure within the scope of adaptation to climate change in urban regeneration
areas with inadequate infrastructure makes this study valuable. The study of integrating
blue and green infrastructure systems into the regeneration strategies of unplanned areas
in the city makes this study unique. For this reason, the study focuses on the application
technique of blue and green infrastructure systems.
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1 Introduction

The water cycle is affected at all points by the global climate change crisis. Water avail-
ability and supply are dwindling, and after all, worldwide water quality, scarcity, and
sustainable development are threatened. The water crisis impacts fragile and low-income
societies with contributing factors such as population increase, migration crisis, land use
change, soil health crisis, biodiversity loss, ecological problems, and groundwater extrac-
tion (UN Water 2017). The effects of climate change are the most observed in the water
cycle (Kundzewicz 2008). Floods, droughts, and torrential rains can be monitored in many
places (OECD 2013). Water management plays a significant role in climate change miti-
gation. Water management interventions, such as wetland conservation, agriculture pro-
tection, and natural-based solutions, are essential for decreasing climate change effects
(UN Water 2020). Global climate change negatively affects water resources. For example;
evaporation rate, precipitation rate, increased water temperature, and poor water quality
(Adams and Peck 2008). In addition to these, urbanization directly affects the water cycle.
Floods, droughts, landslides, and heatwaves, which lead to disruption of the water cycle
cause loss of population, property, and quality of life (Raju and Kumar 2018). Besides,
land use changes transform the natural water cycle. The growing urban territory has threat-
ened natural dynamics and environmental balances.

The flood risk, especially due to the deterioration of the natural system, is one of the
most critical natural imbalances (Battemarco et al. 2022). Many countries have created a
new approach to flood risk management (Lennon et al. 2014). Urban flooding consists of
rivers such as riverine and fluvial flooding, sea such as coastal flooding, and besides, rain-
fall which are pluvial flooding (Sorensen 2018). These approaches involve strategic, holis-
tic, and long-term characterization for mitigation and adaptation of flood risk management.
Besides, these approaches have benefits in socio-economic development and adaptation to
river flooding (Lennon et al. 2014). Various studies have been developed for stormwater
management. One of the new strategies is best management practices (BMPs), low impact
development (LID), sustainable urban drainage systems (SUDS), and water-sensitive urban
design (WSUD) for runoff control (Xu et al. 2019). For a Blue and Green Infrastructure
system, Low Impact Development (LID) strategies are essential and widely known meth-
ods in stormwater management (Leimgruber et al. 2019; Sorensen and Emilsson 2018).

Due to the fact that the growing urbanization causes essential changes in the water
cycle, surface flows, runoff volumes discharge peaks started to increase. In many countries,
Sustainable Urban Drainage Systems (SUDS) and sewerage networks have been imple-
mented for storm flood management (Rey Valencia and Zambrano Najera 2019). Pollution
of runoff, downstream water bodies, estuaries, and lakes leads to an increase in stormwa-
ter runoff. Similarly, an increase in urban development and the expansion of impervious
areas cause to increase in stormwater runoff volume. Stormwater management covers
runoff quantity control, groundwater recharge control, water quality control, and stream
bank erosion control (Bond et al. 2021). With rapid urbanization comes runoff pollution
and urban flooding, which causes extreme weather conditions. Traditional urban drain-
age system is not enough current problems for urban flooding control. Mitigation of urban
flooding and development of urban rainwater are significant sustainable urban solutions.
In China, Low Impact development (LID) has been used for flooding control (Bai et al.
2019). Also, the Chinese government has improved a sponge city policy for urban storm-
water management. The system aims to enhance sustainable urban development and six
key processes, which consist of retention, infiltration, storage, purification, discharge, and
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utilization, are implemented for sponge city practices (Liu et al. 2022). The aim of flood
control measures is to decrease flooding along grey infrastructure such as hard, conven-
tional, and engineering solutions which consist of dikes, dams, embankments, and weird.
In many practices, the flood risk approach is defined as three combinations created by haz-
ard, vulnerability, and exposure (Cea and Costabile 2022). Walsh et al. (2013) evaluates
low-impact development (LID) practices for reducing the negative effects of stormwater.
One of the LID designs is rainwater harvesting (RWH), which involves landscape irriga-
tion, non-potable indoor uses, and potable consumption, which are the most used practices.
Low impact development (LID) is the most essential practice for urban stormwater man-
agement and involves green roofs, bioretention, and porous pavement. The system helps to
develop water quality, and water retention, and also, affects annual flow, and green swale.
In addition to these, LID assists to in scrutinizing hydrological impacts and life cycles with
bioretention, infiltration trench, porous pavement, rain barrels, and green swale (Chui et.
al. 2016). Low Impact Development (LID) can be evaluated as an innovative solution and
it stores, infiltrates, and retains the stormwater in micro-scale ecological systems like per-
meable pavement, green roofs, and vegetative swale. The spatial and temporal changes are
significant in groundwater for LID. Besides, the infiltration development and the enhance-
ment of groundwater level reflect the spatial and hydrogeological characteristics of LID
(Zheng et al. 2018).

