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Abstract
The global nature‐climate crisis alongwith a fundamental shift in world population towards cities and towns has sharpened
the focus on the role of urban green infrastructure. Green infrastructure has the potential to deliver cost‐effective, nature‐
based solutions to help mitigate problems of climate change as well as provide improved human well‐being through the
ecosystem services inherent in landscapes rich in biodiversity. The absence of under‐pinning science, specifically complex
systems science and ecosystem theory in the design and planning of urban green infrastructure, has limited the capacity of
these landscapes to deliver ecosystem services and to effectively demonstrate natural resilience to the impacts of climate
change. Tomeet future challenges of environmental uncertainty and social change, the design of urban green space should
embrace an adaptive ecosystem‐based approach that includes fully integrated participatory planning and implementation
strategies founded on principles of close to nature science. Our article offers two models to inform green space planning:
urban green space framework and sustainable urban community network. Both concepts provide the foundation for six
ecosystem‐based design principles. In a case study on Essex green infrastructure, UK, recommendationsmade by the Essex
Climate Action Commission to transform land management practices are presented as examples of adopting principles of
the ecosystem approach and nature‐based science. Our article concludes by emphasising the importance of reconnecting
society with nature in cities through close‐to‐nature design of urban green space to secure essential ecosystem services
and to build resilience to the impacts of climate change.
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ecosystem‐based approach; Essex Climate Action Plan; nature‐based solutions; sustainable urban community network;
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1. Introduction

The state of the planet and the emerging impacts of cli‐
mate change and biodiversity loss are in the top five
global risks by “likelihood” and “impact” according to
the latest Global Risks Perception Surveys (see World
Economic Forum, 2019, 2020, 2021). Failure of effec‐
tive socio‐environmental policy coupled with increasing
human development and commercial prosperity have
come at a considerable cost to biodiversity as the stock

of natural capital per person has declined by nearly
40%, and extinction rates are estimated to be 100 to
1,000 times higher than the baseline rate (Dasgupta,
2021). Environmental trends broadly correspond with
human demographic changes including a profound shift
across the world towards urbanisation (Department of
Economic and Social Affairs, 2018).

Across Europe, 74% of people are living in towns and
cities that have had to adapt to rapid development and
overcrowding by the hasty construction of often poorly
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planned new build with inherent environmental prob‐
lems (Artmann et al., 2017; Bertram & Rehdanz, 2015;
Kabisch et al., 2016). Modern functional urban planning
across the world operates to a “line and grid” system
(Stanislawski, 1946), which includes calculating the prox‐
imity and size of open space to residential builds (Moseley
et al., 2013; Natural England, 2010). Experts argue that
such linear green islandmodels ignoremore complex site
specific and social factors such as mobility and the dis‐
tance people are prepared to travel from their homes
to communal green spaces (Grahn & Stigsdotter, 2003;
Moseley et al., 2013). There has been little scope for inte‐
grating much needed green infrastructure into existing
urban build (Kasanko et al., 2006), with consequences
for towns and cities that require adaptive capacity and
resilience to cope with rapid environmental change, such
as drought and floods (Koomen & Diogo, 2015).

A more comprehensive systematic analysis of urban
open space and green infrastructure of the kind required
in the assessment of ecosystem services is neededwith a
follow‐up in appropriate adaptivemanagement planning.
In this article, we explore some of the apparent obstacles
faced by urban designers and planners to working with
an ecosystem services framework and propose mecha‐
nisms of knowledge transfer, using appropriate concep‐
tual models such as regenerative design and ecosystem‐
based design as heuristic design principles, which are
structured around theories of science. Using principles
of complex systems, ecological thermodynamics, and
ecosystem theory, a whole system approach to urban
design and planning is advanced. The article presents a
contemporary case study in Essex, UK, based on the rec‐
ommendations set out by the Essex Climate Action (ECA)
Commission to future‐proof the living landscape against
the impacts of rapid environmental change. It concludes
with a call for more real‐time information on the needs
and demands of different user groups to overcome bar‐
riers, and also for specific improvements in user ser‐
vice networks.

