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ABSTRACT:

Rapid urbanization has resulted in high-density construction, more impervious area and with increasing threats of urban stormwater,
drought and negative influences on human wellbeing. Although there has been progress in sustainable stormwater management and
the promotion of human wellbeing with green space, the research has been conducted from a mono-disciplinary perspective and has
brought potential conflicts in the utilisation of green space in an urban area. Since smart city proposed, researchers are exploring
informational and integrated urban management to face this type of development conflicts and achieve a harmonious and sustainable
future. This research proposes a parametric spatial model to integrate stormwater management and human recreation needs based
on the understanding of the relationship between them on the same urban green space. We expect that this integrated parametric
spatial model will help residents to interact with functional green space and provide options to organize the urban green space
smarter and more effectively. This paper presents: (1) A review of the main sustainable stormwater management measures with
principles, models and facilities to reveal an overlooked but important relationship between space and stormwater management.
(2) Investigation of the research on the benefits of green space on human wellbeing. The study argues that the participation of
green space cannot be effectively and accurately analysed with the current main analysis measures which relying on satellite-based
vegetation indices or land-use database. This research is intended to set smarter decision making on urban green spaces which

connects sustainable stormwater management with human wellbeing via visualised parametric spatial model.

1. INSTRUCTION

Rapid urbanisation is pushing the intensive urban construc-
tion by occupying the existing green area which has brought
several issues to further urban development, such as rampant
urban stormwater disasters (Kimmelman, 2017, Ignacio et al.,
2018), water drought threatens (University of Oxford, 2019)
even growing human mental ills (Mechelli, 2019). Following
rapid urban construction, urban floods have caused billions of
dollars of loss per year and even taken lives (Ignacio et al.,
2018). The 2012 summer urban flooding in Beijing has taken
79 people’s lives (Xu, 2012, Li et al., 2016). 2001 storm in
Seoul left at least 49 people dead (Xu, 2012). These prob-
lems are more obvious in more densely settlement area, such
as coastal cities (McGranahan et al., 2007). The progress re-
port of Sustainable Development Goals (SDGs)-goal 6 (2016)
announced the number of the countries suffering the urban wa-
ter stress has grown from 36 to 41 in 13 years (United Nations,
2016). Meanwhile, epidemiological experts argue, due to redu-
cing open space with urbanisation, the risk of residents’ mental
health problems is growing (Mechelli, 2019).All the issues are
accompanied by changes in urban spatial density and pattern.

To face these challenges in urban sustainability, the research-
ers from different disciplines have been investigating many ap-
proaches. However, the issues are very complex: a new solution
may easily initiate a new problem or a conflict. For example, to
mimic the natural water cycle and reduce the stress on storm-
water pipeline system, some green stormwater management fa-
cilities are popularly adopted and constructed in green space,
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such as bioretention swale, constructed wetland, etc. Although
sometimes they bring extra aesthetic value to the green space,
the residents cannot be allowed to access the space for activity
anymore for protecting underground construction structure.

The Sustainable stormwater management measures mentioned
above is one of the main research perspectives proposed to
support sustainable urban development. The representatives
are Low Impact Development (LID) from the USA (Stephen
et al., 2010), Sustainable Urban Drainage Systems (SUDS)
from the UK, Water Sensitive Urban Design (WSUD) from
Australia (Myers, Pezzaniti, 2019), Sponge City (SC) from
China (Nguyen et al., 2019) and so on. While they developed
in different urban contexts with some specific characteristics,
they share a common feature which is setting priority to util-
ise green space for detention and retention of stormwater on-
site (Fletcher et al., 2015, Nguyen et al., 2019, Chan et al.,
2018).

Green space is also a research domain for other researchers.
Urban designers and epidemiologist have discussed the signific-
ance of the accessible and usable green space for human well-
being for years (Ekkel, Vries, 2017, Christopher et al., n.d.).
They explore to promote human wellbeing with green space,
excluding any consideration of the stormwater management.

We should be aware that current sustainable stormwater man-
agement construction affect human wellbeing by dramatically
reducing the accessibility and usability of green space for the
public. The basic rule is the sustainable development of cities
is not a near-perfect solution to the stormwater issue at the ex-
pense of other urban development needs.That’s why Smart City
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is proposed to integrate the information of various urban sys-
tems to make intelligent response to different kinds of needs,
such as daily livehood and stormwater managment (Su et al.,
2011, Neirotti et al., 2014).

