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Abstract: The effectiveness of runoff control infrastructure depends on infrastructure arrangement
and the severity of the problem in the study area. Green infrastructure (GI) has been widely demon-
strated as a practical approach to runoff reduction and ecological improvement. However, decision-
makers usually consider the cost-efficacy of the GI layout scheme as a primary factor, leading to
less consideration of GI's environmental and ecological functions. Thus, a multifunctional decision-
making framework for evaluating the suitability of GI infrastructure was established. First, the study
area was described by regional pollution load intensity, slope, available space, and constructible area.
Then, to assess the multifunctional performance of GI, a hierarchical evaluation framework compris-
ing three objectives, seven indices, and sixteen sub-indices was established. Weights were assigned to
different indices according to stakeholders’ preferences, including government managers, researchers,
and residents. The proposed framework can be extended to other cities to detect GI preference.

Keywords: multifunctional decision-making framework; cost-effectiveness; site suitability; stakeholders’

preference; green infrastructure

1. Introduction

Flooding, water pollution, urban heat island effects, and ecological degradation have
necessitated the development of multifunctional infrastructures for adjusting the urban
layout. Green infrastructure (GI) effectively boosts cities” sustainability and resilience as it
expands a nature-based solution [1,2]. Gl is frequently used to enhance the water retention
and infiltration capability of urban underlying and can hence regulate urban runoff [3-5].
Additionally, GI can provide ecological functions such as habitat improvement, biodiversity
compensation [6], and energy conservation [7]. The effectiveness of GI is highly dependent
on the application site and the urgency of runoff-related problems [8,9]. In this context,
a hierarchical and multifunctional evaluation of Gl is critical for ensuring runoff control
efficiency [10-12]. Past GI practice shows that GI is a site-specific runoff management
strategy [13]. For example, the cost-effectiveness of GI is impacted by pollution severity,
and site conditions constrain the GI construction scale. As a result of urban growth and
ecological endowments [14,15], spatial heterogeneity affects the quantitative identification
of regional characteristics and the suitable site for GI [10,16]. In detail, the intensity of the
pollutant load, the catchment slope, and the constructible area are all important factors
for quantifying site limits on runoff control infrastructure [17,18]. Balancing the restric-
tions of natural endowment and the inherent benefits of GI can facilitate evaluating the
viability of runoff management techniques in specific sites. In addition, the preferences of
different stakeholders are important for GI arrangements. For example, local managers
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take the responsible role in regional development, scholars are well-versed in the mechan-
ics underlying runoff control infrastructure, and local citizens benefit directly from GI’s

multiple functions.

Recently, GIs have been given more weight to urban development because of their mul-
tiple benefits. Along with controlling urban floods, GIs can help mitigate non-point source
pollution and improve the quality of the aquatic environment [3,18,19]. Additionally, Gls
offer significant ecological and aesthetic benefits [10], which improve residents” well-being.
Although multi-functionality is commonly assumed, only stormwater runoff management
or aquatic environment improvement are considered benefits when implementing GIs [20].
Multiple functions of GI in runoff control, economy, and ecology urgently require joint

assessment within a unified evaluation system.

By innovatively incorporating ecological benefits into the unified evaluation system,
this study overcomes the limitation that traditional GI effectiveness evaluations focus
exclusively on runoff control function and economic cost. The feasibility of the site for
GI layout was thoroughly assessed in terms of pollutant load intensity, slope, available
floor space, and GI constructible areas. Local stakeholders, such as environmental experts,
architect experts, managers, and residents, were consulted regarding their desire for the
multi-function of GI. Thus, a multi-objective decision-making framework for GI was
developed that takes runoff control function, economic, and ecological considerations
into account to balance the region’s natural endowments and stakeholder interests.

