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Where is the peri-urban? Mapping
the areas ‘around, beyond and
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Joe Ravetz'* and Mehebub Sahana?

!Manchester Urban Institute, The University of Manchester, Manchester, United Kingdom, ?School of
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United Kingdom

The peri-urban, the areas ‘around, beyond and between'’ the urban, may be the
fastest expanding land-use around the world. Its many dimensions can include
population density, economic activity, travel patterns, urban infrastructure, land
cover, water basins or material flows. To explore the question ‘where is the peri-
urban’, we adopt a twin-track approach. One is a conceptual ‘integrated framework’,
which includes tangible parameters of land-use, relational linkages and systemic
emergence. The second track is a practical ‘basic delineation’, a simple combination
of population density and functional area, based on the Global Human Settlements
Layer (GHSL), as developed by the project Peri-cene, through consultation with
city-region partners. This delineation is here applied to a sample of 21 city-regions,
covering in total 10% of the global urban population. The peri-urban land area
in this sample is estimated at around 180,000 km?, with a rapid growth rate of
2.9% per annum. This basic delineation is then combined with a wider set of
social, economic and governance variables, to provide a basic global typology.
The same method then highlights the internal peri-urban structure and growth
pattern of each city-region, to derive a typology of six main peri-urban patterns.
Overall, the basic delineation provides a foundation for quantitative analysis of
the global peri-urban: and also supports further investigation of more complex
systems-level problems and policy pathways.

KEYWORDS

bio-regions, hinterlands, ‘functional urban area’, edge city, ‘global human settlements
layer’, urban—rural gradient, peri-urban

1 Introduction

The peri-urban is generally defined broadly as the area between urban and rural, or as the
outer gravity field of urban areas: the areas ‘around, beyond and between’ the urban. With
peri-urban land-use types expanding around the world, along with many types of urban
impacts and vulnerabilities, it seems urgent to delineate and locate such areas as far as possible
(Sahana et al., 2023).

In practice this is a very challenging question. On the ground there are many possible
definitions: population density, economic activity, travel patterns, urban infrastructure, land
cover, material flows, water systems or bio-regions. There are also intangibles, such as
community, identity, expropriation and structural dependency. And as both urban and rural
areas are rapidly changing, in both physical and societal systems, at scales from local to
regional, the peri-urban territories ‘around, beyond and between’ may be especially ‘volatile,
uncertain, contested and ambiguous’ (‘VUCA) (Bennis and Nanus, 1985).

So, the simple question addressed here, is ‘where is the peri-urban;, for which we take a
twin-track approach. One track proposes a conceptual integrated framework, with three
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distinct framings: tangible, relational and systemic. The other track is
a practical basic delineation, a simple classification of peri-urban types
by population density and function, as developed by the global project
Peri-cene. Combined with the stakeholder consultation as below, this
helps to explore and define a wide range of peri-urban types around
the world, from high density desakotas, to ‘edge city’ sprawl (McGee,
2002; Garreau, 2011).

A brief overview of this question includes both simple and multi-
layered definitions (Woltjer, 2014; Gongalves et al.,, 2017). A previous
delineation came from the EU project PLUREL ( Peri-urban land-use
relationships’), where Piorr et al. (2011) and Ravetz and Warhurst
(2013), classified the components of the ‘rural-urban region. Cusin
etal. (2016) define the peri-urban as a ‘discontinuous sub-urbanized
space with a mixed rural-urban interface. Gongalves et al. (2017)
differentiated the peri-urban areas with a typology of peri-urban areas
for Lisbon. Danielaini et al. (2018) provided more accurate rural-
urban definitions for peri-urban delineation, with 11 social, economic
and spatial variables. Balk et al. (2018) used the time-series of the
Global Human Settlement Layer (‘GHSL) to describe peri-urban areas
with <30% of the census-designated urban population in less built-up
areas. In the global south, Karg et al. (2019) studied a medium-sized
city in Ghana, in terms of ‘urbanicity, livelihood and land
use dynamics.

10.3389/frsc.2025.1436287

Overall, given such diversity, there is no single methodology
for spatial delineation of the peri-urban (Mortoja et al., 2020;
Sahana et al., 2023): however there is clearly an urgent need for
evidence to inform policy and governance. This is in a nutshell, the
research gap which this paper aims to address: as (to our
knowledge) the first to link technical data with an integrated
framework, validated as far as possible by stakeholder consultation
at the global level.

This challenge was then addressed in a practical sense by the
project Peri-cene (‘Exploring the peri-eco-urban anthropocene’; https://
peri-cene.net). This worked with a Policy Lab of 16 active partner
cities, and spatial data from 21 cities, with two in-depth case studies
on Chennai (India) and Manchester (UK). The Peri-cene explored
both the risks and vulnerabilities, and the potential for adaptive
pathways and collaborative governance. The research also connected
with parallel themes, such as the ‘Urban-Rural Linkages’ of UN
Habitat (2019), the bio-regional approach (Fanfani and Mataran Ruiz,
2018), the political ecology approach (Heynen et al., 2006), and the
cognitive systems approach of a ‘ollective peri-urban intelligence’
(Ravetz, 2020:79).

The Peri-cene then highlighted the policy context, where the
basic delineation shown here in section 4, is part of a bigger picture
which connects evidence to policy application. Figure 1 shows the
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outline. On the top left the integrated framework shows a matrix
with three alternative framings of peri-urban phenomena.
“Tangibles’ refers to physical issues on the ground, with specific data
or spatial mappings, such as land-use or population density.
‘Linkages’ refers to the relations, flows or interfaces of such
tangibles, for instance traffic flows or ecosystem services. Thirdly,
‘systemic’ refers to emergent or synergistic whole-system effects, for
instance gentrification or auto-dependency. Two of the ‘tangible’
items, i.e., those with extensive data on populationdensity and
commuting patterns, are then used for a map-based basic
delineation, as shown on the lower left of Figure 1, with global data
from the GHSL and FUA systems (Pesaresi et al., 2019; Dijkstra
etal., 2019).

The applications are then seen with the ‘pathways approach’ on
the right, as developed in the Peri-cene, a structure and process for
exploring complex peri-urban problems and responses. The multiple
cycles of problem and response in this diagram, show the three levels
of framing: tangibles or causal factors: Tinkages and relations and the
‘systemic’ layer of emergent and synergistic effects. On each level the
mapping identifies firstly problems, challenges, impacts or risks:
and then the responses, visions, and ‘adaptive pathways for
transformation.

The basic delineation itself covers only population density and
functional areas: these can then overlay with other spatial data such as
flood risk, land cover, forest loss etc. (Ravetz et al., 2022b). This is only
a starting point for policy applications: some peri-urban effects can
be seen cell by cell, while others need interpolation. For instance, the
typical combination of landscape degradation, increased flooding,
peri-urban sprawl, vulnerable residents and under-funded
government, can be highlighted at grid-cell level, and then investigated
further, with hydrological models, census data or policy analysis
(Carter et al., 2018; Sahana and Ravetz 2024).

In summary, the scheme in Figure | starts with the integrated
framework (top left) and the three main levels of tangible, relational
and systemic. The basic delineation then takes data in one corner of
this framework, the physical-spatial parameters of density and
commuting. This then supports key policy applications as identified
in the peri-urban ‘pathways approach’ (centre right). This paper
focuses mainly on one part of this scheme, the basic delineation, and
the typologies which can derive from it: we point to possible
applications and the pathways approach in the final section.

Figure 1 also shows the various forms of consultation with
stakeholders (academics, policy-makers and civic society): this
included both a methodological focus on the basic delineation and
integrated framework here, and also a thematic focus on problems and
responses, such as peri-urban wildfires or flood risk. The consultation
is outlined in section 3.

The paper structure is based on an extended series of research
questions, each the result of methodological development balanced
with consultation. The second section is a literature review on ‘what is
the peri-urban, with its multiple layers and framings. Thirdly, we ask
‘how to explore the peri-urban, and propose the integrated framework.
Fourth, we ask ‘where is the peri-urban, and propose the peri-urban
basic delineation. Fifth, this delineation is applied to ‘which peri-urban
types’ with a global typology of land/population/economic/social
parameters. Sixth, the question ‘how do peri-urban dynamics work’
applies the basic delineation for an internal typology of the sample
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city-regions. The paper concludes with an outline of policy
applications, limitations and signposts for further research.

2 What is the peri-urban? Key
concepts

As above, there are many layers and framings of the peri-urban
showing up in the literature. The brief review in this section is
structured by the integrated framework, as in Figure 1, with its three
framings: ‘tangibles’ on the ground: Tinkages’, relations, flows or
interfaces: and ‘systemic’ emergent whole-system effects. Also to
consider are the multi-scale dimensions, with the peri-urban as an
entity not only locally, but in the wider ‘rural-urban-region’ (Ravetz
etal, 2013), and the global ‘planetary urbanization’ (Brenner, 2013).
With that bigger picture in mind, this section is a brief literature
review on the question of ‘what is the peri-urban?’