2. Conventional Urban Design Practice

Since the launch of the ecosystem services assess‐
ment framework in 2005 (see Millennium Ecosystem
Assessment, 2005), advances have been made in the
development of ecosystem services cascade models
(Hubacek & Kronenberg, 2013; Luederitz et al., 2015),
but progress in accounting of services for urban green
spaces lags behind studies on other ecosystems, par‐
ticularly when it comes to promoting ecosystem func‐
tion, structure, and network patterns (Haase et al.,
2014). In part, this can be attributed to a lack of under‐
standing within planning departments of the relation‐
ship between key ecological attributes (KEA), ecosystem
function, and the cultural values attributed to urban
green infrastructure (Artmann et al., 2017; Luederitz
et al., 2015). Consequently, few green infrastructure
plans demonstrate an ecosystem‐based approach with

clear links between ecological and social benefits (Daniel
et al., 2012; Haase et al., 2014; Kremer et al., 2016).
For many urban planners, the multiple use of urban
spaces and the diversity of cultural services make
it difficult to apply ecosystem‐based models such as
the Common International Classification of Ecosystem
Services (Costanza et al., 2014; Haines‐Young & Potschin,
2017; Kumar et al., 2014), and to deliver payment for
ecosystem services (Reed et al., 2017; The Economics of
Ecosystems and Biodiversity, 2010, 2011; URS, 2013).

The Economics of Ecosystems and Biodiversity, the
European Environmental Bureau, and the Common
International Classification of Ecosystem Services (Maes
et al., 2014, 2016) are designed to assess natural capital
and the preservation of ecological assets as well as safe‐
guard ecosystem services at both regional and national
scales. A similar certification scheme, the Sustainable
Sites Initiative (SITES) makes explicit the importance
of adhering to performance‐based guidelines and tasks
designers with setting specific goals for the conserva‐
tion of services (Calkins, 2012; SITES, 2015). The practical
guidelines presented in SITES consist mainly of quantita‐
tive measures of performance (Windhager et al., 2010)
and focus on sustainable land design, but are not specif‐
ically intended to assess whole ecosystem function and
services networks.

Many green planning models launched in recent
years under the banner of “eco‐urbanism” apply novel
technical solutions to remedy environmental problems
(Lennon et al., 2017). Examples include large scale river
restoration programmes, sustainable urban drainage
schemes (SUDS), and engineering projects such as green
and blue space adaptation for urban areas and eco
towns (Town and Country Planning Association London,
2015). However, many of these initiatives have yet to
be developed into a fully integrated plan for eco‐social
infrastructure. More recently, the Directorate‐General
for Research and Innovation (2015) has adopted the
concept of nature‐based solutions to restore degraded
ecosystems and promote improved derived services
as well as making them adaptive to climate change
(Cohen‐Schacham et al., 2016; Nesshöver et al., 2017).
The potential for nature‐based solutions to increase
urban resilience and improve social wellbeing is affirmed
in the Commission’s strategy for green infrastructure but
is not complemented by appropriate theory‐to‐practice
models and toolkits necessary for effective implementa‐
tion (Bush & Doyon, 2019).

Published in 2014, the European Commission strat‐
egy for green spaces titled Green Infrastructure—
Enhancing Europe’s Natural Capital was launched with
the objective of delivering a wide range of ecosystem ser‐
vices as part of spatial planning and urban development
(European Commission, 2014). The strategy also aims to
assess understanding and guidance for decision‐makers
and civil society on the principles and application of
ecosystem‐based approaches. The potential for integrat‐
ing ecosystem‐based approaches into urban planning is
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clear but is yet to be fully developed in both research and
practice. Gaps remain in both understanding and expe‐
rience in implementing urban planning processes that
deliver wide‐ranging ecological benefits as well as social
value (Bush & Doyon, 2019).

3. Developing Conceptual Models for Sustainable
Urban Green Infrastructure

Hierarchical networkmodels are used extensively in busi‐
ness studies and ecosystem theory (see Jørgensen et al.,
2015), but have yet to make headway in the world of
design and planning. Part of the problem is the difficul‐
ties perceived by practitioners in translating an essen‐
tially scientific concept into a very technical design for‐
mat (Luederitz et al., 2015). Conventional approaches
used in the design of urban space are spatially rep‐
resented in two‐dimension cartographic form with the
emphasis on location; relationship to other spaces and
structures; and use of open space by the community for
recreation. Until now, there has been little occasion for
thinking more holistically about the functional role of
urban green infrastructure and how this might influence
location, juxtaposition with other features, scale, and
connectivity across the urban landscape and beyond into
the rural domain. Hierarchical and deeply interconnected
representations of urban green infrastructure encourage
practitioners to consider the use and design of space
in three dimensions. For example, the fundamental geo‐
physical elements of a landscape are linked to derived
cultural values through a network of forms contributing
to complex processes that make up the function of the
ecosystem and provide the necessary services.