The purpose of the study is to reduce flood risk, enhance neighborhood areas, and
increase quality of life. Flood risk, which is the hazardous result of climate change, nega-
tively affects water, carbon, and the life cycle. The water cycle is an essential issue for life;
thus, the conversation of rainwater is significant for citizens. New strategies are improved
for the preservation of urban areas from flooding because the consequences of flooding
cause damage to socio-economic and loss of lives. Many studies have developed adapta-
tion and mitigation solutions for the measure. In the study, the negative impact of flood-
ing is reduced and a new regeneration model is proposed. The study is carried out in the
Giizeltepe neighborhood, which is a depression zone in Izmir, for the new regeneration
decisions with blue and green infrastructure systems. The main aim of the study is to cre-
ate a sponge neighborhood based on blue and green infrastructure (BGI), thus, literature is
contributed with a new regeneration model based on flooding management.

2 Materials and methods
2.1 Materials
2.1.1 Definition of case area

The study area, the Giizeltepe neighborhood, is located west of Turkey, on the boundaries
of Tzmir city (Fig. 1). The site, where the immigrant community is located, has earthquake
risk. Because of this situation, Giizeltepe neighborhood is determined as an urban regen-
eration area. The urban regeneration process has begun within the scope of the municipal-
ity policy No: 5393 owing to the ground structure and infrastructure problems (Cinar et al.
2016). According to TUIK 2021 Data, the total population is 6.623 (TUIK 2021) Gener-
ally, houses can be observed at 1 or 2 stories, and a reclamation master plan was imple-
mented in 1985 and 1986 (Bal 2008). 296 independent units are located in the area, which
is 21 hectares.7 different residentials are created with urban regeneration projects. Besides,
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Fig. 1 Location of the study area

commercial units, health facilities, parking lots, children’s playground areas, and social and
cultural centers are proposed (Anonymous 2023).

2.2 Method

Within the scope of the micro-scale study, a literature review was made first. Then, slope,
elevation, and drainage density were analyzed through the ArcGIS 10.4 program to cal-
culate the water collection areas since the area did not have infrastructure data. Similarly,
(Cebe and Inan 2020) and (Tombul 2022) need to produce slope and elevation maps for the
prediction of rainwater flow. Drainage density is produced for determining the accumula-
tion of rainwater. In the study, a digital elevation model (DEM) with a resolution of 12,5 is
used from the Alos Palsar data, and the study area was created as the neighborhood bound-
ary (Fig. 2).

After these analyses, the infrastructure systems that store rainwater, reduce runoff,
and infiltrate are integrated into the neighborhood scale and the Storm Water Manage-
ment Model version 5.2 (SWMM 5.2) program is used for calculating stormwater man-
agement. LID module is used for simulating and runoff reduction performance. Various
LID practices are simulated for the best runoff reduction method. The permeable pavement
(PP) model is mostly applied in urban areas due to the reduction of rainwater. (Madrazo-
Uribeetxebarria et al. 2022) and (Zhang and Guo 2014) simulated the runoff performance
of permeable pavement by using the SWMM module and they analyzed peak and volume
performance. SWMM, which was developed by The US Environmental Protection Agency,
helps to simulate water and drainage transportation in urban areas taking into considera-
tion elevation, hydrology, and runoft quality. In Norfolk, Virginia, USA, that is seen flood
events, the SWMM model was preferred and eight subcatchments, three flow control man-
holes, and three junctions were used but elevation changes were not considered (Saliba
et al. 2020). Hamouz and Muthanna (2018) compared grey and green roof performance for
stormwater retention and runoff detention. The researchers used the Stormwater Manage-
ment Model (SWMM) last version and besides, the Low Impact development module is
preferred for measuring hydrological performance. Another method for the reduction of
flooding, blue and green infrastructure is used. In Sweden, stormwater control systems are
integrated into drainage systems (Sorensen and Emilsson 2018). In Greece, The LID prac-
tices, which is the hydrologic-hydraulic model, are chosen for reducing peak runoff and
runoff volume. The green roof and permeable pavement that is two different conventional
practices are tested for the study (Kourtis et al. 2018). Blue and Green Infrastructure sys-
tems are an alternative compared to grey infrastructure. BGI based on the ecosystem is
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Fig.2 Border of Giizeltepe Neighborhood

associated with detention, biological uptake, and infiltration for managing stormwater qual-
ity and quantity. The landscape systems include ecosystem services such as urban biodi-
versity development, water quality treatment, flood risk mitigation, and thermal reduction
(Liao et al. 2017). In Hong Kongi China and Seattle, U.S., different rainfall modules are
used for stormwater management. Three different LID practices, which consist of green
roofs, bioretention, and porous pavement, are preferred (Chui et al. 2016).

