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This paper describes an original systems-thinking approach to understand interactions
between green infrastructure and health, developed jointly with members of the Greater
London Authority and the Complex Urban Systems for Sustainability and Health (CUSSH)
project.
Abstract
Cities face the interlinked challenges of transforming environmental quality, sustainability,
population health and health equity. There is increasing interest in green infrastructure in
connection with these challenges. In order to go beyond an understanding of the effects of
green infrastructure and develop an understanding of how policymakers should think
about it, we need to capture potential interactions and be aware of possible unintended
consequences.
In our research, we applied a systems-thinking approach: integrating participatory
engagements, qualitative system dynamics modelling, and an assessment framework in
order to address the challenge. This allowed us to see multiple dynamics between the
prioritisation of policymakers, different types of green infrastructure, and environmental
and health outcomes. It also made us ask different and more integrated questions, and
suggested a methodology for addressing the challenge of transforming cities.

Cities face the interlinked challenges of transforming environmental quality, sustainability,
population health and health equity. There is increasing interest in green infrastructure in
connection with these challenges.
People value green infrastructure; for example, they pay price premiums for living spaces
with better access to certain types of green infrastructure, such as nature and parks, as well
as large private gardens.1,2 The types of green infrastructure, however, are diverse and
different types have different effects; for example, green infrastructure can take the form of
not only gardens and parks but also buffer zones, tree canopy, green roofs, facades and
walls.1,3 Decision-makers lack information about how they can best provide for these types
of green infrastructure, as well as what effects their actions will have on the population.
Experiments also showed interactive effects, eg, that private gardens can substitute for
urban green spaces.4 In this way, we need to understand how different types of green
infrastructure interact with sustainability, health and wellbeing. However, despite the
growing interest in the topic and an expanding number of conceptual research and case
studies, reliable information about how green infrastructure relates to sustainability,
health and wellbeing is sparse and sometimes contradictory.5,6
In order to understand these interactions, we need to know how types of green
infrastructure affect not only the climate and health but also intermediate variables, such
as physical activity, air pollution, and urban heat island intensity. In order to go beyond an
understanding of the “effects” of green infrastructure and develop an understanding of how
policymakers need to think about green infrastructure, we need to capture potential
interactions and be aware of potential unintended consequences. This means we also need
to understand the interacting determinants of green infrastructure.
Yet, the ambitious plans of transforming environmental quality, sustainability and
population health need appropriate analytical methods to succeed; methods that foster
holistic thinking, while engaging the community as well as policymakers.7 They need
modelling approaches that integrate the physical infrastructure, as well as the decisionmaking and behavioural mechanisms surrounding our physical environment, and those
that enable reliable analysis of future scenarios. In this way, we need a research design
capable of capturing these interrelationships that exist at multiple different levels of
abstraction8 – eg, individual behaviour; environmental, health and wellbeing effects;
infrastructure; and the policymaking process. Single-focused statistical extrapolation
methods are unable to achieve this, as they’re limited by the available data on the effects of
green infrastructure health and wellbeing. In addition, they don’t integrate the limited
available knowledge with potential side-effects and unintended consequences in the
process of greening cities.

In our research, we applied a systems-thinking approach: integrating participatory
engagements, qualitative system dynamics modelling, and an assessment framework in
order to address the challenge. In this paper, we’ll report on our preliminary engagement
with the Greater London Authority (GLA) on planning for green infrastructure. This
collaboration is part of the Complex Urban Systems for Sustainability and Health (CUSSH)
project, which aims at transformative urban change.
Methods
Case study
We focus on the mix of green infrastructure and how different types provide benefits for
the population. We conducted our research in London because of the city’s strong focus on
sustainability and heath equity. London has updated its Environment Strategy recently and
set ambitions targets, eg, for more than 50 per cent of the city to be green by 2050.9 In
addition, green infrastructure is an important element in the London Plan, the mayor’s
spatial development plan for the capital.10 We worked with the Greater London Authority,
the regional government of Greater London – in particular, the environment team
responsible for the London Environment Strategy.9
The participatory system dynamics process
We held several meetings with a key member of the environment team and conducted a
small workshop with several of its experts in environmental issues and health. This was a
participatory system dynamics and group model-building workshop, in which we
developed a causal loop diagram of the interactions of the policy process with different
types of green infrastructure and health. Later, we both simplified and added to the
diagram, and conducted a literature review on the effects of green infrastructure on health.
We also held a further workshop with a broader group of experts, including both academics
and practitioners, on green space and urban planning. We presented the diagram in a
slightly modified version, based on our interim research, to a group of participants, and
asked for their feedback and improvements. This resulted in an extended causal loop
diagram.
Data
The causal loop diagram represents an aggregated view of our participants’ diverse
expertise. It captures a number of interactions between policy elements, green
infrastructure, and environmental and health outcomes through variables and causal
arrows that represent their interrelationships. A plus next to the arrow indicates a samedirected relationship (cause and effect move in the same direction) and a minus next to the
arrow indicates an inversely directed relationship (cause and effect move in opposite
directions). Often, these form complete feedback loops. They’re mechanisms of influence
that either reinforce (reinforcing loop) or counteract (balancing loop) the behaviour of the