2.1 The ‘tangible’ peri-urban

The historical dichotomy of urban and rural space started to blur
in Europe with the emergence of industrialized and liberalized nation
states (Bengs and Schmidt-Thomé, 2006). With the growth of mass
commuter transport, and then car ownership, the areas ‘beyond and
between’ settlements became ever more attractive for living, recreation,
and sometimes working. This development led to an expansion of
cities, not only in physical housing but also in functional relationships,
creating an area of urban influence around cities (Friedmann and
Weaver, 1979).

2.1.1 Peri-urban as land-use and density

A low-medium residential population density is often taken as the
primary definition of the peri-urban, as an intermediate zone between
urban and rural. However, much depends on the unit size for analysis,
and the questions of contiguity and proximity to urban centres: with
further complexity on transient populations or non-residential uses,
such as airports.

The PLUREL, a large EU-funded project on ‘peri-urban land-use
relations, considered the peri-urban to be part of a ‘rural-urban-region’
(RUR) as unit of analysis (Piorr et al., 201 1; Bryant et al., 1982; Champion
et al., 1989; Loibl and Toetzer, 2003; Gallent et al., 2006; Leontidou and
Couch, 2007). The basic spatial types which define the RUR include, an
urban core, inner areas, suburban, urban fringe, periphery and
hinterland (Haase et al,, 2013). A working peri-urban definition includes
both fringe and periphery, as presented by Ravetz et al. (2013):
discontinuous built development, containing settlements of each less than
20,000 people, with an average density of at least 40 persons per km’
(averaged over 1km cells). A functional urban area (FUA) was then
defined as “an urban core and the area around it that is economically
integrated with the centre, e.g., the local labour market” (Nilsson et al.,
2014), based on the statistical unit ‘Larger Urban Zon¢ in the European
Urban Audit (ESPON, 2008). More recently the FUA has a new global
definition and dataset, based on census areas with >15% commuting to
the main urban area, with zones now calculated via census data and a
learning algorithm (OECD/European Commission, 2019): and this is
taken as one part of the ‘basic delineation’ in Section 4.
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In contrast “counter-urbanisation” implies an opposite trend to
simple urbanisation, i.e., an increase in migration from the city to the
countryside (Robinson, 1990). Besides the relocation of services and
industry into rural areas, the development of part-time farming,
second homes and retirement migration play an important role in this
process. Champion et al. (1989) emphasized that such phenomena are
not unidirectional but a complexity of flows tending towards
de-concentration.

2.1.2 An urban-rural continuum

The blurring of the urban-rural boundary inspired research into
the idea of an urban-rural continuum. Bryant et al. (1982) showed a
model where the urban-rural region ranges from core city through
inner and outer fringe, a zone of an urban shadow and out to the rural
hinterland. Most recently the term ‘wrban-rural interface’ was
discussed, emphasizing the mixed character of these areas without
fixing them on a single, simple gradient (McGregor et al., 2005). There
are many angles on this complex phenomenon. ‘Ex-urbanisation’ was
originally coined as “ex-urban” by Spectorsky (1955), for the
development of a ring of wealthy rural communities around New York
City, characterized by settlements of urban professionals commuting
to the urban core for work. Today many of these areas could also
be called suburban, and Nelson and Sanchez (1999, p. 689) argued that
ex-urbanisation does not differ from suburbanisation, but that
ex-urbia ‘is simply the latest incarnation of the continued
suburbanisation of American cities! Ex-urbs are now found in many
forms, such as in southern Spain with new estates for retired people
from northern Europe (Zasada et al., 2010; Taylor and Hurley, 2016).

There are specific applications in different locations, such as the
Wildland-Urban Interface (WUI) (Radeloff et al., 2005). This is based
on a minimum one dwelling per 16 ha, with ‘intermix’ where over
>50% of land is vegetated, or ‘interface’ with less than 50%.

2.1.3 Global urban expansion

The global urban system shows huge variety: for example cities in
developing countries have three times the average density of cities in
industrialised countries (Angel et al., 2005). However, the current trend
sees density reducing by 1.7 per cent per year, and if such trends
continue to 2050, built-up areas could triple to more than 600,000 km?.
A global remote monitoring study looked at four main types of urban
growth: low-growth cities with modest rates of infilling; high-growth
cities with rapid, fragmented development; expansive-growth cities with
extensive dispersion at low population densities (generally North
American); and ‘frantic-growth’ cities with very high land conversion
rates and population densities (generally found in developing countries)
(Schneider and Woodcock, 2008). Each of these types had different
spatial patterns, whether dispersed or constrained: and scattered or
contiguous development. To this could be added a fifth type, that of
negative growth, or shrinking cities (Couch et al., 2007). A global study
also defined ‘urbanized’ in contrast to ‘steadily/rapidly urbanizing’ (Gao
and O’'Neill, 2020). Generally, these definitions of ‘urban’ include what
we term here the ‘inner peri-urban’ or fringe, in close proximity to the
urban area. The ‘outer peri-urban, which could be termed ‘peri-rural,
where the rural areas are in transition under urban pressures—has not
yet been studied at this scale. Generally, urban and peri-urban expansion
should be seen not only as negative, but with major benefits for the
majority of the world’s population who currently occupy an average
3.5 m? habitable area per person (Hardoy et al., 2001; UN Habitat, 2022).
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2.2 The ‘relational’ peri-urban

2.2.1 Peri-urban interfaces and transitions

Clearly peri-urban areas are not isolated entities, but highly inter-
connected parts of larger city-region systems, a spatial-functional
hinterland, with overlapping economic, ecological, social or political
units (Ravetz, 2000). Often, the peri-urban is used to describe newly
urbanised zones at the fringes of cities, especially in developing
countries, which are then called the ‘peri-urban interface’ (Adell, 1999;
McGregor et al., 2005). The Council of Europe (CEMAT, 2007) defines
the peri-urban as a transition area moving from strictly rural to
completely urban, related to a high pressure towards urban
development (Bertrand, 2007). Conversely, peri-urban areas can be far
from ephemeral, but instead can form a new kind of landscape.
Furthermore, such development is not only physical development
with urban characteristics, but sees the emergence of urban activities
in rural areas, such as hobby farms and second homes (Briquel and
Collicard, 2005; Ravetz, 2011, 2024).

Perhaps the principal enabler of modern peri-urbanization is the
transport network and infrastructure, and the systemic effects of
car-dependency. Charting transport energy demand against urban
density shows a huge spectrum, from hyper-dense Hong Kong at 300
persons per hectare, to Atlanta or Phoenix, with just 6 pph (Newman
and Kenworthy, 1999). One practical application is the ‘Urban Fabrics’
scheme, which maps three types of urban form and accessibility
(Newman et al., 2016): ‘walking city’ with densities over 100 pph
(persons per hectare) near to major nodes: the ‘transit city’ over
50 pph: and an ‘automobile city’ of less than 20 pph spread out across
large areas. In reality while urban policies promote walking/transit,
there are powerful forces pushing the other way: as shown by
European cities of low population growth, where peri-urban areas are
doubling every 30 years (Piorr et al, 2011). This points towards a
landscape of ‘non-places, transient, artificial, anonymous and
alienated: with the logic of speed, this generates ‘auto-areo-mobility,
mono-functional nodes with rapid expansion at road interchanges,
where the main pedestrian areas are now inside the hyper-malls and
airport terminals (Kasarda and Lindsay, 2011).

2.2.2 A global edge city

The role of the peri-urban in Asia can be very different to that in
Europe or North America. The Asian model shows a rapid transition
from subsistence agriculture towards a globalized development
pattern (Jones and Douglass, 2008; Ginsburg and Koppel, 2004; Leaf,
20115 Sreeja et al,, 2017; Webster, 2011). By contrast, in the North
American type there is a focus on the ‘edge city’ as a new kind of CBD,
and the rural as a zone of enterprise and opportunity (Garreau, 2011;
Daniels, 1998). Overall the peri-urban and rural hinterland is rarely a
defined zone, but highly inter-dependent and inter-woven with urban
areas. Indeed, Webster (2011) suggests that it is, perhaps, fruitless to
try to define the peri-urban, but rather more useful are grounded
accounts of the varieties of ‘peri-urbanisation as a process.

2.3 A 'systemic and emergent’ peri-urban
Such complexity is then visible as urban sprawl—generally a land

use pattern with lower density, inefficient or wasted land-use, car
dependency and ambiguous structures and patterns (Reckien and
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Karecha, 2007). This raises many questions on which spatial unit of
analysis is to be assessed: for example, is an airport or peripheral
industrial zone classed as urban sprawl, or development zone, or both?
A more technical definition of sprawl looks for low values in one or
more of eight measures: density, continuity, concentration, clustering,
centrality, nuclearity, mix of uses, and proximity (Galster et al., 2001).
In simple terms two definitions for sprawl seem relevant: ‘unplanned
incremental urban development, characterised by a low density mix of
land uses on the urban fringe’ (EEA, 2006): and Low density, scattered
urban development, without systematic large scale or regional public
land-use planning’ (Bruegmann, 2008, p. 18; Reckien and
Karecha, 2007).