In the study, 8 scenarios are determined that consist of blue and green infrastructure
systems. In the scope of the study, blue and green infrastructure systems, which are the
green roof, permeable pavement, rain barrel, vegetative swale, infiltration trench, rain gar-
den, and bio-retention cell, are preferred due to the modules are the most used and reduced
stormwater. First of all, the Non-LID system is measured for infiltration and drainage per-
formance and then, blue and green infrastructure systems are used for testing performance.
20 subcatchments are determined which involve various land use and LID modules are
integrated in these subcatchments. Besides, rainwater infrastructure is designed in the area.
84 junctions are implemented in between subcatchments and these junctions are connected
with 85 conduits each other. Slope and width features are considered in the study (Fig. 3).

3 Results and Discussion
3.1 Results

Within the scope of the study, slope, elevation, and drainage density were analyzed in
the Maltepe stream micro basin scale through the ArcGIS 10.4 program to calculate the
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water collection areas since the area did not have infrastructure data. After these analy-
ses, the infrastructure systems that store rainwater, reduce runoff, and infiltrate are inte-
grated into the neighborhood scale and the LID modules with Storm Water Management

Model 5.2 (SWMM) are used.

Within the scope of the micro-scale, the micro basin covering the Maltepe stream
and the urban regeneration area of the Giizeltepe neighborhood within it were evaluated

(Fig. 4).

Glizeltepe Neighborhood

Fig. 4 Giizeltepe Neighborhood Urban Regeneration Area
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Giizeltepe neighborhood is an area where it was decided to carry out an urban transfor-
mation work in accordance with Article 73 of the Municipality Law No. 5393, upon the
letter dated 10.10.2016 and numbered 12,105.

Within the scope of this study, it was tried to integrate the blue and green infrastructure
systems into the urban regeneration study. In this context, first of all, the existing infra-
structure of the area was evaluated. Rainwater sewerage infrastructure data were obtained
numerically from the Izmir Water and sewerage administration general directorate. How-
ever, since the Giizeltepe neighborhood is a slum area, there is no rainwater drainage line.
Therefore, the blue and green infrastructure study was prepared according to the drainage
depth, slope, and elevation information of the area (Fig. 5). In addition, a blue-green infra-
structure study was prepared by including the precipitation data from the 2nd Regional
Directorate of Meteorology.

3.2 Scenarios

After all these studies, the reduction rate of surface runoff water was calculated by using
the green and blue infrastructure systems through the Storm Water Management Model
(SWMM 5.2) program. As mentioned before, BGI is a new approach and the system is
promoted with many kinds of programs and terms like Sustainable Urban Drainage Sys-
tem (SUDS) in the UK, Low Impact Urban Design and Development (LIUDD) in New
Zealand, Low Impact Development (LID) in the US, Stormwater Best Management Prac-
tices (BMPs) in the US, ABC (Active, Beautiful and Clean) Waters Program in Singapore
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(Liao et al. 2017). In the study, Low Impact Development (LID) modules are implemented
within the neighborhood.

With the help of the SWMM model, surface flow and drainage calculations are made
from processes such as infiltration and evaporation of water falling to the ground from pre-
cipitation. The basin where the precipitation is collected is divided into sub-basins in mul-
tiple irregular ways and different hydrological uses are assigned (Cebe and Inan 2020). The
land use of each sub-basin is specified as a percentage, and slope and width calculations
are made.

(Width = Area/Length) (Open Swmm 2008).

Five different models are used for the infiltration of precipitation.;

Classic Horton infiltration

Modified Horton infiltration

Green-Ampt infiltration

Modified Green-Ampt infiltration

SCS Curve Number infiltration (Rossman and Simon 2022)

In this study, Green Amp infiltration, which is easy and simple to use in field studies,
was used. In addition, according to Rossman (2010), this model is preferred because it cal-
culates according to the saturation level in calculating the infiltration of water into the soil
in the precipitation-runoff model. SWMM is a discrete-time simulation model. Each input
is subjected to a time step. According to the input and output data, outputs are obtained
with mathematical equations (Fig. 6).

X,=fX,—1,1,P).

Y,=g(X,, P).

X, = a vector of state variables at time t,

Y, = a vector of output variables at time t,

1, = a vector of inputs at time t,

P = a vector of constant parameters,

f= avector-valued state transition function.

g= a vector-valued output transform function (Rossman 2010).

Within the scope of this study, eight scenarios were developed. In these scenarios, Low
Impact Development design tools; Permeable pavement, rain garden, green roof, infiltra-
tion trench, rain barrel, vegetative swale, and bio-retention cell were used (Table 1).

