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Abstract 
Current performance-based planning approaches and modeling can represent a valuable tool for the enhancement of 
nature-based solutions in city regeneration. Model simulations can be used in ex-ante design/plan evaluations but an 
effective use in operational urban planning is still missing. Urban planning with NBS is multidimensional and multi-
objective in scope. Still, most studies related to NBS, tend to reduce their assessment to single issues and specific 
aspects the urban system deals with, often disregarding the complexity of impacts and trade-offs.  Functional and 
spatial modeling approaches can better allow NBS complexity to be investigated at different temporal and spatial 
scales. This study examines existing modeling tools to explore the potential application in the urban planning 
practice and the set-up of spatial decision support systems. Comparative criteria are proposed to organize and 
evaluate information from the collected data and examples. To advance the knowledge of the NBS modeling tools 
and their suitability for the spatial planning processes and practices, criticalities and potentialities of models with 
regard to the planning context, the model characteristics, temporal and spatial scales, data resolution, and case 
studies implementation are investigated. 
The models’ applicability to capture and evaluate the spatial complexity and geographic diversity of the benefits 
produced by different NBS is discussed, and further recommendations for considering NBS modeling integration 
into the planning process to make the just decision on urban transformations are provided. 
 
Parole chiave: spatial planning, green infrastructure, scenarios 
 
 
1 | Nature-based Solutions and modeling in spatial planning 
Understanding the relationship between urban form (e.g. density and building type), network 
infrastructure (e.g. drainage systems), and unbuilt spaces (e.g. green areas) is essential to making well-
informed decisions about the placement of new and adaptation of existing land uses. For instance, cities 
are increasingly adopting Nature-Based Solutions (NBS) to address multiple societal challenges and urban 
regeneration effectively. However, inappropriate spatial planning and siting of NBS not only limit their 
functionality but can also lead to other issues such as ineffective resource use and environmental injustice 
(Sarabi et al., 2022). 
Importantly, planners need support in the analysis and selection of suitable and effective NBS solutions 
looking together at different types of urban issues and spatially identifying the benefits these solutions can 
generate. In particular, reducing flooding and excess urban heat, and protecting populations from the 
consequences of extreme rain events and temperatures is one of the 21st century’s key resilience and 
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sustainability challenges for urban areas experiencing the effects of global warming (Majidi et al., 2019; 
Word Bank, 2022). Thus, NBS are particularly explored by the scientific literature to foster climate change 
adaptation, considering primarily their regulating benefits of increasing water retention and infiltration, 
reducing stormwater runoff, and reducing air temperature through shading and evapotranspiration 
(Cortinovis et al., 2022). Consequently, the quantification of the hydrological performance of NBS as well 
as their ability to improve the urban micro-climate based on physical properties and climate conditions is 
crucial. As it is the conceptualization of NBS in terms of their relevant planning aspects. 
Models are proven to address city complexity and aid stakeholders in the challenging process of exploring 
theoretically possible scenarios (Abou Jaoude et al., 2022), and existing modeling tools (MTs) are 
increasingly used to aid the design and selection of NBS technologies, geometries, and configurations and 
to acquire a deeper knowledge of the processes underlying NBS planning and design (Pons et al., 2023).  
However, on the one hand, past approaches to spatial and urban analyses, land use categorizations, 
zoning, and reference spatial units were traditionally used to support planning and design processes at the 
urban scale without analyzing or interpreting the physical spaces by combining multiple bio-physical 
perspectives (hydrological, hydraulic, energy, ecological and so on).  
On the other hand, existing tools mostly address the modeling and communicating of the opportunities 
and performances of the urban system (including green technologies) based on analyses of biophysical 
processes (e.g., water balance models and hydrological/hydraulic models; energy models), rarely based on 
other aspects pertinent to spatial strategies and urban form.  
As a result of both previous evidence, There are still gaps and barriers to wider uptake of such tools by 
cities and local authorities, which hinders their contribution to mainstream NBS projects at a local level. 
This is although many open-source or licensed tools and databases have been developed to guide the 
implementation of NBS measures aiming to create more resilient and sustainable urban areas, following 
the implementation of various European-funded research and innovation NBS projects.  (Voskamp et al., 
2021). Spatial planning still struggles to incorporate holistic scientific-disciplinary inputs into the processes 
of strategy analysis and evaluation, and land design control and has designed urban transformations that 
are unresponsive to urgent issues of risk mitigation and adaptation, ecologically oriented regeneration, 
equity of spatial planning outcomes, etc. At the same time, the “planning side” of urban water and energy 
management has remained underexposed since urban areas are faced with highly complex planning 
problems that go beyond conventional infrastructure engineering (Kuller et al., 2017). 
To fully capitalize on the potential of NBS in spatial planning, the evidence of the effectiveness of NBS 
has to be diffused among policymakers, city planners, and inhabitants of many cities. Moreover, the 
analysis and selection of the most appropriate and effective planning solutions to different types of urban 
issues need to be more accessible. Thus, MTs should be carefully analyzed, and selected to integrate the 
spatial dimension of NBS in the planning process and to test and validate scenarios for case studies. 
Depending on the typology of the urban issue focused, one or more models can be used for evaluating 
the potential contribution of different NBS to outdoor thermal comfort, urban energy consumption, and 
surface runoff regulation. 
As a consequence, spatial and planning decision support systems (SP-DSS) can be usefully informed once 
modeling tools for NBS are selected based on a reasoned comparison, including factors of suitability to 
address specific challenges in cities, specific needs of end-users, and local contexts, easiness of 
applicability in spatial planning.  
This paper overviews the existing modeling tools for NBS in cities to address flooding and heat extremes 
in urban areas and frames sets of comparative criteria to support a proper MTs selection for designing a 
comprehensive SP-DSS. 
 