Such definitions can be explored further by looking at the systemic
features of sprawl versus ‘normal’ urban areas. At the system level, a
city or city-region can be framed as a ‘system’ of inter-connected parts,
with multiple layers of interactions, social, economic, technical or
political. By contrast areas of urban sprawl are apparently
‘non-systems, characterized by gaps and conflicts, where the normal
concept of ‘system’ is hardly relevant, as in the concept of anti-city-
region’ (Ravetz, 2020, p. 79-83).

2.3.1 The social-ecological peri-urban

Human-ecosystem linkages and interactions are decisive for peri-
urban land use relationships. For example, the peri-urban has aesthetic
and social cultural value for a variety of people (Gallent et al., 20065
Syllaetal,, 2019), not least for those living in the urban core (Ives and
Kendal, 2013). This implies an important cultural dimension and
place-based agenda in defining the peri-urban (Taylor and Hurley,
2016). For example, early definitions of ‘exurbia’ noted the attraction
for the affluent middle classes, in search of cheaper house prices along
with proximity to countryside (Spectorsky, 1955). Meanwhile, in cities
such as Mumbai and Johannesburg, there is a complex mix of residents
including both rich and poor, in competition for scarce resources with
existing peri-urban informal settlements and villages (Sreeja et al.,
2017). Such a phenomenon sees the peri-urban indigenes as ‘bypassed’
or ‘left-behind’ by a dynamic and largely unplanned peri-urbanisation
process (Rajan, 2017). Meanwhile Hui and Wescoat (2019) visualized
the peri-urban and ‘rurban’ (‘rural-urban’) areas based on water
systems in transition zones, and Sutton et al. (2010) used night-time
satellite imagery for mapping peri-urban areas of Australia.

2.3.2 A peri-urban socio-political ecology

Such linkages raise challenges on distribution, access to resources,
decision-making and representation, and hence the concepts of
political ecology have emerged (Heynen et al., 2006; Karpouzoglou
et al, 2018). Peri-urban areas generally contain large urban
infrastructures, such as water, waste and sewage treatment, typically
located away from the central urban core. The displacement of former
activities, environmental impacts, and associated privatization or
financialization of resources, all have significant implications for
environmental justice (Tzaninis et al., 2021). Meanwhile peri-urban
areas offer significant climate change functions for urban areas, e.g.,
through green corridors or catchment-based flood management,
which may be eroded by land use change and changing agricultural
practices (Carter et al, 2018). The protection of such areas by
ecological or spatial planning, then attracts higher income residents
and visitors, in a process of peri-urban ‘eco-gentrification’ and
polarization (Gallent et al., 2006; Ives and Kendal, 2013). Urban-rural
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combinations have emerged in national cultures, such as the rus in
urbe’ of English urban design (Melvin, 2018).

2.3.3 The ‘post-metropolis’ and ‘anti-city-region’

From the above it is clear that the peri-urban, as a different type
of settlement pattern that is neither urban or rural, can facilitate new
lifestyles and modes of being (Cusin et al., 2016): this calls for both
technical analysis and deeper anthropological accounts (Webster,
2011; Garner, 2017). Historically, some have characterised the peri-
urban as an enclave of the middle classes who have access to cheap
land and can perform long commutes, or those who cherish living
close to nature combined with urban lifestyles (Luka, 2017; Vejre et al,
2010). However, the peri-urban has also been characterised as the
space where the have-nots may be ‘banished, such as the banlieus in
Greater Paris, ‘projects’ and peripheral estates in the USA or UK, or
shanty towns or ‘resettlement zones™ in India (Cusin et al., 2016).
Across both South and North, rural villages become engulfed or
bypassed in the peri-urban wave, which disrupts livelihoods and
generates conflicts over land uses and natural resources (Abramson,
2016; Rajan, 2017; Sreeja et al., 2017).

Such widespread fragmentation can then be framed as a system
transition in itself. For example the so-called ‘post-metropolis’ or
‘carceral city’ is not only a physical sprawl over huge areas of the peri-
urban: it tracks ‘increasing cultural diversity, rising economic
inequalities and social polarization, and changing urban forms and
functions’ (Soja, 2000).

In general peri-urban areas expand around the highway network,
often in a landscape of ‘non-places’: transient, artificial, anonymous
and alienated (Augé, 1999). The logic of speed generates mono-
functional ‘parks’ and ‘malls’ around road interchanges and the ‘aero-
tropolis’ (Kasarda and Lindsay, 2011). As such areas are lacking in
traditional urban qualities of proximity and synergy, the term anti-
city-region’ is a useful frame (Ravetz, 2020, p. 89). The anti-city-region
includes an expanding range of peri-urban settlements: from airport
complexes to tourist villages, mining camps, university towns,
religious communities, prison complexes, squatter or refugee camps.
As such ‘planetary peri-urbanization” is now accelerated by digital
communications, we may expect many more peri-urban types in the
anti-city-region of the future (Brenner, 2013).

2.3.4 Peri-urban governance and ‘collective
peri-urban intelligence’

The systemic dimension includes not only the tangibles of
land-use and population, but of governance and cognitive systems at
every level. For peri-urban governance, lacking the proximities and
synergies of urban areas, the challenges are greater, as are the
opportunities. Green Belt and equivalent policies around the world,
often struggle with urban pressures, and many such areas are polluted,
damaged and divided (Gallent et al, 2006; Henderson, 2005;
Westerink et al., 2013).

Generally the peri-urban governance combination can
be framed on different levels: (a) a functional system of regulation,
(b) an evolutionary system of value competition and gentrification:
or a ‘co-evolutionary’ system of synergies, between residents,
workers, ecologists, farmers, visitors and so on (Ravetz, 2020). Such
synergistic qualities can be seen in many peri-urban initiatives
which address governance gaps, expropriation, exclusion or
ecosystems destruction: from ‘sprawl repair’ (Tachieva, 2010), to
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‘eco-belts’ (Douglas and Ravetz, 2011), and socio-ecological
innovations (Scott et al. 2013). Such new opportunities can
be framed as an emerging ‘collective peri-urban intelligence’: the
capacity for mutual communication, learning, co-innovation and
co-production, between a wider community of stakeholders, with
deeper layers of value, and further horizons of change (Ravetz,
2020, p. 92).

3 How to explore the peri-urban? An
integrated framework

3.1 Development process

The above review shows not only peri-urban diversity, but also
‘policy diversity, in how policymakers and other stakeholders
perceive, plan, manage or operate in the peri-urban. With that as a
starting point, the integrated framework and basic delineation were
developed in tandem through the 24-month Peri-cene consultation.
This included academics, urban-regional policy-makers and civil
society (also entrepreneurs in Manchester and Chennai), in each of
the 16 active partner city-regions, via interviews and workshop
sessions (there was an additional challenge of shifting all discussion
to online due to COVID-19). The first stage (2019-20) focused
more on the existing concepts and prototypes for the basic
delineation, (in parallel with other issues on climate change risk
and resilience):

« Literature/technical review of the recently launched GHSL/FUA
systems, was discussed with stakeholders

« Initial questions for consultation focused on scoping and problem
mapping: (a) “Where is the peri-urban in your area, (i.e., which
locations are generally considered peri-urban)”: (b) ‘What are the
key issues and challenges in the peri-urban?’ and (c) ‘How far does
policy recognize or respond to such peri-urban areas?’

A second stage (2021) then focused on testing the methods and
pilot results with stakeholders, and exploring the application to the
forward ‘adaptive pathways’ and collaborative governance:

o Technical review: the stakeholders were shown draft maps of
their areas, and asked to comment on the question - ‘How far do
the results of the ‘basic delineation’” method help with the
question for your area, on ‘where is the peri-urban”?

o Systemic review of the integrated framework and its policy
applications, with questions such as ‘Can the integrated
framework help with policy development for ‘adaptive pathways’?

The overall finding was a widespread lack of awareness of
peri-urban issues, with fragmented and ineffective governance
systems, and near-zero levels of operational climate change policy
(Ravetz et al.,, 2022b). Most stakeholders had some idea of the
peri-urban concept and its many challenges, but could not commit
to anything more precise. However in some city-regions the
question was answered in part by the existence of policies such as
green belt, housing restrictions, or peri-urban village schemes,
with defined areas on the map. This is a brief summary of findings,
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based on the Peri-cene synthesis report (Ravetz et al,
2022a, 2022b).