As shown in Table 1, the layers properties of LID modules are identified for every blue
and green infrastructure system. The infrastructure systems are represented by five main
vertical layers: surface, pavement, soil, storage, drain, and drainage mat. In addition, the

Iy le
Xo AQ(L)—Q X1 > LR — X',A H(i)_‘ Xt —p o o o
f(Xo,,I1,,P) g(x1”P) f(xt-1n|tnp) g(xmp)
A
A Yy

Fig.6 SWMM Process
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Table 1 Layers in LID Units (Reproduced from: Rossman and Simon 2022)

Surface Pavement Soil Storage Drain Drainage mat
Bio-Retention Cell X X X X
Rain Garden X X
Green Roof X X X
Permeable Pavement X X X X X
Infiltration Trench X X
Rain Barrel X
Vegetative Swale X

field was evaluated in its current form without using any LID design tools. Rainwater sew-
age systems were prepared by creating sub-basins throughout the area. The depth of the
manhole is 1.5 m, the maximum depth of the pipes is between 0.4—0.6 m, and the distance
between the manholes is 50 m. Every sub-catchment connects to the rain conduit system
and manhole. In the rain infrastructure system, 20 sub-catchments, 84 junctions, and 85
conduit systems are created (Fig. 7).

The modules are edited with parameter settings. LID technique is related to infiltration
retention, detention, and storage. The study scenarios were created by permeable pave-
ment, infiltration trench, bio-retention cell, vegetative swale, green roof, rain garden, and
rain barrel. For reducing flooding, the specific parameters setting are used in LID layers
(Table 2).

Each design blue and green infrastructure design tool has specific material proper-
ties. The type, thickness, and arrangement of these materials differ from each other and
from impermeable surface materials for rainwater infiltration and storage. The surface
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Fig.7 SWMM Map with Urban Regeneration Plan
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Table 2 Parameter setting of LID Modules (Source: (Bai et al. 2019; Men et al. 2020)

LIDs Type Construction Parameter option Parameter value
Permeable Pavement Surface Berm height (mm) 3
Surface roughness 0.012
(Mannings N) 1
Surface slope (%) 120
Pavement Thickness (in or mm) 60
Void Solids
(voids/Solids) 0.13
Permeability (mm/hr) 200
Impervious Surface Fraction 0
Clogging Factor 0
Regeneration Interval 0
*Regeneration Fraction 0
Storage Thickness (mm) 250
Void ratio (voids/Solids) 0.43
Seepage rate (mm/hr) 600
Clogging Factor 0
Soil Thickness (mm) 150
Porosity 0.5
Field Capacity 0.1
Wilting Point 0.024
Conductivity Slope 10.0
Suction Head 3.5
Infiltration Trench Surface Berm height (mm) 150
Vegetation Volume Fraction 0.00
Surface Roughness (Mannings n) 0.24
Surface Slope (percent) 1.0
Drain Flow Coefficient 0.69
Flow Exponent 0.5
Offset (in or mm) 6
Open Level (in or mm) 0
Closed Level (in or mm) 0
Storage Thickness ((in or mm) 600
Void Ratio (Voids/Solids) 0.5
Seepage Rate (in/hr or mm/hr) 24
Clogging Factor 0
Bio-Retention Cell Surface Berm height (mm) 150
Vegetation Volume Fraction 0.12
1
Surface Roughness (Mannings n) 0.1
Surface Slope (percent) 0.1
Drain Flow Coefficient 0
Flow Exponent 0.5
Offset (in or mm) 150
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Table 2 (continued)

LIDs Type Construction Parameter option Parameter value
Open Level (in or mm) 0
Closed Level (in or mm) 0
Storage Thickness (in or mm) 260
Void Ratio (Voids/Solids) 0.75
Seepage Rate (in/hr or mm/hr) 80
Clogging Factor 0
Soil Thickness (in or mm) 500
Porosity (Volume Fraction) 0.5
Field Capacity 0.2
Wilting Point 0.07
Conductivity (in/hr or mm/hr) 110
Conductivity Slope 10.0
Suction Head 3.5
Vegetative Swale Surface Berm height (mm) 6
Vegetation Volume Fraction 0.85
Surface Roughness (Mannings n) 0.24
Surface Slope (percent) 1
Swale Side Slope (run/rise) 7.33
Green Roof Surface Berm height (mm) 50
Vegetation Volume Fraction 0.2
Surface Roughness (Mannings n) 0.13
Surface Slope (percent) 1.0
Drainage Mat Thickness (in or mm) 60
Void Fraction 0.43
Roughness (Mannings n) 0.03
Soil Thickness (in or mm) 200
Porosity (Volume Fraction) 0.5
Field Capacity 0.3
Wilting Point 0.1
Conductivity (in/hr or mm/hr) 0.5
Conductivity Slope 10.0
Suction Head 3.5
Rain Garden Storage Berm height (mm) 150
Vegetation Volume Fraction 0.1
Surface Roughness (Mannings n) 0.12
Surface Slope (percent) 0.3
Storage Thickness (in or mm) 0
Void Fraction 0.75
Seepage Rate (in/hr or mm/hr) 400
Soil Thickness (in or mm) 500
Porosity (Volume Fraction) 0.3
Field Capacity 0.2
Wilting Point 0.1
Conductivity (in/hr or mm/hr) 500
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Table 2 (continued)

LIDs Type Construction Parameter option Parameter value
Conductivity Slope 10.0
Suction Head 87.5
Rain Barrel Drain Flow
Coefficient 0.68
Flow Exponent 0.5
Offset (in or mm) 125
Drain Delay (hr) 5.8
Open Level (in or mm) 0
Storage Closed Level (in or mm) 0

thickness of these materials is specially designed for easy passage of rainwater. The soil
structure does not consist of particles that are eroded in the rain, it has a structure that
retains water or provides easy absorption into the ground.