system. Feedback loops indicate that the results of past actions define the future
situation.11 The diagramming process resulted in a variety of these feedback mechanisms.
We’ll present the most important ones that elucidate what unintended consequences we
need to avoid and how we can create areas of co-operation and momentum.
Participatory modelling of the system during an initial workshop produced the diagram
shown in Figure 1. As much as it revealed knowledge about diverse relationships across
multiple sub-systems, it also revealed a large number of knowledge gaps. As this diagram is
very preliminary and only represents the first stage of the project, we use it simply to
familiarise the reader with the type of outcomes. In our description, we focus on important
mechanisms that emerged from a combination of the two workshops and further analysis.

Figure 1: Aggregated causal loop diagram from the first workshop
Assessment framework
We also used a transformation assessment framework in order to place green
infrastructure into context (see Figure 2). It has the potential to interlink objectives and
policy initiatives with sectors, intermediary and health outcome variables, as well as costs.
It helps in thinking about which sectors and outcomes are addressed by certain objectives,
such as the increase of green infrastructure, and which ones need to be addressed by
further initiatives.

Figure 2: Model map of the Cities Rapid Assessment for Transformation (CRAFT)
framework, which shows the various data requirements and model outputs
Results: causal interactions
Participatory modelling of the system revealed the importance of distinguishing between
different types of green infrastructure: large public green infrastructure; private gardens;
trees and other plants providing cover on streets; green access routes (cycle pathways and
walkways); and other green infrastructure such as green walls and roofs. Different types
have fundamentally distinct characteristics that influence the nature and magnitude of
impacts on health, some in unexpected ways; for example, Figure 3 indicates how
municipal and other green infrastructure increase green space use and physical activity,
and improve physical and mental health outcomes. Workshop participants, however,
discussed that the effects may have very different strengths for parks, tree-lined streets
and green buffer zones. In addition, they depend on further aspects not shown here, such as
the connectivity of green spaces and their quality.
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Figure 3: Effects on health
We also discussed further intermediary effects between green infrastructure and health
such as the reduction of the urban heat island effect, as shown in Figure 4. In this way,
there exist interactions between green infrastructure, physical activity, heat and health
(although during winter, in addition to the positive health effects from physical activity,
there can be potential negative health effects from the lack of urban heat islands and
corresponding colder temperatures).
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Figure 4: Urban heat island effect
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Yet, the method was also useful to point to potential unintended consequences, such as
vector-borne and zoonotic diseases (see Figure 5); for example, Lyme disease. They might
be an unintended consequence of the increase of municipal and other green infrastructure,
especially when paired with global warming.
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Figure 5: Diseases
The discussion moved beyond the health effects and revealed several feedback
mechanisms that involve the general population or the municipality as actors. Figure 3
above shows that municipal and other green infrastructure increases green space use; for
example, if a green access route is in place, it can and probably will be used if it’s
sufficiently well connected. The first workshop indicated and the second one confirmed
that local public and private actors may further recognise the importance and prioritise
green infrastructure if they perceive that it’s heavily used (see Figure 6). This leads to
public and private investment in green infrastructure, which can be used for the expansion
of green infrastructure, its maintenance, or at least to prevent a decrease of municipal and
other green infrastructure. This describes an entire reinforcing feedback mechanism of
“green space existence and use” (see Figure 6).
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Figure 6: Green space existence and use
Green space use may also increase the perceived safety of public green spaces because
more crowded places feel safer; for example, many people feel safer to go running in a
populated rather than a deserted park or one that isn’t used by a broad variety of people.
This in turn makes public green infrastructure or greened other infrastructure even more
usable. This reinforcing mechanism “safety triggers use” is described in Figure 7. It can
work both as a virtuous and a vicious cycle, with safety attracting a lot of use or the
