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Abstract

In leading countries, alternative stormwater management (SWM) approaches
guide design process with local guides, databases and user interfaces which are
mostly land depended by their priorities and targets. Their adoption as a reference
is challenging for designers in countries where sustainable stormwater infrastruc-
ture is undeveloped. This study presents a proposed interface for the selection of
SWM tools according to site restrictions, hydrological functions, land use and
performances based on location independent data.

SWM approaches, local guides and web-based resources are reviewed to form
a dataset for common 26 SWM tools and their land-independent features to cre-
ate a MS Office-based algorithm for designing an interface to help the user to
define the suitable tool for the site. Interface is demonstrated as a design tool to
create a water quality performance based storm-water treatment chain in ITU
Ayazaga Campus. As a result, appropriate SWM tools are succesfully selected to
convey runoff water from parking lots to storm-water pond considering the land
use changes. And SWM tools were gathered from interface were suitable to cre-
ate a chain. Also using the interface was time saving with no need for additional
research on tools. Since the proposed interface promotes the integration of SWM
into design decision making process in undeveloped countries and can be used as
an education tool, it is expected to have a widespread impact.

Keywords
Storm-water management, SWM tool selection interface, Location independent
SWM tools, Storm-water treatment chain, ITU Ayazaga Campus.
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1. Introduction

According to United Nations, % 55
of the current population of the world
reside in urban areas and this number is
expected to reach %68 by 2050 (United
Nations,2018). This growing tendency
of population in urban zones and ur-
banization process will have a growing
threat on natural dynamics, resource
availability and environmental qual-
ity (McGrane, 2016; EPA, 2021; Ahn
et.al.,2005; Beach,2003; Brody,2007;
Gatfhield,2003). Especially changing land
cover from rural to urban which also
means that change of the topography
and surface conditions from perme-
able to impermeable as a result of new
constructions, demolition and redevel-
opment have widespread impacts on
dominant runoff-generating processes,
and ket flow-paths, having a substantial
impact on catchment boundaries and
drainage pathways (McGrane, 2016).

On the other hand, the climate
change causes significant impacts on
the precipitation regimes over 25-100
years that will make urban design inter-
ventions releated to water systems more
critical and complex (Ashley et. al 2005;
Hill & Barnett, 2008; Hill, 2009). There-
fore advancing our knowledge on urban
hydrological process and its relation
to spatial design urgently needs to be
adressed in planning and design agen-
da. This situation necessitated reconsid-
ering the relationship between urban
areas and stormwater management,
which urges reconstructing the urban
spaces with stormwater management
features and resilliency. Today, while
some developed countries deal with
stormwater management in urban areas
with both legal and practical aspects,
the issue is not sufficiently prioritized
in developing countries that are tradi-
tional infrastructure-dependent. As ex-
perienced in urban areas, overwhelmed
stormwater management systems can
lead to localized flooding or greater
runoft of contaminants which damages
back urban habitat itself (EPA, 2021).

Beginning from the 1980s, chang-
es in the urban drainage approach has
shifted beyond focusing on the removal
of stormwater from cities to consider it
as a resource and evolved to adaption
of approaches that guide design pro-
cess with water management policies

and implementation tools. Accord-
ing to Marsalek (2005), main reasons
for these changes are (a) introduction
of the sustainable development con-
cept, (b) acceptance of the ecosystem
approach to water resources manage-
ment, (c) improved understanding
of drainage impacts on receiving wa-
ters and (d) acceptance of the need
to consider the components of urban
drainage and wastewater systems in
an integrated manner. The shift in the
management of urban waters has led to
the emergence of approaches that adopt
sustainable stormwater management as
an alternative to the existing conven-
tional infrastructure. The terminology
of the leading approaches differ accord-
ing to the country of origin, as follows:
LID (USA), WSUD (Australia), SUDS
(Britain), LIUDD (New Zelland),
Sponge City (China) (Radcliffe, 2019).
These approaches consist of water man-
agement policies, resource control and
water management tools (Marsalek,
2005), while their objectives and prior-
ities vary according to the hydrological,
infrastructural, ecological, planning is-
sues of the site (Radcliffe, 2019). For in-
stance, while the main focus of WSUD
is developing infiltration techniques for
different types of soils due to prevalent
clay soil in many cities in Australia,
LID concentrates on source control to
protect natural characteristic of water-
sheds, and SUDS concerns water quan-
tity, water quality and amenity issues
for water control (Lanarc Consultants
Ltd. et al, 2012). While local storm-
water management guides and design
interfaces prepared with reference to
these approaches relate to a certain re-
gion, they include water management
policies and tools specialised according
to the sensitive ecology of that region.
For example, while climate compatibil-
ity of SWM tools are used as a selection
criterion in local guides of cold climate
regions, it is observed that SWM tools
and treatment chains to clean runoft
water are prioritized in regions where
mostly sensitive water sources or high
ground water level are widespread.

Therefore, these similar approach-
es, which essentially derive from a
common structure, may indicate con-
textual variations during their imple-
mentation stage.
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Among this diversity, sustainable
stormwater management, supported by
relevant directives, interfaces, and on-
line databases, has become an integral
part of the design process in developed
countries. However, differences in local
water management policies, variety in
terminology and SWM tools, and dif-
ferentiated features according to guide-
lines create challenges for designers to
use these approaches and guides as a
reference in countries which are still
dependent on traditional infrastruc-
ture and lack of sufficient data basis for
sustainable stormwater management.
In this regard, interfaces supported by
location-independent data are required
for the selection of SWM tools in coun-
tries that have not developed sustain-
able stormwater management yet.

In this study, a selection interface for
SWM tools is presented which was de-
veloped as a part of a checklist proposal
for sustainable water design in Univer-
sity Campuses. This selection interface
tool was developed in two phases; 1- the
first step includes creation of a database,
which consist of sustainable SWM tools
and their restriction features. The sec-
ond phase includes development of an
interface that transforms the selected
restriction criteria to sustainable water
management tools list with the help of
an algorithm specifically prepared for
this study. It is thought that this inter-
face will help designers to integrate
stormwater management into landscape
design process, especially in countries
like Turkey where urban water man-
agement system depends on traditional
infrastructure.