Annual precipitation is 654.8 m3 in 2021, 246.9 m3 in 2022 and 233.6 m3 in 2023.
The total depth of precipitation is 1120,800 mm for each year. The measurements cover a
28-month period from January 1, 2021, to April 6, 2023. Annual, monthly, and hourly pre-
cipitation data are taken from the observation network of Karsiyaka district of Izmir prov-
ince. The analysis was measured at a recording frequency of 60 s. “Green Ampt” was used
as an infiltration method. “The Rain Gage” was positioned on the area at the XY coordi-
nates “10,402.235/5374.302”. A total of 20 subcatchments were identified in the area, 84
nodal points (J) were created, 85 connection pipes (C) were created and 6 rainwater outfall
points were identified. The area size and slope of each subcatchments are different from
each other. Consequently, the results of the low-impact development tools used to prevent
flooding differed from each other. According to the land use classification, there are green
areas, commercial areas, residential areas, education areas, and forestation areas in the
area. The application rates of LID systems to be used according to land use also differ from
each other. Across the study area, the rate of the permeable area is 52.7% and the ratio of
impermeable area is 47.3%. Impervious areas are also determined as concrete and roof sur-
faces. The roof area is 27.6%; the concrete area is 19.7%. More detailed information about
the subcatchment is given in Table 3.

Table 3 presents the impact of blue and green infrastructure design tools, specifi-
cally Low Impact Development (LID) systems, on surface runoff. The first column pro-
vides baseline data, showing the proportion of total precipitation that transitions into
surface runoff and infiltration without the implementation of LID systems. The subse-
quent columns display the changes in these proportions when LID systems are applied,
detailing the modified percentages of water contributing to surface runoff, infiltration,
and drainage. The values highlighted in bold within Table 3 are used to emphasize the
key data points that demonstrate the most significant changes in water distribution due
to the implementation of LID systems. By presenting these values in bold, the table
clearly identifies the critical differences in runoff and infiltration rates before and after
the use of LID systems, making it easier for readers to quickly recognize and inter-
pret the impact of these sustainable design practices. According to the ratios of per-
meable area, roof area, and concrete area, the percentage of area LID systems to be
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used is determined. Therefore, these ratios are very significant. The study area is an
urban regeneration area where the infrastructure is unfavorable and the risk of flood-
ing is the highest. A new transformation is being created in this area. The originality
of this study is that the adaptation of an urban regeneration area to climate change is
achieved through the water cycle. In this way, a major disaster such as flooding will be
prevented and a living space will be created with blue and green infrastructure. In this
context, 8 different scenarios were developed. The first scenario was developed without
using any low impact development model. The second scenario was designed using only
permeable surfaces, the third scenario was designed by creating an infiltration trench,
the fourth scenario used bio-retention cells, the fifth scenario used vegetative swale, the
sixth scenario used only green roof design tools, the seventh scenario used rain gardens
and the last scenario used rain barrel. No low impact development (LID) module was
used in scenario one. Accordingly, total rainfall is 1120,800 mm in depth, infiltration
loss is 342,373 mm, surface runoff rate is 773,191 mm, and total rainwater storage rate
is 5,884 mm. As can be seen in the data, 70% of the rainwater goes with surface run-
off. This causes flooding and rainwater flows without being utilized. In Scenario 2, a
permeable pavement in units of 5 m? was used in each subcatchment. With the use of
this tool, the runoff rate decreased to 641,214 mm and the infiltration loss was deter-
mined as 472,194. Accordingly, 57.2% of the rainwater passed to surface runoff, the rest
was infiltrated underground and groundwater supply was provided. In this case, there
was a rainwater gain of 13%. In the third scenario, an infiltration trench was used. This
module was designed to be integrated into green areas by creating 20 m? unit areas.
Accordingly, the infiltration of rainwater towards the underground has increased more.
The surface runoff rate was determined as 451,191, which indicates that 40.2% of the
rainwater passes to surface runoff. In this case, it shows that there is a gain of 29.8% of
rainwater compared to the case without LID and the proportion of rainwater passing to
the subsurface has increased. In the fourth scenario, bio-retention cells consisting of 15
m? units were used. The proportion of rainwater stored in this module is very high. In
addition, the surface runoff is at a depth of 624,020 mm. 55.6% of rainwater is in the
runoff, in this case, the runoff rate is reduced compared to the case of not using LID
tools. In the fifth scenario, the vegetative swale tool was used in units of 30 m? in each
subcatchment. A significant reduction in runoff is observed compared to other LID uses.
According to the data, there is 414,852 mm of runoff, which indicates a runoff rate of
37%. While the runoff was 70% without LID, this rate decreased to 37% with the veg-
etative swale. This is an important measurement in terms of preventing flood risk. The
sixth scenario was created using a green roof. With the green roof tool, rainwater can be
infiltrated as well as drained. The runoff rate was determined as 575,697 mm, according
to this value, 51.3% of the rainwater is runoff. According to the seventh scenario, rain
gardens were created in units of 30 m2. Only subcatchment 16 was designed in units
of 5 m?, this is because it can be divided into whole numbers according to the width of
the area. According to the measurement, the runoff rate of the rainwater is 452,850 mm,
which means that 40.4% of the rainwater has passed into the runoff. There is a gain of
approximately 30% compared to the case without LID. In the eighth and last scenario,
rain barrels were used. 7 m® capacity water tanks were designed in 25 m? units in the
area. The calculation of the rain barrel is designed by taking into account the percentage
of the roof surfaces as in the green roof system. According to the calculations, the run-
off rate was calculated as 574.423 mm. 51.2% of the runoff is surface runoff.