perception of an unsafe place preventing use. While some effects, such as the urban heat
island effect, are independent of this use, this analysis showed that safety is a sine qua non
(essential) if policymakers want green infrastructure to have any activity-related health
effects. Policymakers therefore need to take steps so that the feedback mechanism shown
in Figure 7 operates as a virtuous cycle.
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Figure 7: Safety
Different types of green space interact with each other. Figure 9 describes a phenomenon
that participants mentioned, whereby private gardens have the potential to decrease the
local perceived need for further green infrastructure, and reduce local prioritisation of
green infrastructure, and respective public and private investment in green infrastructure.
This has likewise negative effects for private gardens, and municipal and other green
infrastructure. While private gardens may provide for wellbeing (for some, at least) and a
lower urban heat island effect, physical activity benefits can be lost.
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Figure 8: Garden side-effects
The garden side-effects in Figure 8 interact with an “opportunity cost” mechanism,
described in Figure 9. Most types of green infrastructure add to the total area covered. This
tends to increase property prices, making it more expensive to expand public green spaces
or to plan for houses with gardens. This holds for both municipal green infrastructure and
private gardens. The increased property values may also create a potential for
gentrification. Therefore, to improve green infrastructure in a balanced manner – that is, to
spend funds equally – focus should be applied to equity, and conducting impact
assessments and work across councils.
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Figure 9: Opportunity costs
The effects and mechanisms described here are supposed to be illustrative rather than
providing a full picture, but we already see that there can be interactions between green
infrastructure, activity, heat and health. We also might encounter separations concerning
potential vector-borne and zoonotic diseases. There are further interactions concerning the
use of green infrastructure and safety, and effects that go beyond the green infrastructure
as such, including economic effects and gentrification. In addition, when comparing the
causal loop diagrams with the framework in Figure 2, we see that green infrastructure
addresses CO2 emissions, temperature, active travel, and wellbeing. There are other areas –
for example, concerning indoor environments – that need to be addressed by further
initiatives.

Discussion and conclusion
This article reported on the initial phase of the engagement with the Greater London
Authority in the Complex Urban Systems for Sustainability and Health (CUSSH) project. It
focuses particularly on the interactions between green infrastructure and health outcomes.
We used a systems-thinking approach, combining participatory engagements, qualitative
system dynamics modelling, and an assessment framework to place this into broader
context.
This process helped us see multiple dynamics between the prioritisation of policymakers,
different types of green infrastructure, and environmental and health outcomes. We
therefore see that rather than asking “what are the effects of different types of green
infrastructure?”, we need to ask much more nuanced questions. We also need to ask
questions about use and safety, equity and gentrification, and the local policy process.
We’ve not answered these questions yet, but this wider recognition makes it more likely to
make real progress towards the significant challenges of climate change, sustainability,
health inequalities and wellbeing.
Our work has described a methodology for addressing the challenge of transforming cities
to become healthier and more sustainable. The rapid impact assessment framework helped
establish a wider impact framework within which green infrastructure is placed. The
system dynamics process helped include people’s perceptions (eg, of safety) and
behaviours (eg, active travel, use of green space) more explicitly. Importantly, it also helped
integrate this with the policymaking process and actions that local policymakers take (eg,
prioritisation and extension of green infrastructure). Our methodologies capture the
complex dynamic nature of cities while attempting to understand potential co-benefits, as
well as unintended consequences of policies.
Future work will use the framework to perform a ‘Cities Rapid Assessment for
Transformation’ (CRAFT) analysis. Considering interactions between different city
objectives wherever possible, it will deliver broad estimates of the effect of city-wide
environmental actions on relative changes in markers of environmental quality (eg, air
pollution) and sustainability (eg, greenhouse gas emissions). It integrates across policy
objectives, initiatives, and intermediary and health outcomes. In this way, an
interdisciplinary approach can capture both dynamic complexity and outcome estimates of
policy objectives.
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