We propose two interrelated conceptual models as
part of the ecosystem‐based approach to urban design
and planning, which are urban green space frame‐
work (UGSF) and sustainable urban community net‐
work (SUCN).

The UGSF model describes and characterises the
physical nature and attributes of urban space using
ecosystem theory and principles of complex systems.
It adopts ameta‐systemic approach using KEA (see Schick
et al., 2019) as proxy indicators for ecosystem function.
Six KEA of relevance to green infrastructure planning are
presented below:

• Scale: Theminimumdynamic area required for par‐
tial or all basic ecosystem functions and processes.
It is determined by the ecological envelope of the
(semi‐)natural system;

• Hierarchy: It recognises that nature is assembled
hierarchically. Permeations between scale breaks
ensures flow of material and energy;

• Networks: Components of the ecosystem are inter‐
linked. Change in status of a component will affect
the whole system;

• Information: The capacity for an ecosystem to self‐
order and maintain function over time is contin‐

gent on the structural, genetic, and behavioural
diversity within;

• Biomass: Productivity, longevity, adaptability,
resilience, and resistance to change is dependent
on “exergy”—useful material and energy stored in
a system;

• Dynamics: Vital processes driving growth and func‐
tion of an ecosystem are dominated by non‐linear,
feedback dynamics.

Holling (1998, p. 4) maintains that systems are mov‐
ing targets, suggesting they are complex and dynamic.
The function of ecosystems is dependent on profound
connectivity between all its contingent components and
is governed by non‐linear processes (Holling, 2000). In an
urban context, biomass is represented by the total accu‐
mulation of biological organicmatter residing in all forms
of green infrastructure, while networks and information
describe form and function of biodiversity: the species,
interactions between them, and the processes govern‐
ing material flows and cycles. Growth towards greater
complexity provides a system with resilience, and, in
nature, increases the potential services drawn down
by society. More recently, scientists have used con‐
cepts of ecosystem thermodynamics and complex sys‐
tems theory to explain natural systems dynamics (see
Demirel, 2014; Kleidon & Lorenz, 2005; Lebon et al.,
2008). In accordance with these theories, natural ecosys‐
tems are open, allowing for energy and material to flow
freely between them, and, under healthy conditions,
each ecosystem can self‐order through feedback pro‐
cesses enabling them to conserve energy and prevent
dramatic regime shifts or even collapse—entropy (Kay
et al., 2001; Norris et al., 2011).

All six ecological attributes relate systemically to gen‐
erate the structure, growth, function, and ultimately
resilience of ecosystems. The capacity for ecosystem evo‐
lution and adaptation is contingent on scale and the effi‐
ciency of components and networks in capturing, dis‐
sipating, storing, and using energy. The UGSF helps to
structure, translate, and integrate theories of thermo‐
dynamics and complex systems into urban green space
planning and assessment, and also provides a baseline
for generating nature‐based solutions for deep rooted
design problems manifest in compact cities.

The SUCN model applies a community‐ and
stakeholder‐based approach to design and planning of
urban green infrastructure. The growing popularity of
civic stewardship enables communities to act as man‐
agers of urban open spaces and encourages the local
community to value these areas for the service(s) they
provide (Connolly et al., 2014). Incorporating fundamen‐
tal aspects of UGSF into a planning strategy designed
to identify relevant service algorithms for different soci‐
etal goals may deliver a more effective means of facil‐
itating networked governance processes, and building
collaboration between public sector, private enterprises,
and civic stewardship groups. The SUCN model is an
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ecosystem‐based but urban‐driven open framework spe‐
cially designed for co‐working on different elements
of system growth towards the formulation of environ‐
mental sustainability and human wellbeing. Ecosystem
services hierarchy model emphasizes the dependency
of cultural services on regulating and provisioning ser‐
vices (Figure 1). At the top of a “services hierarchy”
are the cultural services, and these are contingent on
the effective functioning of the ecosystem, which, in
turn, is dependent on the status of ecological attributes.
Increasing rates of environmental change coupled with
growing pressures from rapidly shifting socioeconomic
and political baselines require planning solutions that
are both integrated and systemic across all levels of the
cultural landscape (Schick et al., 2017). The SUCN frame‐
work is based on a systemic analysis technique called
MARISCO (see Ibisch & Hobson, 2014) and harnesses
the participatory efforts of the target community to
implement contextualized actions that promote adap‐
tive management planning across human—ecosystem
interfaces. Participatory modelling methods can support
systems thinking in practice by facilitating shared under‐
standing and knowledge of the structure and dynamics
inherent in complex socio‐ecological landscapes (Duboz