2. Method and Data
2.1. Study Area

The research area is in Beijing’s sub-center (Figure 1), Figure 1a illustrates the location
of Beijing in China, and Figure 1b depicts the case area of Beijing sub-center. Its elevations
range between 9.5 and 26.9 meters. The mild slope allows for adequate retention time for
GI, which makes the study area suitable for GI deployment. The primary local soil type
is chalky soil, and the groundwater depth is between 5 and 10 m. Beijing’s sub-center is
in the warm-temperate monsoon climate zone of the continental monsoon. The average
temperature is 11.65 °C, and the relative mean humidity is 56.8%. The annual rainfall is
535.88 mm on average. The flood season lasts from June to September and accounts for
approximately 80% of annual precipitation. The research area covers around 155 km?, with

27% covered by permeable land.
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2.2. Methodology

Methodological steps were taken as follows to establish an adaptive GI layout decision-
making strategy, as illustrated in Figure 2: (I) The examination of site suitability is the first
obstacle in the selection of GI. The intensity of the pollutant load, the catchment slope,
the accessible space, and the GI constructible area are essential factors for evaluating the
viability of GI site locations. (II) A brief explanation of a typical GI, including its functioning
mechanisms, facility characteristics, operational and maintenance requirements, and how
residents interact with it, is provided. Three-dimensional evaluation is proposed. This
technique considers GI efficacy, cost, and social benefits. The approach for determining GI's
effectiveness uses three primary indicators, eight subsidiary indicators, and sixteen tertiary
indicators. (III) Local urban managers, relevant professionals, and residents are the critical
GI decision-makers and experiencers. This study analyzes stakeholder interests and collects
construction intentions from city administrators, architects, environmentalists, and resi-
dents. Their preferences are represented hierarchically as weights. The weights correspond
to the infrastructure effectiveness indicators. (IV) The selection of GI subjects depends on
the suitability of the site. Then, a hierarchical evaluation of the GI’s intrinsic efficacy in
its various domains and a weighing of the indicators according to local stakeholders are
conducted. The decision-making framework for GI layout considered site suitability and
weighted malfunction effectiveness are established.
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Figure 2. Methodological framework.

2.3. Typical GIs for Evaluation

In the multifunctional decision-making framework, eight commonly used Gls were
analyzed. To quantitatively assess the runoff control capacity and the effect of GI, we
categorized typical Gls into three types below, based on previous practice and runoff
control mechanisms.

(1) Source-oriented runoff control Gls: primarily focused on in-situ runoff dissipation
and control. The runoff quantity and quality are regulated by modifying runoff
infiltration, retention, and in-situ storage processes. Typical source-oriented runoff
reduction measures include bioretention facilities, permeable pavement, green roofs,
and sunken green spaces.

(2) Transmission process control Gls: these facilities change runoff flows from sources
to sinks, reducing runoff control pressure for the sources. Vegetation swales and
infiltration trenches are two common facilities of transmission process control.
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(3) Terminal GIs: these are centralized runoff control facilities that are focused on com-
prehensive management. They are space constrained. Dry ponds and wet ponds are
the two most common terminal facilities.

2.4. Site Suitability Evaluation System of Gls

The effectiveness of GI depends on its fitness for the site’s features. By incorporat-
ing site factors into the GI multifunctional decision-making system, the benefits of GI
deployment can possibly be optimized. Table 1 summarizes the various site suitability
indices [21]. Four indices serve as decision-making factors for site suitability: pollutant load
intensity, catchment slope, available space, and GI constructible areas. The Gl site suitability
parameters (listed in Table 1) are based in part on the authors’ team’s previous research
foundation [21,22] and in part on recent documents and literature [20,23-26]. The pollution
load intensity was calculated by multiplying the runoff-wash-off pollution concentration
in different land use (as shown in Table 2) and the corresponding land use area [27,28]. The
pollutant load was normalized for comparison and was described as high, medium, and
low-level pollution intensity. Owing to differences in structure and function, the GI’s ability
to cope with pollutants varies, and tailored installation can improve the efficiency of system
runoff control. Catchment slope indices influence the duration and rate of runoff overflow
in Gl-related pollution capture and removal efficiency. The limited available area constrains
the size of Gls, and Gls with low space utilization are not desirable in land-shorted regions.
The layout of the Gl is constrained by indices such as ecological and aquatic reserve zones.

