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ABSTRACT 
Urban challenges, such as climate change, economic development and land conversion, are increasing 
and attracting more attention, consequently widening the complexity of urban planning and decision-
making processes. Nature-based solutions (NBS) are considered to contribute to resolving these 
emerging urban problems. While models are available to assess the impacts of NBS on urban heat, air 
quality, flooding and water quality, there are few models that evaluate their socio-economic impacts. 
Even though statistical models could provide insight in their actual (ex-post) socio-economic impacts, 
simulation models represent a key tool to urban planning as they provide the opportunity to assess the 
expected (ex-ante) socio-economic impacts of NBS and, thus, allow better informed decision making 
before implementation. This paper provides, first, a review of socio-economic models that can assess 
the impact of NBS (either statistical or simulation) and, second, a review of socio-economic models 
that assess the effectiveness of policy instruments to steer urban development patterns. Results show 
that there is a lack of spatially explicit simulation models with the ability to assess the socio-economic 
impacts of different NBS. Most models that assess socio-economic impacts include statistical (ex-
post), non-spatially explicit or use non-European case studies. Socio-economic impacts evaluated 
include urban sprawl, housing prices and gentrification. Furthermore, there is a lack of models that 
have the potential to assess socio-economic impacts of NBS as well as the impact of policy 
instruments that influence urban development patterns. Hence, it is concluded that there is need for 
simulation models that allow to assess the expected (ex-ante) socio-economic impacts of NBS as well 
as the effectiveness of land use policy instruments. 
Keywords:  nature-based solutions, policy instruments, simulation model, socio-economic model. 

1  INTRODUCTION 
Urbanization is taking place at an unprecedented rate, being expected that in 2050 almost 
70% of the world’s population will be living in cities. It is likely that half of that urban area 
is yet to be developed, providing an opportunity for planning and decision-making 
processes to be developed that increase resilience and create sustainable cities [1], [2]. 
Hence, urbanization is one of the most urgent challenges as it has serious environmental, 
social and economic impacts, such as biodiversity loss, air and water pollution, noise, 
flooding, extreme events, crime, social inequalities, poverty, degraded urban environments 
and loss of natural spaces in urban and peripheral areas [3]–[5]. 

Therefore, large parts of the population are exposed to urban environmental conditions 
that pose threats to their health and well-being. Urbanization processes decreases the 
available green space for the citizens, increasing environmental injustice, criminality, 
exclusion of vulnerable groups, raises infrastructure costs and excessive land conversion 
[6]. This paves the way to support the growing need for the implementation of urban 
sustainability principles, embedded in social, economic and environmental patterns. The 
economic dimension entails growth, consumption, productivity and development without 
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hindering future demands, while the social dimension encompasses the necessity to meet 
citizen’s needs and promote equality [7]. 

Unplanned urbanization leads to scattered, low density, discontinuous, leapfrog 
development, named urban sprawl. This phenomenon is the outcome of individual 
cumulative decisions involved in land use development, as citizens wish to improve their 
residential location and property size as well as proximity to urban centres and 
environmental amenities subject to land availability, income, housing and commuting costs 
[8]–[10]. Urban sprawl is associated with excessive land and resources consumption, air 
and water pollution, soil erosion, global warming, loss of natural green space, 
environmental degradation, biodiversity decline, excessive car use, weakened economies, 
services provision hampering, health problems, housing shortage, income inequality, 
segregation and polarization – thus decreasing urban resilience to climate change [11]–[13]. 
This has become a key environmental and socio-economic challenge and a primary concern 
for urban planners and policy-makers. In fact, land use change is acknowledged to be one 
of the main indicators of socio-economic and environmental change [11], [14], [15]. This is 
a critical and growing issue, creating irreversible impacts in communities worldwide – even 
where the population is not growing [16], [17]. This leads to segregation and inequality 
across socio-economic groups, promoting vulnerable citizens to be exposed to 
environmental hazards and different access to natural amenities and housing conditions, 
increasing health risks and decreasing life quality [18], [19]. 