et al., 2018). Implementing SUCN is a collective endeav‐
our. In the last two decades, community‐based action
has played a fundamental part in the development of
strategies for sustainable land use and building effec‐
tive coalition within communities requires large scale
participatory strategies that favour a non‐dominant cul‐
ture (Hubacek & Mauerhofer, 2008). The role of town
and city municipalities in forging the establishment of
“land trusts”—private‐public property regimes or part‐
nerships that permit greater shared control over use of
urban green space—is essential to the process.

Both models, UGSF and SUCN, represent the natu‐
ral and cultural components of a deeply interconnected
complex ecosystem. The status and condition of the KEA
determines the functional effectiveness of the ecosys‐
tem which in turn regulates the services derived by
the local community. Human intervention or impact at
any level or point in the ecosystem will result in both
linear and non‐linear meta‐systemic feedback dynam‐
ics. An example of the cascade effect between natu‐
ral and human attributes in cultural ecosystems is evi‐
dent in many historical European cities that are charac‐
terised bywell‐established public gardens and parkswith
water bodies and avenues of mature shrubs and trees.
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Figure 1. Ecosystem services hierarchy model emphasises the dependency of cultural services on regulating and provision‐
ing services. A sustainable lifestyle is contingent on maintaining effective ecological structure and function.
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A number of native wildlife species have adapted to
urban conditions and contributed towards improving the
function of ecosystems, enabling them to degrade (cap‐
ture and use of energy) incoming solar radiation more
effectively, thus improving thermal comfort, air quality,
urban drainage, and human wellbeing (Tratalos et al.,
2007). Recent research suggests that people who move
to greener urban areas are associated with significant
sustained improvement in health (Alcock et al., 2014).

The two‐model approach to ecosystem‐based design
and planning embraces concepts of spatial and func‐
tional complementarity that require a set of heuristic
design principles to help transition theory into prac‐
tice. We propose six design principles for ecosystem‐
based design and planning for urban green infrastruc‐
ture, which are the following:

1. Recognise and work within the natural spatial
and temporal scales of the ecosystem, and take
account of ecological dynamics that produce vary‐
ing temporal scales and lag‐effects (includes nat‐
ural succession, ecosystem and species lifecycles,
plant, and animal species‐area relationships);

2. Ensure the conservation of ecosystem structure
and function across natural space‐time scales with
particular attention to biomass, natural networks
and connectivity, and the diversity of natural
forms (includes diversity of native species and
functional groups, natural patch diversity and het‐
erogeneity, natural biomass production and stor‐
age above and below ground, hydrological regime,
and hydro‐geomorphological dynamics);

3. Take account of both short and long‐term ecosys‐
tem changes that may affect function‐area dynam‐
ics, species‐area relationships, flow of energy and
materials through an ecosystem, species persis‐
tence, and ecosystem resilience;

4. Consider ecological integrity of the target site by
adopting a meta‐systemic perspective that takes
account of the relationships with adjacent sites
and ecosystems in the neighbourhood and wider
landscape;

5. Involve all relevant members of society and
academia in a community‐based participatory
approach and consider all forms of pertinent
knowledge and information;

6. Play an integral part of larger structure plans with
a clear understanding of the contribution made to
wider landscape ecosystem function by developing
site‐specific sustainable ecosystem‐based planning.

