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Response to the two questions by the commission  
to Dr. Jochen Jaeger after his presentation on May 15, 2017 
regarding the proposed development in Pierrefonds West 
 
by Dr. Jochen Jaeger, Associate Professor, Concordia University, Montreal, Department of 
Geography, Planning and Environment      
 
May 19, 2017 
 
 
Question 1:  At what density would a built-up area not be considered as 

"sprawl" any more? What about the 35 units/ha that are 
planned for Pierrefonds-West to be constructed? 

!
Response:!The!measurement!of!urban!sprawl!includes!a!weighting!function!which!is!
close!to!1!for!low!densities!and!less!than!1!for!higher!densities!(see!Fig.!1!on!next!
page).!The!values!are!between!1!and!0.!!!!
In!their!brochure!about!Pierrefonds@Roxboro,!the!authors!write!about!35#units/ha!
in!"most!of!the!new!development!zone",!but!when!one!calculates!the!value!directly,!
it!is!lower!than!35!units/ha:!!!!!!!!!!!5500!housing!units!/!185!ha!=!29.7#units/ha.!
When!there!are!two!inhabitants!in!each!housing!unit,!this!would!correspond!to!a!
density!70!inhabitants!or!jobs!per!h,!or!a!land@uptake!per!person!(LUP)!of!1!ha!/!70!
inhabitants!or!jobs!=!143!m2!per!inhab.!or!job.!The!weighting!function!for!this!value!!
is!0.5.!This!value!would!be!a!bit!higher!if!there!are!fewer!than!2!people!in!each!
housing!unit,!and!a!bit!lower!if!there!are!more!than!2!people!in!each!unit.!!
Accordingly,!the!value!of!the!weighting!function!for!29.7!units!/!ha!is!0.6.!!!
(since!this!would!result!in!a!utilization!density!(UD)!of!60!inhabitants!or!jobs!per!ha,!
or!LUP%=!1!ha!/!60!inhabitants!or!jobs!=!167!m2!per!inhab.!or!job).!
#

This#is#a#medium#density,#not#low#density,#but#not#high#density,#either.###

#

To!not!be!considered!as!sprawl!any!more,!a!value!of!about!0.1!may!be!considered,!
which!would!correspond!to!a!density!of!more#than#100#inhabitants#or#jobs#per#
ha,#corresponding#to#50#units/ha#or#higher.!!!
!
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Fig. 1: Graph of weighting function for utilization density, w2(UD) (top) and, alternatively, 
land-uptake per person, w2(LUP) (below). (source: Schwick et al. 2012).  
!
!
Question 2:  What measures are being taken in other cities in Canada (or 

in the U.S.) to limit, stop, or reduce urban sprawl? 
!
Response:!I!asked!my!colleague!Dr.!Craig!Townsend!to!answer!this!question.!His!
response!is!given!on!the!next!page.!!
I!am!also!attaching!pages!107@118!from!the!report!"Urban#Sprawl#in#Europe"!of!
the!European!Environment!Agency!(2016),!chapter!"4.3+Measures+to+control+urban+
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sprawl",!and!pages!87!@!93!from!the!book!"L'étalement#urbain#en#Suisse#H#
impossible#à#freiner?",!chapter!"8.2+Mesures+concrètes+visant+à+enrayer+
l'étalement+urbain+à+l'avenir"!from!the!book!by!Schwick!et!al.!(2012).!
!
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MEMO: Government Actions to Limit Urban Sprawl in Canada 17 May 2017 
 
By Dr. Craig Townsend, Associate Professor, Geography, Planning and Environment, 
Concordia University, Montreal 
 
VANCOUVER 
 

• Agricultural Land Reserve created by the Province of BC in 1973. Overseen by 
an independent commission that rarely allows removals, includes a considerable 
amount of Greater Vancouver land, which has high quality soils.  

• Regional government (Metro Vancouver) created a 14,500 ha regional parks 
system including 23 regional parks, 3 regional park reserves, 2 ecological 
conservancy areas, and 5 regional greenways. The system exists, first and 
foremost, to protect the region's important natural areas and ecosystems. Within 
the context of natural area protection, the system provides opportunities for a 
growing and diverse population to connect with, enjoy, be active within and learn 
about the region's environment.  

• Municipally-owned lands above the 1,200 foot contour line are designated as 
Conservation and Recreation. 

• Metro Vancouver (2011) has a main goal of creating a “compact urban area” 
using three strategies: 

o Contain urban development within the “Urban Containment Boundary” 
o Focus intensification in mixed-use metropolitan core and suburban 

centres within walking distance of frequent transit 
o Protect rural areas from urban development. 

 
TORONTO 
 

• Province of Ontario in 2005 passed the Greenbelt Act, which gave the provincial 
government the power to delineate and control land uses within a Greenbelt under 
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jurisdiction of the Niagara Escarpment Plan and the Oak Ridges Moraine 
Conservation Plan. The Greenbelt Act requires regional and municipal official 
plans to comply with policies contained in provincial plans. Four provincial land 
use plans work together to manage growth, build complete communities, curb 
sprawl and protect the natural environment in Ontario’s Greater Golden 
Horseshoe region: the Growth Plan for the Greater Golden Horseshoe, 2006, the 
Greenbelt Plan (2005), the Oak Ridges Moraine Conservation Plan (2002), and 
the Niagara Escarpment Plan (2005) (Ontario, 2006). 

• Province of Ontario provides guidance to municipalities provide direction in two 
key areas: how and where communities grow in the Greater Golden Horseshoe, 
and what environmentally-significant and agricultural lands must be protected 
(Tomalty, 2015). Ontario requires municipalities to emphasize intensification 
inside the already built-up area rather than greenfield lands, and in designated 
urban centres. 

 
OTTAWA 

• Greenbelt created by Government of Canada in the 1950s. Owned and managed 
by National Capital Commission (NCC). 

• First regional municipality plan approved 1974: “concentrated development in a 
few areas outside the greenbelt and good-quality transit to reduce automobile 
dependency” (Tomalty and Mallach, 2015, p. 116). 