2. Methodology

This research is structured around
combined methods that include qualita-
tive method for data gathering process
and a case-study method to test the pro-
posed SWM interface tool. In this con-
text, the methodology of the research
was proceeded in two phases. The first
phase of the research includes defini-
tion of database. For this purpose, the
secondary data were obtained from an
in-depth literature review that includes
stormwater management guidelines of
LID, SUDS and WSUD (County, 1999;
Ballard et al.,, 2007; Ballard et al., 2015;
BMT WBM Pty Ltd, 2009; Transport
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and Infrastructure Department of Plan-
ning, 2009), local sustainable storm-
water design guidelines as; Maryland
stormwater design manual, New York
State stormwater management de-
sign manual, Vancouver Stormwater
source control design guidelines, Saan-
ich Stormwater management, Green
stormwater infrastructure common de-
sign guidelines for The Capital Region,
Low-impact development design strat-
egies: An integrated design approach
(Center for Watershed Protection,2003;
Center for Watershed Protection, 2000;
Lanarc et al., 2012; Golder Associates
Ltd., 2016; District of Saanich, 2020;
Opus International Consultants Limit-
ed et al., 2019; County,2014; Minnesota
Stormwater Steering Committee, 2005;
Bureau of Watershed Management,
2006, Center for Watershed Protec-
tion, 2015, ) and additional resources
for SWM Tools (Maryland Department
of Environment, 2020; Lawson, 2005;
Dyke et al., 2009; Fox. Et al.,2018; Dee-
pRoot Green Infrastructure, 2014;
Step,2011; Bray et al.2012; British Plas-
tics Federation Group, 2018; Asadian
and Weiler ,2009, Kumar et al, 2007).
The data obtained from mentioned re-
sources were classified and eliminated
according to common SWM tools fea-
tures included and an MS office-based
algorithm was prepared to define the
appropriate SWM tool.

For the second stage, the prima-
ry data were obtained from site visits
which was conducted in 2020 to test the
SWM selection interface tool on ITU
Ayazaga Campus. Study area is chosen
according to its diverse landscape char-
acter with dense built areas, natural ar-
eas and variable topography as a small
prototype of a city. The Campus is also
rated as the 71th in Green Metric 2020
ranking with its sustainable practices
and management system in landscape.
In this phase, hydrological, geological
and topographic data of the area were
collected, soil analysis, land use, land
cover change, stormwater infrastruc-
ture analyzes were made and natural
areas were determined. The obtained
data were overlapped with the existing
dimensional base map and the study
area was divided into 88 micro-catch-
ments considering hydrological fea-
tures and landscape borders. In order
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to test the interface created in Stage 1,
two adjacent micro-catchments, one
with the connection to traditional in-
frastructure and provides stormwa-
ter transmission from an area of high
construction rate to the second mi-
cro-catchment that includes protection
area, were selected. With the results
gathered from interface, a SWM tool
chain with high water quality hydro-
logical function is created between two
micro-catchments.

2.1. Development of SWM tool
selection interface

In the first step of the development
of ‘selection interface’ for site restric-
tions of stormwater management; LID,
SUDS and WSUD guides, sustainable
stormwaterwater design local guides
and additional resources as web based
resources, thesis, book, reports were
taken as a reference as stated above.
Since the intention is to create a ‘com-
mon pool for the tools, these referenc-
es were selected according to the SWM
tools they include. The list of common
tools in sustainable stormwater design
and the list of restrictions, which are
one of the selection criteria for these
tools, have been gathered from the
literature review. Afterwards, an MS
Office-based algorithm was prepared,
based on the obtained restrictions data
and tool lists (Figure 1).

Within the scope of the study, the
literature review carried out in two
phases. In the first phase, determina-
tion of the water management tools has
been done. Since the content of the local
guides are prepared according to the lo-
cal conditions of the region, variations
in the SWM tools and the features they
incorporate may differ from each other.
For this reason, the list of tools obtained
from the references was subjected to an
elimination one more time, thus the

list of common tools was obtained. The
design variants and synonyms of the
tools were determined through termi-
nology research, and the final list of
the sustainable tools that will generate
the inputs to the algorithm, has been
created (Figure 2). The list includes 26
tools namely; absorbent landscape, bio-
retention, cistern, conveyance swales,
detention basins, dry well, filter trench,
filter/bufter strip, flow-through rain
planter, geocellular / modular systems,
grass swale, green roof, infiltration ba-
sin, infiltration rain planter, infiltration
trench, organic filter, perimeter sand
filter, pervious pavement, stormwater
ponds, rain barrel, rain garden, rain-
water harvesting, stormwater wetlands,
structural soil cell, surface sand filter,
trees, underground sand filter, vegetat-
ed swale, wet swale.

The second phase of the literature re-
view includes determination of the re-
striction categories. The content of the
restrictions interface was determined
by listing the common criteria in the
selection matrices shaped under the
titles such as restriction selection cri-
teria in the reviewed guides. The selec-
tion criteria consist of 7 common crite-
ria namely; hydrologic functions, slope
restrictions, soil type, drainaige area,
water table and land use. To determine
the features of the tools for these crite-
ria, websites with related databases and
researches are also rewieved as well as
approaches and local guides. The fea-
tures to be used in the interface may
vary according to the different resourc-
es. In this case, for the data selection of
the features for interface, as a principle;
the number of reference where the data
has been published and the actualli-
ty of these references were taken as a
base. It is aimed to reveal the features
of the tools which are independent of
location.

( Literatiire review ]

Key Findings ] [

Outcome ]

Sustainable stormwater

management database
Local guidelines

Sustainable stormwater
management practices

Tool selection interface

+

MS Office Excell based

Green approaches
(LID,WSUD, SUDS, SuDS, LAF)
+

Web based resources

Selection criterias for
practices
(restrictions+performances)

Algorithm

Figure 1. Graphical abstract.
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Figure 2. Methodology of research.

2.2. Restrictions interface design
process

The interface, designed for the selec-
tion of SWM tools, contains a MS-Ex-
cel based algorithm and a supleman-
tary document named as ‘Sustainable
Stormwater Management Tools De-
sign Criteria (SSDC)’ which includes
detailed information on the data in
this interface and more features and
of these tools as pretreatment needs.
While this supplementary document
contains all information of tools in
detail, the algorithm functions as a
practical interface for the selection of
these tools. In this study, only the de-
tails and the working principle of the
restrictions interface is presented.

The restrictions interface consists
of 4 operation areas (Figure 3). First
area, the ‘Selection Table, contains
sub-selection criteria specified for the
main 6 restrictions types. The list of
water management tools that are suit-
able for the selections made in the Se-
lection Table in Area 1, appears in the
‘Results Table’ in Area 2. The ‘Results
Table, consisting of 6 columns, gives
a list of tools that meet each criteria
in separate columns. If some of the re-
strictions are not intended to engage
in the algortihm, they are left in the
‘Select’ option and in the relevant col-
umn a list of all tools under the corre-
sponding category (26) appear in Area
2. At the same time, in the ‘Common
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Results Table’ in Area 3, the common
tools from the 6 different SWM tools
lists presented in Area 2 appear. Thus,
while different tools are listed for each
restriction criteria in the ‘Results Ta-
ble’ (Area 2), the common tools that
are suitable to all selection criteria are
listed in the ‘Common Results Table’
(Area 3). This list (Area 3) indicates
the appropriate stormwater design
tools to be used by the designer in the
project area. The table, ‘Performances
of Common Results, in Area 4 con-
tains the performance summaries of
the tools listed in the ‘Common Re-
sults Table’ in three categories: hy-
drologic function performances, wa-
ter quality performances and hotspot
restrictions. The ‘Performances of
Common Results, provides summary
information, helps user to identify the
tools among the Common Tools with
the most appropriate performance
for the design. The contents of the 4
areas forming the interface and their
relations with each other are shown in
Figure 4.