4. A Case Study: Essex Climate Action
Recommendations for Green Infrastructure

In 2020, the Essex County Council, located in the east of
England, established a climate action commission to help
develop an ambitious strategy to combat the problems
of climate change. The Commission consists of a multi‐

stakeholder group of experts from a wide range of dis‐
ciplines, including scientists and practicing professionals
in agriculture, urban development, and water resource
management (ECA Commission, 2021). A priority field
for the Commission is to develop recommendations for
green infrastructure with the aim of achieving, by 2030
and 2050, a transformation in theway land ismanaged in
order to deliver the target for net zero carbon as quickly
as possible (ECA Commission, 2021). In their example,
the Essex County Council adopts a broad description
for green infrastructure that includes natural and rural
land cover types. The recommendations propose an inte‐
grated ecosystem‐based approach with the purpose of
delivering multiple benefits to local communities includ‐
ing nature recovery, improved soil health, improved air
and water quality, reduction in flooding and urban heat
island effects, and gains in human wellbeing by increas‐
ing amenity opportunities. One of the key recommenda‐
tions is to manage 30% of all land in Essex as a natural
green infrastructure to promote the enhancement of bio‐
diversity and the natural environment: 25% by 2030 and
30% by 2040. Another recommendation is to create 30%
greening of our town, villages, and new developments
by: increased greenspace creation, naturalising existing
green space, greening the public realm, and developing
SUDS (ECA Commission, 2021).

A key recommendation for climate action is the estab‐
lishment of a climate focus area (CFA), representing
30% of landcover for Essex, and taking in the catch‐
ments of the Blackwater and Colne rivers (Figures 2
and 3). The total population within both catchment
areas is approximately 901,700, with 307,600 people
located in themain cities and towns, including Colchester.
The remainder are scattered across villages, hamlets, and
isolated farm settlements. River catchments are large
scale features dominated by the ongoing dynamics of
rivers and wetlands. Many continue to support rich envi‐
ronmental legacies and provide essential connectivity
in modified landscapes. The projection for the greater
Essex population increase is over 18% to approximately
2.1 million by 2040 which will put greater pressure on
the existing landscape resources. Across Europe, almost
all catchments have been altered by land use change
but continue to provide important ecosystem services to
settlements. The CFA represents a hierarchically organ‐
ised and interconnected ecosystem and amodel for land‐
scape scale design and planning for green infrastruc‐
ture. The thinking behind the selection of a defined area
of operation is pivoted on the biosphere reserve con‐
cept of developing sustainable solutions for the multiple
use of natural resources where conflicts of interest fre‐
quently impact on both environmental conditions and
social wellbeing. Targeting a designated area encourages
investment in more intensive and focused action but
also opens opportunities to develop and implement inte‐
grative strategic planning. In the case of the Essex CFA,
recommendations for accelerating sustainable farming
methods and transitioning local food systems, and for
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Figure 2. Rivers Blackwater and Colne in Essex. Source: Authors’ work,modified after Digimap (https://digimap.edina.ac.uk).

Figure 3. The proposed CFA for Essex. The chosen areas comprise the Colne and Blackwater catchments and togethermake
up 30% of the county (ECA Commission, 2021). Source: Spains Hall Estate (n.d.).
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developing nature‐based solutions tomitigate flood risks
and rolling out far‐reaching nature recovery strategies
are integrated with strategies for generating innovative
green business and for transforming transport, the built
environment, and energy and waste sectors towards cir‐
cular, zero carbon systems. Recommendations for the
CFA are set out as 2030 targets and include every parish
to have biodiversity and climate emergency action plans,
30% of urban areas to be under natural green infrastruc‐
ture, a doubling of native tree cover, and 30% of land
cover to be managed as a natural green infrastructure
(ECA Commission, 2021).