Hence, urbanization is considered the main responsible phenomenon for natural space 
degradation in cities and is increasing the demand for green spaces [20], [21]. Nature-based 
solutions (NBS) are a recent concept emerging in European contexts that are considered 
solutions to increase cities’ resilience, defined by the European Commission as “solutions 
that are inspired and supported by nature, which are cost-effective, simultaneously provide 
environmental, social and economic benefits and help build resilience” [22], [23]. This 
concept is related to and integrates other concepts, such as Green and Blue spaces, 
Ecosystem Services and Ecosystem-Based approaches [24]. NBS provide several 
environmental, economic and social benefits and co-benefits. Besides the benefits related to 
air and water quality, flooding control, temperature reduction and biodiversity promotion, 
they are acknowledged for addressing socio-economic challenges, namely improving the 
quality of life of vulnerable populations and promoting health, food production, cultural 
and spiritual benefits, green jobs, recreation and promoting social inclusion [3], [25], [26]. 
Therefore, NBS can be considered attractive features or amenities that influence citizens’ 
residential location, as households care about the quantity and quality of natural 
environment surrounding their living spaces to benefit from their ecosystem services. Ergo, 
having a potential impact on the urban configuration, namely urban sprawl, urban density, 
housing and land prices [19], [21], [27]. 

Urban planning and policy are crucial to promote quality of life related to 
environmental concerns and land use [28]. Nonetheless, policies to steer urbanization 
processes and promote NBS implementation are yet to be fully integrated in urban planning 
and decision-making processes [29], [30]. Policy instruments are governance tools that 
have the potential to steer urbanization and socio-economic patterns [8] and to influence 
NBS adoption and natural space protection [31], [32]. These can be divided in planning, 
economic and information instruments. The first include regulations, laws, restrictions, 
directives, plans and other command and control strategies, imposing behaviours. 
Economic instruments include taxes, subsidies, trading permits and other payment systems, 
encouraging behaviours while internalizing externalities. Information instruments entail 
education, training and other communication and stakeholder engagement actions, such as 
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workshops, surveys and certifications [8], [33], [34]. Dorst et al. [35] advocate that a 
holistic governance direction, including different planning and economic policies, is the 
way to implement urban sustainability solutions. According to Ferrari et al. [36], integrated 
planning that consider land and spatial development can contribute to NBS implementation. 
Berre et al. [37] and Du et al. [38] also underpin the importance of planning, legislation and 
regulations in curbing urban sprawl. Moreover, Mendonça et al. [8] demonstrated that 
economic instruments, such as land and property taxes as well as public transport subsidies, 
have the potential to curb urban sprawl, gentrification and work alongside amenities. Land, 
property and transport taxes and subsidies have also been considered effective anti-sprawl 
policies by other authors [10], [14]. Several other authors demonstrate the crucial role that 
information instruments have in NBS implementation and sustainability promotion [34], 
[39], [40]. 

However, there still is limited integrated research on socio-economics, land use patterns 
and NBS [13], as NBS are considered a recent concept and sprawled urbanization is still a 
major concern [16], [23]. Policy instruments, despite acknowledged as capable of steering 
urbanization patterns, are mostly superficially addressed, and their connection with NBS is 
rather thin [34]. Moreover, NBS literature focusses mostly on environmental benefits, while 
few studies assess social and economic benefits as well as policies [23]. Hence, there is a 
need to develop a robust evidence-base and framework regarding NBS socio-economic 
benefits and their integration in urban policy [3]. 

Modelling is a relevant tool to build an evidence-base, advise policy makers on the 
potential impacts of NBS and NBS policies on urbanization, socio-economic and 
environmental dynamics [8]. Statistical models facilitate ex-post assessments and are based 
on large amounts of observed data to derive statistical relationships [41]. With simulation 
models, ex-ante assessments are possible, allowing for long-term predictions of different 
scenarios without the need for large amounts of observed data [8], [42]. Simulation models 
are increasingly used to assess urban policy, urbanization and environmental development 
patterns [43], [44]. Statistical and simulation models can be economic or not, depending on 
whether they are based on agents that maximize their utility in an optimization perspective, 
assessing their willingness to pay for goods [42]. Economic models are crucial in modelling 
environmental amenities, socio-economic behaviour as well as policy and pricing 
dynamics. In fact, non-economic models struggle to integrate decision making, can only 
assess socio-economic patterns implicitly and fail to simulate diffused urban forms [28], 
[45], [46]. 