To better use the limited urban green space resource serving
human needs and protect the urban water environment, this re-
search will endeavour to organize the spatial data related to
stormwater management and human activity within one 3D
parametric model. For the purpose, this paper reviews the
design method and the main indicators of sustainable stormwa-
ter management and human wellbeing to identify the existing
Potential defects and key data impacting on balancing the needs
of sustainable stormwater management and human wellbeing.

The paper is organised as follows: (1) we review the main
sustainable stormwater management measures with principles,
models and facilities to reveal an overlooked but important re-
lationship between space organization and stormwater manage-
ment; (2) we review research on the relationship between green
space and human to identify the importance of green space to
human, as well as the key factor of green space for promot-
ing human wellbeing; (3) we summarize the research character-
istics of sustainable stormwater management and human well-
being within space and identify the research gap and key data
for effectively linking them within the same urban site. Then,
this research will work towards associating sustainable storm-
water management and promotion of human wellbeing within
3D parametric spatial model.

2. SUSTAINABLE STORMWATER MANAGEMENT
2.1 Main principles

Sustainable stormwater management has progressively de-
veloped worldwide. This concept is proposed as relative to
traditional water management. It intends to restore and use
green infrastructure to manage stormwater on-site, as well as
to benefit the urban social, economic and ecological environ-
ment (Habtemariam et al., 2019, Herslund, Mguni, 2019, Qiao
et al., 2020). To address the specific challenges from different
urban context and climate conditions, some stormwater man-
agement concepts have been proposed. The main concepts in-
clude LID, WSUD and SC etc (Fletcher et al., 2015, Shen et al.,
2019).

LID originates from USA is well-known around the world.
It was launched to integrate site design and control measures
to shape ‘natural’ hydrological system to manage stormwater
runoff and water quality (Fletcher et al., 2015, Hayden et al.,
2011). Just as Fletcher (2015) pointed out, LID is proposed
by researchers to distinguish from the traditional ‘large end-of-
pipe detention systems’. It is mainly composed of on-site ‘nat-
ural’ treatment devices, such as bioretention swale, rain garden
etc (Fletcher et al., 2015). As the location of these devices are
on the green space near the source of stormwater runoff such as
road, building etc., they are also quite close to residents.

WSUD is used in Australia to manage the urban water cycle
aiming reducing negative impacts on hydrological environment.
The core idea is mimicking natural hydrological system (Mel-
bourne Water, 2013). By learning from natural water cycle,
WSUD also adopts some green treatment devices, such as con-
structed wetland, raingarden etc, to soak, infiltrate and reuse

the stormwater on-site. Considering the local specific wa-
ter threaten (hydrological pollution, drought), WSUD high-
lights the importance of minimising water pollutant and supple-
ment non-portable water source Melbourne and Sydney separ-
ately (Melbourne Water, 2013, Sydney Water, 2012).The com-
mon point is, like with LID, it operates on-site stormwater man-
agement through using green spaces that are intimately related
to human settlements.

The ‘natural’ concept is also adapted by SC and practised in
China (MOHURD, 2014, Nguyen et al., 2019, Chan et al.,
2018, Wang et al., 2018b).As the development background of
SC is the rapid and high-density developing country of China,
researchers are exploring to set up a multi-scale design sys-
tem starting from urban planning in order to organise the urban
green space network to service stormwater management (Qiao
et al., 2020, Shen et al., 2019). Based on the design system,
they arrange different stormwater management devices to fit in
different scales and satisfy the site needs (MOHURD, 2014).
Within the high-density residential community, they also con-
ducted SC renovation test with adopting the green stormwater
management devices within limited green space to treat storm-
water within the community. The devices include swale, tree
box filter, rain garden, constructed wetland, detention pond
etc (MOHURD, 2014).

As it can be seen, all three approaches intend to integrate
green space within the water management system to keep down
and infiltrate the stormwater on-site (Fletcher et al., 2015).
Such measures effectively reduce the stress from unpreceden-
ted heavy rain on the traditional pipeline system with fixed con-
veyance capability. The basic approach for managing runoff
is to use existing green space within the built environment as
much as possible, and the rainfall is guided via the green space
network rather into the pipeline system directly (Figure 1,2).