• 2017-2067 Greenbelt plans: “… allow soft or low-impact recreational or 
community garden uses for adjacent neighbourhoods, provided they do not affect 
the ecological integrity of the Greenbelt or result in the loss of productive farm 
soils over the long term. …. … The NCC will work with the City of Ottawa, 
conservation agencies and other private or public sector partners to develop 
ecological linkages from the Greenbelt to broader ecological networks.” 
(NCC, 2016, p. 83). 
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The contribution of cities to the slow down of the loss 
of biodiversity is important for biodiversity conservation 
(Box 4.2)	(Chan	et al.,	2014).	Therefore,	natural	areas,	
green spaces within built-up areas and green belts 
adjacent to built-up areas should be preserved if 
built-up areas are densified. This is part of a high-quality 
densification for both humans and biodiversity (see 
guideline 4 in Section 4.3). An increase in GDPc would 
allow for higher quality standards in planning, for both 
human needs and nature conservation. Green belts and 
green	infrastructure	(e.g. wildlife	corridors)	are	important	
for biodiversity and should not be disrupted by built-up 
areas and the associated road networks.

In many parts of Europe, populations of large terrestrial 
mammals are either endangered or live in small 
numbers. Many of these species require large habitats 
and migrate or disperse over long distances (Boitani, 
2000;	Mysterud	et al.,	2007).	The	long	response	times	of	
many species to changes in landscape structure present 
a particular challenge. The current wildlife population 
densities may not be a response to the current degree of 
urban sprawl, but to sprawl levels from decades ago, and 
wildlife populations may continue to decline for many 
years, even after the degree of urban sprawl has stopped 
increasing. In addition, urban sprawl affects wildlife 
populations in combination with other stress factors, 
such as climate change, the intensification of agriculture 
and other cumulative land-use changes. Therefore, it is 
usually impossible to predict when thresholds will be 
crossed at which native species will no longer be able to 
adapt and will disappear. As a result of such losses of 
native species, ecosystems will change to a different state 

 
Box 4.2	 Biodiversity	monitoring	and	the	City	Biodiversity	Index	(CBI)

There are several systems already in place for monitoring biodiversity. Two examples are the EuMon project, which aims to 
develop 'EU-wide monitoring methods and systems of surveillance for species and habitats of Community interest' and hosts 
a web portal which covers a total of 663 monitoring schemes in Europe (http://eumon.ckff.si/index1.php). Some of these 
are based on citizen science to better cover large spatial and temporal extents (EEA, 2014). This project was established to 
evaluate biodiversity monitoring in Europe and to develop relevant tools and methods via this portal. The second example 
is the Biodiversity Monitoring Switzerland (BDM) programme. The Swiss Federal Office for the Environment (FOEN) launched 
this programme which includes 34 indicators based on the 'pressure–state–response' (PSR) model developed by the OECD. 
Accordingly, these indicators are grouped into 15 state indicators, which capture the most important changes in biodiversity, 
12 pressure indicators, which capture factors that affect species diversity, and seven response indicators, which measure 
activities that contribute to maintaining biodiversity. Urban sprawl is a threat to biodiversity, but it is not yet covered well 
by these monitoring systems. Therefore, a recent initiative created the City Biodiversity Index (CBI) to better consider links 
between urban areas and biodiversity, since cities can contribute significantly to global efforts to reduce the rate of biodiversity 
loss. The CBI has been developed as a tool to evaluate the state of biodiversity in cities and to provide insights with regard to 
improving	conservation	efforts	(Chan	et al.,	2014;	Kohsaka	et al.,	2013).	It	was	proposed	at	the	ninth	meeting	of	the	Conference	
of the Parties (COP-9) to the Convention on Biological Diversity (CBD) in May 2008. Three expert workshops, held in 2009, 
2010 and 2011, were organised by the National Parks Board of Singapore and the Secretariat of the CBD, in collaboration 
with the Global Partnership on Cities and Biodiversity, to develop the index. The CBI, also called the Singapore Index, includes 
23 indicators,	such	as	the	proportion	of	natural	areas	in	a	city.	Several	of	these	indicators	are	affected	by	urban	sprawl.	
Barcelona, Brussels, Edinburgh, Heidelberg, Lisbon and Tallinn are among the first cities to have applied the CBI.

and exhibit a different community composition, which 
will affect their ability to provide ecosystem services. 
This lag in the occurrence of extinctions in response to 
landscape changes has been called an 'extinction debt' 
(Tilman	et al.,	1994;	Kuussaari	et al.,	2009).	This	makes	it	
all the more important that a precautionary approach is 
adopted, which guides urban sprawl and other land-use 
changes in the desired direction in the coming decades.

All these aspects are very important and should be 
considered by planners in relation to their activities, in 
addition	to	the	considerations	listed	in	Section 4.2.1.	
For example, the goals of preserving and linking 
wildlife habitats and of conserving the natural scenery 
will become more and more difficult to achieve with 
increasing levels of sprawl. Furthermore, the more 
dispersed that settlements become in the future, the 
more expensive the restoration and maintenance costs 
for green infrastructure will be.

4.3 Measures to control urban sprawl

The current trends of urban sprawl in many parts 
of Europe clearly contradict the goals of sustainable 
development, and cannot continue in the long term. 
Thus, sustainability will become more and more difficult 
to achieve as sprawl advances (Haber, 2007). However, 
the use of appropriate countermeasures today to 
significantly slow down the increase of the problem 
still seems realistic. Such measures should be applied 
now — the longer the delay, the faster the target of 
sustainability will slip from Europe's grasp.
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Particular attention needs to be paid to these mutual 
influences: regional planning with regard to transport 
needs and the transport network with regard to 
regional	development	(Figure 4.4).	These	influences	
can play off each other in two ways:

1. negatively, by promoting dispersed settlements 
and increased fragmentation, starting with the 
designation of building zones in the periphery, 
which leads to new traffic, requires the removal 
of bottlenecks in road construction and results 
in the designation of additional building zones 
(Figure 4.4);

2. positively, by encouraging compact settlements so 
that sprawl is contained or reduced; this positive 
feedback effect is both possible and desirable.