2.2.1. Selection table

It is the table where the user spec-
ifies the tool selection criteria accord-
ing to the characteristics of the site and
the stormwater management goals and
also includes the subcategories of the 6
main selection criteria.

Hydrologic Functions; SWM tools
have various hydrological functions
such as interception, depression stor-
age, infiltration, groundwater recharge,
runoff volume, peak discharge, run-
off frequency, water quality, base flow,
stream quality (County, 1999). In lit-
erature research, only common per-
formance data for interception, runoff
volume reduction, peak discharge and
water quality functions used in the in-
terface could be reached. For this rea-
son, only these 4 subcategories were
provided as selection criteria for the
hydrological function of the interface.
Since there is a lack of data in the lit-
erature for performance assessment on
interception, this function is present-
ed with only 2 options, as “Yes’ or ‘No,
while runoff volume reduction, peak
discharge, and water quality can be rat-
ed as ‘high, medium, low’ The relevant
ratings have been added to the option-
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Area 1 Area 2 Area 3 Area 4
RESULS TABLE PERFORMANCES OF COMMON RESULTS
Tools for COMMON
DESIGN | SELECTION
Hydrologic | TOUS1O0 || oqpsror [ Toolsfor | Teolsfor |y, RESULTS Hotspot Hydrologic Function Performance
RESTRICTIONS | TABLE Functions | o SIP¢ | soiimype | Dremige | Water oy TABLE Restrictions Summa
Ser Restriction P Area Table Water Quality ry
slection Peformance Summary.
Interception- Runoff volume reduction
Hydrologic Absorbent | Absorbent | Absorbent | Absorbent | Absorbent | Absorbent | Absorbent Recive directly (high)- Peak discharge (high)- Water
Function Select landscape _|landscape _|landscape | landscape | landscape | landscape landscape from hotspot__|NA quality (high)
Heavy Metals (high) - | Interception (high)- Runoff volume
Recive directly |Nutirents (low)- TSS reduction (high)-Peak discharge
Slope Restrictions | Select i i i i i i ic from hotspot (high) (medium)- Water guality (high)
Runoff volume reduction (low)-Peak
Heavy Metals (medium) - | 110 ¥ .
Recive directly |Nutirents (low)- TSS discharge (medium)- Water quality (low)
Soil Tye Select Cistern _|Cistern __|Cistern__|Cistern__|Cistern__|Cistern Cistern from hotspot | (high)
Does not recive |Heavy Metals (medium) - | Interception- Runoff volume reduction
C Conves C C C C & dircctly from | Nutirents (low)- TS (medium)- Peak discharge(medium) -
Drenaige Arca | Select swales  |swales |swales swales |swales |swales swales hotspot (high) | Water quality(high)
Heavy Metals (high) Interception - Runoff volume reduction
Water table/ Detention  |Detention | Detention | Detention | Detention | Detention Detention Recive directly |Nutirents (medium)- TSS | (low)-Peak discharge (high)- Water
Bedrock Select basins. asins sing basins asins basins i (high) quality (Medium)
Does not Heavy Metals (high) -
receive directly |Nutirents (high)- TSS Runoff volume reduction (high)-Peak
Land use Select DryWell  |DryWell | DryWell | DryWell _|DryWell | Dry Well Dry Well from hotspot | (high) discharge (low)- Water quality (high)
Heavy Metals (high) - Interception(low)- Runoff volume
Recive directly | Nutirents (low/medium)- | reduction (low)-Peak discharge (medium).
Filter trench |Filter trench |Filter trench |Filter trench |Filter trench |Filter trench | | Filter trench __|from hotspot __|TSS (high) Water quality (high)
Docs not Heavy Metals (medium) - | Interception (high) - Runoff volume
ffer |reccive dircetly |Nutirents (low)- TSS | reduction (poor)-Peak discharge (low)-
strip strip strip strip strip strip strip from hotspot | (medium) Water quality (medium)
Flow- Flow- Flow- Flow- Flow- Flow- Does not Heavy Metals Interception (high) -Runoff volume
{hrough rain |through rain |through rain |through rain |through rain |through rain | | Flow-through  [receive dircctly |(medium/high) - Nutirents |reduction (high)-Peak discharge
planter _|planter _|planter |planter __|planter | planter rain planter | from hotspot__|(NA)- TSS (high) (medium)- Water quality (high)
Geocellular /| Geocellular /| Geocellular /| Geocellular / | Geocellular /| Geocellular /| | Geocellular /[ Docs not Heavy Metals (u
modular  |modular  |modular | modular |modular |modular modular receive direetly Runoff volume reduction (low)- Peak
systems _|systems |systems |systems _|systems __|systems systems from hotspot | (high) discharge (high)- Water quality (low)
Does not Heavy Metals (medium) - | Interception (medium) - Runoff volume
receive dircetly |Nutirents (low)- TSS | reduction (medium)-Peak discharge
Grass Swale |Grass Swale | Grass Swale |Grass Swale |Grass Swale |Grass Swale | | Grass Swale | from hotspot | chigh) |(medium)- Water quality (high)
Heavy Metals (medium) - | Interception - Runoff volume reduction
Recive directly |Nutirents (low)- TS (high)- Peak discharge (medium)- Water
Green roof | Green roof | Green roof | Green roof _|Green roof _|Green roof Green roof _|from hotspot | (high) quality (high)
i Heavy Metals (high)- | Interception - Runoff volume reduction
Infiliration | Infilization | Infltration | Infiltration | Infiltration | Infiltration Infiliration|reccive dircetly |Nutirents (high)- TSS | (high)-Peak discharge (medium)- Water
basin basin basin basin basin basin i from hotspot | (high) Lauality (high)
_ Doe Heavy Metals Interception (high) - Runoff volume
infiltration | infiltration |Infiltration | Infiltration | infiltration | Infiltration infiltration rain |reccive directly |(mediumvhigh) - Nutirents | reduction (high)-Peak discharge
rain planter |rain planter | rain planter | rain planter rain planter |rain planter | |planter from hotspot | (NA)- TSS (high) (medium)- Water quality (high)
Does not Teavy Metals (high) -
Infiliration. [ Infiliration | Infiltration | Infiltration | Infiltrtion | Infiltration infiliration|receive dircetly |Nutirents (high)- TSS | Runoff volume reduction (high)-Peak
trench trench trench trench trench trench trench from hotspot__|(high) discharge (medium)- Water quality (high)
Heavy Metals (high) -
Organic Organic Organic Organic Organic Organic Recive directly | Nutirents (medium)- T Runoff volume reduction (low)*-- Peak
filter filter filter filter filter filter Organic filter _|from hotspot | (high) discharge (low)*-- Water quality (high)

Heavy Metals (high) -
Perimeter sand | Recive directly |Nutirents (low)-
filter i