« Formal policies similar to green belt were found generally in
higher income cities such as Manchester, Toronto, Helsinki,
Changsha, San Diego;

o Peri-urban village or rural housing policies were found in
Chennai, Surabaya, Santiago;

« Rapid expansion areas saw various types of infrastructure
policies: e.g. Melbourne, Bangkok, Dhaka, Doha, Cairo,
Johannesburg;

« Slower expansion areas, such as around Naples, were managed
with than
land-use zones.

rural-facing socio-economic policies more

Further details would be reported elsewhere, but here the
consultation showed the Peri-cene integrated framework was found by
most stakeholders to be a useful ‘boundary object. It could help with
mapping of complex problems and responses, and further down the
line, inform policy delineations such as green belt or similar above.
The basic delineation as described here, also raised technical questions
such as band definition, grid cell size, or the continguity rules, but as
a ‘best available, linked to global urban data analysis, it was deemed
by most stakeholders to make a useful contribution to developing
evidence-based policy.

3.2 Towards a framework

For the question of ‘where), the above suggests no simple answer.
As in the above review, the peri-urban appears as many things—
tangible conditions on the ground, relations and linkages, and
emergent systems, with endless diversity from local to global. By
review and consultation a peri-urban integrated framework has
emerged (following an earlier version in Sahana et al., 2023). This
includes three main framings, and multiple layers in each, as in Table 1
and Figure 2 below:

a) Tangible, physical, spatial framings: starting with land-use,
population density and built form: these are the tangible
physical features seen ‘on the map;, and hence the first focus of
any peri-urban definition, ‘delineation’ or ‘demarcation’;

b) Relational flows and linkages: the many forms and patterns of
interactions, proximities, flows, inter-dependencies and
linkages. Some aspects can be referenced to the tangible data
above, but others may not show directly on the mapping, and
may have a different logic;

c) Systemic/emergent framings: this applies to whole system with
qualities more than the sum of the parts, such as the examples
above of sprawl, bypass or carceral cities. This also points to
fundamental systems features such as complexity, emergence,
transitions, co-evolution of cognitive systems and capacity for
‘collective peri-urban intelligence’ as above.

Each of these can be found in different thematic layers: (this

scheme is a simple summary based on the ‘STEEP’—‘ocial,
technical, economic, environmental, political’ as in Loveridge, 2008).
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TABLE 1 Peri-urban integrated framework.

Thematic

Tangibles

Linkages, flows, relations

10.3389/frsc.2025.1436287

Emergent systems

Social/demographic

POPULATION DENSITY
Built area density

Housing conditions

Demographic flows: housing markets: counter/

re-urbanization

(Socio-economic-technical systems): Carceral cities/

enclave communities/eco-gentrification

Technology/infrastructure

Transport infrastruct
Services density

Energy and water systems

COMMUTER-SHED & ‘FUNCTIONAL URBAN
AREA
Traffic flows

Service catchment

(Techno-socio-economic systems): Auto-

dependency, digital decentralization

Economic/livelihood Wealth/poverty Employment Economic urban-rural linkages: Labour markets (global economic transition systems): Global-local
interfaces, Edge city economy, ‘aerotropolis’ zones

Environment/climate Land cover/ land-use Eco-services/bio-region (Eco-socio-cultural systems): peri-urban landscapes,

‘Watersheds and catchments Food and water hinterland desakota, ‘rus in urbe, peri-urban food systems
Governance/policy Spatial policy: Public services Trans-boundary governance (socio-cultural-political systems) Adaptive governance
Multi-level governance Socio-political innovation
Geographic
Local level Urban-rural fringe Peri-urban-rural interface Local human-nature interactions

City-region level

Hinterland, back-yard

Peri-urban-rural gradient

Peri-sub-urban-ization

Bypass and displacement

Global level

Global typology

Global south-north gradient

‘Global peri-urbanism’

FIGURE 2

Technology/ infrastructure

Economic / livelihood

Environment / climate

Governance

A) TANGIBLES:

Social / demographic

Population density
Built density

Transport & accessibility
Energy / water systems

Wealth / poverty
Employment

Land cover/ land-use
Watersheds & catchments

Spatial policy:
Public services

‘WHAT IS THE PERI-URBAN?’ AN INTEGRATED FRAMEWORK

Multiple dimensions of the peri-urban & peri-urbanization, overlaid on a typical polycentric city-region

C) EMERGENT & SYSTEMIC EFFECTS

(Socio-economic-technical): Carceral / bypass / enclave / eco-gentrification dynamics

(Techno-socio-economic): Auto-dependency, digital diffusion, global-local interface, aerotropolis zones
(Eco-socio-cultural): ‘Eco-peri-urban-rural’ landscapes, desakota, ‘rus in urbs’, local food systems

What is the peri-urban? An integrated framework.

B) LINKAGES, FLOWS, RELATIONS

Social / demographic
* Housing markets, PUR linkages:
* Counter / re-urbanization

Technology/ infrastructure
*  Traffic flows & commuter-sheds
*  Service catchment

Economic / livelihood
* Job markets
* Economic URL

Environment / climate
* Food & water hinterlands
*  Ecosystem services / bio-region

Governance
* Trans-boundary governance
*  Multi-level governance
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Social/demographic: residential population density: demographic

flows: housing provisions and markets: counter- or

re-urbanization. Systemic effects such as carceral cities, sprawl
cities, eco-gentrification and exclusion (Soja, 2000).

Technology and infrastructure: transport and accessibility:

commuter-sheds and service catchments: energy, water,
materials, waste systems and hinterlands. Systemic effects include
auto-dependency and digital decentralization (Newman and
Kenworthy, 1999);

o Economic/livelihood: ‘functional urban area’ and gravity fields:
economic development processe: real estate and land markets as
drivers of change; labour markets and services catchments: peri-
urban-rural linkages and transfers. Systemic effects of
aerotropolis, local globalization, bypass communities (Kasarda

and Lindsay, 2011).

Environment/climate: land cover, land-use or landscape types:

eco-region/bio-region: food/energy/water landscapes:
ecosystems and climate services: climate impacts, risk and
resilience, adaptation: bio-regional and socio-ecological
perspectives. Systemic effects include the desakotas, and other

eco-peri-urban-rural combinations (McGee, 2002).

Policy/governance: territorial spatial planning: multi-level
governance and under/over bounding questions. Fiscal and
service models in extended forms of spatial planning,
sub-regional development: also including systemic features of
nepotism and elitism, and/or emerging forms of adaptive-
collaborative governance (Winter and Karvonen, 2022).

Each of these can be seen at different unit scales and geographical
levels, with many forms of interaction between local, regional
and global:

o Local level: tangible details include edges, fringes, pockets,
clusters, corridors, etc. Linkages are seen with social-ecological
interactions, housing values, or leisure and tourism. Systemic
effects see micro-geographies of ‘place-making’ or ‘locality’, with
places/spaces of innovation, identity, disorder and resistance
(Clay, 1994);

o City-region/conurbation levels: at the territorial level, more
linkages and co-dependencies come into view with peri-urban
expansion. Systemic effects see many overlapping transition
effects, where the peri-urban is a vital component of metropolitan
regions or bio-regions (Friedmann and Weaver, 1979);

o Mega-regional/global level: here the south-north tangibles and
linkages point to the macro-scale typologies of income,
inequality, urbanization, and governance. Systemic effects suggest
global perspectives such as the anthropo-cene or ‘urban-ocené,
which suggest the concept of a planetary peri-urbanism
(Brenner, 2013).

The unit combined integrated framework is summarized in
Table 1, noting that many categories overlap. Key synergistic
combinations can then be identified, at least in outline: for instance,
road-building (a tangible effect) may encourage auto-dependency
(systemic effects), which then impacts on land-use change (tangible
effect) and ecosystems services (linkages) (Taylor and Hurley, 2016).
This is then the key to policy applications and the Peri-cene pathways
approach’ (Figure 1, right side), which takes the 3-part framework into
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a structured mapping of complex systems problems and responses
(Ravetz et al., 2022a, 2022b).

Of these alternative approaches, the upper left corner in Table 1
provides the focus of the basic delineation in the following sections.
Again, the aim of such a framework is not one ultimate definition or
‘boundary on the map’: rather a broad structuring of a diverse and
complex landscape. This helps to put in context the ‘where’ question:
some parameters are suited to spatial data, while others require other
modes of enquiry, which may be supported with spatial data. This is
an ongoing discussion, in which the basic delineation is one small
contribution to a wider investigation.

4 Where is the peri-urban? A basic
delineation

Alongside the over-arching integrated framework, there is a
practical need to delineate peri-urban areas ‘on the map, for policy,
enterprise, civil society and research. In that sense we address the
question of ‘where] not as some ultimate truth, but as a practical
reference point for further enquiry.

4.1 Development process

The Peri-cene developed through various pilots this basic
delineation, tested by consultation with stakeholders and academics,
centred on the practical question— ‘where is the peri-urban in your
city-region?’. There is huge variation in urban and peri-urban densities
and gradients around the world, so that any single typology is
challenged by outliers. In Bangladesh for instance, many ‘rural areas
of mainly subsistence farming are at >750 pp/km?, while in the USA,
many ‘urban’ areas are spread out at <125 pp/km’. Some extended
megacities and poly-centric agglomerations spread widely ‘beyond or
between, so the mapping adopted a standard 200 km wide ‘box’ to
include for such effects.