Table 1. Site suitability indices for GI.

. " Pollution Load o . Constructible Area
Site Characteristics Intensity Slope (%) Available Space (Buffer Distance)
. . . . building > 3 m
Infiltration trench (IT) Medium <15 Medium .
River > 30 m
Dry pond (DP) Medium <17 Large River > 30 m
Wet pond (WP) Medium <10 Large River > 30 m
Sunken green spaces (SGS) High <5 Medium Road <30 m
Vegetation swales (VS) Medium 0.5-5 Medium Road <30 m
Green roof (GR) Low <4 Medium Flat roof slope
Permeable pavement (PP) Low <1 - Road <30 m
Road <30 m
Bioretention facilities (BF) Low <15 Small River > 30 m
Building >3 m
Table 2. Site suitability indices for GI.
Building Road Forest Grass Park Farmland Bare Impervious
EMC (g/L) 0.35 1.25 0.03 0.02 0.15 0.07 0.05 0.55

Note: EMC denotes the median event mean concentrations.

2.5. Establishment of a Multifunctional Evaluation System for GI

The multifunctional benefits of GI were assessed. GI aims to manage the quantity
and quality of runoff. In terms of runoff control, GI enables the restoration of the source’s
natural underlying, promotes infiltration and rapid discharge of runoff throughout the
transfer process, and enables efficient centralized regulation of runoff quality. The indicators
were created to examine the alleviation of strain on urban drainage networks, reduce the
pollution of receiving water bodies, and limit peak flooding and pollutant impact on water
bodies. The economic costs are associated with the necessity for financial assistance to
create and maintain the efficacy of the GI. Efficient investment allocation is possible based
on the close correlation between GI and site suitability. In addition, GIs provide various
ecological benefits, including improving landscape aesthetics and resident well-being. As a
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result, a synergistic evaluation system was built for GI regarding functions including runoff
control, investment, and ecological benefits. The descriptions of indices are displayed in
Table 3.

Table 3. Multi-function evaluation system for GL

Function

Indicators

Sub-Indicators

Indicator Implication

Runoff control

Runoff quantity control efficiency

Runoff volume control

Rainfall volume capture rate

Runoff peak time delay

Delay in the occurrence of flood peaks

Runoff peak volume reduction

Runoff peak volume control rate

Suspended pollutant removal

Effectiveness of suspended pollutant removal
by GI, counted by suspended solid matter

Oxygen-consuming

Effectiveness of COD, BODs pollutant removal

function Runoff quality control efficiency pollutant removal by GI.
Nutrient pollutant removal Effectiveness of nitrogen and phosphorus
pollutant removal by GI.

Toxic pollutant removal Effectiveness of toxic pollutant removal by GI.
The capacity of runoff harvesting and reuse
Runoff reuse efficiency Runoff utilization capacity through GI, including centralized collection,

in-situ reuse, and groundwater recharge

Equlpment Construction costs Initial equipment ass.et investment for the

investment construction of GI.
Management costs Consider the investment of depreciation and
. Costs J replacement over the life span of GL
investment .
Management and maintenance Maintenance costs to ensure the proper
Maintenance costs functioning of GI such as dredging,
renovation, etc.