Finally, both can be spatially explicit, using a real case study and heterogeneity across 
space or not. Nonetheless, spatially explicit models allow for a better understanding of 
future trends and are more realistic, thus with more applicability, namely for socio-
economic dynamics, land use change and policy [8], [47]. Overall, economic spatially 
explicit simulation models are preferred to model different socio-economic and 
urbanization patterns as well as NBS under policy instruments scenarios [8], [48]. 

Nevertheless, these models are still considered scarce in literature, as NBS is a 
relatively recent concept and most studies are empirical, reviews or conceptual with lack of 
modelling and mostly related to other topics than socio-economic dynamics. Moreover, 
there is a shortage of studies that assess NBS environmental, social and economic impacts 
together [23]. There is also a shortage of studies that have assessed urban sprawl 
containment with different economic and socio-demographic structures and policies 
effectiveness [17]. Castro et al. [42] also argues that social patterns are less studied than 
other aspects and that more than one dimension should be evaluated at the same time. 
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On the other hand, there is also a lack of reviews that aim to understand the availability 
and current trends of models that can assess socio-economic patterns as well as NBS and 
policy instruments. Castro et al. [42] and Irwin [49] review economic models of land use 
change, the latter including policy analysis. Walter and Schaper [50] and Michetti and 
Zampieri [48] analyse economic models with amenities, but neither assesses socio-
economic patterns or policy instruments. Deng and Li [47] and Ren et al. [46] review on 
spatially explicit simulation models, but without any consideration for economic models or 
NBS-related concepts nor instruments, while Noszczyk [41] focus on statistical models of 
land use change. Finally, Huang et al. [51] assess economic simulation models, land use 
change and socio-economic patterns, but not spatially explicit models neither NBS nor 
instruments. 

Hence, the present study aims to tackle this literature gap by providing, first, a review of 
socio-economic models that can assess the impact of NBS, considering the dichotomies 
statistical/simulation, economic/non-economic, spatially explicit/non-spatially explicit and, 
secondly, which of these models also have the potential to assess the effectiveness of policy 
instruments to steer urban development patterns. To this end, a literature review and content 
analysis was performed. 

The next section presents the methodology, followed by the results and discussion 
section that entails the model characteristics (Section 3.1) as well as the content (Section 
3.2) and instrument (Section 3.3) analysis and, finally, the conclusion section. 

2  METHODOLOGY 
A snowball literature search was carried-out based on the literature review in Mendonça 
et al. [8], following [52]. The search includes all papers that cited the previously used 
papers in this paper up to 2020. As only English written peer-reviewed papers were found, 
papers were only excluded by content after analysis. 

A total of 571 papers was found during the initial search and all abstracts were read. 
Considering Fig. 1, it is possible to observe that, during that process, 427 papers were 
excluded for being out of scope, i.e., not using socio-economic models for NBS assessment. 
In turn, all remaining 144 papers were fully read, leading to an additional exclusion of 12 
papers for not meeting the same criteria. Hence, for the present study, 132 papers were 
analysed – covering the period 2004 to 2020. The policy instruments were then assessed 
within the previously selected papers, not representing itself an exclusion criteria. All NBS 
related concepts were accepted, including green spaces, green infrastructure, amenities, and 
open space, under the assumption that models that assess these types of concepts can assess 
NBS as well (considering NBS is an umbrella concept and that NBS is still a recent concept 
[23], [35]). Socio-economic impacts assessed include urban sprawl and related concepts, 
such as densification, housing location, urban expansion, segregation, income, quality of 
life, housing, land price and transport costs. Finally, despite most papers mentioning policy, 
only papers that assessed policy instruments were considered for the instrument analysis. 
For space-saving reasons, not all the papers present in the analysis (and results) were 
included in the discussion of the results. 