The success of ECA with all the inherent complex‐
ities of operating in a multipurpose landscape is con‐
tingent on public engagement across all levels of soci‐
ety. Community participatory planning is designed to
enable and support community groups, schools, indi‐
viduals, and businesses to innovate and implement cli‐
mate actions they identify for themselves; to harness
local knowledge and build local support to achieve sus‐
tainable land stewardship and natural green infrastruc‐
ture recommendations; and to develop a strategy for
working within communities from the start to ensure
local inclusion and accountability. It is being used across
Essex to facilitate the launch of a co‐creative steering
group of local community stakeholders, local govern‐
ment networks, specialists, and others to map further
participation and inclusion within the county and to
establish terms of reference. It is also being deployed
to map and record existing activities of various sections
of society (e.g., NGOs, schools, and parish councils), to
establish a campaign strategy to support individual, busi‐
ness and community action with short term identified

goals leading to longer term goals by 2050, and to cre‐
ate a framework for local groups to become indepen‐
dent in developing activities, communications, feedback,
and future planning across the county (ECA Commission,
2021). Participatory planning that involves stakeholder
workshops and community action groups is a systematic
approach that draws together a spatial assessment of
specified land cover typologies, and detailed situation
analysis of the ecosystem services and benefits derived
from natural attributes together with an evaluation of
the vulnerabilities manifest in human use and influences
(see Ibisch & Hobson, 2014). Through a process of situa‐
tion analysis participants are better able to understand
the deeply integrated nature of landscapes: the depen‐
dency of human wellbeing on natural ecosystem func‐
tion, and the vulnerability of interdependent systems to
human‐induced disturbance.

The ECA recognizesmultifunctionality of green infras‐
tructure including climate, biodiversity, health and well‐
being of citizens, and flood mitigation in the sustain‐
able future planning and design of urban landscapes.
Therefore, designed landscapes are an integral part of
the green network and through careful design and plan‐
ning can contribute to defragmentation and landscape
restoration. The benefits derived from a fully integrated
and networked green infrastructure will be wide‐ranging
environmental and cultural services. Table 1 presents the
key summary of the evaluation of ECA vision set through
our proposed heuristic design principles to help transi‐
tion theory into practice. Key summary presents aspects
that ECA can achieve, recognize, and develop further for
the ecosystem‐led planning and design for the county
of Essex.

Table 1. ECA and heuristic design principle evaluation chart. This table shows the evaluation of ECA recommendations
through theoretical application of proposed heuristic design principles to the ECA recommendations. The key summary
demonstrates proposed action points for the ECA recommendations with an enhanced approach to ecosystem‐led plan‐
ning and design.

ECA for Green
Infrastructure (ECA
Commission, 2021) Proposed Heuristic Design Principles Key Summary

Land use: Farmland in
Essex to adopt
sustainable land
stewardship practices,
50% by 2030, 75% by
2040, and 100%
by 2050.

(1) Recognise and work within the natural
spatial and temporal scales of the ecosystem
and take account of ecological dynamics that
produce varying temporal scales and lag‐effects
(includes natural succession, ecosystem, and
species lifecycles);
(2) Ensure the conservation of ecosystem
structure and function across natural space‐time
scales with particular attention to biomass,
natural networks and connectivity, and the
diversity of natural forms (includes diversity of
native species and functional groups, natural
patch diversity and heterogeneity, natural
biomass production and storage above and
below ground, hydrological regime, and
hydro‐geomorphological dynamics).

• Avoid the unnecessary use of external
inputs;

• Harness agroecological processes such as
nutrient cycling, biological nitrogen
fixation, allelopathy, predation, and
parasitism;

• Minimise use of technologies or practices
that have adverse impacts on the
environment and human health;

• Utilise crop varieties and livestock breeds
with a high ratio of productivity to use of
externally and internally derived inputs.
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Table 1. (Cont.) ECA and heuristic design principle evaluation chart. This table shows the evaluation of ECA recommenda‐
tions through theoretical application of proposed heuristic design principles to the ECA recommendations. The key sum‐
mary demonstrates proposed action points for the ECA recommendations with an enhanced approach to ecosystem‐led
planning and design.

ECA for Green
Infrastructure (ECA
Commission, 2021) Proposed Heuristic Design Principles Key Summary

Biodiversity: 30% of all
land in Essex will
enhance biodiversity
and the natural
environment by
creating natural green
infrastructure, 25% by
2030 and 30% by 2040.

(2) Ensure the conservation of ecosystem
structure and function across natural space‐time
scales with particular attention to biomass,
natural networks and connectivity, and the
diversity of natural forms (includes diversity of
native species and functional groups, natural
patch diversity and heterogeneity, natural
biomass production and storage above and
below ground, hydrological regime, and
hydro‐geomorphological dynamics).