These considerations apply not only to road traffic, but 
also to public transport networks. If attention is not 
paid to these factors, there is the danger of a lock-in 
effect, which would result in lower transformability 
(Walker	et al.,	2004).	Existing	and	future	transport	
developments exert a powerful influence on people's 
mobility and on future settlements. Such projects 
could lock urban sprawl into an undesirable course for 
years ahead. To avoid this lock-in effect, the vicious 
circle must be broken (see Figure 4.4).

Measures for controlling urban sprawl can be 
implemented effectively only if there is an awareness 
of the issue and if feasible solutions are proposed. 
Decision-makers and the general public should, 
therefore, be made more aware of the long-term 
consequences of urban sprawl, habitat loss and the 
loss of agricultural soils, and need to be informed 
about suitable countermeasures. According to our 
results, the most effective approach for keeping 
further sprawl to a minimum involves the reduction 
of land uptake per inhabitant and the concentration 
of	settlement	areas	(i.e. without	extending	settlement	
borders). Consequently, the following five general 
guidelines are essential with regard to supporting 
efforts to control urban sprawl.

1. A clear separation of building zones and 
non-building zones, and long-term settlement 
restriction.  Building zones and non-building 
zones should be clearly distinguished. The built-up 
areas should be compact, and should not fray at 
the fringes. The sizes of the building zones should 
be determined in a rigorous way that does not 
easily allow for the extension of their boundaries. 
These boundaries should be fixed on a long-term 
basis. Green belts may be one feasible option for 
setting	these	boundaries	(Siedentop	et al.,	2016).

2. Building in only designated building 
zones. Construction outside designated building 
zones creates considerable sprawl because it badly 
affects DIS values and, as a rule, results in higher 
LUP values. Exceptions are permitted only if new 
buildings must be constructed in a particular location 
because	of	their	function	(e.g. water	supply	facilities).

3. Preventing the dispersed expansion of built-up 
areas. New built-up areas and individual buildings 
should only be allowed at locations in which DIS 
values	are	low	(i.e. have	a	compact	configuration).	
This	can	be	done	by	in-filling	(i.e. the	use	of	gaps	
within existing built-up areas such as unused sites 
or brownfields). If such in-filling is not possible, then 
in-filling should be done on the edge of existing 
built-up areas or at other places with low DIS values. 
For	example,	in	the	Netherlands,	34 %	of	residential	
developments between 2001 and 2005 took place 
in	existing	urban	areas	(Buitelaar	et al.,	2008).	In	
England, the national government successfully 
introduced	a	brownfield	housing	target	of	60 %	in	
1998,	which	stipulated	that	60 %	of	all	residential	
developments must take place on previously 
developed land or through the conversion of existing 
buildings. Since 2000, this target has been achieved 
every	year	(Adams	et al.,	2010).

Note:  A	lock-in	effect	would	result	in	areas	of	high	LUP that could 
not	be	served	efficiently	by	public	transport	and,	therefore,	
people would depend more and more on the use of cars.

Source:	 Torres, 2016. 

Figure 4.4	 The	expansion	of	road	networks	and	
urban sprawl are interlinked through 
a feedback loop, which may result in 
a lock-in effect
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accommodated mostly in the existing built-up areas. 
The necessary densifications are relatively modest 
(on	average,	less	than	20 %	of	the	existing	density).	
The densification will take the existing settlement 
types into account. Rural areas will keep their 
rural	character	(densification	will	be	< 10 %).	The	
highest	levels	of	densification	(> 20 %)	will	occur	
in	the	suburban	areas	shown	in	red	on	Map 4.2.	
They are predicted to transition from having a 
suburban character to having an urban character 
(Regierungsrat Kanton Zürich 2014). This is in 
accordance with the results of the Swiss National 
Research Programme 65 'New Urban Quality', 
which concluded that the urbanisation of suburban 
areas is one of the main tasks of society in the 21st 
century (Sulzer and Desax, 2015).

5. The integrated planning of transport and 
settlement	development. The relationship 
between built-up areas and public transport is 
important to consider because the density of 
built-up areas is related to the attractiveness 
(level of service) and cost effectiveness of public 
transport	(see	Box 1.2	in	Chapter	1).	Therefore,	
planning of settlement development and transport 
infrastructure should be integrated. This requires 
a planning process that transcends administrative 
boundaries and integrates various sectors in order 
to control the development of compact settlements 
and ensure a well-functioning transport 
infrastructure. A central condition for breaking the 
vicious	circle	of	transport	and	sprawl	(Figure 4.4)	is	
the comprehensive coordination of infrastructure, 
mobility and regional development (Matthey, 2012).

These guidelines can be applied in regions in which the 
population is growing, stable or declining. However, in 
regions in which the population is shrinking, additional 
guidelines should be considered. In such cases, it is 
desirable that built-up areas are reduced in proportion 
to the decrease in the population. If this is not feasible, 
the construction of new built-up areas should, at least, 
be	prevented	(i.e. no	further	built-up	areas	should	
be allowed). Otherwise, the LUP would increase even 
more drastically. Since the population is shrinking 
in several regions in Europe, this is an important 
consideration for many places. However, there is a risk 
that the removal of built-up areas will be carried out in 
a way that increases the dispersion of the remaining 
built-up areas in such regions. For example, this is 
true for cases in which parts of central urban areas 
are being perforated, rather than built-up areas on 
the outskirts being removed. The WUP method can 
be used to detect locations in which the removal of 
built-up areas would decrease, and hence improve, the 
value of DIS rather than increase it (see measures 2 
and	3	in	Section 4.3.1).

The following three sections present measures and 
best-practice examples for limiting or even preventing 
the further growth of sprawl in Europe. In many areas, 
it should even be possible to reduce the level of sprawl.