2 | Review of modeling tools 
2.1 | Tools Collection 
To examine the potentialities and shortcomings of NBS modeling tools that can be used to feed the SDSS 
for NBS uptake, the first step was to overview relevant NBS modeling tools. NBS are here understood as 
Solutions that are inspired and supported by nature, which are cost-effective, simultaneously provide 
environmental, social, and economic benefits, and help build resilience (EC), referring mainly to green-
blue infrastructure to address heat and flood risks as well as high-quality regeneration opportunities.  
Modeling tools were identified by the authors based on their knowledge and expertise, and additional desk 
research. 
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The latter entailed a combination of reviewing the websites from EU-granted projects related to cities 
dealing with NBSs, ecosystem services (ESs), green infrastructure, urban resilience, and climate change 
and reviewing peer-reviewed scientific journals, reports, and grey literature. The search was implemented 
through Google Search, Google Scholar, and Scopus between January and April 2024.  
After being slightly refined according to the research questions and objectives, the search resulted in a set 
of relevant modeling tools. 
The tools were further compared only if adhered to the following conditions: 
1. the modeling tool is understood to be a software package with a user interface or spreadsheet for NBS 
performance/benefits simulation. This means that the term ‘modeling tool’’ goes beyond the term ‘model’ 
and may include several models and model choices (mathematical) (Pons et al., 2023). 
2. the tool can be used to support NBS uptake in the urban environment (directly or indirectly allows for 
NBS performance/benefits simulation). 
3. The tool's subject scope includes urban issues related to heat stress and/or flood regulation apart from 
possibly other thematic foci (regulating performance simulations). 
4. the tool is readily available and open-source. 
 
2.2|Analysis of the tools  
The next step was to select criteria for comparing modeling tools. The selection is performed based on the 
knowledge and expertise of authors, informed by scientific literature focusing on modeling tools for 
spatial planning. The comparison is framed considering both the characteristics of the MT which serve to 
represent the urban system, and the informational possibilities the MT provides (Figure I). 
 

Figure 1 | NBS modeling tools’ comparison criteria. 
Source: authors. 