Compared to traditional water management which drains runoff
quickly through pipes, sustainable water management mainly
collects, filters, and reuses water via green spaces on site. Thus,
sustainable water management has a great demand on urban
green space. These green infrastructures work effectively for
stormwater management by reducing the runoff speed, minim-
izing the volume of runoff and filtering the water pollutants.
But the construction of these devices does not fully consider
about human daily activities, even though their construction is
close to the residents. This ignorance we can identify from their
design models and adopted devices construction criteria.

Figure 1. Conventional water management

2.2 Design models

Currently, the urban sustainable stormwater management pro-
jects are mainly guided by hydrological models. They include
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Figure 2. Sustainable Water Management

Storm Water Management Model (SWMM), MOdel for Urban
SEwers (MOUSE), Model for Urban Stormwater Improvement
Conceptualisation (MUSIC) and urban water modelling pack-
age(MIKE URBAN) etc. Although they are used in differ-
ent urban context, their simulating process commonly focus
the hydrological cycle to analyse runoff and carrying pollu-
tion (Huang et al., 2011, EPA, 2015, Guo et al., 2019, eWa-
ter, 2017). For example, SWMM divide the site as a collec-
tion of sub-catchments and simulates the runoff movement with
nodes and lines (EPA, 2015). Although soil properties, rain-
fall volume and intensity are the main parameters used in the
model, the site characteristics-such as width and slope of sub-
catchment etc.are included; The simulation result is in one di-
mension as shown in Figure 3 (EPA, 2015, Bisht et al., 2016).
Even MIKE URBAN, as an upgraded SWMM model, just has
2D visual analysis simulating flood extent and flood inunda-
tion height (Bisht et al., 2016). Thus, without the visual space
expression, these stormwater management models have limita-
tions in testing the cross-influence between rainwater manage-
ment and space, and integration with other disciplines.

Figure 3. Schematic diagram of SWMM 1D output extracted
from site space

2.3 Stormwater management Facilities

As mentioned above, the core idea of sustainable stormwater
management is making full use of green space for stormwater
detention, retention and infiltration on site instead of piping the
stormwater directly off. Therefore, these facilities are always
practiced in green space, and would have huge influence on
the green space. We compare the different approaches looking

at their characteristics listed for facilities constructed in green
space. Applied region, space value, scale and shape of the fa-
cilities are the main points used for comparation and analysis.

The comparison has shown that these sustainable stormwa-
ter management measures have considered the relationship
between stormwater management facilities and specific urban
functions. To a certain extent, different urban functions have
different scales and patterns of urban space (Christopher, 1977),
which determines that the water management measures corres-
ponding to them should also provide facilities with suitable spa-
tial scales and shapes. For example, the shape of vegetated
swale is a strip or landscape verge which is suitable to the linear
urban space -street. In contrast, constructed wetlands require a
large-scale area, so it cannot be arranged along linear roads, but
needs to be combined with larger-scale urban function construc-
tion, such as urban parks. However, it is worth noting that, all
the manuals list the suitable facilities targeting at urban func-
tions rather than urban space pattern.

Facility LID WSUD SC
Driveways Low lying areas of
Rain Garden |Low lying areas of |Streets ying
a property
a property
Roads . . Residential
;/egeitated Drives M;l((i:an strip Verge community Roads
wale Parking lots P Parking lots
Infiltration  |Large scale Tand N/A Large scale Tand
Basins development development
Constructed Parks Community
A N/A urban green space
Wetlands vacant land
Waterfront
Shallow N/A Aesthetic (l))mmumty
Lakes post wetland urban green space
Plaza

Table 1. Applied region of sustainable stormwater management
facilities

Table 2 shows that the manuals have included the scale and
shape of the stormwater management facilities in consideration
in varying degree. They propose a certain size or a proportion
with the catchment size to the specific facilities. It reflects the
close relationship between the facilities and the space. But all
the limitations on the scale and shape are set up based on the
water engineering principles. For example, the size of veget-
ated swale is set as 5%-10% of catchment in the SC national
guideline. It originates from the requirements on effectiveness
of stormwater purification. Regarding the constructed wetland,
it is commonly treated as the facility needs a substantial space to
construct. All the manuals do not list the efficient use of urban
space with integrating human needs or activities within the re-
quirements. Thus, from urban design perspective, the relation-
ship between the scale and shape of stormwater management
facilities and the site space is non-existent, because it cannot
reflect the surrounding needs and the interaction with human.