The development process included various experiments, such
as urban ‘potential’ or gravity field mapping, of a population-
weighted proximity function. The results were interesting but not
favoured in consultation: there was little consensus on band
delineations, and larger gravity fields tended to over-ride the
fields of smaller towns. In the event, a decision was taken to adopt
the ready-made FUA database of the OECD, based on labour
market/commuting data, with empirical evidence from OECD
countries, and a learning algorithm for other areas (Dijkstra
etal., 2019).

The GHSL (‘Global Human Settlements Layer’) system was then
selected as the new global standard dataset, with an evolving
methodology which had not previously focused on the peri-urban
question (Pesaresi et al., 2019). A geospatial analytic process retrieved
1 km cell built-up and population layers from the GHSL portal for the
21 case study cities: urban density bands were delineated from raster
layers of both built-up and population data, using the ArcGIS raster
calculator and spatial analysis tools. To differentiate built-up areas
within Functional Urban Area (FUA) for each city, we utilized vector
layers, with ArcGIS zonal statistical functions. Analysis of rates of
urbanization and other statistical comparisons then proceeded
on spreadsheets.
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4.2 Peri-urban basic delineation

From the above, the basic delineation is a simple combination of
two factors, as shown by the capital letters in top left and centre of
Table 1, with colour coding as shown in Table 2 and Figure 3.

o Residential population density: the peri-urban is defined as 2
land-use types, between 50-125 (light green) and 125-300
persons/km” (yellow), as defined by the GHSL system in 1 km?

grid cells;
o FUA (‘Functional Urban Area)), i.e., zones of clustered economic
activity, from a global classification (OECD/European

Commission, 2019) (shown as pink overlay).

Fitting the different densities with the FUA units (or equivalent),
produces five distinct geographical zones, each described with a
simple label:

(a) ‘Urban edge’ (125-300 p/km* inside FUA): suburban/
extended settlements.

(b) Urban fringe’ (50-125 p/km* inside FUA): scattered/
extended/sprawl.

(c) ‘Urban greenspace’ (0-50 p/km?: inside FUA): greenspace/open
land/forest/other.

(d) Peri-urban settlement: (125-300 p/km?% outside FUA);
satellites/higher density sprawl.

(e) ‘Peri-urban spread’ (50-125 p/km* outside FUA): smaller
satellites/lower density sprawl (the final category (f) (0-50 p/
km?: outside FUA), is deemed ‘non-peri-urban’). This ‘rural
areas/bio region’ category includes open land/forest etc., from
near urban to rural hinterland or remote/uninhabited areas).

Based on this typology, a set of ‘key mappings’ was created for each
of the 21 cities in the Peri-cene Policy Lab. As in the example comparison
of Manchester and Chennai in Figure 4, the yellow 1 km cells show the
higher peri-urban densities of 125-300 p/km?, while the green cells show
the lower peri-urban densities of 50-125 p/km?. The transparent overlay
then shows the ‘Functional Urban Areas, defined by the OECD as areas
of most concentrated urban/economic activity (Dijkstra et al., 2019).

This combined mapping also includes change factors: orange, red
and purple cells show changes from 1990 to 2015, to and from rural
to peri-urban and to urban types (see the legend on the left). In
addition the dotted circles of 20, 40, and 60 km radius, show rough
proximity bands from the main CBD: this non-scientific measure was

TABLE 2 Where is the peri-urban? A basic delineation.

Proximity/density pp/km?

(pink overlay)

Within Functional Urban Areas (FUA)

10.3389/frsc.2025.1436287

suggested by stakeholders, as a very simple measure of conurbation
effects, underlying any more complex polycentric patterns.

The basic delineations above then provide a set of indices for
global comparison on peri-urbanization (Table 3). We can then
explore questions such as - What is the current proportion of the
population in the peri-urban classes? How fast is the peri-urban
population or land area growing, and what is the projected growth in
25 years? Here the compound growth figures are the key item of
concern, and this is the basis for the comparative review in the
following sections.

Firstly some limitations should be noted: some are acknowledged
in the work-arounds and special arrangements in the GHSL method
and its applications (Pesaresi et al., 2019):

» The GHSL is calculated on the census data on resident population,
and so would miss other categories: industrial or infrastructure
areas, ‘non-place’ categories as above, or areas where the census
is unreliable for various reasons.

o The grid-cell unit of 1 km? provides a useful global standard, but
may conceal important differences, e.g., scattered rural villages
and suburban sprawl may be classed in the same band.

o The FUA is calculated as >15% of local population commuting to
defined ‘cities/urban centres, as in the table below. Such a boundary
is somewhat arbitrary and possibly volatile: as highlighted by the
COVID-19 episode, there are new patterns of distributed working,
from local to global networks, and such dynamics may
change rapidly.

While this development was in progress the full ‘DEGURBA
definition was launched (European Union/FAO/UN-Habitat/ OECD/
World Bank et al.,, 2020). In Table 4 (a format developed by Peri-cene),
the basic delineation contribution is shown at lower right. This is topical,
as the stakeholder consensus on the ‘peri-urban; corresponds to what is
termed ‘low-density rural (>50 pp/km*) by the DEGURBA
classification. As above there is no final objectivity in such band
definitions, for the wide range of geographies around the world, but
seems to deserve further investigation.

4.3 Comparitive example

The comparative example in Figure 4 shows Manchester and
Chennai, the two in-depth case studies from the Peri-cene. The figure
also shows for reference, the basic delineation bands applied to

Outside Functional Urban Areas (FUA)
(No colour)

125-300 a) ‘Urban edge’ (125-300 p/km?): suburban / extended d) ‘peri-urban settlement’: (125-300 p/km?); Larger satellites,

(light yellow) settlements / within (FUA) higher density sprawl / ex-urbs. outside the FUA.

50-125 b) ‘Urban fringe (50-125 p/km?): Scattered / extended / sprawl e) ‘peri-urban spread’ (50-125 p/km?): Smaller satellites and

(light green) near / within within the FUA. further/lower density sprawl/ex-urbs. Smaller satellites and
lower density settlements outside the FUA.

0-50 ) ‘Urban greenspace (0-50 p/km?): open land / forest / other, (f) (not in peri-urban classification): (0-50 p/km?): rural areas /

(No colour) near / within the FUA. open land / forest / barren/ remote / other types of land covers.

Source: adapted from the GHSL dataset (Pesaresi et al., 2019) and FUA (Dijkstra et al., 2019; Colour scheme refers to the basic delineation categories).
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WHERE IS THE PERI-URBAN? A ‘BASIC DELINEATION’

A working delineation for the peri-urban, based on GHSL & FUA data (Pesaresi et al 2019: Dijkstra et al 2019).

PERI-URBAN BASIC DELINEATION
From GHSL & FUA (Functional Urban
Area) data:

Within FUA: 0-300 p/km?
Outside FUA: 50-300p/km?
(FUA: >15% of local residents
commuting to main urban area)f;h

.

1) ‘Urban edge’ (125-300 p/km3
inside FUA): suburban /
extended settlements

‘Urban fringe (50-125 p/km\z:x
inside FUA): scattered /
extended / sprawl

2)

3) ‘Urban greenspace’ (0-50
p/km?: inside FUA): greenspace

/ open land / forest / other

o

_______________________________ o
B

4) ‘peri-urban settlement’: (125-
300 p/km?: outside FUA);

satellites / higher density sprawl

5) ‘peri-urban spread’ (50-125
p/km2: outside FUA): smaller

satellites / lower density sprawl.

FIGURE 3
Where is the peri-urban? A basic delineation.

Key

POPULATION
__ DENSITIES:
(p/km?)

/. density data is based on
1km? cells, from GHSL
2015 database: changes

/'/ are based on 1990-2015
1,/" difference.
DEMOGRAPHIC CHANGE

typical movements contributing to peri-
urbanization: (data by cell p/km?)

a) Urbanization / counter-urbanization:
from main urban to rural hinterland:
(from <50 to >300 p/km?)
Peri-urbanization from dense urban to
lower density peri-urban: (from <50 to
50-300 p/km?