 
For the representation of urban systems, including the NBS technologies, six criteria were considered. 
The “model type” criterion (C1) refers to the main model approach, e.g. material/energy-oriented models 
or integrated models (Pelorosso, 2020). The “model capability” aspect (C2), refers more precisely to the 
various tool capacities such as accounting for hydrologic or hydraulic processes. 
The “modeled features” criterion (C3) returns information on the main simulated system and subsystems 
while the “modeled NBS” specifies which NBS technology (green roofs, vertical greening, trees, 
permeable pavements, etc.) could expressly be designed in the tools. 
The main input data required (C4) and the related resolution are additional criteria useful to better weigh 
up the complexity of the data entry tasks, which also depend on the spatial and temporal scales (C5 and 
C6) chosen for the scenario design and modeling. Indeed, the latter two can be considered the connecting 
criteria that determine how the informative outcomes result from the system representation, thus 
outlining the selected spatial resolution appropriate for the balance between the accuracy and efficiency of 
modeling.  
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For example, setting simulation options defines how the analysis is carried out and might imply choosing 
among computational methods and models such as flow routing and infiltration, flows routing models, or 
thermodynamic behavior of different land cover categories. 
In flooding simulations, setting the temporal and spatial scale of the analysis might result in approaching 
the simulation as a one-dimensional model, or a two-dimensional surface flow model, as well as in running 
a long-term continuous simulation using a historical rainfall record or single event simulation. 
In climate simulations, cooling capacity estimation might be approached by relying on empirical weights, 
derived from a limited number of case studies, or conducting experimental studies that provide insights 
into the relative effects of shade, albedo, and evapotranspiration. 
The “modeling application” criterion (C7) is directly connected to the C1 and C2 and used to describe the 
typical utilization of the MT, for example, the design and sizing of drainage system components for flood 
control, the quantification of urban forest structure and environmental effects, the evaluation of the 
benefits of distributed GI implementation on water quantity and quality in urban streams. 
“Output data” (C8) are proxies of the urban system performance. For instance, the flow peak releases 
from an urban catchment in a pre- and post-development scenario serve to calculate the peak flow ratio 
index, frequently chosen to evaluate how close the post-development scenario is to a required hydraulic 
invariance urban catchment asset (Pappalardo et al., 2017). 
Similarly, computing the cooling capacity (CC) index provides insights into the relative effects of shade, 
and evapotranspiration (Geneletti et al., 2019). 
Based on the above criterion, the more generic “urban issues” criterion (C9) readily returns the climate-
related hazard or other particular challenges the urban system is simulated to face. 
The qualitative understanding of the potential for applicability of each MT in spatial planning through its 
integration into planning and decision support tools was based on the outcomes of MTs comparison.  
 
3 | Results and discussion 
Despite some authors advancing more complex definitions of NBS1, the latter are still present in the 
scientific and grey literature mainly as green infrastructure and a great part of studies and research 
returned information on the modeling practice of stormwater green infrastructure. 
Accordingly, the majority of identified MTs is applied to predict the water quality and water quantity 
impacts of different green infrastructure approaches. Other models concerning climate regulations allow 
to simulate environmental factors such as heat island effect and outdoor comfort. 
In general, it is definitely more frequent to review studies focused on models that can predict a single or a 
limited range of environmental outcomes within a limited range of scales, and not necessarily used to 
design scenarios for spatial planning.  
Table 1 includes the list of retrieved MTs, adding the main relevant characteristics and literature references 
for relevant studies. The tools fulfilling conditions no.1 to no.4 (Section 2.1) are greyed out and further 
compared as an example of the application of the proposed comparison criteria for the MTs investigation 
(section 2.2). 

Table I | NBS Modeling Tools (MTs). 
 

Modeling Tool Description Type References 

ARIES Automatically assemble the most appropriate 
ES models based on a library of modular 
components, driven by context-specific data 
and machine-processed ES knowledge 

Modeling 
platform 

Villa et al. (2014) 

Center for Neighborhood 
Technology Green Values 
National Stormwater 
Management Calculator  
(CNT Green Values) 

Allows the user to evaluate what combination 
of Green Infrastructure Best Management 
Practices (BMPs) meets the necessary volume 
capacity capture goal in a cost-effective way 

Spreadsheet 
tool 

Rahman et al. (2023) 

ENVI-met It is a three-dimensional microclimate 
simulation software that looks at the complex 

Software 
suite 

Liu et al. (2021) 

 
1 Nature based Solutions are designed nature—similar to urban green infrastructure—that are implemented to address the urban 
challenges of climate change, food security, and water shortage, and disaster risk and are based on both the ES and GI concepts 
but are novel in that they are conceptualized and implemented (Haase, 2020). 
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urban environment as a single system and 
consider the multitude of processes that take 
place between elements (Determination of 
evapotranspiration and sensible heat fluxes to 
and from the plant, consideration of façade and 
roof greening in relation to all energy flows, 
Short- and long-wave radiation fluxes taking 
into account shading, multiple reflections from 
surfaces, buildings, and vegetation, etc.) 

GreenPlan-IT It informs the planning of Green Infrastructure 
at the Watershed Scale, optimizing the placing 
of green infrastructure in the landscape and 
tracking the effectiveness of these installations. 