Facility LID WSUD SC
P Range of scales and

; 2
Rain Garden |5-50m shapes N/A
v red 0.6-2.4m wide with Vegetated
Seg'elta ¢ 0.05-0.1m optimal |N/A swale/catchment5%

wale water depth -10%
Construct

Inﬁl'tration Large trousands sq |Require substantial 1 a:;:rrél;tclggmgzl
Basins meter wet meadows |area S 1hm2)
Constructed |Pocket wetlands to [Require large areas N7A
g&l/]etlllandq shallow marshes of land

arow N/A N/A N/A
Lakes

Table 2. Scale and shape of sustainable stormwater management

However, Table 3 shows that all the sustainable stormwater
management measures have realised and confirmed the possib-
ility of the additional value of the facilities. The challenge is
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this confirmation staying in the manual alone without any prac-
tical principles of spatial pattern or function arrangement.

Facility LID WSUD SC

. No specify the Easy to integrate
Rain Garden space value in items Landscape value with landscape
Vegetated Aesthetic appeal Easy to integrate
Swale Habitat value with landscape
Inﬁllratlon Landscape value N/A
Basins
Constructed Habitat visual tap‘dscap ©
Wetlands Recreation amenity cisure

entertainment

Shallow Habitat visual N/A
Lakes Recreation amenity

Table 3. Space value of sustainable stormwater management
facilities

Overall, although the sustainable stormwater management is
more ambitious than the traditional stormwater management,
just as Fletcher (2015) pointed out, the sustainable stormwa-
ter management is still primarily driven by the professionals
from water engineering. It intends to reduce the dependence
on pipeline networks with fixed excretion capacity rather bring
the water detention and retention process back to ground green
space on site to mimic the natural water cycle. As such, they
believe it would not only minimize the stress on the fixed
pipeline system but also make the urban environment more re-
silient. However, within the whole process, they ignored the
needs of human wellbeing on the green space which is the crit-
ical to sustainable urban development as acknowledged in the
SDGS (UN, 1992). Meanwhile it is difficult to integrate the
factors of human wellbeing with the fixed 1D/2D hydrological
model directly, so it is hard to intelligently manage the complex
needs of dense settlemment developement. If we can establish
a platform to connect the stormwater management and human
wellbeing on the ‘same page’, it would make the stormwater
management more sustainable and smarter.

3. RESEARCHES ON GREEN SPACE FOR HUMAN
WELLBEING

3.1 Relationship between green space and human well-
being

Human wellbeing in the built environment has been a hot re-
search topic for some years (REF). With the rapid and high-
density urbanization, protecting human wellbeing has become
a huge challenge (Krefis et al., 2018, Thangavel, 2017).The rel-
evant research investigations indicate that the factors impacting
the human wellbeing are complex. The influence is not only
from poverty and social factors (Atsuko et al., 1996, Ana V.
Diez, 2002), but also the environmental changes, such as the re-
duction of green space (Tzoulas et al., 2007, Sjerp et al., 2003,
Ekkel, Vries, 2017). The existing research investigations indic-
ate a positive relationship between keeping urban green space
and human wellbeing (Bertram, Rehdanz, 2015, Ekkel, Vries,
2017, Tzoulas et al., 2007). They explain the reason is green
space have potential to contribute the human wellbeing, espe-
cially the mental health (Diana et al., 2010, Bertram, Rehdanz,
2015, James et al., 2015, Ekkel, Vries, 2017).

It is worth noting that the positive relationship between green
space and human wellbeing is not simply decided by the scale
of the green space. The existing studies mainly suggest that the
mechanism of the positive relationship has two aspects. The
first one has been generally accepted by public. Green space
has specific aesthetic values which can address human atten-
tion fatigue (Stephen, 1995, Kaplan, 1989). The second one

is the broadly discussed by researchers in recent years. They
believe it is important that green space can provide an attract-
ive venue for recreation, activities, exercises and social inter-
action (Pretty et al., 2007, Kaczynski, Henderson, 2007). By
this way, the increasing outdoor activities can improve the per-
sonal social engagement, lower depression and keep health at
certain levels (Diana et al., 2010, Pretty et al., 2007, Berger,
Motl, 2000). The positive influence of green space on human
wellbeing is plentiful.

