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Integrated Models:

OYO'NIAHYON/NOSSNVI SINNVHOr ‘LHOIY ® ¥31N3D OLOHd

Planning Urban Sustainability

This policy brief offers local and regional planners an introduction to
the world of integrated urban modelling. It provides information on
their potential benefits, implementation process and current use in the
Nordic city-regions. Nordregio’s research into these types of models
has been carried out in cooperation with WSP Analysis & Strategy,
and was commissioned by the Nordic Working Group on Green
Growth — Sustainable Urban Regions.

INTEGRATED URBAN MODELS (IUMs)
provide planners with a decision-making
support tool that allows them to visualise
urban development strategies and assess
their socio-economic and environmen-
tal impacts'. This type of tool is valuable
for planners faced with the difficult task
of balancing the many social, economic
and environmental issues that affect spa-
tial plans and strategies'. They are also act
as a useful support in dialogue with the
diverse group of stakeholders involved in
transportation, land use planning and ur-
ban development.

www.nordregio.se

What are integrated urban models?

Integrated Urban Models are GIS-based modelling tools that support planners by de-
veloping and communicating urban development plans at a variety of scales — from the
neighbourhood to the city-region. Depending on the specifics of each model, they use
data reflecting the state of land use and the transport system, coupled with socio-eco-
nomic information such as population projections and employment. The essence of the
models is their ability to integrate this information in order to visualise development of
the urban form, forecast the city’s future social, economic and environmental perform-
ance and, through these outputs, test the potential impacts of different urban develop-
ment policy strategies’. They generally have a long-term horizon, providing 30—50-year
spatial development scenarios for cities, reflecting the implementation of different urban
development strategies. For example, they can be used to estimate the impact of a
change in transport infrastructure, such as a new subway line between two areas, or the
development of a new urban district.

ISSN 2001-3876 NORDREGIO

OYO'N3IAYON/OYIEYIAQYS SNNOVIW L3437 OLOHd



NSEAENENAIAGN CENENNAZENENIN

Key policy recommendations

B IUMs should be considered by mu-
nicipal and regional authorities in cities
that have complex relationships between
land-use planning, transport issues and
the creation of attractive urban areas.
This is especially evident in cities with
a high potential for multi-modal public
transport.

M IUMs can be implemented by munici-
pal and regional authorities looking for
a holistic planning approach by testing

the impacts of different proposals on the
existing urban form. This especially in-
cludes an integrated land use and trans-
port strategy, which is increasingly recog-
nised as a crucial element of an attractive
urban environment.

B IUMs provide planning support to ur-
ban planners who have to make complex,
interconnected decisions about urban
development. They also serve as a com-
munication tool that can inform policy-

makers in a decision-making process by
providing a better understanding of ur-
ban development and its consequences.

M TUMs incorporate aspects of urban
development that are planned, funded
and implemented at spatial scales that do
not always correspond to administrative
boundaries. As such, they offer a means
of generating a mutually agreeable vision
among neighbouring municipalities and/
or regional authorities.

Benefits
First of all, [UMs can estimate the poten-
tial social, economic and environmental
impacts of different planning strategies,
allowing for a more well-informed evalu-
ation of the different planning options.
These impacts can be presented using
informative, easy to communicate visu-
alisations, which can increase awareness
of future urban development and provide
a better understanding of how to mitigate
negative consequences of urban growth.
Urban development provides many
opportunities such as economic develop-
ment and greater accessibility to social
services. But it can also take place in re-
sponse to a number of difficult challeng-
es, including road congestion, housing
shortages and poor distribution of pub-
lic services, as well as increased energy
consumption, noise and health concerns
resulting from an increasing dependency
on the private car™. These challenges will
often disproportionately affect vulnerable
socio-economic groups and, if they are
not acted upon in proactive and integrat-
ed ways, the negative consequences will
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undermine the positive effects of urban
development.

A second benefit of IUMs is that
they produce visual scenarios of urban
development that facilitate participa-
tory decision-making processes among
a wide-ranging group of stakeholders'™.
Consensus regarding which plans to pur-
sue must be reached among a complex
group of stakeholders who often have
differing priorities. One example is poli-
ticians from neighbouring municipalities
who are each pursuing their own land
use development issues and, in many re-
spects, competing for investment on a re-
gional scale. Another example is regional
authorities responsible for various aspects
of the provision of public services (roads,
public transport, schools, hospitals, etc.)
and whose territorial claims stretches
over many municipal borders. Also in-
cluded are building investors, transport
authorities, business organisations and
the general public, all of which need this
type of easily understandable analysis in
order to make informed decisions.