4.3.1  Recommendations for controlling urban sprawl 
using weighted urban proliferation

This section proposes six measures, primarily 
related to the WUP method. The authors of this 
report recommend that these measures be broadly 
applied in urban and regional planning, and that 
their feasibility and effectiveness be evaluated in 
more detail. The issue of sprawl can be addressed on 
several scales in parallel. Likewise, the WUP method 
can be applied on several scales in accordance with 
the corresponding scale of the measures being 
considered. For example, the monitoring of sprawl can 
be implemented on European, national and regional 
scales simultaneously.

1. The	assessment	of	future	developments. The 
analysis of data regarding anticipated future 
developments reveals the extent to which 
planned	construction	projects	(e.g. the	filling	up	of	
designated building zones or the densification of 
existing built-up areas) will increase or decrease 
the level of sprawl. The values of WUP and its 
components can be compared with targets and 
benchmarks (see example 4 in Section 4.3.2), 
and to earlier trends. This approach will take into 
account the cumulative effects of several projects 
on	the	level	of	sprawl	(see	Box 4.3).

2. The comparison of planning scenarios and 
alternatives. Planners can assess the potential for 
densification to reduce the level of urban sprawl 
in existing built-up areas, that is, they can identify 
locations in which the potential is significant. The 
potential is significant for most built-up areas in 
transition zones, in which the character of the 
built-up areas is changing from suburban to urban. 
Various planning alternatives for built-up areas and 
for specific construction projects can be assessed 
and compared with respect to their impacts on 
sprawl using the WUP method as a tool in urban 
planning. If different scenarios are considered 
for designated building zones, the corresponding 
changes in the values of WUP, DIS and LUP can be 
compared and taken into consideration at the time 
at which designated building zones are set. In turn, 
if existing built-up areas in shrinking regions are 
to be removed, the consideration of the resulting 
changes in WUP and its components could help 
to determine which areas should be removed to 
reduce sprawl most effectively. This is useful for 
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demonstrating the long-term consequences of 
decisions in settlement policies for the landscape 
and the paths of development that are possible. 
The method can be applied to balance new 
settlement areas and areas in which buildings are 
demolished to reduce sprawl.

3. Zonal	planning. If measures 1 and 2 are applied, 
they will be specified in municipal zoning plans. 
They can be complemented by the results of 
the WUP analysis in order to improve them with 
regard to UD and DIS. The WUP method can be 
used with regard to the planning of new building 
zones to determine their contribution to future 
urban sprawl. Their extent, spatial location and 
density can be analysed and modified in order to 
minimise their contribution to sprawl. Similarly, 
the WUP method can be used to help identify 
which existing building zones (that have not yet 
been built on) would contribute strongly to urban 
sprawl and, therefore, which should be de-zoned 
in zoning plans. Furthermore, the WUP approach 
could be used to assess the effect of demolishing 
buildings or built-up areas in sensitive regions 
(e.g. agriculturally	or	ecologically	valuable	land,	
or areas in which the population is shrinking) in 
order to reduce sprawl. Many existing zoning 
plans indicate the extent of built-up areas and a 
maximum allowable density. In order to promote 
a more efficient utilisation of the built-up areas, 
zoning plans can also include a minimum density 
value. This is relevant not only for residential areas, 
but can also be applied to commercial areas and 
industrial parks in order to promote the creation 
of multistorey buildings on such sites more often. 
Densification can improve the quality of built-up 
areas and the quality of life for their inhabitants 
if	done	prudently	(e.g. through	the	process	of	a	
Gestaltungsplan in Switzerland; Hersperger and 
Cathomas, in preparation).

4. The use of WUP as a tool in master plans 
controlling	at	the	regional	scale. The WUP method 
is also suitable as an assessment tool for regional 
master plans on a larger scale, that is, to assess 
their contributions to urban sprawl in a region. The 
extent, spatial location and density of new building 
zones can be analysed and modified in order to 
minimise their contribution to sprawl in the region. 
Similarly, planning alternatives can be compared 
with respect to their impacts on sprawl, and the 
potential of the densification of existing built-up 
areas to reduce sprawl can also be assessed.

5. The application of the WUP method as a tool 
for	performance	review. The success of efforts 
to control urban sprawl should be evaluated on 

a regular basis. A performance review compares 
the findings from the monitoring of sprawl with 
the anticipated effect. For example, if quantitative 
targets or limits are available in the zoning plans 
or	master	plans	(see	example	4	in	Section 4.3.2),	
the degree of sprawl can be re-calculated after 
new building zones have been designated or 
existing built-up areas have been densified, and 
compared with the original targets or limits. The 
use of quantitative data regarding urban sprawl as 
a tool for performance review is also a promising 
approach for increasing efforts to achieve the goal 
of minimising urban sprawl and for increasing the 
awareness of policymakers and the general public.

6. Including WUP analysis in environmental impact 
assessments	(EIAs)	and	strategic	environmental	
assessments	(SEAs). The WUP method can be 
applied as an assessment tool in EIAs, including 
cumulative environmental assessments, for projects 
that may influence settlement structures, including 
projects that involve the construction of buildings 
or that influence some likely drivers of urban 
sprawl	(e.g. roads).	It	can	also	be	used	in	SEAs	to	
ensure that urban sprawl is given more attention in 
future development projects. Regional SEAs are a 
particularly promising approach for this (Gunn and 
Noble, 2009).

4.3.2  Best-practice examples of measures with a 
positive influence on weighted urban proliferation

There are several examples available in which existing 
measures to control urban sprawl were evaluated 
using the WUP method, and the results confirm that 
these measures were effective. There are also some 
examples of projects in which the design of measures 
to counteract urban sprawl was based on the WUP 
method. This section presents five practical examples:

1. Limiting the total extent of designated building 
zones. Designated building zones are usually 
determined by municipal zoning plans and regional 
master plans. If there is no evidence of an increased 
need, then the total extent of designated building 
zones	is	frozen	(see	example	in	Box 4.4).