Perimeter | Perimeter | Perimeter | Perimeter | Perimeter Runoff volume redu

erimeter ion (poor)- Peak
sand filter |sand filter |sand filter |sand filter _|sand filter |sand filier

rom hotspot | chigh) discharge (poor)- Water quality (high)
Heavy Metals (high) - Interception - Runoff volume reduction
Pervious  [Pervious | Pervior Pervio Pervious  |Pervious Pervious Recive directly |Nutirents (high)- 1SS | (high)-Peak discharge (high)- Water
pavement _|pavement _|pavement _|pavement _|pavement | pavement pavement from hotspot | (high) |auality (high)
Heavy Metals (high) -
Stormwater [Stormwater |Stormwater | Stormwater |Stomwater |Stormwater | [Stormwater  [Recive directly |Nutirents (medium)- TSS | Runoff volume reduction (poor)-Peak
Ponds. Ponds. Ponds. Ponds. Ponds. Ponds. Ponds from hotspot | (high) discharge (high)-Water quality(high)
Heavy Metals (medium) -
Recive directly |Nutirents (low)- TSS Runoff volume reduction (low)-Peak
Rain barrel _|Rain barrel | Rain barrel | Rain barrel _|Rain barrel _|Rain barrel |Rain barrel __|from hotspot | (medium) discharge (medium)- Water quality (low)
Heavy Metals (high) - Interception- Runoff volume reduction
Recive directly |Nutirents (low)- TSS (high)- Peak discharge (high)-Water
Rain garden_|Rain garden |Rain garden_|Rain sarden |Rain garden |Rain garden | |Rain garden _|from hotspot | (high) quality (high)
Heavy Metals (medium) - | Interception - Runoff volume reduction
Rainwater |Rainwater |Rainwater |Rainwater |Rainwater | Rainwater Rainwater Recive directly |Nutirents (low)- TSS (low)-Peak discharge (low)- Water
harvesting _|harvesting | harvesting _|harvesting _|harvesting | harvesting larvesting from hotspot | (high) quality (low)
Heavy Metals (high) -
Stormwater [Stormwater |Stormwater | Stormwater |Stomwater |Stormwater | [Stormwater  [Recive directly |Nutirents (medium)- TSS | Runoff volume reduction (poor)- Peak
wetlands _|wetlands | wetlnds | wetlands | wetlands | wetlands wetlands from hotspot | chigh) discharge (high)- Water quality(hish)
Does not Heavy Metals (high) - | Interception - Runoff volume reduction
Structural  [Structural | Structural | Struetural | Structural | Structural Structural soil  |receive directly |Nutirents (NA)- TSS (high)- -Peak discharge (high)-Water
soilcell |soilcell |soilcell |soilcell |soilcell |soil cell cell from hotspot__|(high) quality (high)
Heavy Metals (high) -
Surfce sand |Surface sand |Surface sand |Surface sand Surface sand of Recive directly |Nutirents (low) - TSS | Runoff volume reduction (poor)- Peak
filter ilter ilter ilter filter filter filter from hotspot | chigh) discharge (poor)- Water quality (high)
Interception(high) - Runoff volume
Heavy Metals (NA) - | reduction (medium)- Peak discharge-
Trees Trees Trees Trees Trees Trees Trees NA Nutirents (NA)- TSS (NA) | Water quality (medium)
Heavy Metals (high) -
« z Recive directly |Nutirents (low)- TSS Runoff volume reduction (poor)- Peak
sand filter |sand filter |sand filter |sand filter |sand filter |sand filter sand filter from hotspot (high) discharge (poor)- Water quality (high)
Does not Heavy Metals (NA) - | Interception- Runof volume reduction
Vegetated  |Vegetated  |Vegetated | Vegetated | Vegetated | Vegetated recive directly |Nutirents (NA)- TSS (high)- Peak discharge (high)- Water
swale swale swale swale swale wale Vegetated swale |from hotspot | (medium) quality (high)
Does not Heavy Metals (high) -
receive directly |Nutirents (low) - TSS | Runoff volume reduction (low)- Peak
Wetswale | Wet swale | Wet swale | Wet swale | Wet swale | Wet swale Wet swale from hotspot | (high) - Water

Figure 3. The areas that form the Design Restrictions Interface.

sets in the interface as obtained from

. ( AREA-2 W AREA-3 AREA-4
the resources, and hydrological func-
. . . . DESIGN RESTRICTION RESULTS TABLE COMMON PERFORMANCE
tion performance with different ratings CATEGORIES L J RESULTSTABLE ) | _ SUMMARIES

Practices for

Hydrologic Function

have been checked and clarified from IR T g —

different sources. The data considered
. . . ISlope Restriction: 1

poor in the relevant references is listed s o —— _

as low on the restriction selection list, suncatoqors—>{ oIS orSal | pfCommoy Fracices

and “Not available” data is entered into >{ oronige Avea |-supcatgores

the algorithm for tools where hydro- Wator | _auboatogorics_y| Practces for Water

Table/Bedrock Table/Bedrock

logical function data are not available. N v —

No data has been found whether
the organic filter has an interception  Figure 4. Contents of the areas that form the interface and their
function or not, it has been added to  relation with each other.
the interface as ‘Yes’ as a result of the tools can be selected. The selection
analyzed information. criteria are defined as flat, max. 4%,

Slope Restrictions; is the area where =~ max.5%, max. 6%, max. 8%, max. 15%,
the maximum slopes for the relevant max. 20%, max. 33% and not available.

Practices for Slope Water quality

performances

Hydrologic Function

. Performances

Hotspot Resti
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The tools with a defined slope range
appear not only on the maximum slope
option to which they can be applied, but
on all slope options they can be applied
to. For example, a bioretention tool
with a slope restriction max 6%, will
appear for the following slope options;
flat, max. 4%, max.5%, max 6%. For the
tools that can be applied on slopes in a
certain range, the slope ranges between
the maximum and minimum values
are determined and entered into the
algorithm. Information for optimum,
minimum or maximum slope for some
tools were not available. These tools are
classified as “not available” in the slope
category, and since they do not have
any restrictions on slope, they are in-
cluded in the algorithm to appear in all
slope options and as ‘not available. For
instance, the cistern tool which has no
restrictions on slope appears on all slope
options and in the “not available’, allow-
ing the user to include it in the design.
In order to avoid such situations from
causing confusion about the maximum
slope rate to which the relevant tools can
be applied, all the data used in the algo-
rithm related to the tools are included in
‘SSDC (such as Cistern slope restriction
is not availabe).

Cistern, rain barrel, stormwater har-
vesting tools are specified as ‘not avail-
able’ to the algorithm.