Decision 
Support 
System 

Zi et al. (2021) 

InVEST It includes various models for quantifying, 
mapping, and valuing the benefits provided by 
terrestrial, freshwater, and marine systems. It 
can estimate the amount of ecosystem services 
that are provided on the current landscape or 
under future scenarios. 

Software 
suite 

Lourdes et al. (2022) 

i-Tree 
(core programs: i-Tree Eco;  i-
Tree Design; i-Tree 
Landscape;  i-Tree Hydro 
 i-Tree Canopy; i-Tree 
MyTree) 

It is designed to aid in assessing and monitoring 
their local forest resource and understanding the 
services and values provided by trees and 
forests (i-Tree Hydro simulates the effects on 
hourly stream flow and water quality due to 
changes in tree cover and impervious cover 
within a watershed; i-Tree Eco provides the 
user with info on 
number of trees, air pollution removal and 
health effects, carbon storage and sequestration, 
stormwater runoff reduction, and effects on 
buildings’ energy use), 

Software 
suite 

Raum et al. (2019) 

EPA’s National Stormwater 
Calculator (SWC) 

Allows the user to estimate the annual amount 
of rainwater and frequency of runoff from a 
specific site using green infrastructure as low-
impact development controls. 

Software 
tool 

Bernagros et al. (2021) 

EPA Stormwater Management 
Model (SWMM) 

Serves as a dynamic rainfall-runoff simulation 
model used for a single event or long-term 
(continuous) simulation of runoff quantity and 
quality from primarily urban areas. It explicitly 
models the hydrologic performance of specific 
green infrastructure control measures 

Software 
tool 

Gironás et al. (2010) 

SUSTAIN A watershed-scale decision support system that 
combines tools for site suitability analysis, 
stormwater quality and quantity analysis, cost-
effective Low Impact Development (LID) 
selection optimization, and evaluation of 
various LID options 

Decision 
Support 
System 

Lee et al. (2012) 

UMEP Open-access set of tools and models for urban 
climatology and climate-sensitive planning 
applications, mainly related to outdoor thermal 
comfort, consumption of urban energy, and 
climate change mitigation. The most important 
feature of the model is its complete integration 
in GIS, allowing users to use in a spatially 
explicit way all parameters of the model and, 
more importantly, to edit and map inputs and 
results directly in GIS. 

Software 
tool (GIS 
plug-in) 

Lindberg et al. (2018) 

URBANBEATS Urban Biophysical Environments and 
Technologies Simulator for different city-scale, 
regional, and neighborhood solutions. It opts 
for the exploration of the interactions between 

Planning-
Support 
System 

Bach et al. (2013) 
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policy, urban form, technological solutions, and 
stakeholder preferences 

Virginia Runoff Reduction 
Method (VRRM) 

Allows the user to evaluate the effectiveness of 
different BMPs and BMP combinations for 
water quality compliance and water quantity 
control requirements 

Spreadsheet 
tool 

Golden et al. (2016) 

 
This tools collection cannot be considered an exhaustive review of existing NBS modeling opportunities 
with valuable tools potentially missed due to the adopted search, selection criteria, and 
researchers’/experts’ knowledge and perspectives. The authors are not aware of a more comprehensive 
list of modeling tools available for NBS urban regulating performances, though. 
Results of the criteria-based comparison are presented in Table 2 for three different models that cover 
both the focused urban issues: SWMM model for flood control, UMEP for urban outdoor thermal 
comfort, and INVEST for integrated evaluations. 
 

Tabe II | Suggested criteria for comparing Modeling Tools. 
 

Criterion SWMM UMEP INVEST 
(1) Urban Flood Risk Mitigation 
(2) Urban Cooling 

C1 - model type rainfall-runoff 
simulation model 

thermodynamic model (1)rainfall-runoff simulation model 
(2)shading and evapotranspiration 
models 

C2 - modeling 
capabilities 

hydrologic and 
hydraulic 

urban climate estimations 
(urban radiation, 
energy and water balances) 

(1)hydrologic 
(2)cooling capacity 

C3 - modeled 
feature/s and 
modeled NBS  

sub-catchments 
nodes 
links (conduits; roads) 
NBS (green roof; rain 
garden 

Land cover raster (1) land use/land cover raster 
(2) land use/land cover raster 

C4 - Data input and 
data resolution 

Meteorological data, 
land surface 
characteristics  
(e.g., impervious area 
and soil characteristics), 
drainage network 
characteristics, NBS 
characteristics – high 
resolution 