• Create a nature recovery network, using
natural river corridors, the coast, other
green linear features, and new green
infrastructure to establish effective
interlinked wildlife corridors across
the county;

• Integrate nature gain strategies into
planning and management of all working
and cultural landscapes;

• Each parish to produce a complementary
and integrated biodiversity action plan.

Flooding: For those
properties still at risk
of flooding, 75% of
integrated water
management and
natural flood
management will be
developed to increase
resilience by 2050

(1) Recognise and work within the natural
spatial and temporal scales of the ecosystem
and take account of ecological dynamics that
produce varying temporal scales and lag‐effects
(includes natural succession, ecosystem, and
species lifecycles);
(3) Take account of both short‐ and long‐term
ecosystem changes that would affect
function‐area dynamics, species‐area
relationships, flow of energy and materials
through an ecosystem, species persistence, and
ecosystem resilience.

• Nature based flood solutions create large
areas of natural green infrastructure;

• Natural green infrastructure allows water
to percolate into groundwater improving
water quality and reserves;

• Natural green infrastructure acts as a
huge sponge for water: growing plants,
sucking up water and organic soils, and
absorbing water;

• Linear river and coastal nature‐based
flood schemes create wildlife corridors
which enhance biodiversity and
contribute to nature recovery networks.

Urban Greening: 30%
greening of towns,
villages, and new
developments by:
increased greenspace
creation, naturalising
existing green space,
greening the public
realm, and developing
SUDS.

(2) Ensure the conservation of ecosystem
structure and function across natural space‐time
scales with particular attention to biomass,
natural networks and connectivity, and the
diversity of natural forms (includes diversity of
native species and functional groups, natural
patch diversity and heterogeneity, natural
biomass production and storage above and
below ground, hydrological regime, and
hydro‐geomorphological dynamics).

• Increases biodiversity and creates wildlife
corridors (“green veins” and
“greening‐the‐grey”);

• Lowers the “heat Island effect” in built
up areas;

• Provides “green‐exercise” benefits to
mental health;

• Reduces pollution;
• SUDS reduces urban flooding.

CFA: Create a CFA to
accelerate action and
provide exemplars,
adopting sustainable
land stewardship
practices (100% by
2030) and natural
green infrastructures
(30% by 2030).

(4) Consider ecological integrity of the target
site by adopting a meta‐systemic perspective
that takes account of the relationships with
adjacent sites and ecosystems in the
neighbourhood and wider landscape.

• To serve as a pathfinder and pilot area,
accelerating best practice in sustainable
land management;

• To act as an investment “attractor” for
innovative green business and for
pioneering new sustainable farming
methods;

• A focus area for transitioning local food
systems and cultural eating habits;

• To demonstrate ambitious and sustained
nature recovery strategies;

• A multi‐sectoral project site for integrating
and intensifying action following
recommendations from the special interest
groups (transport‐built environment,
energy and waste, and community).
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Table 1. (Cont.) ECA and heuristic design principle evaluation chart. This table shows the evaluation of ECA recommenda‐
tions through theoretical application of proposed heuristic design principles to the ECA recommendations. The key sum‐
mary demonstrates proposed action points for the ECA recommendations with an enhanced approach to ecosystem‐led
planning and design.

ECA for Green
Infrastructure (ECA
Commission, 2021) Proposed Heuristic Design Principles Key Summary

Engagement: Ensure
collaboration and
engagement by
carrying out a
participatory
community process,
catalysing communities,
farmers, landowners,
and individuals, and
encouraging personal
and community action
in the CFA and the
whole of Essex.

(5) Should involve all relevant members of
society and academia in a community‐based
participatory approach and consider all forms
of pertinent knowledge and information.

• Enable and support community groups,
schools, individuals and businesses to
innovate and implement climate actions
they identify for themselves;

• Harness local knowledge and build local
support to achieve sustainable land
stewardship and natural green
infrastructure recommendations;

• Develop a strategy working within
communities from the start to ensure
local inclusion and accountability.

Knowledge and
Decision Support:
Developing effective
monitoring and
evaluation, an
integrated
sustainability appraisal
framework, an Essex
climate observatory,
and a knowledge and
decision support
framework.

(5) Should involve all relevant members of
society and academia in a community‐based
participatory approach and consider all forms
of pertinent knowledge and information.