For the analysis, a data sheet was developed with the author, paper and content 
information, including type of model (simulation/statistical, economic/non-economic, 
spatially explicit/non-spatially explicit), type of socio-economic impact, location of the 
study (European or not), and instrument assessment (planning, economic and information). 
This information was collected to understand the availability of socio-economic models, 
current trends and policy instruments integration in the socio-economic and NBS urban 
planning. 
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Figure 1:  Literature review process. 

3  RESULTS AND DISCUSSION 
This section presents the results analysis and discussion, first assessing the overall model 
characteristics (Section 3.1), then the content of the papers regarding the socio-economic 
impact (Section 3.2) and, finally, the instrument analysis (Section 3.3). 

3.1  Model characteristics 

For the model characteristics, Fig. 2 shows the quantitative analysis of the models’ features, 
including if they are statistical/simulation, economic/non-economic and spatially 
explicit/non-spatially explicit as well as the case study being European or not. Most of the 
assessed papers are statistical (58%), economic (70%) and not spatially explicit (62%). In 
addition, most papers do not include a European case study (76%). 
 

 

Figure 2:    Model characteristics of all papers. (a) Simulation/statistical; (b) Economic/ 
non-economic; (c) Spatially explicit/non-spatially explicit; and (d) European/ 
non-European case study. 

     Fig. 3 presents the model characteristics that are considered more suitable, according to 
the assessed literature, of socio-economic models to assess NBS and policy instruments, 
including simulation, economic, spatially explicit as well as models that combine more than 
one of these characteristics. It is shown that, within the 132 papers analysed, 32% of the 
papers are simulation and economic models, 11% are simulation and spatially explicit 
models, 17% are economic and spatially explicit models and, finally, less than 2% of the 
papers are simulation, economic and spatially explicit models. 

These results show that, even though simulation and spatially explicit models are 
considered most suitable to assess socio-economic patterns and NBS, these are rarely used 
in literature [17], [48], [53]. This is in line with Hanson et al. [23] and Wang and Xiang 
[13] results, which find that simulation and spatially explicit models that assess NBS and  
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Figure 3:    Model characteristics and combinations of the assessed simulation, economic 
and/or spatially explicit papers. 

socio-economic impacts are scarce. Nevertheless, most of the assessed papers used 
economic approaches, which is expected as socio-economic impacts were a criteria for the 
papers selection. This highlights the fact that these are the most relevant models for socio-
economic and environmental approaches as they consider the integration of individual 
behaviour, representing NBS attractiveness and citizens’ willingness to pay for them [8], 
[46]. Despite most models being economic, there is a lack of economic, spatially explicit 
and simulation models – pinpointing the scarcity of simulation and spatially explicit 
models. In fact, besides the SULD (Sustainable Urbanizing Landscape Development) 
model used by [8], [54], [55], only other model was found in two papers that was 
simulation, economic and spatially explicit [45], [56], constituting a literature gap that was 
highlighted by other authors and evidencing the need to develop models able to predict 
urbanization patterns, focusing on NBS socio-economic connections with spatial 
distribution and optimization [48], [57]. 

Other significant trends found in literature consist in most papers not having a European 
case study. This is noteworthy because urbanization is considered specific in Europe, where 
high income households live in city centres and not in peripheral areas (which is the case in 
America) – an aspect that needs to be taken into consideration when steering NBS adoption 
and socio-economic trends [58]. Moreover, this study did not use NBS as the sole selection 
criteria, including other related concepts that represented the vast majority. This might 
explain why the selection has more non-European case studies than if only the NBS 
concept was considered, as NBS is a key concept in Europe. This also highlights the 
novelty of the concept, showing that it is not yet that well embedded in urbanization and 
socio-economic modelling literature [23]. 