Greening benefits Calculated by greenery and vegetation stereo

Landscape aesthetics i
p Aesthetic benefits The landscape effect of .the pebble.s.a.nd paving

colors, along with the facilities
. Visitor flowrate The total m%mb.er. of passengers through the GI
Social is divided by the space.
benefit . .. The extent to which the facility interacts with
Space Facility Interactivity th di isitor fl
vitality e surrounding visitor flow

The level of activity is characterized by the
frequency of people entering and leaving the
GI and its surrounding space

Visitor activity

Three indexes are included in the runoff control function of the GI evaluation sys-
tem. They describe separately the release of runoff volume control pressure in the urban
drainage system, the effectiveness of runoff pollutant reduction, and the capacity to increase
rainwater collection and reuse via GI. The cost investment in GI refers to the structural
costs associated with the construction process and the maintenance costs associated with
keeping normal regular operation. The social benefit metrics for GI quantify the extent
to which the facilities improve the comfort and liveliness of residents. Urban inhabitants
are the primary GI users and quantitative assessment of their perceptions serves as the
foundation for assessing the social advantages of GI.

2.6. Quantification of the Multifunctional Effectiveness of GI

The GI functions are based on practical examples, mechanistic studies (Ying, 2010), and
expert opinions regarding runoff control, economic costs, and ecological advantages. The
values are derived based on each GI’s structure and technical parameters, and primarily
reflect its intrinsic properties. Each GI was assigned a comparison score, indicating its
relative performance to the corresponding index. Each GI indicator’s performance was
graded as inappropriate, low, low-moderate, moderate, moderate-high, and high. The per-



Water 2022, 14, 1765

6 of 13

formance was quantified as 0, 1, 2, 3, 4, and 5, allowing for a mechanism-based assessment
of the effects of Gls.

The GI runoff control function considers various structural characteristics and indexes
that are influenced by the corresponding mechanism. Source-oriented Gls are based on an
in-situ infiltration, detention, and storage mechanism with a hydraulic retention time of
several hours. Transmission process control Gls rapidly convey runoff from the source to
centralized facilities, alleviating pressure on drainage networks; nevertheless, their storage
capacity, hydraulic residence time, and storage volume are limited. Systematically managed
facilities focus on centralized runoff control. It is the primary mechanism for achieving
quantitative and qualitative runoff control, with hydraulic retention times often lasting
several days. The retention volume of GI affects the volume and quality of runoff. Their
hydraulic retention techniques allow time for runoff quality enhancement mechanisms
such as adsorption and degradation. The typical GI cost was calculated based on data
from current research conducted both nationally and globally [29,30]. A higher score for a
cost investment index corresponds to lower investment requirements, fewer management
efforts, and more excellent operational stability in the evaluation system. Field monitoring
was used to calculate the social benefit indices. Greening advantages were evaluated by
calculating the green view rate [31].

The aesthetic benefits indexes quantify the GI’s capacity to attract occupants. Total vis-
itor flow and the frequency of resident-facility contact were used to quantify spatial vitality.
Wi-Fi probes, GoPro photography, and artificial observation were used for the indexes. Wi-
Fi monitoring equipment was set up to scan the profusion of Wi-Fi signals emanating from
mobile phones within a 30-m radius to measure the interaction between the GI and visitors.
Table 4 summarizes the multifunctional evaluation scores for GI. The functions and costs of
GI runoff control are based on the process shown in Supplementary Materials Tables S1-S3.

Table 4. The multifunctional evaluation scores for GI.

Runoff Control Function

Runoff Reuse

Runoff Quantity Control Efficiency Runoff Quality Control Efficiency Efficiency
Runoff Oxygen- .
¢l ‘I; unoff Runo'ff Peak Suspended Cons)l,lgming Toxic Nutrient Pollutant Runoff Utilization
olume Peak Time Vol Pollutant Pollutant .
Control Dela orume Removal Pollutant Removal Removal Capacity
y Reduction Removal

1C 3 5 2 5 4 4 4 2

DP 2 1 3 2 1 1 1 4

WP 5 5 5 4 4 5 4 5
SGS 1 1 1 1 2 1 2 1

VS 3 3 3 2 3 3 3 1

GR 2 2 3 2 3 2 2 1

PP 3 5 2 5 3 4 3 2

BF 3 4 4 4 5 5 5 3

Capital Investment Social Habitat Benefits
. fj\?ﬂsﬁﬁiﬁ: Maintenance Landscape Aesthetics Space Vitality
Construction Management Maintenance Greening Aesthetic Visitor Facility Visitor Activity
Costs Costs Costs Benefits Benefits Flowrate Interactivity