3.2 Main metrics of positive relationship between green
space and human wellbeing

To better understand the positive relationship between green
space and human wellbeing, we will summarise the main met-
rics of green space listed in the relevant research as positive
factors on human wellbeing. This summary is currently not
based on a systematic literature review to reveal all the met-
rics of space impact on human wellbeing, such as an economic
indicator. As the research target is to figure out the character-
istics of space which impact the human wellbeing directly, this
study exclusively focusses on the spatial metrics. It includes
proximity, accessibility and usability.

3.2.1 Proximity: Proximity is used to describe the distance
from citizens’ home to green space (Carter, Horwitz, 2014, Ag-
gio et al., 2015). Just like mentioned before, the significance
of living nearby green space to human wellbeing has been ad-
mitted in the 1990s (Stephen, 1995). But, in recent year, the
researchers have kept investigation on the influence of distance
to green space on human. Aggio (2015) discussed the import-
ance of proximity to green space for children living style and
health. Sturm (2014) argues that there is a close association
between proximity to urban parks and human mental health by
conducting survey (Sturm, Cohen, 2014). Researchers from
Demark, Netherland and the UK also discussed the positive
value of short distant green space to human wellbeing based
on their local context (Stigsdotter et al., 2010, van den Berg et
al., 2010, White et al., 2013). However, previous research does
not provide substantial empirical evidence to prove the proxim-
ity of green space is positive to human health (Sturm, Cohen,
2014). Moreover, it can be found that proximity is not an inde-
pendent factor. To some extent, it enhances the accessibility of
the green space and encourage residents to enjoy more activities
within the urban green space (Stigsdotter et al., 2010, van den
Berg et al., 2010, Aggio et al., 2015, Carter, Horwitz, 2014).

3.2.2 Accessibility: Accessibility gives a different per-
spective as compared to proximity. It represents not only a short
distance between green space and residents’ home, but also in-
dicates the green space is open to the public and provides places
for free play (Ekkel, Vries, 2017, Carter, Horwitz, 2014). The
investigation on accessibility represents the researchers have
realised closer distance and big amount of green space do not
equal to good quality green space for human wellbeing (van
Dillen et al., 2012). Ekkel (2017) believes that accessibility is a
comprehensive factor which is composed by size, distance and
quality of green space. But sometimes accessibility is treated
as a synonym for proximity. Comber (2008) and Coutts (2010)
admitted that evaluating the accessibility of green space should
consider the size and quality of green space. When they con-
ducted the analysis with GIS data, the distance metrics still pre-
form the main role (Comber et al., 2008, Coutts et al., 2010).

3.2.3 Usabilty: This metrics is used to provide a clearer re-
quirement for green space from human wellbeing perspective.
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Usability indicates that green space should be in close distance,
open to the public as well as well-equipped for public activit-
ies, exercises and social meeting etc (Carter, Horwitz, 2014).
Carter (2014) argues that usability of green space is more sig-
nificant than accessibility because it emphasises the function of
recreation which has a positive influence on human health. This
viewpoint has been agreed upon by other researchers as well.
The investigation conducted by Nutsford er al. (2013) shows
that usability of green space has a positive association with de-
creased counts of anxiety, mood disorder treatments (Nutsford
et al., 2013).Zhang et al. (2017) conducted a survey compara-
tion between two neighbourhoods with different rates of usable
green space. The survey result show that the neighbourhoods
with higher usability of green space have higher satisfaction
with living environment (Zhang et al., 2017).

Therefore, considering the current shortage of urban green
spaces, to make a more effective contribution to the human
wellbeing, green space design should consider usability and ac-
cessibility instead of purely pursuing the greenness and large
scale (Ekkel, Vries, 2017).