Densification / suburbanization / :
expansion towards lower density urban
edges: (from 50-300 to >300 p/km?)
Re-urbanization - from rural to main
urban / peri-urban areas.

b)

c)

d)

Manchester, along with the change factors (1990-2015) applied to
Chennai. As above this delineation is a small cross-section of a
complex and many layered city-region. showing on the
The Manchester city-region is a typical northern post-industrial
agglomeration, with many satellite towns, extended suburbs,
car-dependent sprawl, a fast-growing aerotropolis zone, along with
urban greenspaces and river-valleys, urban fringes, post-industrial
hinterland, tourist hotspots, ancient woodlands, upland peat bogs and
so on. With the many layers of control in the UK planning system,
slow change in peri-urban population of around 0.5% APR (‘annual
percentage rate’), may conceal more rapid change in socio-economic
conditions, less visible on the map. These include an economic post-
industrial transition, new ‘socio-ecological’ lifestyles, farming/
landscape transitions, integrated ecosystems management, and new
patterns of adaptive governance ( ).
Consultation with planning officers from three local authorities,
identified firstly the ‘peri-urban spread’ (50-125 p/km?): smaller
satellites and further/lower density sprawl or ex-urban settlements,
outside the FUA. A second priority was the inner ‘urban edge’ (125-300
p/km?* within FUA, of suburban and/orextended settlements: and the
‘urban fringe’ (50-125 p/km?, within FUA, of scattered, extended or
diffused suburbs. Overall there was some consensus that a simple basic
delineation would be helpful for spatial analysis and policy development. ~ beginning of
Chennai by comparison, is a rapidly developing Asian coastal

megacity. The data shows over 3.5% APR peri-urban population growth, ).
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and livelihoods:

a doubling time of just 20 years, with chaotic peri-urban sprawl on a
sensitive water-based landscape. There are many peri-urban syndromes

map: rapid urban and industrial sprawl into low-lying

landscape of complex water systems and further hinterland: a general
disruption of ecosystems with development in high-risk locations,
bypassing of local rural economies and livelihoods ( )

This intersects with climate change syndromes of riverine flash
flooding, coupled with major cyclones, sea level rise and saline
incursion. There is general water stress, disruption to soil/ecosystems,
displacement of floodwater to urban areas: urban heat island and air
pollution effects combine with extreme wet heat days. Societal
vulnerabilities include large scale transformation of rural economies

rapid social change and gentrification, with disruption

to rural farming and landscape systems. In the background are the
governance syndromes of political fragmentation, widespread elite
capture, illegal construction and land encroachment.

There are various developments in strategic governance, partnership
governance, and integrated socio-ecological policy at different levels,
from the local to the bio-region and state level ( ).
Only a small fraction of this long story is visible on the basic delineation
here, but this supports further analysis of tangibles such as flood risk:
relational linkages such as watersheds or commuter-sheds: and the

systemic effects both negative and positive,

via the integrated framework and pathways approach (
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WHERE IS THE PERI-URBAN? EXAMPLES FROM NORTH & SOUTH

Example of ‘basic delineation’ with change factors: Manchester & Chennai city-regions (based on GHSL & FUA data).

BASIC DELINEATION

MANCHESTER
Population change,
1990 - 2015

Legend
©  Manchester centre

[ oistrict Boundary

[ case study Boundary

Greater Manchester

iffer 20, 40, 60 km

| south Pennines Landscape

IGHSL Population chnage 1km

Date: 01/18/2021
Data source: GHSL -
Global Human Settlement Layer
0510 20 30 40
KM

a) ‘Urban edge’: suburban /
extended settlements / within
urban area & FUA (125-300)

54°0'0"N

b) ‘Urban fringe’: Scattered /
extended / sprawl near / within
urban area / FUA (50-125)

¢) ‘Urban greenspace’: open
land / forest / other, near /
within main urban area (0-50)

d) ‘peri-urban settlement’: Larger
satellites, higher density sprawl /
ex-urbs (125-300)

e) ‘peri-urban spread’: Smaller
| satellites & further / lower density
sprawl / ex-urbs (50-125)

CHENNAI
Population Change
1990 - 2015

Legend
+ Chennai_centre

[ Greater Chennai boundary

[CJ Chennai proposed metropolitan

[_JSub-district boundary

i1 3Buffer 20, 40, 60 km
20 FUA Chennai

Date: 05/04/2021
Data source:

Boundary: SEDAC- Socioeconomic
Data and Applications Center
Population density: GHSL-

Global Human Settlement L
Functional Urban Area(FUA): GHSL-
Global Human Settlement Layer

0510 20 30 40
KM

DEMOGRAPHIC DYNAMICS
& POPULATION CHANGE:
typical movements of peri-
urbanization: (data by cell p/km?)
a) Urbanization / counter-
urbanization: from main
urban to rural hinterland:
(from <50 to >300)
Peri-urbanization from dense
urban to lower density peri-
urban: (from <50 to 50-300

) Densification /

1300'N

suburbanization / :
expansion towards lower
density urban edges: (from
50-300 to >300)
Re-urbanization - from rural
to urban / peri-urban areas.

d)

1200'N

FIGURE 4
Where is the peri-urban? Manchester/Chennai comparison.

5 Which are the peri-urban types? A
global picture

Applying the basic delineation, some summary ‘headline’ results are
derived from the sample of 21 cities, covering a total of 10% of the global
urban population (Table 5). This starts with the questions, how big is the
global peri-urban, in land and population, and how fast is it changing?

5.1 Peri-cene policy lab and headline
results

At the centre of the Peri-cene project was the international
‘Policy Laboratory, a community of practice for mapping of
problems and design of responses as ‘adaptive pathways’ The total
of 21 partners included, from east to west: Melbourne, Tokyo,
Guangzhou, Changsha, Surabaya, Bangkok, Dhaka, Chennali,
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Cairo, Doha, Kumasi, Helsinki, Johannesburg, Manchester,
Naples, Granada, Belo Horizonte, Santiago, Mexicali, San Diego,
Toronto: (italics shows ‘sleeping partners’ with data analysis only).
The total population represented is around 420 million (as of
2015), nearly 10% of the global urban total: full maps and charts
for the partner city-regions are available in the Peri-cene Library
of Cases (Ravetz et al., 2022b). Together these partners represent
most major urban types and climate risk types, from global south
and north.

In this sample of 21, each was mapped on a standard 200 km
square frame, to allow for a maximum 100 km radius from the CBD
or centroid. This frame size was drawn to include the peri-urban
hinterland of larger city-regions, and the wider peri-rural hinterland
of smaller or poly-centric city-regions. As above, peri-urban land
categories were based on the GHSL data at 1 km? resolution, with FUA
vector overlays: the time period was 25 years with available data for
1990-2015. The ‘headline results” include:
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. = « The total sample contains a 2015 population of 424 million (over
='® o .
s 10% of the global urban total). The size (including the extended
o s 2 = < s e = < agglomerations and polycentric hinterland) ranges from Dhaka
Sl TR RN R R R d Cairo (69 and 60 milli Mexicali and Helsinki (1.7 and
2 5 s IERS p R o and Cairo (69 and 60 million), to Mexicali and Helsinki (1.7 an
w® S 2.6 million)
c & X .
LS o The growth 1990-2015 of the total population (in the sample) is
— — 37% or 1.26% APR.
L%‘ = o The growth 1990-2015 of the peri-urban population (in the
A 3° sample) is 22% or 0.79% APR.
« O _— < <3
8—; = EETES g i a§ S g o The growth 1990-2015 of the peri-urban land area (in the
%) o <
229 = = S < = 2 =2 B sample) is 105% or 2.9% APR
g % « this indicates a peri-urban land area doubling time of 22 years.
}—
o This rapid doubling time is especially topical where it coincides
~ 0
=) with parallel trends, which could be defined as ‘mega-threats, such as
(:i. 8 climate tipping points, digital-dependency, bio-diversity loss, air and
wn
8_ % 518 = < 3 E % g water pollution, water and food crisis, community displacement,
T2 inequality and exclusion, financial crash, political repression and/or
|‘§ o conflict (Roubini, 2022).
- Meanwhile, in the same period, the population change in peri-
S urban classes is a more moderate 22% (total urban area populations
o by 37%). This shows broadly, the effect of a smaller peri-urban
2 g ~ © population spreading out further, while the majority are still
0 < =) o« — o
08 = 3 = & 218 5 ? expanding and infilling urban areas at higher densities, where the cells
=9 are in urban classifications.
i)
[*}
'_
0 5.2 Global typology mapping
o
=
A - N a o « 5 These results may then be placed within a basic global typology,
98 =8 % & ¥ 8 8 3 following the STEEP layers of the integrated framework above. The first
© ) level is a simple combination of three parameters: (a) peri-urban
© = growth, (b) economic type in terms of national income, and (c)
| |8 societal type with an outline measure of inequality (Table 6). This then
T E highlights the global range, e.g., from Manchester, (‘complex
N < =~ 5 agglomeration with changing social and economic structures’), to
i
2 g 2188 _ g8 2 & Chennai, (‘rapid spread of higher income enclaves, industrial zones
& o * & L o | N | o & . s
g. % 5 & - = z and informal settlements’).
S B = Following the basic profiling, these key indicators for each city-
s = 3 region can provide further cross sections. With a sample size of just
§ = Z 21, these charts are not for statistical significance, rather for
&
L EpPn - - o = comparison and case study context. They provide insights on the peri-
Il — Q¢ 8 = s S ER e ) 1 . . .
i © oS =l 3 o mQ S f§ urban typology, with simple ratios for land and population, combined
F ° 5 s with socio-economic measures of income and inequality:
© |22}
2 - g
g o3 g o Peri-urban to urban land ratio: (i.e., peri-urban footprint’): this
c B=}
{:“: 2L - 8 8 -8 8 g compares (as of 2015) the total peri-urban land area (defined on
wn i wn i =1
s I g E Vig 8 Vig 9§ g the GHSL system as 50-300 pp/km?), to urban land (over 300 pp/
e o3 2 km?). A higher figure shows a more diffused lower density urban
] =
s — — % form. The range is from Helsinki and Naples (146 and 120%) to
g o g Dhaka and Cairo (15 and 35%).
- o — s
¢ § @ 5 % o Peri-urban population change: (i.e., peri-urban dynamic’): average
T 8o = - - s growth (1990-2015) of the total population living on peri-urban
2 Q 2
T g 3 g ) E: A, . E; a, 2 land (50-300 pp/km?). A higher figure shows a more rapid
IRl . il & g g2 £ g spread, either outward from the urban area, or infilling/peri-
x gl & S| £ § 9|2 5 3 > s
w Bl 2§ S T g 5= 3T B urbanization of rural areas.
- 5 3 _ 5 O =
; o 9 § é g % = g 5 g % = ERl o Average income (shown as national GDP in USD $1,000 per
o == o jor o O jan) 3 L. .
= - c . B person, from World Bank data): this is a key reference point,
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TABLE 4 Peri-cene ‘basic delineation’ within DEGURBA framework (Adapted from European Union/FAO/UN-Habitat/OECD/World Bank et al., 2020; Dijkstra et al., 2021).