(@ 4 2 1 1 1 1 0 0

DP 4 5 5 3 2 2 1 2

WP 2 1 1 4 4 3 2 2
SGS 5 5 5 4 3 3 2 3

\E 5 1 2 4 3 3 2 4

GR 2 5 4 4 3 1 0 0

PP 1 4 2 2 2 5 5 5

BF 1 1 1 5 5 3 4 3

2.7. Weight of Multifunctional Indexes for GI Decision-Making

Weights for the GI multifunctional indexes were quantified based on stakeholders’
preferences with different occupations. The opinions of experts and stakeholders were
tallied and summarized to determine the weights for indicators. The process for acquiring
and quantifying ideas was as follows: (1) Select typical stakeholders, including officers
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responsible for constructing GI projects, scholars of environment, scholars of architecture,
and residents. (2) Explain to stakeholders the GI decision-making framework and the
meaning of the indexes, and elicit their preferences for the indexes. (3) A comparative
scoring system is applied, in which stakeholders assign relative importance to several
indexes within the same category. After normalization, the weights for each indication
were determined. The weights of indexes at each level are added together to a final
performance score.

The GI multifunctional combined score is calculated by multiplying the weights by the
index function values and then summing them. The total score was utilized to determine
the most appropriate Gl at different sites. The GIs with the highest total scores are listed first,
with the highest total scores indicating the most recommended GI for the local conditions.

16
Ii = Zwl] X T’i]‘,i =1,2,..8
j=1

where I; denotes the weighted total score of GI multifunctional performance, wij denotes
the weight of a specific index, r;; denotes the score of a function for GI, i denotes eight
types of GI that are considered in this study, j denotes an evaluation index.

3. Application of GI Decision-Making System in Beijing’s Urban Sub-Center
3.1. Site Suitability Indexes of Beijing’s Urban Sub-Center for GI

The concentration of suspended solid pollutants in runoff was used as a proxy for
the level of site contamination. The land use distribution and runoff coefficients were
considered by calculating the intensity of the pollutant load. Pollution load intensity in
different blocks was compared. As seen in Figure 3a, the cumulative runoff pollution
of each block in Beijing’s urban sub-center was statistically represented as low-medium-
high. The study area is relatively flat, with an average slope of less than 10%. Blocks
were categorized, as illustrated in Figure 3b, according to the slope indexes. The GI scale
is constrained by available floor area, and the space use efficiency of GI facilities is an
essential factor for heavily impervious underlying terrains. Owing to the structural and
functional variances, it is vital to assure GI performance within the space of local sites.
As seen in Figure 3¢, blocks are categorized into three categories based on the area for
GI construction and the site appropriateness evaluation criteria. Source-oriented GI is
well-suited to small spaces. Transportation process regulation facilities provide mesoscale
runoff control and are well suited for locations with medium available space. Systematic
detention and regulation facilities provide centralized runoff regulation and are well suited
to sites with large available space. The constructible area for GI development must include
buffers from buildings, roads, and waters. As seen in Figure 3d, identifying suitable places
for GI construction considers both site appropriateness criteria and the buffer distribution
of the underlying surface.

3.2. Weights for the GI Multifunctional Indexes of Beijing’s Urban Sub-Center

The weights reflect the decision-making preferences of the construction managers,
technical experts, and residents for the GI multifunctional indexes. The examination was
conducted by stakeholders from four fields, including architect experts, environmental and
ecological experts, local government administrators, and residents of Beijing’s sub-center.
Table 5 summarizes the weights derived from the opinions of the four stakeholder groups.
Stakeholders typically regarded the relevance of GI in the following order: runoff control
function > cost input > societal benefit. According to all four stakeholder groups, runoff
control is a dominant function for Gls. Environmental experts and urban planners make
similar judgments on the critical nature of GI's numerous functions. Among the four expert
groups, architects are the only group that believes the social benefits of GI outweigh the
expense. Residents choose GI for its social benefits. Because stakeholders assessed the



Water 2022, 14, 1765 8of 13

indexes and sub-indexes in the evaluation method equally, only the average aggregate
weighted results are provided in Table 5.