Since subcatchment 16, 17, 18, 19, and 20 consist of green areas, permeable surfaces,
infiltration trenches, green roofs, and rain barrels were not used in these subcatchment.
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Vegetative swale, rain gardens, and bio-retention cells were used in all subcatchment.
Detailed data of the scenarios are given in Table 4.

When all these measurements are considered, it is seen that with the use of low-impact
development models, the surface runoff of rainwater is reduced and the water is brought
back into usable forms through techniques such as storage, underground filtration, and infil-
tration. Among the techniques used, the vegetative swale system was identified as the most
efficient tool. Following the vegetative swale system is the infiltration trench. In general,
all systems provide efficient use of rainwater according to their techniques. The rainwater
storage rate of rain barrels, green roofs, and bio-retention cell systems is quite high. The
performance of all systems in reducing surface runoff is quite high. Percentages of perme-
able and impermeable areas are important for the implementation of these systems. Since
the green roof and rain barrel collect water from the roof, the percentage of roof area is
important, the percentage of concrete area is important in permeable surface applications,
and the percentage of vegetated area is important in infiltration trench, bio-retention cells,
vegetative swale, and rain garden applications. Accordingly, blue and green infrastructure
systems can be applied throughout the area. Within the scope of this study, water manage-
ment can be provided through blue and green infrastructure systems in a neighborhood
with inadequate infrastructure and flood risk. On the other hand, flood risk cannot be com-
pletely eliminated using Low Impact Development. Particularly as a result of the analysis,
risky areas located at the intersection of the Maltepe stream branches in Giizeltepe neigh-
borhood are determined. Flood risk in the region is not prevented by using blue and green
infrastructure design tools.

The study is important in that it emphasizes the integration of blue and green infra-
structure systems into planning and design strategies within the scope of climate change
adaptation for an area undergoing urban regeneration. Because climate change adaptation
strategies are ignored in urban regeneration studies. At this point, the study has an original
value. In addition to all these, water profiling was attempted by cross-sections of stormwa-
ter channels (Fig. 8).

With the use of blue and green infrastructure systems, the proportion of water in the
water channels has decreased. The fact that there is no overflow indicates that these sys-
tems use rainwater efficiently with their own techniques such as storage, retention-deten-
tion, and infiltration. In addition, when the rainwater runoff graph in each subcatchment is
analyzed, it is seen that the runoff is higher in subcatchment where the percentage of struc-
tural area is high and the percentage of the green area is low. This is especially the case in
subcatchment 6 and subcatchment 16 areas with the more structural surface in spring and
winter months when rainfall is highest.

In the study, low-impact development (LID) modules were used together with infor-
mation from the literature. This method is an important method in terms of taking into
account land use, typological characteristics of the land, and efficient use of water. Low-
impact development technologies were calculated using the “Storm Water Management
Model” (SWMM) 5.2 program. First, as in many other studies, maps of slope, elevation,
and drainage densities were calculated and mapped through the ArcGIS 10.4 program.
Then, rainwater sewage systems were applied by finding the points where the water accu-
mulates. Low-impact development (LID) technologies such as permeable pavement, green
roofs, rain barrels, bio-retention cells, vegetative swales, infiltration trenches, and rain
gardens were applied to 20 different subcatchments throughout the area. In addition, as
in other studies, rainwater infiltration and drainage measurements were first made with-
out LID systems. The selected low-impact improvement systems are those that have been
applied in other studies and have had positive results, so they are preferred. According to
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the results obtained, the most efficiency was obtained from the permeable pavement, infil-
tration trench, bio-retention cell, rain garden, and rain barrel modules. In these systems, the
surface flow is reduced by 32%. By using the vegetative swale tool, the runoff was reduced
by 11%, and in the green roof application, the runoff was reduced by 31%. These modules
have been applied to 50% of the area’s basins, corresponding to the 25 square meter unit
ratio of each subcatchment. The importance of using green and blue infrastructure systems
in urban areas is seen in this study and previous studies. Table 5 shows the rate of infiltra-
tion, drainage, and storage of LID modules.