3.3 Main methods to evaluate positive relationships
between green space and human wellbeing

To promote the effectiveness of green space and contribute the
human wellbeing, some research investigated the green space
performance in order to guarantee humans get real benefits from
green space as mentioned above. We have reviewed relevant
research to summarise the main evaluation methods that have
been adopted. The current research focusing on the relation-
ship between green space and human wellbeing mainly rely on
Survey investigation, GIS data analysis or mixed methods.

3.3.1 Survey: Survey is a quantitative and qualitative
method which intends to collect as much as possible interests
sampling and evaluate them with self-reports (Chiang et al.,
2015). Chiang (2015) argue that “the only approach in psy-
chology in which random sampling is routinely used”. There-
fore, survey should be a very powerful method in human well-
being. Zhang (2017) adopted survey method to identify the
level of satisfaction of residents to different type of green space
(more usable and less usable space) by collecting two group of
samplings. Aggio (2015) conducted a longitudinal social sur-
vey on the lives of Scottish children from infancy through to
their teens to understand the influence of distance to green space
on children’s living style, especially TV time. Rehdanz (2015)
employed a web survey method to investigate the park use pat-
terns and the perception of green environment to analyse the
role of green space in promoting human wellbeing (Bertram,
Rehdanz, 2015).

Obviously, survey is effective to understand human needs, ex-
pectations and perceptions. Then, based on the collected sur-
vey data, one can conclude the main factors within the specific
space closely associated with human wellbeing. But all this
analysis is only human response-based, which means survey is
used to reflect human subjective perception and need of space,
rather than expressing the way of interaction between the spe-
cific spatial parameters and residents.

3.3.2 GIS data analysis: Comparing to survey, GIS data
analysis is used to focus on space itself and therefore provides
more objective results. This method relies on statistical ana-
lysis of spatial patterns and the underlying process with the in-
tegrated green space geographic data to prove some research

assumptions or conclude an analysis result (Gimond, 2020).
Comber (2008) adopted GIS data-based network analysis to
evaluate the accessibility of green space. Kong (2007) built up
a hedonic price model with amenity value of urban green space
generated by GIS data analysis. The GIS-based spatial data
is applied to generate a land-use map and calculate the “cost-
distance” to evaluate the accessibility of green space (Kong
et al.,, 2007). Zhang (2017) studied and categorised the us-
ability of green space with amenities location of GIS data-
base and site observation. Above all, GIS data analysis is a
powerful method to analyse the performance of green space as-
sociated with human needs. It has been used to evaluate the
key factors of the relationship between green space and human
wellbeing—accessibility and usability. But current spatial ana-
lysis is mainly 2D, especially the distance calculation. Hence,
some spatial characteristics impacting the usability of green
space would be ignored. Furthermore, the current research on
space for human wellbeing has also unawareness of the issue
of stormwater management, just like stormwater management
research has with human wellbeing. Therefore, current human
wellbeing spatial research cannot smart organise the space of
detailed useability for human activity, and handle the dense set-
tlements environment without stormwater consideration.

4. INTEGRATING SUSTAINABLE STORMWATER
MANAGEMENT AND HUMAN WELLBEING FOR
URBAN SPACE

As mentioned above, it is an inevitable trend to develop sustain-
able stormwater management and promote human wellbeing in
urban area to response in a smarter urban development way. But
the question is how to avoid the conflicts on developing the lim-
ited urban green space between stormwater management and
human wellbeing promotion. For example, if we only chase the
stormwater management target to arrange the stormwater man-
agement device, which cannot allow residents access and use, in
the central green space of the residential community, it would
impact the human wellbeing a lot. Similarly, if we only con-
sider the needs of people for space use for space organization
and pavement of the site, it will also greatly affect the effective-
ness and purification of rainwater collection within green space.
Therefore this research proposes to extract the key spatial para-
meter related to human activity and stormwater managment and
integrate them into spatial model to explore the smarter method
organising green space.

4.1 Existing research on the integration of stormwater
management and human wellbeing

Integrating stormwater management and human wellbeing
within a model is not a brand-new research topic. One of the
main challenges is that researchers are working with different
platforms and data (Grose, 2014). To improve the spatial design
performance, some researchers have tried to put the stormwater
management in a design platform.