I 0%0—2%o0
2%0—4%o0
4%0—6%0

[ 6%0—8%o0

I 8%0—10%o

(b) Catchment slope

L

:ﬁlln:jlilum =Buger ;or rivedr - : " :
Buffer for roa o
I | arge 1 Buffer for building
(c) Available space (d) Landuse buffer for conservation

Figure 3. The distribution of site suitability indexes for GI.

GI’s runoff control effects are weighted similarly and are highly recognized by stake-
holders. But the weight of runoff reuse is not as high as runoff quality and quantity control
efficiency. The equipment investment and maintenance costs have relative weights in terms
of GI cost. Landscape and space vitality plays a similar role in the social advantages of GI.
Gls are given equal importance in landscape aesthetics and spatial vitality indicators. The
weight values in Table 5 demonstrate that trade-offs between runoff control, cost input, and
social benefit are required for Gl layout.
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Table 5. Weights for the GI multifunctional indexes.

Multi- Environmental  Architect . Average Average
function Expert Expert Manager Resident Average Index Weight Sub-Index Weight
Runoff quantit Runoff volume control 0.07
control Sfﬁciency 0.18 Runoff peak time delay 0.06
y Runoff peak volume reduce 0.04
Suspended pollutant 0.05
Runoff Runoff quali removal
control 0.45 0.47 0.42 0.38 0.43 unol %ua ity 0.15 Oxygen-consuming
function control efficiency pollutant removal 0.04
Toxic pollutant removal 0.04
Nutrient pollutant removal 0.03
Runoff reuse 0.10 Runoff utilization capacity 0.10
efficiency
Equlpment 0.15 Construction costs 0.15
Cost investment
. 0.34 0.20 0.35 0.34 0.31
investment Mai 016 Management costs 0.08
aintenance ’ Maintenance costs 0.08
Landscape 0.14 Greening benefits 0.08
. aesthetics : Aesthetic benefits 0.06
s:rf;;lt 0.21 033 023 028 026 Visitor flowrate 0.04
Space vitality 0.12 Facility interactivity 0.04
Visitor activity 0.04

3.3. Comprehensive Effectiveness Score Ranking for GI Decision-Making

Figure 4 illustrates the combined effectiveness score ranking for GI, which considers
diverse stakeholder perspectives and the inherent multifunctional benefits of GI. The
study’s findings indicated that WP was the primary GI facility in the study area, followed by
BF and VS. The highest-scoring Gl is a systemic detention and regulation facility constrained
by site space. The necessary hydraulic retention period can ensure a high runoff quantity
and quality control and a considerable rainwater resource utilization capacity. Since WPs
are highly self-healing during regular operation, management and maintenance need can
be moderately eased, improving cost-effectiveness. Because WPs are primarily located in
suburban regions with minimal population activity, they perform poorly in visitor flow and
engagement with residents, resulting in a low social benefit score. The second-ranked BF is
a source-oriented facility that is highly successful in regulating the quantity and quality of
runoff. Owing to the expensive initial investment in equipment and ongoing management
costs, its cost-effectiveness is compromised. In the core urban area, BF is chosen due to
the high volume of visitors and the consequent opportunity to interact effectively with
neighboring residents, resulting in more excellent social benefits. At a transport process
control facility VS is the third-rated GI. VS requires less initial capital expenditure and
minor maintenance and performs well in cost-effectiveness.