Soil Type; The selection list, indicat-
ing the soil type in the area where the
stormwater management practice will
be applied, includes categorization of
Hydrologic group A, Hydrologic group
B, Hydrologic group C, Hydrologic
group D and made soil. Made soil is
determined for tools operates in oftline
system that require special soil (such as
bioretention). Each practice has a soil
type for optimal application while there
are alternate soil types that the practice
can be applied with modifications to
the soil or with the practice itself. For
example, many tools with infiltration
capacity, preferably applied in A and B
group soils, can also be applied to group
C soils in sensitive areas by using a lin-
ear impermeable surface if groundwater
is likely to be contaminated. In addi-
tion, there are cases where some tools
suitable for application in A, B, C group
soils can be applied in D group soils
with soil modification. In the restric-
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tions interface, the soil groups in which
tools can be optimally used are added to
the selection criteria, and their suitabil-
ity in alternative soil groups are speci-
fied in ‘SSDC’ In case of no restriction
on soil type, A, B, C, D soil types are
specified for the respective practice and
if appropriate according to the type of
practice (such as bioretention or pots),
made soil is added.

Drainage Area; As a result of the liter-
ature review drainage areas where SWM
tools can be applied are specified in 7
categories as max.4.000 m?, max.8.000
m? max.15.000 m? max.20.000m?,
max.30.000 m?, max. 40.000 m? min.
100.000m” and not available. Tools with
larger drainage area appear in selections
made for smaller drainage area. Since
no clear data has been obtained about
Pervious pavement and Structural soil
cell, they are specified as “not available”,
and the principles for determining the
drainage area of these tools have been
provided in ‘SSDC.

Water table; Determines the mini-
mum distance between the water table’s
seasonally highest level or from the up-
per water levels of the existing aquifers
to the planned SWM tools. The criteria
is particularly important in the manage-
ment of waters with risk of pollution in
sensitive areas, and in the use of infil-
tration tools to prevent contamination
of groundwater. Based on the data in
the references reviewed, the restriction
options are defined as min.1.2 m, min.1
m., min.0,6 m., groundwater level and
not available.

While all the tools specified as ‘not
available’ appear on the selections over
water table (min.1.2 m., min.l m,
min.0,6 m.), only the wet swale prac-
tice appears on the ‘groundwater level’
option. Cistern, Green roof, Rain barrel,
Stormwater harvesting and Stormwater
wetlands are the practice that are listed
as ‘not available’ in the algorithm.

Land use; focuses on the develop-
ment type of the project area as a limita-
tion for the selection of the SWM tools.
The selection criterias were grouped
under 8 categories as residential, com-
mercial/industrial, high density, con-
taminated sites, retrofit, parks and open
spaces, local streets, parking lot. The
criteria is important to protect sensi-
tive sites. As in the contaminated sites
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stormwater can not be collected or in-
filtrated, tools like rainbarrel, dry well,
infiltration trench are not preferred to
be used. Also some tools are designed
to be preferably applied to a unique area
as rain planters are created to act like
raingardens, bioswales, or infiltration
tools in high density areas. And some
practice’s features may not be met with
the development types; like ponds and
stormwater wetlands are not suitable to
be used in high density area due to the
lack of available space and contamina-
tion risks. So, the criteria helps user to
identify the best option that is suitable
for the project area.

2.2.2. Performances of common
results

The ‘Performances of Common Re-
sults’ table contains the performance
summary of the tools in the ‘Common
Results Table’ which is the last list the
user will get in this interface. This table
was created in order to support the user
to identify the most suitable practice
through an additional elimination in
the last list according to their perfor-
mance. The table consist of three infor-
mation columns; summary information
about the performances of water quality
and hydrologic functions and practice’s
suitability for direct water intake from
the hotspot are given.

Hydprologic function performans sum-
mary; if the practice that appears in the
Common Results Table is known to
have a hydrological function, however,
any performance data is not available,
only the name of relevant hydrolog-
ic function appears in this table with-
out any rating. If the practice does not
have the relevant hydrological func-
tion, the criteria is not included in the
performance summary. While the per-
formance ratings (high, medium, low)
of all tools in the categories of runoff
volume reduction, peak discharge and
water quality are indicated in the table,
the performance ratings of the in the in-
terception category for the following ten
tools could not be obtained; Absorbent
landscape, detention basins, green roof,
infiltration basin, pervious pavement,
rain garden, stormwater harvesting,
structural soil cell, vegetated swale.

Water quality performans summary;
this column is added to the interface

to guide the user in choosing the most
appropriate tools in order to create a
treatment chain according to the water
quality in the project area. The table that
summarizes the water treatment per-
formances of the tools for heavy metal,
nutrients and TSS pollutants is present-
ed in 5 categories as high, medium, low,
none and not available. The indication
of ‘none’ next to the component indi-
cates that the related practice can not
treat that component. The performance
evaluation of some tools are obtained
as ratings (high, medium or low), some
are presented only through numerical
performance values (such as nutrient
removal capacity %50), and some have
both rating and numerical performance
values. In these cases, numerical data
are evaluated by accepting EOR, 2004
performance ranges (removal rate (r.r.)
>%60=high, %60>r.r>%40=medium,
%40>r.r= low), and added to the algo-
rithm. The references with both per-
formance rating and numerical perfor-
mance values, the given performance
rating (high, medium or low) for the
practice is selected as data for the algo-
ritm.

In the examination of the references,
TP, TN ve NO3 from the nutrients, and
copper, lead and zinc among the heavy
metals, were found to be the common
components in the treatment perfor-
mance table of the tools. For this reason,
if no rated data about the Nutrients and
Heavy metals treatment performance is
obtained, the performance ratings are
obtained by transforming the numer-
ical percentage value of the specified
constituent according to EOR, 2004
performance ranges and is added as the
performance rating of the practice in
the respective pollutant category in the
interface.

In the table, the water quality per-
formance of absorbent landscape and
‘Nutrients’ removal performance of
flow-through rain planter and infiltra-
tion rain planter were specified as ‘not
available’

Hotspot restrictions: the tools listed in
the Common Results Table are grouped
in three categories, as “receive directly
from hotspot”, “does not recieve direct-
ly from hotspot” and “not available”
“Trees’ is the only tool included in the
algorithm as Not Available.
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3. Case study: Restrictions interface
usage

Istanbul ~ Technical  University
Ayazaga Campus (Turkey) is located
on an area of 247ha with both natural
and built sites including 8 faculties, 4
institutes, rectorate and administra-
tive buildings, student dormitories, a
library, technopolis structures and stu-
dent centers and a natural park(64ha)
with stormwater pond (2ha). The cam-
pus is ranked as 71th in UI Green Met-
rics in 2020. As a part of green campus
studies, all runoff water is aimed to be
collected in the stormwater pond lo-
cated in the campus. To promote this
approach two parking lots (1928m?2)
located in the same micro basin with
stormwater pond are selected as pilot
area in order to demonstrate the re-
strictions interface by determination of
suitable SWM Tools for runoft convey-
ance.