2. Settlement	restriction	through	the	long‑term	
application	of	settlement	boundary	lines. Open 
countryside can be preserved through the 
application of settlement boundary lines, 
green belts (to separate settlement areas) and 
zoning plans that stipulate internal settlement 
development	(Gennaio	et al.,	2009)	(see	Box 4.4).	
Green belts are also very important for animal 
movement and constitute boundary marks that 
make the landscape easier to read and interpret.
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Box 4.3	 An	online	tool	for	applying	the	WUP	method:	the	Urban	Sprawl	Metrics	tool

To facilitate the calculation of WUP and its components, a geographic information system (GIS) tool is available. The Urban 
Sprawl Metrics (USM) tool can be used in the ArcGIS-toolbox (written in Python). The tool is freely available for use and can 
be downloaded from the Swiss Federal Institute of Forest, Snow and Landscape Research (WSL) homepage (www.wsl.ch/
zersiedelung). The language of the user interface is English.

The tool is straightforward to use. Only three input data sets are required:

• data on built-up areas (settlements or solitary buildings, ESRI raster file);

•	 	information	on	the	reporting	units,	namely	a	shape	file	of	the	reporting	units	(e.g. municipalities,	districts	or	countries,	
or a grid with a certain cell size) for which the value of WUP is to be calculated;

•  the number of inhabitants and jobs for all reporting units has to be saved by the user in the attribute table, in the 
shape file of the reporting units, as a separate column.

The user can choose the size of the HP	(between	0.2	and	10 km).	The	default	value	is	2 km.

The results of the calculation are written in the shape file of the reporting units as separate columns for:

•  the built-up area (in m2 and as a percentage of the reporting unit)

•  DIS (in UPU/m2)

•  w1(DIS) (between 0.5 and 1.5)

•  UP (in UPU/m2)

•  UD (number of inhabitants and jobs per ha of built-up area)

•  w2(UD) (between 0 and 1)

•  WUP (in UPU/m2).

It is important that the users consider which delineation of the built-up areas they want to use. This delineation depends on 
the	data	layer	available	and	the	particular	question	of	the	analysis	(see	also	Box 2.3).

 
Note:  A user manual with examples is also available on the website.

Figure 4.5	 Screenshot	from	the	USM	tool
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3. Land	recycling. Land recycling, including the 
reuse of brownfield sites, makes an important 
contribution to reducing land uptake and to the 
prevention	of	additional	urban	sprawl	(Photo 4.2).	
For example, NRW, Germany, has adopted a goal of 
increasing	the	reuse	of	brownfields.	In	2011,	10 ha	
of open area were taken up per day for new built-up 
areas in NRW. The government of NRW aims to 
reduce	the	daily	land	uptake	to	5 ha/day	by	2020,	
and zero land uptake is intended in the long term 
(NRW SPD - Bündnis 90/Die Grünen NRW 2012). 
Some municipalities in NRW have already achieved 
a	recycling	ratio	of	75 %	in	the	last	20	years	(Neite	
and Berief, 2013). To encourage a higher ratio of 
land recycling, a moratorium on settlement area 
expansion could be implemented for 10 years or 
more. This would increase the value of brownfield 
sites, vacant lots and other underused areas. 
The moratorium could apply until land recycling 
possibilities have been exhausted. Critical success 
factors for bringing sites back into use have been 
identified in case studies in England and Japan, 
and these factors include the presence of strong 
potential markets, a long-term vision that views 
a recession as an opportunity, strong branding, 

strong partnerships, integrated development and 
the provision of appropriate infrastructure (Dixon 
et al.,	2011).

4. Setting	targets,	limits	and	benchmarks	for	
sprawl. The EU's 7EAP calls for indicators of 
resource efficiency. Targets to limit land uptake can 
contribute to higher resource efficiency. Setting 
limits for sprawl may be a challenge, but many 
other branches of environmental protection have 
successfully managed to overcome similar problems. 
Many countries have long-term experience of solving 
common-pool problems through setting limits, and 
similar changes in legislation have clearly improved 
the situation. Therefore, the authors of the present 
report suggest that targets, limits and benchmarks 
for sprawl should be formulated on the basis of 
the WUP metric. This is one of the most promising 
measures for controlling future development and 
the handling of scarce resources. The following 
basic considerations should guide the development 
of such targets, limits and benchmarks.

 − A significant reduction in urban sprawl can be 
achieved by a pure densification of existing urban 

Photo 4.2 Belval	was	the	site	of	the	large	steelworks	that	has	suffered	from	the	abandonment	of	steel	production	in	Luxembourg.	An	extensive	
regeneration	programme	has	turned	the	brownfield	site	into	a	large	scientific	and	cultural	centre,	including	the	science	faculty	of	the	
University of Luxembourg.

Source:		 © Luxmaster051 at lb.wikipedia
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Photo 4.3 Brownfield	recycling	with	ongoing	construction

Source:		 Aarhus, Denmark: re-development of the harbour (Photo: Rastislav Stanik)

areas	(i.e. no	new	built-up	areas).	However,	this	
scenario may not be very realistic because of 
economic, political, and social reasons.

 − A minimal requirement is to limit the increase 
of urban sprawl to the rate of increase in 
population. However, if sprawl increases at 
the same rate as the population, this is still not 
sustainable.

 − Therefore, the authors of this report propose 
that urban sprawl should be limited to the 
current level of sprawl. In shrinking regions, 
sprawl should be reduced in the same rate as 
the population is decreasing.

The values can be set according to region and 
reflect differences in municipalities, natural 
conditions, and historical development. Limits and 
benchmarks, for example, can be stricter in Natura 
2000 areas than elsewhere. Concrete targets, 
limits, and benchmarks can be subdivided in three 
ways according to the type of region: (1) priority 
spaces	for	large	unsprawled	areas,	i.e. further	
sprawl is unauthorised, and the demolition of 
vacant	buildings	has	priority;	(2) specification	
of target values and benchmarks for rural 
spaces;	(3) toleration	of	further	settlements	in	
agglomerations or along axes of development 
up to a certain level, as compactly as possible, 
to avoid sprawl (low LUP, urban character). For 
example, a recent research project in Switzerland 
has proposed limits and targets for sprawl for all its 
municipalities	(Box 4.4).