The region’s suitable GI facilities were selected based on the pollution load intensity,
slope, available area, and reserved area. GIs with the highest scores in the multifunctional
evaluation system are regarded as the most suited GI facilities in the study area, as shown
in Figure 5. WP is preferable in places with a large area in the suburbs, where runoff
control pressure arises from centered upstream. The most significant hurdle for WP is the
space. However, affordable land property in the suburbs provides chances for WP and
ecosystems. End-of-system wetland regulation of runoff quantity and quality has also
been extensively shown in previous research [32,33]. According to the site appropriateness
evaluation matrix, BF is the most recommended in blocks with little available space and
significant pollutant loads. BF provides exceptional runoff quality control but is costly [7].
Despite eliminating budgetary constraints, as illustrated in Figure 5, some areas strongly
need runoff quality reduction. In densely built-up places, VS is favored. Length impacts
the performance of VS. Owing to its form and purpose, VS is utilized widely [4,34,35], as
indicated in this study and previous research, along pathways, riverfronts, and major roads.
Many GI systems in urban areas use SGS [36,37] because they store runoff economically
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and work with the landscape. SGS can control runoff, save money, and boost social benefits.
SGS became the widest preferred mode of runoff control, as proved in this study.

wet Pond NI N NN ‘BN N1 == Runeftuolime conrl

[0 Runoff peak time delay

Bioretention facilities- . - - l- B Runoff peak volume reduce
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Figure 4. Ranking for weighted multi-functional effectiveness combined score.

B Wet Pond
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I8 Sunken green spaces
7 Permeable pavement
Bioretention facilities

Figure 5. Regional most preferred GI distribution.
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3.4. Discussion

This research presents a decision-making framework for the spatial layout of GI that
considers aspects such as site suitability, multifunctional effectiveness, and weight assign-
ment based on the desires of stakeholders. Promoting the technique requires highlighting
three aspects. First, select and evaluate GI sites. GIs were traditionally allocated based
only on managers’ opinions [2,21], ignoring the diverse stakeholders who directly profit
from them. In GI layout planning, opportunistic site selection is insufficient without sys-
tematic analysis, robust data, and in-depth investigation [38]. This study considers the
spatial heterogeneity offered by natural conditions, pollutant concentration characteristics,
and constructible area of the region. These features are analyzed as prerequisites for an
appropriate GI layout, ensuring that GI effectiveness can be maximized. Second, local
monitoring data and parameters are integrated. This study’s GI layout decision-making
frameworks could be replicated in other cities. The sophisticated site localization and GI
efficacy evaluation system involves various indicators. Generalizing optimization insights
depends mainly on geography, requiring localized experiments and data processing. It
is also possible to streamline the evaluation system’s indicators by retaining only those
essential indicators. During the systematic examination, consideration must be given to the
synergistic application of data from numerous sources. Third, stakeholders are involved in
decision-making. Residents, architects, and the government are GI stakeholders. Architects
and residents are subject to government-imposed constraints [39]. Urban amenity as a
resident’s objective has been disregarded. This study demonstrates in a novel manner
the preferences of residents and industry academics for GI multifunctional effectiveness,
ensuring that implementation benefits satisfy essential stakeholders.

4. Conclusions

An assessment index approach was developed to make it easier to identify a GI layout
plan that meets the site’s characteristics. First, the usefulness of GI for a particular site
was determined by the pollution load intensity, slope, available area, and constructible
area. Then, the multifunctional benefits of a typical GI were quantified in terms of runoff
control function, cost investment, and social benefits. The case study was conducted in the
sub-center of Beijing. To determine the index weights for decision-making, we examined
the GI multifunctional preferences of local stakeholders, including administrators, experts,
and residents. BF is the most preferred in densely built-up areas with limited available
space and significant pollutant loads. In the most urbanized region, VS is favored. WP
is preferable in places with a large area in the suburbs, where runoff control pressure
arises upstream. The optimal layout outcomes are consistent with the region’s natural
resources and stakeholder interests. The GI is designed with a specific layout to maximize
multifunctional benefits.
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