Case: The Integrated Planning
Model and its contribution to the
Stockholm Regional Plan 2010

The Integrated Planning Model (IPM)
was developed by the Swedish Trans-
port Administration and WSP Analysis
& Strategy. In the maps below, the two
images on the left show the building
density of two different areas in Stock-
holm in 2010. The maps on the right
show the projected building densities
in 2050, based on assumptions that
different planning strategies have
been implemented. In the “Suburban
Spraw!” scenario (top right) building
densities and the consumption of
green space are not controlled by
planning policy resulting is a large
amount of additional land take as it is
required in order to meet the expec-
ted population and economic growth.
Conversely, the “Station Development”
scenario (bottom right) adopts a public
transport approach to urban develop-
ment, concentrating higher densities
around public transport nodes. This

is very clearly shown in the image as
existing areas of low density (blue) are
developed further rather than develo-
ping currently undeveloped areas.

ISSN 2001-3876 NORDREGIO 2



— - - Building density 2050: Suburbian Sprawl

r— el == Building density 2010 _____ —
. s = = 50-500 sqm floor spacema

7 0500 kvmiha
MMMMM = 5011000 ey e g 5011000
. 7 100141500 " o s o 10011500

2 " 16012000

20012500
2601 -3000

== 16012000
na C72001-2500
hgn 2601 -3000
esooroason || e e 30013500
35014 000 = 35014000

4001 -4 500 . - C Gl e 4001 -4 500

= >4 500 kvmiha . ; o - o . >4500 sqm floor spacema

o

“Building density 2010 o = Y 7 b ¥ Building density tion development
5 0-500 kvmina B - 3 0500 sqm floor space/ha
3 g 5011000

B 10011500

Figure 1: The two images on the left show the building density in different areas of greater Stock-
holm in 2010. To the right, visualisations show the possible outcomes of different planning strat-
egies on land use development. The top right image shows a large amount of additional land
consumption in the “Suburban Sprawl” scenario, while this is significantly reduced in the “Station
Development” scenario on the bottom right".
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How to choose, implement and use
integrated urban models

There are many different types of IUMs
available as commercial or open source
products. Most often, these are developed
in academia and the most robust have
been implemented in different urban con-
texts'. These models differ in a number of
ways: in terms of what results they pro-
duce, the amount of data and preparation
they require to produce results and how
transferrable they are to different urban
contexts. As a part of our work, WSP
Analysis & Strategy produced an invento-
ry, classification and assessment of some
of the most common integrated models.
An introductory list of the models is pre-
sented below with a link to the detailed
tables. The general advice is that, if a plan-
ning authority has little or no experience
with using IUMs, they will be best served
by first considering one of the relatively
simple rule-based modelling packages
that are commercially available or can be

Table 1. Overview of existing urban models.

implemented by consultants.

Furthermore, IUMs are not designed
to build an urban development plan by
making definitive statements about the
future. Instead, their benefit is in their
communicative value within a govern-
ance process, especially if there is a politi-
cal will to support cooperation between
the neighbouring municipalities of a city-
region, or if a regional authority wants to
set out a common vision for spatial de-
velopment which includes the input and
values of many municipalities.

Access to good data is a prerequisite
for producing an insightful model. As a
minimum, IUMs generally require long-
term population and employment data for
a region, as well as land survey data that
includes the location of roads, built-up ar-
eas, preservation areas, etc. Real estate and
property data is generally needed to pro-
vide additional information about build-
ing types and accessibility data is also re-
quired; the latter often being produced by

separate transportation models. Last but
not least, physical planning strategies are
needed to define the scenario process and
these are often developed through stake-

Key considerations when using
an integrated urban model

B IUMs provide decisive statements
about the future, but are not a substi-
tute for a thorough planning process
that includes the participation of and
deliberation among key stakeholders.
In this respect, they are designed

to support a participatory planning
process.

H Designing and implementing IUMs
demands specific technical expertise
in local and regional authorities. It is
often necessary to consider involving
external expertise.

H Simple, rule-based IUMs are likely
to be more effective for authorities with
little or no experience in using this type
of planning tool.