• Develop a monitoring and evaluation
programme within an Essex climate
observatory and involve citizens and
researchers in data gathering activities
across the CFA;

• Develop an integrated sustainability
appraisal framework to support the
Climate Action Programme in Essex,
the CFA, and stakeholders needs;

• Collate and curate relevant data within an
Essex knowledge platform and decision
support framework;

• Establish a baseline audit for the CFA.

5. Conclusions

To help mitigate the problems of urban growth and den‐
sification, urban planners and designers have recently
been using a range of models for urban green infrastruc‐
ture to provide sustainable, resilient, and healthy urban
environments. Notwithstanding, the need remains to
strengthen the framework for design and planning
by structuring it around ecosystem‐based approaches.
An ecosystem approach to planning is predicated on
the physical and biological structures and processes that
determine the function of ecosystems and ultimately
support human wellbeing; however, there are few exam‐
ples of urban green infrastructure design that demon‐
strate the complex interrelationship between ecologi‐
cal function and social wellbeing. In part, this may be
attributed to the lack of heuristic design principles for
urban green infrastructure that draw on an understand‐
ing of the relationship between specific ecological and
social concepts. Ecology already has awide application in
landscape architecture and planning with a strong focus
on species persistence and movement, patch dynamics,

connectivity, and disturbance patterns. Less attention
is given to ecosystem growth, function, and dynamics,
or to ecosystem thermodynamics, and for obvious rea‐
sons. The mathematical and empirical nature of ecosys‐
tem theory is complicated enough for scientists without
attempting to translate into language and practical mod‐
els for landscape architects and planners. Nevertheless,
a more comprehensive understanding among landscape
architects and planners of ecosystem science is neces‐
sary if resilient and sustainable conditions are to be pro‐
vided for urban communities, and if current policies and
directives for safeguarding the environment and mitigat‐
ing problems of climate change are to be met.

The purpose of heuristic principles is to help translate
theory into models of practice but, even then, it is often
necessary to justify and explain the origins and content
of principles. The twomodels offered in our article, UGSF
and SUCN, provide appropriate criteria and framing for
the heuristic principles. Both models represent the two
main domains of living landscapes: the natural and cul‐
tural environments, and are mutually complementary by
virtue of the interconnectedness and systemic nature
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of ecosystems and communities. For instance, the pro‐
cess of conducting community participation encourages
knowledge sharing and learning between all members of
society, from scientists to managers and policy makers.
Information is collectively assessed systemically before
it is evaluated through consensus and finally translated
into agreed plans and strategies. Community participa‐
tory planning is carried out in the context of the environ‐
mental setting—the physical character of the landscape.
In other words, the KEA are evaluated within a broad
understanding of nature‐based values people attach to
green infrastructure. The ECA recommendations repre‐
sent the role of ecosystem‐led planning approach at
all scales and levels, including smaller scale interven‐
tions to larger rural planning approach, to create a
robust green infrastructure system across the county.
The vision and targets for green infrastructure set out
by ECA Commission reflect clearly three principles of
an ecosystem‐based approach: First, by adopting a land‐
scape approach to planning, the patterns and processes
lending structure and driving change are better under‐
stood; second, by working with the grain of nature, out‐
comes are more likely to be sustainable and resilient;
and third, to achieve a coherent and fully integrative
strategy, a bottom‐up, full participatory approach is a
prerequisite. Finally, an ecosystem approach also facil‐
itates learning within the community. It encourages
knowledge sharing, continual evaluation, and adapta‐
tion, essential attributes for operating in situations that
are rapidly changing.

The relationship between humans and the environ‐
ment has increased levels of complexity and vulnerabil‐
ity in natural ecosystems to the extent of precipitating
rapid climate change and plummeting decline in biodiver‐
sity (Intergovernmental Panel on Climate Change, 2019;
Schick et al., 2017). Until recently, socio‐environmental
problems were analysed and addressed using linear,
cause‐effect principles, and took little account of the
deeply interconnected nature and non‐linear character
of ecosystems. Recent changes in the way science analy‐
ses complex systems have opened up opportunities to
develop holistic models for land use design, planning,
and management. Innovative design and new methods
of practice will have to demonstrate flexibility, adaptabil‐
ity, and systemic function if we are to future‐proof our
living landscapes.
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