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issue and the subsequent issue of IAPA to be released 
in early 2023.

3. Overview about the content of this special 
issue

The special issue consists of 9 papers that present 
!ndings with global to local scope. They include spe-
ci!c studies from 6 countries: Brazil, Canada, France, 
Spain, United Kingdom (UK), and Sweden. At the 
beginning of the special issue, Patterson et al. 
(2022b) present the results of a global survey about 
current practices and common issues regarding the 
treatment of connectivity in EA. This paper compiles 
the experiences of 134 practitioners, regulators, con-
sultants, researchers, and interest groups from all 
inhabited continents and sets the scene for identifying 
key obstacles to advancing the consideration of con-
nectivity and for proposing ways forward. The follow-
ing four contributions present national overviews 
about the analysis and consideration of connectivity 

in urban planning and road planning (Karlsson and 
Bodin 2022; Oliveira Gonçalves et al. 2022) and in the 
EA process (Kor et al. 2022; Patterson et al. 2022a). 
Karlsson and Bodin (2022) reviewed 21 connectivity 
analysis reports for the assessment of environmental 
impacts in urban planning in Sweden. Their !ndings 
imply that an increased use of quantitative methods 
needs to be combined with improved guidelines and 
standards and a continuous knowledge exchange 
between scientists and practitioners. The letter by 
Oliveira Gonçalves et al. (2022) discusses various ways 
to overcome the current gaps and obstacles in the 
consideration of connectivity loss in road EIAs in 
Brazil and worldwide and suggest several approaches 
to improve mitigation. Patterson et al. (2022a) examine 
the extent to which connectivity has been considered 
in EA in Canada through a systematic evaluation of 14 
environmental impact statements (EIS), whereas Kor 
et al. (2022) determine how often quantitative 
approaches are used for the assessment of connectiv-
ity or fragmentation in EIAs from the UK. The special 

Figure 1. The cumulative effects of development projects lead to landscape change, habitat loss and fragmentation, with 
important consequences for many wildlife populations. The densities of many species decline when their habitats shrink and 
landscapes become increasingly fragmented, which can result in local extirpations and shifts in species composition. Watercolor 
illustrations credit: Charla Patterson.
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Zones bâties (1986)
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Zones bâties (1996)

Montréal Québec CMA

Nazarnia et collab. (2016)

5



4

Zones bâties (2011)

Montréal Québec CMA
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1956
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Brugger (1992)

Les paysages
changent

rapidement
Construction de routes 
et l’étalement urbain
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1956

1989

Qu’est-ce que cela
signifie pour la 
biodiversité ?

- Plus d’animaux sont tués sur les routes : mortalité routière augmente
- Perte d’habitat
- La connectivité du paysage est de plus en plus réduite

Les paysages
changent

rapidement
Construction de routes 
et l’étalement urbain

8

9

Les populations 
d’animaux sont de 

plus en plus 
entourées par des 

zones bâties et des 
routes
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View of the Magadino plain, Bellinzona, canton of Ticino (photo: S. Wild, 2013) 
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View of the Magadino plain, Bellinzona, canton of Ticino (photo: S. Wild, 2013) 

15Methods

Fig. 3. In a landscape (white), sprawl increases when 1) the settlement area grows (top row), 2) the 
settlement area becomes more dispersed (middle row), or 3) the utilization density decreases (bottom row).

1a 1b

2a 2b

3a 3b

2.2 Urban sprawl as combination of urban area, dispersion  
and utilization

The new measure for sprawl consist of three elements:

Weighted Urban Proliferation = Urban Permeation * Weighting1(Dispersion) * 
Weighting2(Utilization Density),

or expressed in symbols:   WUP = UP * w1(DIS) * w2(UD).

Étalement urbain, mesuré par Weighted Urban Proliferation (WUP)

(1) superficie bâtie

(2) dispersion des zones bâties

(3) faible densité d’habitants
et d’emplois
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Augmentation de l’étalement urbain, des zones bâties, 
et des habitants et emplois en Suisse 1885-2010 

12

61Zersiedelung messen und begrenzen

 Bellinzona und Chiasso sehr stark überbaut. Der ganze Bezugsraum ist besiedelt und viele 
Siedlungsflächen sind aufgrund von Abwanderung tendenziell schlecht ausgenutzt. 

Die am zweitstärksten zersiedelte biogeographische Region ist das Gebiet der Zen-
tralalpen mit einem Wert von 8,624 DSE/km2 (Abb. 34). Die Zersiedelung ist besonders 
markant in den Talböden entlang der Rhone und des Rheins. Ausserhalb der Talböden 
finden sich – mit Ausnahmen – nur kleinere Ortskerne. Der allergrösste Teil dieser Region 
ist ausgesprochen alpin und kann somit nicht überbaut werden. 

Abb. 33. Prozentuale Entwicklung der Zersiedelung Z b, der Siedlungsfläche sowie der Zahl der Einwohne-
rinnen und Einwohner und Arbeitsplätze zwischen 1885 und 2010, relativ zum Wert von 1885 (= 100 %). 