Land cover 
DSM 
Climatic data 

(1)Meteorological data, land surface 
characteristics  
(land use/land cover, rainfall depth, soil 
characteristics), vector map of building 
footprints  
(2) Air temperature, urban heat island 
effect land surface characteristics  
(land use/land cover, 
evapotranspiration, shade and albedo), 
vector map of building 

C5 - spatial 
scale/spatial units 

small (building and/or 
neighborhood level) 

Small and medium (1)watershed or sewershed boundaries 
(2) small  

C6 - temporal scale single (rainfall) event or 
long-term simulations 

- (1)single (rainfall) event 

C7 - modeling 
applications 

controlling site runoff 
using stormwater green 
infrastructure practices 

Heat Island 
Outdoor thermal comfort 

(1)qualitatively represents the effect of 
natural infrastructure on stormwater 
flooding and the avoided damage for 
built infrastructure 
(2) estimates the cooling effect of 
vegetation based on commonly available 
data on climate, land use/land cover, 
and (optionally) air conditioning use 

C8 - Data output Runoff volume, runoff 
rate, mean pollutant 
concentration, total 
pollutant load 

Mean Radiant Temperature 
Heat Island Index 
Urban Energy Balance 

(1)Runoff volume retention, the flood 
volume per watershed, potential damage 
to built infrastructure per watershed 
(2) Urban Heat Mitigation Index, value 
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of Heat Reduction Service 

C9 - Urban issues Stormwater quality and 
quantity regulation 

Climate Regulation (1)Urban Flood risk mitigation 
(2)Urban Heat mitigation 

 
Filling in the table fields, criteria by criteria, resulted in the emergence of critical issues and potentials for 
each of the MTs, further clarified in terms of “applicability” and discussed to derive some general 
considerations. 
Namely, four second-level sub-criteria were singled out, to qualitatively define the overall level of MTs 
“applicability in spatial planning”: 
• the level of accessibility (in terms of expertise, know-how, or competence required). 
Practitioners rarely pick up models, mainly due to their complexity, low user-friendliness, and the 
extensive training and time needed to generate relevant outputs (Kuller et al., 2018). Moreover, simpler 
models require less data that might be retrieved from publicly available databases, while more complex 
models require more data to provide the necessary parameters and calibration. SWMM requires relatively 
extensive input data and technical expertise but could potentially provide more accurate results; similarly, 
UMEP requires defining more physical parameters in a time-consuming modeling process. InVEST 
boasts a pretty good balance between limitations and simplifications of the model, which uses a simplified 
approach for runoff production and attenuation estimation but concurrently introduces high uncertainties. 
Albeit obvious, much effort must be put into determining, for each model being considered, the amount 
of data and the spatial and temporal resolution it requires. 
• the existing/past application/implementation (in terms of case studies and actual planning 
processes). 
Implementing MTs in real case studies or their integration into SP_DSS has to be considered an added 
value for a smoother NBS uptake in the urban environment. Planning support systems relying on MTs 
functionality facilitate stakeholder interaction, enable data organization, integration, and visualization, and 
enable option evaluation to inform and empower planning processes. The results have also been gathered 
to obtain examples of the MTs' integration into SP_DSS, to seize early insights on barriers and 
opportunities for improved spatial planning/decision support systems. SWMM has already been 
integrated into more or less complex planning and decision support systems such as GreenPlan-IT and 
URBANBEATS, confirming that it is considered perhaps the most reliable modeling tool for stormwater 
urban flooding.  
However, even when the SP-DSS are GIS-based, few present methods are acknowledged to allow for 
spatial explicitness (URBANBEATS; ARIES); mostly the integration of spatial/location issues/variables, 
such as the consideration of land suitability for NBS measures is based on biophysical characteristics of 
the system with other fundamental aspects such as the urban form and/or planning regulations 
underrepresented (SUSTAIN). Furthermore, a few examples map out the areas where NBS planning 
needs to be prioritized to address environmental disparities resulting from high flooding risk or thermal 
discomfort intersecting with vulnerable communities and the demands’ geography. 
• the potential for MTs combination to address multifunctionality and multiple urban issues 
(looking at data input/output, spatial reference units, etc.). 
The flexibility of the MT is the extent to which the tool can be applied for different planning tasks or 
coupled with other MTs to cover the extent to which all the relevant dimensions are taken into account; 
the level of detail of the MTs should match the perspective of participants so that the usability of the MTs 
is favored according to the specific planning issue (Pelzer, 2017). Compared MTs tools (Table II) all 
provide quantitative data, which are fundamental to design indicators to measure features or processes of 
the human-environmental urban system under various scenarios, characterized by issues such as flooding 
risk or heat stress. However, this output information is likely to be returned without being spatially explicit 
or mapped based on varying spatial reference units (Figure 2a; Figure 2b). That is, a further data 
processing effort might be required to obtain a coherent representation of scenarios and comparable 
mapping. 
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Figure 2a | Output of the UMEP model (Mean Radiant Temperature in Catania; Sicily). 
Source: authors. 