3.2  Content analysis 

For the content analysis, Table 1 presents an overview of the socio-economic impacts found 
in the assessed papers. Note that in one paper more than one socio-economic impact can be 
modelled. The impacts were grouped by proximity of concepts, as different terminologies 
were used in different studies. It is possible to see that the impacts related to urbanization, 
such as urban sprawl, housing location choices and urban density, were the most evaluated,  
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Table 1:  Socio-economic impact assessed in the reviewed papers. 

Socio-economic impact Number of papers 

Urban sprawl/housing location/density 87 

Housing, land or transport prices 49 

Segregation/income 19 

Life quality 9 
 
followed by price related impacts (housing, land and transport), segregation and income 
impacts and, finally, the least assessed impact is related to citizens’ life quality. 

The most simulated impact was urban sprawl and related concepts, such as housing 
location choices, density and compactness. This trend could be expected as this impact is 
directly related to land use and conversion modelling – a field that is well developed [46]. 
Moreover, it is widely acknowledged that NBS and overall amenities have a key role in 
urban form, as households make residential choices regarding the location of these 
attractive places [16], [57]. In fact, amenities are recognized to be able to influence urban 
sprawl, depending on their location, size and attractiveness [8], [59]. In addition, the lack of 
amenities leads to a more sprawled urban area [9]. Only one study did not find a significant 
relation between amenities and land conversion, despite being a statistical study based in 
China [60]. 

The second most assessed impact is related to housing, land and transport prices. 
Accruing from the NBS attractiveness and housing location choices, households are willing 
to pay more to be near these places – consequently increasing the land and property prices 
as widely mentioned in literature [32], [61]. Transport costs are also acknowledged to have 
an impact on household decisions and, thus, on urban form – influencing their willingness 
to pay to be near attractive places and changing their commuting costs [62]. 

The least mentioned impacts include segregation, income and quality of life. This is in 
line with Hanson et al. [23] findings, stating that the least addressed subjects are related to 
social justice and equality. NBS are acknowledged to have a significant impact in these 
subjects, as half of the NBS’s value is related to recreational purposes [63]. Overall, NBS 
can increase quality of life and welfare, depending on the population characteristics, such as 
income [16]. In fact, low-income households usually have less access to highly attractive 
places, leading to segregation, which might be promoted or attenuated by NBS 
implementation [4], [18]. 

3.3  Instrument analysis 

The second part of the review included the study of the presence of policy instruments 
(planning, economic or information) in the assessed papers. Within the 132 papers 
evaluated, 37 (28%) modelled the impact of policy instruments on socio-economic and 
NBS dynamics. Fig. 4 presents the type of model used in these papers, including the 
considered desired characteristics as well as combinations. Results show that most papers 
that evaluate policy instruments are simulation (68%) or economic (84%), while only few 
are spatially explicit (16%). The majority are simulation and economic models (60%) but 
not economic and spatially explicit (8%) or simulation, economic and spatially explicit 
models (0%). 
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Figure 4:  Model characteristics of the papers that include policy instrument analysis. 

Regarding the type of policy instrument, Table 2 shows the instrument types modelled 
in the 37 papers. Results show that economic instruments were the most assessed (54%), 
followed by planning (32%) and planning and economic instruments (14%); no information 
instruments were found. 

Table 2:  Instrument type assessed in the reviewed papers. 

Instrument type Number of papers 

Planning 12 

Economic 20 

Information 0 

Planning and economic 5 
 

Most of the analysed models did not model policy instruments, which is in line with 
Sarabi et al. [34] and Hanson et al. [23] findings, that most policy instrument related 
literature is superficial and theoretical. However, contrary to the overall models results, 
most models that assess policy instruments as well as socio-economic patterns and NBS are 
simulation and economic models. Indeed, it is acknowledged in literature that simulation 
models are the desired approach to assess their effectiveness and predict different scenario 
outcomes [43], [44]. Most models are also economic, which is expected due to the socio-
economic criteria and because most instruments found were economic. However, most 
papers do not adopt a spatially explicit approach, which decreases the applicability and 
understanding of future trends and patterns [8], [47]. Moreover, combinations of simulation 
and spatially explicit as well as economic and spatially explicit are almost non-existent, and 
no paper was found that combine a simulation, economic and spatially explicit approach. In 
this sense, the SULD model continues to be the only model found with these characteristics 
that can model socio-economic patterns, NBS while assessing policy instruments [8], 
[54], [55]. 