Model name

Clue-s

Organization/Company/Institute

Institute for Environmental Studies (IVL),

University of Amsterdam
United States Environmental Protection
Agency (EPA)

Originally by Parsons Brinckerhoff,
Fregonese Calthorpe Associates, and
Space Imaging, in collaboration with ESRI.

ICLUS - Integrated Climate and
Land Use Scenarios
I-Places3s (PLAnning for
Community Energy, Economic
and Environmental Sustainability)

WSP Sweden on behalf of Stockholm
County Council

IPM (Integrated Planning model)

Land Change Modeller Clark University, USA

Land-Use Scanner LUMOS (Netherlands)

LEAM (Land-use Evolution and University of lllinois, Urbana-Champaign

Impact Assessment Model)

LUSIS (Land-Use Conflict University of Florida - GeoPlan Center

Identification Strategy)

Metronamica Research Institute for Knowledge Systems

(RIKS)

MOLAND Joint Research Centre, European
Commission

UPLAN Information Center for the Environment
(ICE), University of California

URBANSIM Paul Waddel

What-IF Developed by What if?, Inc.

www.nordregio.se

Comment

Regional analysis of land use change/cover.

Generates scenarios of housing density changes. Several
applications. Available free of charge.

A scenario planning tool to visualize scenarios and policy impacts.
Several implementations, mainly in the USA.

Owned by Stockholm County Council, but can be used with
permission. Has been implemented in Stockholm Skane and
Tripoli (Libya).

Land planning and decision support software extension to
ArcGIS.

A land use model that predicts demand for space. Software is
available free of charge from LUMOS.

QOutlines an approach for understanding the dynamics of urban
systems and the potential implications of urban policy decisions.

Goal-driven GIS model that produces a spatial representation of
probable patterns of future land use divided into several
categories. Based on ESRI software.

Commercial software simulating changes in land use caused by
human actions and natural processes.

Integrated framework to evaluate and propose strategies for the
sustainable land use management.

A simple rule based urban growth model intended for regional or
county level modelling.

A software-based simulation system for supporting planning and
analysis of urban development, incorporating the interactions
between land use, transportation, the economy, and the
environment.

GIS-based system that can be used to prepare long-term land
use, population, housing and employment projections.
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Current use of integrated urban mod-
els in the Nordic Region

There is a great deal of interest in IUMs
among the research community and con-
sultants, yet, according to a survey carried
out by Nordregio in the Nordic countries,
their use in practise is still very low. This
is somewhat surprising considering the
relatively strong tradition of comprehen-
sive planning in the Nordic region™.

The perceived high cost of the mod-
els, difficulties obtaining the right data
and the perception that the municipality/
region is too small to justify using IUMs
were identified as important reasons why

Resources

Nordic Working Group on Green Growth —
Sustainable Urban Regions - This working
group is interested in how spatial planning
knowledge and instruments can contribute to
the policy goal of green growth in Nordic city-
regions. Nordregio’s work has included a re-
view of land use models"i, a survey conducted
on their use in the Nordic region"i and a policy
workshop held at Nordregio in February.

Useful reading

Review of Land-Use Models by Lars Berg-
lund, WSP Analysis & Strategy

Nordregio Working Paper — The Use of Inte-
grated Urban Models in the Nordic Countries:
Summary and Documentation of Online
Survey

Planning Tools for Urban Sustainability, Nord-
regio News 2014, Issue 1

NORDREGIO

Nordic Centre for Spatial Development

integrated urban models have not been
used. However, the survey indicated that
the dominant reasons why models have
not been used to date are that many plan-
ners are not familiar with [UMs and their
benefits and that there is a shortage of
planners with the right technical skills. It
is therefore important that good informa-
tion on their characteristics — including
their benefits and weaknesses, as well as
which types of urban region they are best
suited for - is provided to those urban
planners and policymakers who could
take advantage of them in the future.

Endnotes

The term integrated urban models are also
commonly referred to as “land use/transpor-
tation interaction” (LUTi) models.

i Serras, J., Bosredon, M., Herranz, R., & Bat-
ty, M rban Planning and Big Data - Taking
LUTi Models to the Next level? Nordregio
News, (1).

i Batty, M., & Torrens, P. (2005). Modelling
and prediction in a complex world. Futu-
res, 37, 745-766. And Berglund, L. (2014).
Review of Land-Use Models - Summary and
Documentation. Stockholm, Sweden: WSP
Analysis & Strategy.

v Swedish Transport Administration and WSP
Analysis & Strategy. Used with permission.
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