5. The granting of mortgages and the awarding 
of	energy	labels. The decisions by banks to grant 
mortgages for existing or potential new buildings 
could be evaluated on the basis of the contribution 
of such buildings to urban sprawl. Such evaluations 

could also be the basis for awarding energy labels 
(see	Box 4.4).

4.3.3 Other measures

In addition to these guidelines, measures and examples 
that are related to WUP, a range of other measures for 
controlling land consumption also exist. The planning 
literature discusses five types of measures which 
include (1) regulatory instruments (administrative 
law), (2) planning instruments, (3) incentive-oriented 
(economic) instruments, (4) participatory and cooperative 
instruments, and (5) educational instruments 
(Sustainability Advisory Board of Baden-Württemberg, 
2004). Important examples of these measures are given 
below.

• Long-term settlement planning based on guiding 
principles	for	landscape	management. Long-term 
objectives outline the design of future sustainable 
settlement and transport systems. Accordingly, 
settlement and transport planning are increasingly 
based on targets rather than on demand. Guiding 
principles are needed for landscape quality 
(Rodewald, 2008).

• Cooperative	large‑scale	planning. Competition 
between municipalities and regions and countries 
with regard to jobs, taxpayers and inhabitants 
is counterproductive and contributes heavily to 
sprawl (Frey and Zimmermann, 2005). To solve this 
problem, cooperative planning on a larger scale is 
needed to, for example, minimise the number and 
the scale of industrial and residential areas, and to 
limit their dispersion as much as possible. Large-scale 
cooperation is also needed across political boundaries 
so that clear measures to control urban sprawl on one 
side of such a boundary do not result in higher levels 
of urban sprawl on the other side of the boundary.
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Box 4.4	 Some	best‑practice	examples	of	addressing	urban	sprawl	in	Switzerland

Urban sprawl has been a topic of intense public debate in Switzerland in recent years. Accordingly, public awareness of the 
problem is high in this country and efforts to address urban sprawl are more advanced than in many other countries in 
Europe. Various best-practice measures have already been implemented or are currently being discussed, as outlined below.

•  The Swiss parliament proposed a revision of the Swiss Spatial Planning Act in 2013 (Loi fédérale sur l'aménagement 
du territoire de la Suisse 2014). The Swiss population accepted this proposal in the referendum of 3 March 2013, 
with	a	clear	majority	of	63 %.	The	revision	requires	the	introduction	of	levies,	of	at	least	20 %	of	the	increase	of	the	
property value, to compensate for the increases in property values that occur after the designation of new building 
zones (Article 5). The revision also imposes limitations for newly designated building zones. An expansion of designated 
building zones is possible only if an evaluation clearly demonstrates that there is an increased future need, based on 
the projected increase in population, that cannot be accommodated by different means. If the population is predicted 
to decline, this implies a reduction in the extent of the designated building zones. Even before this revision, several 
cantons and municipalities in Switzerland implemented rigorous limitations and sometimes the de-zoning of building 
zones,	and	achieved	a	stabilisation	or	reduction	of	sprawl.	For	example,	the	Canton	of	Geneva	achieved	a	33 %	
reduction in sprawl between 1980 and 2010, and sprawl stabilisation has been occurring in the municipalities of Könitz 
and Sils/Segl since 1980.

•  The Canton of Zug implemented rigorous measures that were demonstrably successful in reducing urban sprawl 
(WUP	values	decreased	by	11 %	between	1980	and	2010)	despite	the	substantial	increase	in	the	number	of	inhabitants	
and	jobs	(+66%).	This	trend	reversal	was	a	consequence	of	four	essential	requirements,	implemented	as	part	of	
the cantonal master plan of Zug: '(1) The canton and the municipalities separate the settlement area from the 
non-settlement area. (2) Boundaries delimit the extent of the built-up area. (3) The canton and the municipalities 
strengthen the core areas of the municipalities and the most important intersections of public transport. (4) The 
municipalities authorize high densities of built-up areas.' These four regulations have slowed down the increase of 
built-up area and DIS, and have promoted the reduction of LUP (Jaeger and Schwick, 2014).

•  Green belts can be used as separation zones between built-up areas to prevent them from merging. For example, the 
cantonal master plan of Zurich of 2014 has implemented 73 green belts in which construction is prevented (Canton of 
Zürich 2014).

•  The setting of limits is one of the most important tools for solving common-pool problems. For example, there are 
documents, which predate the formation of Switzerland in 1291, that limit the density of cows on Alpine pastures in 
Switzerland, through Alpine cooperatives, in order to avoid overgrazing, limits were established by the introduction of 
the total protection of forest areas in 1879, strict limits of air pollution were introduced in 1983, and the water-pollution 
law was established in 1991. A recent research project in Switzerland proposed limits and targets for sprawl for all 
Swiss	municipalities	(Schwick	et al.,	in	preparation).	This	proposal	for	an	adjustment	of	the	Swiss	Regional	Planning	Act	
aims to make the changes indicated in bold below to Articles 1, 3 and 8 (Muggli, in preparation).

–  'The federation, the cantons, and the municipalities ensure that the land is used economically, that the building areas 
are separated from the non-building areas, and that an increase in urban sprawl is prevented.' (Article 1).

–  'The agencies responsible for planning tasks consider the following principles: Urban sprawl is to be limited in 
accordance to settlement types.' (Article 3).

–  'The cantons determine for themselves and for subordinated agencies how an increase in urban sprawl is 
prevented. The federation and the cantons determine in technical guidelines how urban sprawl is quantified.' 
(Article 8).

 These proposed adjustments to the Regional Planning Act would provide a legislative basis for the introduction of 
limits or targets with regard to urban sprawl. 