Population Population size  Proximity SMALL SPATIAL UNIT TYPES PERI-CENE ‘basic PERI-CENE ‘basic
density p/km? = (contiguity) conditions delineation’ delineation’

LEVEL (L1) or (L2) (FUNCTIONAL URBAN AREA) (Non-FUA)
(L1) URBAN CENTRE >1,500 >50,000 (4-point) Cities and densely pop. >50% pop in urban (>15% employed residents in contiguous

centres SSUs working in urban)
(L1) URBAN CLUSTER = >300 >5,000 (8-point Towns and semi-dense: <50% urban and <50%

rural cells
(L2) Dense urban cluster | >1,500 5,000—50,000 (4-point) Dense towns
(L2) Semi-dense urban >300 >5,000 (8-point) >2 km from urban centre Semi-dense towns
cluster
(L2) Suburban/peri- >300 Urban cells not in dense/ Suburban/peri-urban areas: >50% pop in sub/peri
urban cells semi-dense: <2 km from areas

urban

(L1) RURAL <300 Rural and thinly pop: >50% in rural cells
(L2) Rural cluster >300 500-5,000 (8-point) Villages: >50% pop in rural cluster
(L2) Low density rural >50 Not in rural cluster Dispersed rural: >50% in low density
(L2) Very low density <50 Mostly uninhabited
rural

eueyeS pue zyaney
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TABLE 5 Summary global indicators for peri-urban land and population change (drawn from the 10% of global urban population in the Peri-cene
sample).

1990 population

2015 population
(millions)

25 year growth
1990-2105

Annual growth
1990-2015
(%APR)

Doubling time in

(millions) years

Land area (1,000 km?)
peri-urban land 89 182 105% 2.9% 22
urban land 145 158 9% 0.3% 205
total populated land 234 340 45% 1.5% 48
Population (millions)
peri-urban population 12 15 22% 0.8% 90
urban population 299 410 37% 1.3% 50
total urban + peri-urban 50
population 311 424 37% 1.3%

TABLE 6 Summary global typology of the peri-urban.
Development type Societal type Examples General dynamics
Lower/mid income—rapid P-U growth Higher inequality Chennai, Kumasi Mexicali, Santiago Rapid spread of higher income enclaves and/or informal

settlements

Lower/mid income—rapid P-U growth Lower inequality Changsha, Bangkok High density rural changes to P-U with changing social and

economic structures

Lower/mid income—slower P-U growth Higher inequality Surabaya, Belo Horizonte, Joburg Rapid expansion and shift to P-U via rural land expropriation

Lower/mid income—slower P-U growth Lower inequality Cairo, Dhaka, Guangzhou, High density rural changes to P-U with changing social and

economic structures

Higher/mid income—rapid P-U growth Higher inequality Doha High growth in global hub, in desert location

Higher/mid income—rapid P-U growth Lower inequality Helsinki, Granada Rural depopulation and P-U growth, changing social and

economic structures

Higher/mid income—slower P-U growth Higher inequality San Diego, Naples, Manchester, complex agglomerations, changing social and economic

structures

Higher/mid income—slower P-U growth | Lower inequality Tokyo, Melbourne, Toronto Large urban structures with extensive hinterlands

Source: based on Peri-cene Policy Lab analysis.

notwithstanding the widespread critique of both the data and of  of the GHSL data on a relatively coarse 1 km grid: e.g. the same density
GDP as an indicator. Our sample shows a huge range from India
($2.1 k/pp), to USA ($63.5 k/pp).

o Average inequality (shown as a national-level Gini index from

World Bank data 2011-2020): this is taken as a rough proxy for

of 125p/km* could indicate small dense villages, or free-standing
suburban dwellings. Figure 5 shows four charts:

(1) Peri-urban to urban land ratio: Peri-urban population growth:

a wide range of social and institutional factors, which then
indicate the level of social vulnerability to climate change. The
chart shows the range from the most equal in Helsinki (27.4), to
the greatest inequality, as seen in Johannesburg (63.1).

this combines the ‘peri-urban footprint’ with the ‘peri-urban
dynamic’ A high/low combination shows a relatively static but
diffused pattern: (e.g., Helsinki, with a smaller core and larger
hinterland). A low/high combination shows rapid change on a

modest starting point (e.g., Chennai, with a large urban core
An additional table (not shown here) would chart the context of rapidly filling up its surroundings). There is a cluster of
national population growth, 1990-2015, generally dominated by the medium-high growth with medium footprints (Bangkok,
main urban population. Such urban growth may be indigenous or a Santiago, Doha) and a lower growth/smaller footprint corner.
result of in-migration. Here the extreme cases are Doha and The outlier here is Dhaka with —26% shrinkage, indicating a
Johannesburg (283 and 99%), and the case of negative growth in rapid densification/urbanization of previously higher-density
Naples (—3.6%), and very slow growth in Guangzhou (3.8% or
0.16%APR), which could be explained by out-migration to the

surrounding hinterland. The Manchester wider region also shows ()

rural areas, (which show up as peri-urban in this
global classification).

Peri-urban population growth/inequality index: this charts the
slower population growth at 9% in the same 25 year period. ‘peri-urban dynamic’ against the index of inequality, acting as a
The scatter plots here in Figure 5, demonstrate the combinations proxy for social vulnerability and institutional dysfunction of

and bring insights on the typologies. The limitations should be noted many kinds. There are clear outliers, with the extreme inequality
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WHICH PERI-URBAN? GLOBAL COMPARITIVE ANALYSIS

Analysis of peri-urban land ratio, population, inequality, average income: from GHSL / FUA (Pesaresi et al 2019: EU et al 2021)

2019)
(1) Peri-urban / urban land ratio / (2) Periurban population growth /
periurban population growth _ 65.0 i?ebquality index
150% 2 @ |Joburg
’ ® Chennai _5 60.0
=
3 2 55.0
E < ©- Belo Horiz
< 100% 3 50.0
§ 2 Mexicali .
z = 5 450 K“ Santiago
= Bangkvelﬁ c © i Wnay
g hi B D h
2 50% ® Doha® e AN rexicali 5 S 480 |eg: Guangzh hya e C?\angsha °
a oKumasi o Santiago  eHelsinki ) 350 © 2 me ©- Bangkok Chennai
c > ranada
8 San Diegd® SurabaKQ MelbouH] elo Horigranada = e D_:,h(j—'ﬂ(()a o ]_%rlg%o
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2 A L A G”a"gz oL L L A & 250
[} g g 8 S K B g ) Q) EX X N R N N N N X X
oN N © b S N A o Q =) S S S S S =) =} [}
Dhaka T T T it ] ~ ~ o [} N S = ] a
-50% periurban / urban land ratio: periurban population growth 1950-2015
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FIGURE 5
Peri-urban global comparative analysis

of Johannesburg, runaway peri-urbanization of Chennai, and
apparently negative growth in Dhaka. A cluster of very different
cities shows up in the corner of lower inequality/lower growth,
and another cluster in the middle of the ranges.

Peri-urban to urban land ratio/average income: a basic measure
of the type and quality of the peri-urban footprint is the level
of affluence, which indicates housing conditions, infrastructure
and social vulnerability in general. The west coast model of San
Diego shows a relatively contained peri-urban footprint, while
others such as Toronto, Naples and Granada are more spread
out, each with a highly populated hinterland. At the other end
of the scale, Asian cities such as Surabaya or Guangzhou are
already at relatively higher density in much of the hinterland
(with such areas then classed as urban).