In this study, blue and green infrastructure systems incorporating low-impact develop-
ment (LID) technologies were utilized. Precipitation data from January 2021 to March
2023 were obtained from the Karsiyaka meteorology station, located in the Karsiyaka dis-
trict of Izmir province. These data were used to create scenario studies addressing potential
flood risks due to heavy rainfall. The study revealed that only 30% of the precipitation
can infiltrate underground in the absence of LID systems. However, various LID systems
demonstrated higher infiltration rates: permeable pavements allowed for 57.2%, infiltra-
tion trenches 40.2%, bio-retention cells 41%, rain gardens 40.4%, and rain barrels 51.2%.
Additionally, vegetative swales facilitated 37% infiltration, while green roofs achieved
51.3%. These figures highlight the positive impact of these systems on efficient rainwater
use. Consequently, the integration of such systems into urban and rural areas is highly rec-
ommended. In summary, LID systems significantly reduce the proportion of storm water
entering surface runoff. They enable rainwater to be stored and reused, infiltrate under-
ground to replenish groundwater, or enhance urban ecology through the creation of small-
scale ponds.

PERMEABLE PAVEMENT INFILTRATION TRENCH BIO-RETENTION CELL

ot )

RAIN GARDEN

Fig. 8 Rainwater profile with LID Tools

@ Springer



Natural Hazards

4 Discussion

In urban areas, flooding, which is the most negative result of climate change, is the main
global challenge because of severe rainfall and unstable runoff regimes. As a result of
the situation, many countries try to solve this problem by using green infrastructure. The
purpose of a green infrastructure system is to repair, recreate and restore the hydrological
cycle (Green et al. 2018). In addition to green infrastructure, blue infrastructure is essen-
tial for urban areas. Green is related to vegetation and blue includes hydrological features
with urban design projects. Blue and green infrastructure systems involve hydrological and
ecological water enhancement. The systems cover engineering and design tools such as
bioswale, rain gardens, detention and retention lakes and swales, green roofs, and infil-
tration systems (Ramboll 2016). The benefits of green infrastructure are ecological, eco-
nomic, and social advantages with natural-based solutions. Blue and green infrastructure
(BGI) is a key element for rainwater management. The system, which is different from
grey infrastructure, proposes to reduce flood risk and increase water quality and urban bio-
diversity (Demircan et al. 2020). In many countries, blue and green infrastructure-based
solutions are implemented. Dinger (2022) aims to reduce problems caused by intense rain-
water by using Low Impact Development (LID) modules such as green roofs, rain barrels,
permeable pavement, and rain gardens with the ArcGIS program and Stormwater Man-
agement Modules (SWMM). The result of the research shows surface runoff is reduced
with green roofs (2, 15%), rain barrels (8, 10%), permeable pavement (6, 60%), and rain
gardens (6, 60%). In Semnan Province/Iran, flooding causes a lot of fatal catastrophe prob-
lems. Due to this reason, it is aimed to reduce flood risk by using LID modules with the
SWMM program and SCS method. Infiltration trenches and rain barrels are the most effi-
cient tools because peak flow and flow volume are reduced to the lowest level (Sadeghi-
nazhad 2019). In China, a sponge city is tried to create by using a LID combination such
as permeable pavement, green roof, and vegetative swale, with the preferences-inspired co-
evolutionary algorithm (PICEA-g algorithm). Also, the modules are compared with the
NSGA-II method, and the peak flow reduction rate, runoff reduction rate, and SS pollutants
are decreased (Men et al. 2020). In Korea, infiltration trenches and permeable pavement
are used from LID systems. The LID systems are combined with the TOPSIS method. In
the method, many LID practices are prioritized. Besides, the study emphasizes calculat-
ing social and economic criteria for sustainable plans (Song and Chung 2017). The other