Wang (2018) developed a browser-based cooperation platform
to enhance the collaboration between stormwater management
and humanized spatial design (WANG et al., 2018a). Their
workflow is running SWMM model in the background after in-
putting relevant site data, such as soil, precipitation, elevation
data etc. Then based on the output of SWMM model simula-
tion, the program will set different landscape spatial module to
fit in the certain size of space (WANG et al., 2018a). There-
fore, Wang’s (2018) research principle is still rooted in hydro-
logical theory. However, the expectation of human wellbeing
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on green space haven’t been thoroughly considered within the
model. Meanwhile, it divides the whole workflow into two
steps and operates in a different model environment, so it still
cannot really combine stormwater management together.

Compared to Wang’s research, Chen (2016) developed a para-
metric spatial model to integrate LID requirements within a 3D
spatial analysis environment. Its principle is simulating the
stormwater collection process within the 3D model to estim-
ate the runoff volume of architecture and green space (Chen
et al.,, 2016). Then by visualising the runoff process, it can
support designers to create adaptive stormwater management
measures to fit in site condition (Chen et al., 2016). Although
this research also weakened the human daily needs during the
simulation process, it already brought the stormwater simula-
tion into a 3D space environment, rather than still relying on
the 1D hydrological model. It provides the possibility of balan-
cing stormwater management and human need at a same spatial
model.

4.2 Niche of parametric spatial model

The core of balancing the needs of stormwater management and
human wellbeing proportion is to understand and coordinate the
way they use green space. Thus, the challenge is to bring both
on the same page and understand their dynamic relationship.
This means we should find a platform be ‘friendly’ for both of
them and also simulate the dynamic process of stormwater and
human daily movement.

Parametric model can, based on computer, treat different spatial
attributes as variables to simulate certain space system (Schu-
macher, 2015). As the variable can be dependent to reflect the
value change of another relevant variable of the model (Barrios,
2005), it can be an open platform to organize the analysis of the
human needs and sustainable stormwater management together
within green space via setting specific spatial variables. There-
fore, the key point is identifying the exact attributes of space im-
pacting on the space performance on stormwater management
and human activity.

Space can be ‘presented by multiple disciplines as a notion ref-
erencing our living environment’ (Zlatanova et al., 2020). For
example, the dense and height of trees will impact the accessib-
ility of green space (Wang et al., 2020). And the spatial slope is
one key factor affecting water flow speed. Actually, parametric
spatial analysis has been developed for decades, and categor-
ize the space into different characteristics elements: isovists,
convex spaces and axial line (Martin et al., 2012, Chen, Wen-
wen, 2017). Thus We can reference the existing spatial model
and test to organize the spatial metrics (size, distance, elevation
etc.) to negotiate the balance of human interests and stormwater
management needs (Figure 4).

It should be noted that the human behaviour and stormwa-
ter changes are dynamic. The parametric spatial environment
provided by Grasshopper can simulate the whole process of
runoff movement on the ground with impact on site, and hu-
man movement as well. With the space category support, we
can simplify the complex 3D space environment to set up the
research framework with a sort of stock(space) and flow in 3D
model. For example, through the identification of boundary
parameters in the spatial model, it is analysed whether there
is an interactive relationship between the space used by people
and the functional green space, so as to classify the positive and
negative spaces (Figure 5).

SPACE
— Size —

| Distance
Human Water
Elevation

Enclosure

Figure 4. Schematic diagram of the balance between water
management and human wellbeing

NEGATIVE SPACES .

e

Figure 5. Schematic diagram of spatial classification

Lastly, the parametric spatial platform provided by Grasshopper
can visualise the analysis output and design result in real-time.
Therefore, it can integrate the spatial analysis, design and simu-
lation within a same system which can reduce the waste of time
for transferring between different work platform (Figure 6).

5. CONCLUSION

This paper presented a literature review and the motivation for
a parametric 3D spatial model to develop a smarter sustainable
stormwater management by integrating human space needs. As
space is a limited resource in urban development, how to in-
telligent use of limited space resources is the core of this art-
icle. The potential advantage of the proposed parametric 3D
spatial model is it can transfer the requirements and limitation
on space from different disciplines into the certain spatial met-
rics by referencing their theories. However, we cannot deny that
the urban environment is too complex to entirely be reflected
within a parametric model, the model can be used to support
the early stage of design and provide the reference for more
comprehensive design model development.
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