In order to understand the hydro-
logical change of the study area due to
construction, the site plans for the years
1970-2015 were compared and water-
ways before construction were deter-
mined from the satellite image of 1970
(Figure 5a). By overlapping the existing
and disappearing water ways with the
current topographic map, site plan and
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rainwater infrastructure plan (Figure
5b), it is observed that most of the nat-
ural water ways before construction of
the campus turned into vehicle roads
and surface waters are transmitted by
conventional infrastructure. Determin-
ing natural stormwater flow directions
on built site topography and overlap-
ping them with natural waterways re-
vealed 3 different basin characteristics
for the campus (Figure 5¢) named as;
regular basin (drained by transferring
runoff water to neighboring basin),
pit basin (unable to drain stormwater
without conventional infrastructure)
and stormwater-pond basin (draining
runoff waters into stormwater pond).
Following the hydrological, topo-
graphic, geological, soil, land use, in-
frastructure facilities and natural areas
analyzes, the campus area was divided
into 88 micro-catchments (Figure 5d).
Different stormwater management
strategies were determined for each
basin and 2 microcatchments draining
into the stormwater-pond basin were
selected for the SWM Tool Selection
Interface demonstration. One of the
micro-catchments has natural features
including a rainwater pond, and the
other contains parking lots that trans-
mit water from the built-up area to this

Figure 5. a) Natural waterways of ITU Ayazaga Campus in1970 (Istanbul Sehir Haritast,
(n.d.) b) Overlapping dissepeared and existing waterways, with base map and stormwater
infrastructure c) Basins with proposed rehabilitation waterways in ITU Ayazaga Campus d)

Microbasins of ITU Ayazaga Campus.
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Figure 6. Project area in ITU Ayazaga Campus.

basin and contain potential pollutants.
Since the amount of solids, metals, nu-
trients and organic pollutants exist in
runoft water from parking lots is high
(Revitt et al., 2014), the SWM Tools are
expected to have water treatment ef-
fect, thus the primarily hydraulic func-
tion of the stormwater design is aimed
to increase runoft water quality.

The parking lots designated as pilot
areas are located on the vehicle roads
surrounding the nature park where
stormwater pond is located (Figure
6). Runoff water collected from the
parking lots is aimed to be cleaned at
the source with appropriate treatment
methods, then conveyed to the begin-
ning of the valley of stormwaterpond
with pipes through the roads. Planned
runoff water route includes different
land use charasteristics as parking
lots, vehicle road, pedestrian way and
vegetated natural buffer zone of ITU
stormwater pond which leads differen-
tiation in appropriate SWM Tools de-
termination. In this study, appropriate
SWM Tool alternatives to convey water
from source till stormwater pond will
be searched by the restrictions inter-
face and only the water conveyance
through valley will be detailed.

Following the stage of collecting
technical data and performing survey
analysis, the SWM Tools determina-
tion process has been started. As a
summary the analyze phase is as fol-
lows; sites natural waterflow ways are
identified from the aerial photos of
pre-construction period in 1970. The
slope of the area was calculated from
the dimensional drawing and base
map overlap, and an appropriate water

conveyance route was determined by
considering the topography, existing
vegetation characteristics+layout and
determined natural waterways. Runoff
water collected from parking lots was
decided to be transmitted in a route
with a slope of 7.44%, which is divided
into two parts, 6% and 8%, to promote
usage of different SWM tools to cre-
ate treatment chain for increasing the
runoft water quality. The hydrological
soil group of the study area had been
accepted as HSC-C according to the
ground survey reports in ITU Ayaza-
ga Campus. Hydrological maps were
examined to check groundwater exis-
tence for water table determination.

Restrictions Interface was tested as
a design tool to list the most appropri-
ate SWM tools for pilot area meeting
design expectatitons with high hydro-
logical performances in water quality,
runoff water conveyance and creating
treatment chain.

Following selection criteria were
chosen according to pilot area’s char-
acteristics and the operation of the
interface was presented step by step
through the areas as defined in Figure
3. From the “Selections Table’ in Area 1,
the selections were made according to
the restrictions of the project area (Fig-
ure 7a). If any of the restrictions were
unnecessary and not desired to make
a selection for the project area, the rel-
evant field was left as ‘Select. For ITU
Ayazaga Campus example, there is no
restriction for the water table charac-
teristics so the criteria was left as the
‘Select’ option.

In the “Results Table” in Area 2, a list
of tools that meet the selection criteria
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applied in the previous step do appear.
In this area, since the tools that meet
each criteria are listed in different col-
umns, the user has the chance to ob-
serve the changes in the tools that meet
that criteria by changing the selection
criteria. In this example, all 26 tools
appeared in the ‘Results Table’ for wa-
ter table, which is not considered as a
restriction and similarly for drainage
area as all tools meet the specified se-
lection criteria (Figure 7b).

In the ‘Common Results Table’ in
Area 3, the common tools from 6 dif-
ferent columns in the Results Table
(Area 2) are listed. Thus, a list of 4
SWM tools that meet all the criteria in
the Selection Table (Area 1) is obtained
(Figure 7c).

a) Area 1

DESIGN RESTRICTIONS SELECTION TABLE

ic Function ‘Water quality (high)
|Stope Max. 8%
Soil Type Hydrologic group C
[Drenaige Area Mazx. 4,000 m2
Water table/ Bedrock Select
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In the ‘Performances of Common
Results’ table in Area 4, performance
summaries for resulting four SWM
tools are indicated. In the Hydrologic
Function Performance Summary col-
umn, no rating for ‘interception’ for the
green roof and vegetated swale states
that this practice provides interception
but its performance raiting is not de-
fined. The absence of ‘interception’ in
the Hydrologic Function Performance
Summary presented for the stormwa-
ter ponds and stormwater wetlands
means that these practices do not have
interception features.

While four SWM Tools appeared in
the Common Results List are compati-
ble with the demands of the pilot area,
vegetated swale is the only option that

Land use Parks - Open spaces
b) Area2
RESULS TABLE
Tools for Hydrologie |\ o Glope Restriction|  Tools for Soil Type Tools for Drenaige Area | Tools for Water Table Tools for Land Use
Functions Selection
Absorbent landscape Absorbent landscape Cistern Absorbent landscape Absorbent landscape Absorbent landscape
Cisten Conveyance swales Bioretention

Conveyance swales

Conveyance swales

Detention basins

Cistern

Cistern

Conveyance swales

Filter trench

systems.