Table 5 Results of low impact development modules

Total precipitation  Surface runoff LID drainage  Final storage  The rate

(mm) (mm) of surface

runoff
Non-LID 1120.800 773.191 - 5.884 %70
Permeable Pavement 1120.800 641.214 — 8.581 %57,2
Infiltration Trench 1120.800 451.191 0.071 1.953 %40,2
Bio-Retention Cell 1120.800 460.540 — 54.710 %41
Vegetative Swale 1120.800 414.852 — 0.860 %37
Green Roof 1120.800 575.697 279.422 29.091 %51,3
Rain garden 1120.800 452.850 — 54.993 %40,4
Rain Barrel 1120.800 574.423 262.388 40.155 %51,2
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study compared the performance of vegetative swale and bio-retention cells. According to
the study, the alteration of LID structure and the parametric calibration are more enhanced
in the vegetative swale tool. On the other hand, the bio-retention cell calibration is not
advanced (Bond et al. 2021). In Jiangsu province, China, four LID scenarios such as green
roofs, permeable pavement, concave greenbelt, and rain gardens are performed in the same
locations. A green roof is the best practice for decreasing runoff. However, the rain garden
tool has the lowest performance (Bai et al. 2018; Chui et al. 2016) compared LID applica-
tions based on green roofs, bio-retention cells, and porous pavement performance between
the cities of Hong Kong and Seattle. The peak runoff reduction/thousand Dollars of LID
modules in Hong Kong was found to be lower than in Seattle. Many articles have proven
that BGI systems and solutions, consisting of rain gardens, green roofs, permeable pave-
ment, as well as vertical greening systems, make a positive contribution to urban hydrology
(Pochodyta et al. 2021). In Bangkok, Thailand, flooding is a catastrophic problem, because
of the trouble, long-term and short-term soft and hard engineering solutions are developed.
Low Impact Development systems are preferred to reduce the negative effect of flooding
because the technologies enhance water quality, and also, a reasonable and sustainable
approach. Single and multiple scenarios are improved and the study helps to reduce sewer
overflow volume, pollutants, and surface flooding (Chaosakul et al. 2013). An experimen-
tal study with the SWMM program in Brazil, Sao Paulo has shown that infiltration trenches
and green roofs are efficient tools that can be used to reduce the risk of flooding (Mattos
et al. 2017). Low-impact development and sponge city implementations are valuable, espe-
cially for urban land use. Besides, It is shown that development capacity, supporting facili-
ties, urban design guidance, ecology, building construction, and environmental protection
are regulated with LID modules in a variety of areas such as squares, urban water systems,
and urban roads (Ji and Bai 2021).

5 Conclusion

Within the scope of this study, the destructive effects caused by the flood risk were tried
to be minimized through green and blue infrastructure systems. Low-impact development
technologies, which are a new and modern system, reduce surface runoff and allow rain-
water to pass underground. These systems have been developed as an alternative to the
traditionally called gray infrastructure and can be easily integrated into cities. Integrating
low-impact development technologies into impermeable surfaces is very valuable in terms
of adapting cities to climate change in the future. It is important to include blue and green
infrastructure systems in urban design and urban regeneration project guides and to sup-
port these practices with various policy decisions. Because urban floods cause economic,
social, and vital damages. As the permeable pavement ratio decreases in cities, the problem
of flood risk increases at the same rate. Thinking of a solution only in green areas causes
an incomplete study on the basis of design and planning studies. Therefore, the use of blue
infrastructure systems is essential to complete adaptation to climate change. Undoubtedly,
increasing the green areas in the cities will greatly reduce the flood rate, in addition, the
collection and effective use of rainwater is an effective method.

In the calculations made according to the 60-s time step, it was determined as a result
of the analysis that the flood risk was not observed even on the days when the precipi-
tation rate was high using the LID technique. It has been observed that it gives efficient
results in 30 and 15-s time periods. As a result of the research, it was determined that the
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commonly used systems of the blue and green infrastructure gave efficient results in the
measurements. The study, which takes into account the number of rainy days for approxi-
mately 2.5 years, shows that even in the case of heavy rainfall, the risk of flooding can
be prevented by using these systems. The modules can be integrated into buildings, pave-
ments, building roofs, building walls, gardens, and urban parks. The article explores which
modules should be used and which techniques have good performance to mitigate floods.
Integrating blue and green infrastructure systems in the transportation networks and urban
squares where the city is heavily used will reduce the effects of heavy rain. In addition to
these, the applications are low-cost applications, so they can be included in short and long-
term planning studies. There is likely to be a risk of flooding at the time of precipitation
and after precipitation, so long-term planning studies are valuable for prevention. The use
of rainwater harvesting systems in health, commercial, residential, and educational build-
ings, as well as the creation of rain gardens or vegetative swales on a large or small parcel
of land, are major impact studies on a small scale.

Climate change adaptation strategies are often ignored when planning urban regenera-

tion efforts. Therefore, it is a situation that has not adapted to changing climatic conditions
and is likely to wear out over time. In particular, neighborhoods located on stream beds and
areas with steep slopes are defined as places where flood risk is most common. In addi-
tion to topographical features, if adequate infrastructure works have not been carried out in
that region, it is inevitable that the neighborhood or region will be damaged due to flood-
ing. For this reason, when determining urban regeneration planning and design strategies,
climate change adaptation strategies should be included in the first items. From flooring
to roofing materials, tools suitable for climate change should be used. This study has an
original feature in terms of showing and describing how the neighborhood in the urban
regeneration process will be designed in accordance with the climate. It shows which cri-
teria will be taken into consideration when redesigning neighborhoods, streets, and cities.
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