(4) Peri-urban population growth/average income: The dynamic
side of the picture then shows the growth against the same
income data. Here the outliers range from Chennai (high
growth/lower income), to Cairo and Dhaka (low growth/lower
income). At the top of the scale is San Diego, with a second tier
of Doha, Helsinki, Toronto and Melbourne, each with relatively
medium levels of peri-urban population growth.

Such comparative analysis can then be used in more detailed
investigation of land-use patterns, climate hazards and vulnerabilities,
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infrastructure development, housing markets or governance
structures: as highlighted in the Peri-cene reports (
). As with any global comparison or indicators scheme, simple

numbers can be enablers of policy research and development.

The above basic delineation also provides insights and comparative
analysis on the internal structure of each case city-region. The result
is a unique library of cross-sections, with many variations in peaks,
gradients and growth rates. Datasets on peri-urban land area and
population density classes were calculated for 21 city-regions, with
changes 1990-2015, and charted as comparative cross-sections, for
eastern and western locations ( ). In each chart, the vertical
axis shows land area in km?* the horizontal axis shows population
density classes, from 7,500 to 10 pp/km’. Red lines show population
within the FUA, green for non-FUA: solid lines show recent (2015)
data: and dotted lines show 1990.

As above, the data is calculated on a standard geographical
frame of 200 x 200 km: a few megacities (Dhaka, Tokyo) spread
beyond these limits. Most cities sit easily within this frame, some
with large land areas at rural/remote densities of 0-50 p/km’. Some
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PERI-URBAN CROSS-SECTIONS: GLOBAL SOUTH & EAST

Cross section of peri-urban land-use change by density class, FUA / non-FUA, 1990-2015: based on GHSL & FUA data’
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FIGURE 6
Peri-urban cross sections: global south/east.

cities such as Manchester are in highly polycentric urbanized
agglomerations, and so the amount of low-density land is relatively
small within the frame. (Note, these charts include the non-FUA
low density land curve where relevant, at 0-10 and 10-50 pp/km?,
which is not included in the peri-urban basic delineation). Also, as
above the FUA definition (visible here as the difference between red
and green curves) is in some ways an arbitrary distinction,
especially in the more extreme cases (low income mega-cities, high
income sprawl regions etc.). By implication, such diagrams do not
aim at definitive analysis, more a ‘best available’ cross-section of a
complex picture.

The result is a unique library of cross-sections of the urban/peri-
urban structure of each city-region, with peaks, gradients and spreads.
Three main types are visible in the eastern (mainly developing)
city-regions:

o Type A: Developing cities with high peri-urban peaks in
non-FUA areas (50-300 pp/km?: Chennai, Bangkok, Changsha
each show very high peri-urban growth rates of 50-100% in the
peri-urban density classes of 50-300 pp/km?, and overall higher
peri-urban densities. Chennai is the outlier with non-FUA peri-
urban more than doubling with a peak at 300 pp/km”.

o Type B: Developing cities with high urban density peaks
(3,500 pp/km?®):  Surabaya, Dhaka, Johannesburg: showing
extreme concentrations of population from 1,500 to over
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7,500 pp/km’. Each of these also shows a de-concentration of the
most dense areas, with outward movement and rapid growth of
non-FUA areas, at both urban and peri-urban densities.

» Type C: Developing cities with flatter gradients and higher
density peri-urban land in non-FUA areas (50-1,500 pp/km?):
Belo Horizonte shows a very widespread rural population at peri-
urban densities. Kumasi shows an extreme case of rapid peri-
urban non-FUA growth at all density classes. Cairo shows a
combination of ultra-high urban densities tapering off, with a
non-FUA peak at 700 pp/km?, also tapering off.

Three main types are also visible in western (mainly developed)
city-regions, with somewhat more moderate socio-economic change
and governance conditions.

« Type D: Developed cities with urban peaks: Manchester, San
Diego, Melbourne each show a similar concentration of FUA
development in the bands >1,500 and > 3,500 pp/km?. At the
lower density bands, apparent differences may be due to the
somewhat volatile FUA definitions.

« Type E: Developed cities with flatter FUA gradients: Toronto,
Granada, Helsinki show a more even distribution change through
the density bands. Toronto has a small urban peak at 3,500, along
with an extended spread of in-FUA peri-urban land. Granada
and Helsinki each show rapid peri-urban non-FUA development.
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PERI-URBAN CROSS-SECTIONS: GLOBAL NORTH & WEST
Cross section of peri-urban land-use change by density class, FUA / non-FUA, 1990-2015: based on GHSL & FUA data
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FIGURE 7
Peri-urban cross sections: global north/west.

o Type F: Developed peri-urban areas which spread out rapidly at
lower densities. Santiago shows a combination of high growth
urban spread and peri-urban growth. Naples and Mexicali each
show extended peri-urban densities, with relatively stable growth,
reflecting an inbuilt hinterland structure.

Such cross-sections highlight overall policy implications, which
also emerged through the Peri-cene consultation. It appears that peri-
urban land areas are generally larger than urban, while the policy
focus is mainly on the urban: also that peri-urban growth rates are
much higher, especially in the global south. For ‘developed’/global
north cities, the comparison of three main types suggests that systemic
planning challenges such as in Manchester, might gain insight from
comparison of the very different profiles of Toronto or Santiago.
Overall this suggests a shift of focus for land-use planning towards the
peri-urban, with new modes of responsive planning and ‘sprawl
repair’ (Tachieva, 2010).

7 Conclusions and recommendations

This paper has presented a novel combination for the peri-urban
‘beyond and between’ around the world, on two tracks: (a) the
systems-level integrated framework, and (b) a basic delineation for
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spatial analysis. This enables some topical responses to the questions
raised. The review on ‘what is the peri-urban’ highlighted the multiple
layers and perspectives: and ‘how to explore the peri-urban; provided
an integrated framework as a guide to system-level investigation.
Focusing in, the question ‘where is the peri-urban, developed the basic
delineation from the GHSL-FUA classifications: this provides some
very topical results, such as the aggregate 3% annual growth rate in
global average peri-urban land area. For the question ‘which are the
peri-urban types’ (in our 10% global sample), we set out a typology
based on land, population, economic and social parameters. Finally,
for ‘how do the peri-urban dynamics work’ a further typology is
suggested for the internal structure of each city-region. Each of these
methodological development was tested by stakeholder consultation
as far as possible.

For the policy applications of these results, we refer back to
Figure 1. The three framings of the integrated framework
correspond to the three levels of the pathways approach, both for
problem analysis and policy development. The simple grid-cell
mapping of the basic delineation contributes to the central tangible
layer, which includes the STEEP categories. The typologies derived
from the basic delineation help to inform policy both local and
global. One example from Manchester illustrates the scheme
(Ravetz and Warhurst, 2013; Ravetz et al.,, 2022b). The upland areas
to the north contain populated peri-urban classes, and unpopulated
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peat bog areas, which show up on the basic delineation: and further
layers of tangible data or linkages can be added, such as water,
transport or housing. This then can support more system-level
research and policy development: in this case, with an uncertain
future for marginal farming, combined with social exclusion,
gentrification, landscape degradation and increasing flood risk,
there is an urgent agenda for adaptive pathways and collaborative
governance.

Clearly this combination of methods has limitations. The
integrated framework is only a starting point for highly complex
phenomena as above, which typically cross between social/economic/
political domains, between scale levels, and between tangible/systemic
effects. Likewise, the basic delineation is only one contribution into
such investigations, where the tangible grid-cell data is one part of a
much bigger picture. The data unit at 1 km* may conceal important
effects, and the 10% global sample needs extending, as does the range
of case studies, from villages to megacities. Furthermore, our statistical
analysis, empirical results and graphical representations show that
peri-urban growth may not correlate directly with urban growth or
population growth: some smaller metropolitan regions may have a
wider peri-urban shadow compared to larger metropolitan city-
regions, where the peri-urban is already more populated and merging
into urban. Clearly the urban-regional structure, geographical
situation, climate and environmental, economic and political systems,
social structure and urban policies, each intersect in the diversity of
peri-urban patterns and dynamics around the world.

While the stakeholder consultation so far could only touch the
surface of such complex issues, this paper is (to our knowledge) the
first to begin the linkage of technical data and a systemic framework,
with stakeholder perspectives, at the global peri-urban level.

In that light, some pointers towards further research can be raised.
First, there is ongoing consultation to compare the basic delineation
results, with other social, economic or environmental layers, and then
with grounded experience of stakeholders and policy-makers. This
applies to the mainstream peri-urban, and also to the more extreme
cases and further outliers, the ‘anti-city-region’ settlements such as
refugee camps, mining towns, tourist villages, religious communities,
temporary festivals, or other spaces of ‘non-place, peripherality,
exclusion, displacement, expropriation and/or resistance (Auge, 1999).
This highlights to the urgent agenda of urban climate risk and
resilience, and the role of the peri-urban in (a) magnifying the hazard
and vulnerability, or (b) enhancing the adaptive capacity of both peri-
urban and urban areas. In that light we hope this paper may contribute
to a wider and deeper understanding of the global peri-urban
anthro-pocene’.
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