Geocellular / modular

Detention basins

Detention basins

Dry Well

Flow-through rain planter

Green roof

Filter/Buffer strip
Fl iin planter

Dry Well

Dry Well

Filter trench

Geocellular / modular

Grass Swale Infiltration basin systems Filter trench Filter trench Filter/Buffer strip
Green roof fnfiltration trench Green roof strip stip Flow-through rain planter

Geocellular / modular
Infiltration basin Stormwater Ponds Organie filter Flow-through rain planter | Flow-through rain planter __|systems

Infiltration rain planter

Rain barrel

Pesimeter sand filter

Geocellular / modular
systems

Geocellular / modular
systems

Grass Swale

infiltration trench

Rainwater harvesting

Grass Swale

Grass Swale

Green roof

Organic filter

Stommwater wetlands

Stonmwater Ponds

Green roof

Green roof

Infilization basin

Perimeter sand filter  Trees Rain barrel Infiltration basin Infiltration basin infiltration rain planter
Pervious pavement Vegetated 1! Rain garden Infil planter Infiltration ram planter Infiliration trench
Ponds Raitnvater harvesting infiliration wench fnfiuation wench Organic fiter
Rain garden Stonmater welands Orgaic filter Organic fiter Perimeter sand flter
Rainwater barvesting uctural soil cell Perimeter sand filier Perimeter sand filter Pervious pavenent
Stormwater wetlands Surface sand filter Pervious pavement Pervious pavement Ponds
Stnuctural soil ell Trees Stonmvater Ponds Stonmater Ponds Rain ganden
Surface sand filter | Undle 1d sand filter Rain barrel Rain barrel Rainwater harvesting
Trees Vegetated swale Rain garden Rain garden wetlands
Vegetated swale Stormwater wetlands Stormwater wetlands Trees
Wet swale Structural soil cell Structural soil el sand filter
Surface sand filtr Surfice sand filte
Underground sand filter Underground sand filter
Vegetated swale Vegetated swale
Wet swale Wet swale
¢)|Area3 Area 4
PERFORMANCES OF COMMON RESULTS.
T = - Water Quality Peformance : eE . )
SULTS otspot Restrictions Hydrologic Function Performance Summary

Summary

Recive dircetly from

Heavy Metals (medium) -

Interception - Runoff volume reduction (high)- Peak

Green roof hotspot Nutirents (low)- TSS (high) discharge (medium)- Water quality (high)
Recive directly from | Heavy Metals (high) - Nutirents | Runoff volume reduction (poor)-Peak discharge (high)-
Ponds_|hotspot (medium)- ch) Water quality(hi
Recive directly from | Heavy Mot h) - Nutirents | Runoff volume reduction (poor)- Peak discharge (high)-
Stormwater wetlands_|hotspot (medium)- TSS (high) Water quality(hig
Does not receive directly | Heavy Metals (high) - Nutirents | Interception= Runoff vohume reduction (high)- Peak
Vegetated swale from hotspot TSS medium)__|discharge (high)- Water quality thigh)

Figure 7. a) Main selection table of the interface b) Results table for the selection criteria c)

Common Results Table and Performance Summaries of the interface.
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can be used for runoft water convey-
ance criteria from the list. In the per-
formance table of common results, it
is proved that this tool also promotes
water quality with high performance in
heavy metals and TSS and low/medi-
um in nutrients. Since the runoff water
from parking lot is not considered as
a hotspot, vegetated swale can be con-
sidered as suitable for the pilot area.
Proposed interface helped to eliminate
wet swale and dry swale options due to
slope restrictions which is max %4 for
these SWM tools. Only wet swale can
ben considered as an alternative for
end of the vegetated swale where it is
connected to pond and wet ground can
be achieved by terrain gradiation.

In order to increase the quality of
the runoft water before entering the
stormwater pond, the SWM tool to
be located after the vegetated swale is
searched with the following criteria by
restrictions interface. Since the runoft
water collected from the parking lot
was not highly contaminated, the se-
lection phase was carried out in two
stages as hydrological function with
medium water quality (Sekil8a) and
high water quality (Sekil 9a), to reveal
the alternative SWM tools (Figure 8b,
Figure 9b). Additionally, the suitability
SWM tools for natural buffer zone was
also checked due less intervention to
field is required and filter buffer strip
was deemed to be the most appropriate
tool among the results obtained (Fig-
ure 8b, Figure 9b). Considering the pi-
lot area’s priorities, results of selection
in Figure 8b also reveals to be more
appropriate to be implemented close to
parking lots far from the buffer zone.

From the selections above, a runoff
treatment and conveyance chain for
the nature park zone has been creat-
ed (Figure 10a). The vegetated swale is
supported with forebay as an addition-
al pretreatment process, so the high
water quality is guarantied. Consider-
ing runoff management requirements
in parking lots, selections with the Re-
strictions Interface has carried out and
high performance based runoff treat-
ment chain for all demonstration area
was suggested as Figure 10b.

Stromwater design implementation
shows that the usage of Restrictions
Tool let the designer directly choose

a)

Ares

1

DESIGN RESTRICTIONS

SELECTION TABLE

Hydrologic Function

Water quality (medium)

Slope Max. 6%
Soil Type Hydrologic group C
Drenaige Area Max. 4.000 m2
Water table/ Bedrock Seleet
Land use Parking lot
b) Area 3 Aread
PERFORMANCES OF COMMON RESULTS
COMMON

RESULTS TABLE

Hotspot Restrictions

Water Quality Peformance
Summary

Hydrologic Function Performance Summary

Fitter/Buffer strip

[Docs not receive directly
from hotspot

Heavy Metals (medium) -
Nutirents (low)- TSS (medium)

Interception (high) - Runoff vohme reduction (poor)-Peak
discharge (low)- Water quality (medium)

Figure 8. a) Selection phase of Interface for parking lots b)SWM
Tool Results of Interface for parking lots.

a)

Areal

DESIGN RESTRICTIONS

SELECTION TABLE

Hydrologic Function

Water quality (high)

IStope Max. 6%
Soil Type Hydrologic group C
Drenaige Arca Max. 4.000 m2
Water table/ Bedrock Select

Land use

Parks - Open spaces

b)[Area 3

Area d

COMMON
RESULTS TABLE

PERFORMANCES OF

"OMMON RESULTS

Hotspot Restrictions

‘Water Quality Peformance
Summary
He:

Hydrologic Function Performance Summary

Green roof

Recive direetly from
hotspot

avy Metals (medium) -
Nutirents (low)- TSS (high)

Interception - Runoff volume reduction (high)- Peak
discharge (medium)- Water quality (high)

\Infiltration trench

Does not receive directly
from hotspot

Heavy Metals (high) - Nutirents
(high)- TSS (high)

Interception(medium)-Runof volume reduction (high)-
Peak discharge (medium)- Water quality (high)

Recive directly from

Heavy Metals (high) - Nutirents

Runoff volume reduction (low)- Peak discharge (low)-

Organic filter hotspot (medium)- TSS (high) Water quality (high)
Recive directly fom | Heavy Metals (high) - Nutirents | Runoff volume reduction (poor)- Peak discharge (poor)-
Perimeter sand filter_|hotspot (low)- TSS (high) Water quality (high)

|Starmwater Ponds

Recive directly from
hotspot

Heavy Metals (high) - Nutirents
(medium)- TSS (high)

Runoff volume reduction (poor)-Peak discharge (high)-
Water

wetlands

Recive directly from
hotspot

Heavy Metals (high) - Nutirents
(medium)- TSS (high)

Runoff volume reduction (poor)- Peak discharge (high)-
| Water

Figure 9. a) Selection phase of Interface for natural park b) SWM
Tool Results of Interface for natural park.