Regarding the instrument types assessed, the most modelled in literature are economic. 
This is as expected given urbanization is often considered a market failure related to the 
under-pricing of natural resources [13]. Most mentioned economic instruments include 
property, land and transport taxes as well as transport subsidies. Property prices were found 
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to be effective anti-sprawl policies, influencing the city form and living space [8], [14], 
[64]. Conversely, the effectiveness of land taxes is not straightforward – some authors 
found it effective in curbing sprawl [64]–[66] while others found it ineffective or even 
promoting sprawl and segregation [53], [67]. Its effectiveness might be case specific, 
depending on population characteristics and land prices [8], [53]. Transport pricing is also 
acknowledged to have an influence on urban design [62], [68]. However, its urbanization-
steering potential depends on the complex relation between car and public transport use. 
Overall, transport taxes might lead to sprawl while public transport subsidies might 
encourage compactness [8], [10]. 

Regarding planning instruments, it includes urban growth boundaries, zoning and land 
acquisition to control development. Despite considered as effective anti-sprawl policies by 
some non-European authors [69], [70], others consider that they might work but impose 
high costs on households by reducing housing supply and increasing land prices [71] or 
even that they hardly can control major expansions [72]. In fact, authors that model both 
economic and planning instruments found, in general, that a combination might be adequate 
[73], but economic instruments are considered more effective in controlling urbanization by 
encouraging behaviour (rather than imposing them) and increasing citizens’ quality of life 
[53], [74]. No information instruments were found in the literature, which is most likely 
related to the fact that these are related to citizen’s engagement and awareness promotion, 
hence difficult to model despite being considered essential in urbanization dynamics [33], 
[34], [40]. 

4  CONCLUSION 
Overall, there is a need for more research on socio-economic urban development patterns 
and NBS as well as to promote effective policies to steer these. This study has the objective 
to perform a literature review on socio-economic models that assess NBS and potential 
policy instruments. The study includes a snowball research on Mendonça et al. [8], as to 
grasp the literature developments and gaps. Even though most assessed models are 
economic, they are also mostly statistical, non-spatially explicit and use non-European case 
studies, while only one simulation economic spatially explicit model was found. However, 
this model did not assess policy instruments in a spatially explicit way. In fact, policy 
instruments were only found in 28% of the analysed studies, mostly economic and 
simulation (68%) but not spatially explicit. No simulation economic and spatially explicit 
models were found that assessed socio-economic impacts, NBS and policy instruments. 
Hence, the SULD model, used in Mendonça et al. [8] is considered the most suitable option 
to simulate socio-economic patterns, NBS adoption and policy instruments effectiveness in 
a spatially explicit perspective. Most papers use non-European case studies, most likely 
because NBS-related concepts represent the majority used, allowing to conclude that NBS 
(widely used in Europe) are yet to be fully integrated in this field. For the content analysis, 
most assessed socio-economic impacts include urban sprawl, housing, land and transport 
prices followed by segregation and income, in which NBS are acknowledged to have an 
impact. Regarding policy instruments, economic instruments were the most modelled, 
followed by planning and combined economic and planning. In fact, no information 
instruments were found and economic instruments are considered most effective in steering 
socio-economic patterns. 

Hence, there is a need for more studies regarding the integration of NBS and policy 
instruments in socio-economic planning trends, namely of social impacts in European case 
studies. There is also a shortage of simulation, economic and especially spatially explicit 
socio-economic models that can integrate NBS and policy instruments. 
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In conclusion, current urbanization patterns pave the way for an increasing necessity of 
a more socio-economic-driven urban planning – integrating NBS and policy instruments to 
attain sustainable development goals. Economic spatially explicit simulation modelling 
might have a crucial role by allowing an ex-ante prediction of different scenario outcomes. 
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