•  The Alternative Bank of Switzerland used the WUP method for the evaluation of specific construction projects according to 
social and environmental criteria (including sprawl), in addition to economic criteria (Alternative Bank of Switzerland, 2012) 
(https://www.abs.ch). This allows existing and potential new buildings to be evaluated with regard to their contribution 
to urban sprawl, which can be used as a basis for decisions regarding the granting of mortgages. Such evaluations can 
also be the basis for awarding energy labels: the WUP indicator is part of a new assessment system for sustainable 
construction in Switzerland (SNBS) which aims to reduce the negative impacts of new constructions on society, the 
economy and the environment. The WUP method serves as an indicator for the assessment of the loss of soils, effects on 
biodiversity and landscape consumption (http://www.nnbs.ch/fr/standard-snbs).
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• The introduction of levies to compensate for 
the increase in property values after planning, 
development	or	infrastructure	activities. This 
type of measure has been included in the new Swiss 
Regional Planning Act of 2014 (Article 5). It requires 
a	levy	of	at	least	20 %	of	the	increase	of	the	property	
value	(Box 4.4).

• The abolishment of tax deductions 
for commuting between homes and 
workplaces. These subsidies contribute to longer 
travel distances and the separation of places of 
work, living and recreation, which increases sprawl.

• Charges	for	the	use	of	roads	('road	pricing')	or	
congestion	taxes. This type of measure can be 
used to discourage the use of cars, particularly in 
congested	regions	(e.g. in	the	City	of	London	and	
Stockholm)	(Gayda	et al.,	2005).

• Sprawl	certificates,	sprawl	taxes	and	tax	on	
ground	surface	sealing. These economic incentives 
can encourage a more economic use of land and a 
lower LUP (Bovet	et al.,	2013;	Bizer	et al.,	2014).

• Land	banking. The control of house prices by 
local authorities through land-use reduction and 
land-price regulation is called 'land banking'. This 
type of measure is already well developed in, for 
example, Rennes, France.

• A preference for mixed-use urban 
areas. Mixed-use areas combine places for 
work, living and recreation. This can reduce 
travel distances and the amount of traffic. As 
a consequence, less transport infrastructure is 
required and the dispersion of urban areas is lower.

• Local	Agenda	21. This participatory action plan 
was developed by the United Nations (UN) in the 
context of sustainable development and includes 
sustainable settlement (Smardon, 2008). It supports 
bottom-up initiatives for the better control of urban 
sprawl.

• Campaigns against urban sprawl and for lifestyle 
changes. These educational campaigns aim to 
increase the awareness of the general public with 
regard to the negative impacts of sprawl and the 
long-term benefits of changing lifestyles towards a 
more sustainable way of living.

• Anti-sprawl certification for municipalities that 
are	good	models. This type of label would act as a 
performance certificate for municipalities, cities or 
regions that have put anti-sprawl policies in place 
and have successfully contained or reduced urban 

sprawl and, therefore, provide a good example for 
others.

These measures are particularly important in regions in 
which the drivers of urban sprawl are likely to increase 
in the future. The measures have the objective of 
decoupling the population increase (or decrease) and 
the socio-economic development from the level of urban 
sprawl.

4.3.4 Future research needs

There is a need for more in-depth research regarding 
urban sprawl in Europe. Important examples of 
relevant topics for future research are outlined below.

1. An improvement of the data on urban sprawl for 
earlier	points	in	time. Urban sprawl can also be 
measured for earlier points in time in a consistent 
way based on old maps, for example by using CLC 
data from 1990, 2000 and 2006. For a more detailed 
representation of urban sprawl, job data at the 
1-km2-grid level would be highly useful.

2. The improved availability of consistent data 
across Europe regarding the factors that 
influence	urban	sprawl. More detailed research 
about the history and the political and economic 
conditions of different parts of Europe is of interest, 
but these are not captured by the 14 predictive 
variables in this report. For example, such variables 
include land prices, land ownership, subsidies, tax 
levels, the availability of public transport (other 
than just railway densities), the strength of regional 
planning legislation and planning practices, and 
lifestyle characteristics. Ideally, such data would 
be available for relatively long periods and for 
regions that are smaller than the country level 
(e.g. the	NUTS-2	or	NUTS-3	level,	or	municipalities).	
In addition, the influences of historic settlement 
patterns on the current degree of DIS, and also on 
WUP and its other components, are of high interest. 
Therefore, historic factors should also be included in 
future analysis.

3. The improvement of the statistical analysis of 
the	drivers	of	urban	sprawl. With improved data, 
the relative importance of these factors and their 
interactions in different places and at various scales 
could be disentangled. Clusters of regions that 
behave similarly could be identified. In addition, 
Structural Equation Modelling (SEM) could be used 
to analyse causal networks that include causal 
chains (rather than only direct relationships between 
a response variable and various predictor variables) 
in which predictor variables can also influence each 
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other (Grace, 2006). Improved data would also allow 
an analysis of time lags and feedback loops. This 
may answer the question of why certain regions 
are more (or less) sprawled than predicted by the 
statistical models.

4. Population scenarios and the implications of EU 
policies. Different scenarios can be considered in 
order to investigate the implications of an increasing 
or shrinking population for sprawl. In addition, 
the effects of EU-wide programmes and policies 
regarding transport infrastructure, economic 
development, nature conservation and common 
agricultural policy on the spatial distribution of the 
population and the resulting influence on urban 
sprawl	could	be	investigated	(e.g. Reginster	and	
Rounsevell,	2006;	Eigenbrod	et al.,	2011;	Plata-Rocha	
et al.,	2011;	Fuglsang	et al.,	2013;	Rienow	et al.,	
2014). This could also include the assessment 
of	transport	infrastructure	projects	(e.g. the	
trans-European transport network) for which the 
EU provides some financial support. The cumulative 
effects scenarios of new transport infrastructure 
on the degree of urban sprawl could be analysed 
quantitatively in the planning process.

5. The environmental, social and economic effects 
of	urban	sprawl. Subjects for future research 
include more detailed studies of the relationships 
between urban sprawl and the distribution and 
abundance of native and invasive animal and plant 
species	(e.g. Concepción	et al.,	2016).	The	effects	
of	sprawl	on	ecosystem	services	(Eigenbrod	et al.,	
2011), on tourism, the health of humans (LaDeau 
et al., 2015) and on the cost of service provision 
infrastructure for the human population also 
deserve to be researched more closely.