[Fconveyance
through pipe

10b)

blind swale

&

sediment pool

vegetated swale

level spreader

I]n\rk||1g lot 1 I

Iparking lot 2 I

pervious concreate

(collected water)

blind swale

-

level spreader ———>

underground pipes

—_—>

vegetated swale

organic filter

filter strip

E parking lot zone

11oad zone

sediment pool

E nature park zone

ITU stormwater pond

Figure 10. a) Proposed runoff conveyance and treatment chain for
ITU natural park b) Proposed runoff conveyance and treatment
chain form parking lots to ITU stormwater pond.
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the appropriate SWM Tools which is
most suitable for the project area con-
sidereing the local characteristics of
the site and the results can be imple-
mented to the landscape design field in
order to save time.

4. Conclusion

Within the scope of the study, a com-
mon database for SWM tools had been
created by taking into consideration the
sustainable stormwater management
approaches adopted in Australia, USA,
Canada, and the local stormwater man-
agement design guides derived from
these approaches. The SWM tools da-
tabase is created with the intention to
be location-independent as the selec-
tion of the tools for inclusion is based
on their presence in at least 2 resources
which are suitable for different climates.
The algorithm, which was developed
with reference to the practice selection
matrices of the relevant approaches and
guides, offers designer a list of tools suit-
able for the project area, as well as feed-
back on the performance summaries
and the features of the tools. Since the
selection and results tables are operated
and presented progressively, the inter-
face informs the user about the features
of the tools, so the usage of proposed in-
terface is considered as a selection tool
as well as an educational tool. Interface’s
introductory feature of the SWM tools
will help the students to learn actively
during the application phase.

The interface, created with the trans-
formation of the scattered data in the
references into an algorithm, qualifies
as a tool that the user can integrate sus-
tainable stormwater management into
the landscape design process. The inter-
face considers the restriction features of
the project area such as soil condition,
drainage area, groundwater table, and
slope, also performs elimination on
the tools according to aimed hydrolog-
ical functions and site uses. Thus, users
can obtain the most suitable storm-
water design tools for the project area
by entering the data obtained during
the analyzes phase of the project. The
tools listed in the Common Results Ta-
ble have different hydrological features
such as filtration, source control, infil-
tration, treatment, enhanced physical
properties and variety of benefits (such
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as biodiversity, carbon capture, heat
island effect) offer alternative spatial
solutions for the project area. This situ-
ation shows the impact of the proposed
interface on the space formation during
the decision process of urban water
management and urban space design.

In this study, the interface is used
to select the appropriate SWM Tools
for parking lots located in basin of
the stormwater-pond of ITU Ayazaga
Campus. Considering that the runoff
water collected in the stormwater-pond
will be reused for campus irrigation, it
is important that the conveying storm-
water reaches the pond with high qual-
ity. For this purpose, within the scope
of this study SWM Tools with treat-
ment quailities are aimed and the in-
terface is used to determine the most
appropriate ones among 26 SWM tools,
considering the constraints revealed in
the analyses phase. The use of the inter-
face in the design process allowed the
evaluation of all spatial data obtained
during the analysis phase. Content of
Common Results Table let the design-
er to prewiew performances for the
hydrological functions, thus results in
high performance-based stormwater
design in landscapes with simple and
time saving tool. Also, the fact that de-
sign constraints are included in the in-
terface as selection criteria has ensured
that these constraints are taken into ac-
count during the design phase which is
crucial while dealing with natural lands
and water management.

During the creation of a database
for structural and non-structural tools,
conflicts and confusions related to the
terminology of the tools in literature
were observed. Considering that sus-
tainable stormwater control methods
and tools are recommended under the
leadership of developed countries and
referenced by designers in countries
that do not have that type of infra-
structure, there is a need to establish a
‘common water management tools ter-
minology’ with international validity,
without being affected by the different
approaches or geographical differenc-
es. Additional researches regarding the
performance of the absorbent land-
scape / trees, which is an effective un-
structural practice in the creation of
sustainable landscapes, is needed.
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Although the cost-effective crite-
ria are commonly seen in the selection
matrices of the reviewed references, it
could not be added to the restrictions
interface due to the differences like ma-
terial and currency. In order to evaluate
the financial constraints of water man-
agement tools at the selection stage, it is
necessary to conduct a unit price analy-
sis of the tools on local scale.

For Turkey and similar countries,
since they have different geographical,
hydrological, climatic, socio-cultural
and urban development featured re-
gions, it is recommended to create water
management guides that consider the
regional differences and support these
guides with the following studies; 1-
sharing the necessary local data through
open web-based platforms to be used
during the sustainable water design
analysis phase; 2- Considering climate
diversity, observation of the hydrolog-
ical performance and durability of the
tools in different climate scenarios and
recommending alternative adaptable
tools in regional level if necessary. At
the same time, it is recommended to
develop similar databases in different
climate scenarios and open it to inter-
national use in order to be used by de-
signers in regions that lack sustainable
drainage infrastructure.

The study creates a common pool
for the SWM Tools that is appropriate
to be used anywhere. Since SWM tool
selection interfaces in developed coun-
tries contain local SWM tool names and
ready-made information such as local
precipitation and soil, their use is limited
outside the borders they are prepared for.
The difference of the proposed interface
from the existing ones is, that it contains
more SWM Tools. As LID focuses on
source control tools, WSUD concen-
trates on infiltration tools, the proposed
interface includes all these SWM tools.
Also 57 different SWM Tools obtained
from the literature study is filtrered (ter-
minology and common features) and re-
duced to 26 common SWM Tools with
land independent features to be appro-
priate to be used anywhere.

The interface prepared will contrib-
ute to two areas;

o The proposed interface is a practical
tool that can be part of the design
process in the field of Urban Design

and Landscape Design. SWM tools,
obtained according to prior hydro-
logical function and determined by
data entry of the appropriate site fea-
tures, will help designers to develop
solutions with the most effective re-
sults for storm water management.

As the interface can be used by the

designers in production phase, pub-
lic institutions will also benefit in the
control process of the suitability of
the project.

 Students can use the proposed in-
terface on SWM-specific topics as
an educational tool. In planning and
design education, it can be used as
a practical educational tool for stu-
dents to see the results of their deci-
sions regarding the relationship be-
tween water and design, to compare
different design decisions, and to
develop spatial design decisions for
water management with site-specific
data. In this way, water and design
awareness can be brought to stu-
dents at the undergraduate level in
practice.

For future research, performances of
26 SWM tools in benefits as biodiversi-
ty, carbon capture, heat island effect can
be evaluated, and results can be used as
another data entry to form a base to ar-
gue the sustainability of the projects in
all aspects.

This study is considered to have a
widespread impact since it can be used
in other countries similar to Turkey,
which are lack of sustainable stormwa-
ter design guides and do not have suf-
ficient performance studies to support
these alternative infrastructures. It can
also be a basis for the development of
SWM guidelines in these developing
countries.
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