 

 
 

Figure 2b Output of the SWMM model (Water Depths in the surface drainage system of an urban sub-catchments in Avola, Sicily). 
Source: authors. 

 
In these regards, software suites such as InVEST, better respond to the needs of planners and decision-
makers thanks to their modular and multi-service design and are the most popular tools among scholars. 
Both are frequently recommended to inform decisions about natural resource management by exploring 
how ecosystem changes are likely to lead to changes in benefits that flow to people. 
Specific limitations in software capabilities could affect the usability of the tool, for instance when 
analyzing the future of a regeneration area it might be useful to compare the regulating performance of 
the combination of NBS but not all green measures can be explicitly modeled by all MTs and might be 
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approached differently (for example SWMM models green roofs, rain gardens, bio-retention cells, 
permeable pavements, vegetative swales but not trees which, perhaps counter-intuitively, “can be 
simulated as an impervious surface, with depression storage (interception), whose runoff is onto an 
adjacent or underlying pervious surface” (Rossman 2015); InVEST proxies the NBS by modifying land 
cover properties but the resolution should be small enough to capture the effect of green spaces in the 
landscape; UMEP does not allow to simulate the effects on customized land cover categories).   
Weighing the cost and accuracy of a simple model against gradually more complex models can assist in 
determining the level of accuracy needed to fulfill the planning aim, which can then be used to deploy 
staff and budget resources more effectively. For instance, when planning the future regeneration of a 
brownfield area with a group of environmental analysts and landscape architects, it might be very 
important to get an extremely detailed insight into the environmental factors (e.g. noise, air quality, etc.), 
whereas when a long-term vision for a region is developed coarser information might be more suited, with 
a lower level of detail (Pelzer, 2017). 
To advance the knowledge of the NBS modeling tools and their suitability for spatial planning processes 
and practices, the incremental gain in accuracy of a particular model is probably not worth the incremental 
increase in cost. 
However, designing a more advanced comprehensive SDSS to capture and evaluate the spatial complexity 
and geographic diversity of the benefits produced by different NBS might require more effort in 
approaching scenario modeling. 
• the visual output and interactive characteristics 
The extent to which the tool can directly respond to the users’ questions and the extent to which the 
visual output is useful for the end-users is important, particularly if the intended users are not directly 
involved in the collaborative development of a complete SP-DSS and are rather more likely to be asked o 
suggested to implement the models in their policy and planning practice. 
 
4 | Conclusions 
The lack of systematic study into the practical usage of modeling tools after their invention and the low 
acceptance of spatial/planning decision support systems in planning practice has prevented urban 
planners from fully realizing the potential of NBS for regenerating cities against the consequences of 
extreme rain events and temperatures and toward more sustainable transitions. This condition reiterates 
the need to find more effective ways to put this accumulation of knowledge at the service of planning 
rationality and its instruments. Indeed, quantifying the services or putting a price on the natural assets 
provides a critical basis for accounting “nature” as part of the municipal assets and thus supports assets’ 
management and enhancement. A variety of models are available for assessing the performance of green 
infrastructure practices in the urban environment. However, before selection, specific needs and resources 
at disposal must be identified. Defining the objective of the planning effort (thus the environmental 
parameters to include in the model, the spatial and temporal scale of simulations), determining the data 
requirements (amount and spatial and temporal resolution), and choosing the simplest model that can 
meet the objective will support the integration of relevant technical and environmental factors related to 
urban design, at all relevant scales at which the problems are to be addressed, into the planning process. 
Importantly, such an approach becomes useful in thoroughly justifying planning and policy choices 
against public resistance and political opposition. This paper investigated existing tools for NBS regulating 
performance modeling and recommended the use of comparison criteria to facilitate the identification of 
potential criticalities in MTs integration for SP_DSS, and to qualitatively evaluate their level of 
applicability in spatial planning. 
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