6. The analysis and assessment of open countryside 
and	sprawl‑sensitive	areas. The remaining 
unsprawled (or only sparsely settled) areas can 
be identified through a European analysis, similar 
to the identification of roadless areas in Europe 
(Selva	et al.,	2011,	2015).	Such	areas	may	include	
protected	areas	(e.g. Natura	2000	sites,	national	
protected areas, hotspots of biodiversity and 
landscapes of national importance or significant 
scenery), landscapes with historical settlement 
structure, unfragmented lands with little traffic 
or few settlements, areas that are important for 
connectivity	(e.g. wildlife	corridors),	undeveloped	
pockets of countryside, agricultural areas with 
valuable soils and others.

7. Assessing the degree of decoupling economic 
welfare	from	urban	sprawl. It would be 
informative to study the extent to which regions 

have been successful in decoupling their economic 
welfare from their level of urban sprawl. For 
example, such a study could identify regions in 
which economic growth is taking place in parallel to 
the growth of urban sprawl, and those in which it 
has been detached from the level of sprawl, using 
data about the historical development.

However, there is a danger that these research interests 
could be misused to postpone the implementation 
of measures to control urban sprawl. Since it often 
takes decades for the negative effects of sprawl to 
become apparent, sprawl that has taken place already 
is still likely to continue to exert ecological, economic 
and social impacts over the coming decades. It is 
important to consider the changes that will occur if the 
countermeasures listed above are not implemented: 
extensive areas would be built over with high levels 
of dispersion and LUP. This would have serious 
consequences — urban sprawl would continue 
unchecked along with all of its negative effects on 
energy consumption, air pollution, health, biodiversity, 
ecosystem services, etc. The limitation of sprawl might 
be perceived by some as a reduction in freedom with 
regard to land uptake for built-up areas. However, 
given the negative consequences of sprawl, the 
limitation of sprawl will, in fact, provide more freedom 
and scope for action for society in general and for 
individuals today and in the future in terms of food and 
energy production, landscape scenery and recreation, 
and nature conservation. Therefore, sprawl should be 
addressed as soon as possible. The following section 
proposes some priorities.

4.4 Most immediate priorities

The results of this report show that even within the 
short period examined, namely 2006–2009, urban 
sprawl has increased significantly in most countries, by 
more	than	1.5 %	per	year;	in	many	countries,	sprawl	
has	increased	by	even	more	than	2 %	per	year.	This	
problem is likely to worsen. Four measures, described 
below, to address this problem have been given 
particularly high priority. Measures 1 and 2 could be 
implemented immediately without any need for new 
research, but measures 3 and 4 are likely to have the 
strongest influence on urban sprawl.

1. The	monitoring	of	urban	sprawl It appears 
that presenting the problem of sprawl in figures 
is the most effective basis for an objective and 
constructive discussion. Figures allow one to grasp 
the problem more easily, and data provide concrete 
proof of developments in sprawl over time and 
changes in trends. The new sprawl metrics serve 
this role well. The WUP method can be implemented 
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by monitoring systems of landscape quality, 
sustainable development and biodiversity. Tracking 
the changes in urban sprawl on a regular basis is a 
precondition for being able to diagnose the rates 
of increase and any changes in trends. It is also a 
precondition for implementing targets and limits 
(see measure 3 below).

2. The application of sprawl analysis as a tool in 
planning. The WUP method can be used, at any 
level in urban, regional and transport planning, 
as an instrument to assess the consequences 
of planned projects and zoning alternatives 
with regard to their influence on urban sprawl. 
This measure is of high priority because it could 
influence important decisions about future urban 
development. Similar quantitative analysis and 
assessments in other environmental sectors have 
often resulted in significant improvements and a 
reduction in negative effects.

3. The implementation of targets, limits and 
benchmarks. The EU's 7EAP calls for indicators 
of resource efficiency. Targets and limits can 
be set according to regions, in order to reflect 
differences in natural conditions, and historic 
and socio-economic development. The WUP 
method provides the quantitative information and 
benchmarks that are required for the setting of such 
targets and limits. The level at which the targets and 
limits are set will depend on the particular planning 
processes and regulations in each country.

4. The	strengthening	of	regional	planning. Europe 
has a rich diversity in planning legislation and 
planning	processes	(Reimer	et al.,	2014).	This	
provides great opportunities to analyse and 
compare the effectiveness and efficiency of different 
planning systems, and to learn from best-practice 
examples. Knowledge transfer, allowing regions to 

learn from each other, will foster the improvement 
of regional planning legislation and planning 
processes. The EU could greatly promote and 
contribute to this knowledge transfer. In addition, 
legislation that contradicts strong regional planning 
and promotes urban sprawl could be identified and 
changed; for example, by avoiding that the taxes of 
municipalities strongly depend on the continuous 
creation of new building zones. Urban and regional 
planning could contribute more effectively to 
controlling urban sprawl than is the case today. 
The regional planning acts have the opportunity to 
focus more strongly on the sustainability of land 
use and should be applied more rigorously than 
they are today. Accordingly, the existing institutions 
responsible for urban and regional planning could 
be strengthened and, if needed, new institutions 
could also be created in some parts of Europe.

If measures to control urban sprawl are combined 
appropriately and applied consistently then the scenery 
of European landscapes will benefit significantly, that is 
the edges of built-up areas will be more rounded and 
not frayed. Furthermore, the ratio of buildings outside 
designated building zones to those within such zones 
will decline. Built-up areas, in general, will become 
more compact and suburban areas will become more 
urban. New settlements will be built mainly in areas 
with good public transport connections, and not in 
those in which land is cheap and public transport is 
hard to access. Aesthetically, the distinctions among 
urban-looking settlements, rural-looking settlements, 
historical settlements and open countryside will 
become more apparent. The high-quality planning 
of densification will be key for its acceptability by the 
general public. These changes will be accompanied by 
a significant shift towards public transport, an increase 
in densities, a decrease in the distances between 
places of living, work and recreation, and an increase in 
intersocial mixing.
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