0 

100 

200 

300 

400 

500 

600 

700 

1880 1900 1920 1940 1960 1980 2000 2020 

P
ro

ze
nt

e

Jahr 

Zersiedelung Siedlungsfläche Einwohner und Arbeitsplätze 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1880 1900 1920 1940 1960 1980 2000 2020 

Z b
 (D

S
E

/m
2 ) 

Jahr 

Abb. 32. Entwicklung der Zersiedelung Z b in der Schweiz zwischen 1885 und 2010.
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L’étalement
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Le nombre d’habitants
et d’emplois

Le nombre d’habitants
et d’emplois

Les zones bâties

L’étalement urbain
+557%

+280%

+170%

Année

12

En Suisse: La gestion durable du paysage fait partie
de la Constitution fédérale suisse depuis 1999.

« L’étalement urbain et la destruction des 
terres agricoles sont des problèmes non résolus 

de l’aménagement du territoire. » 

Citation de Doris Leuthard,           et de                         Corinne Casanova
Présidente de la Confédération                              Chancelière de la Confédération 

en 2010
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Les nombreux effets de l’étalement urbain

14

Les nombreux effets de l’étalement urbain

La flore et la faune

- Perte d'écosystèmes précieux pour différentes espèces d'animaux
- Mort d'animaux causée par la mortalité routière
- Modification du comportement de déplacement des animaux en raison des 

changements dans l'utilisation des sols.

L'étalement urbain est effectivement
le contraire du développement durable.
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Photo: C. Townsend (2005)
Autoroute 15 traversant Laval, en direction de Rivière-des-Milles-Ȋles, Sainte-Rose et Fabreville (L)
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a  b  s  t  r  a  c  t

Increasing  awareness  of the  negative  effects  of urban sprawl  has  made  sprawl  a topic  of  great  debate.
However,  higher  efforts  are  needed  to  protect  forests,  agricultural  lands,  and other  open  spaces  from
urban sprawl.  This study  compares  patterns  of  accelerated  increase  in sprawl  in the  Montreal  and  Quebec
Census  Metropolitan  Areas  in Canada  with  the  Zurich  metropolitan  area  in  Switzerland  between  1951  and
2011. We  applied  the recent  metrics  of urban permeation  (UP)  and  weighted  urban  proliferation  (WUP)
to  measure  urban  sprawl.  Urban  sprawl  has  accelerated  continuously  in Montreal  and  Quebec since
1951.  Here,  the  fastest  increases  in  sprawl  have  been  observed  in the  last  25 years,  whereas  in Zurich the
strongest  acceleration  was  in the 1960s.  Urban  sprawl  has  increased  exponentially  in Montreal  since 1951.
On the  Island  of Montreal,  the degree  of  urban sprawl  (WUP)  increased  26-fold  from  0.49  UPU/m2 in  1971
to  12.74 UPU/m2 in  2011,  while  in  Quebec  City  it increased  9-fold  from  2.41 UPU/m2 to 21.02  UPU/m2 from
1971  to  2011. In contrast,  the  level  of  sprawl (WUP)  in  the  Inner  Zurich  metropolitan  area  increased  almost
3-fold  from  3.12  UPU/m2 in 1960 to 8.91  UPU/m2 in  2010, i.e., it was  higher  before  1980,  but then was
surpassed  by Montreal  and  Quebec  City. The strongest  increases  in land  uptake  per  person  were  observed
in Quebec  City  and  on the  Island  of Montreal,  while  it increased  only  slightly  in Zurich.  Two major  reasons
for  this  striking  difference  in sprawl  dynamics  are Switzerland’s  stronger  planning  legislation  since 1979
and a much higher  level  of public  transportation  availability  in Zurich.  The  comparative  analysis  of  urban
sprawl presented  in this study  can  greatly  help  land-use  planners  critically  assess  projected  plans  and
control  urban  sprawl  and  its  negative  consequences.  The WUP  method  can  also  be used to  establish
targets  and  limits  to urban  sprawl  and  to evaluate  the  effectiveness  of measures  to  control  sprawl.

©  2015  Elsevier  Ltd. All  rights  reserved.

1. Introduction

More than half of the world’s human population has been living
in urban areas since about 2008 as a consequence of popula-
tion growth and a movement of people from rural to urban areas
(UNFPA, 2007). For example, while only 50% of Americans lived

Abbreviations: CMA, Census Metropolitan Area; CMM,  Communauté Métropoli-
taine de Montréal; DIS, dispersion; FSO, Federal Statistical Office of Switzerland;
LUP,  land uptake per person; MA,  metropolitan area; NTDB, National Topographic
Database; PMAD, Plan Métropolitain d’Aménagement et de Développement; RCM,
regional county municipalities; TLM, topographic landscape model; TOD, transit-
oriented development; UD, utilization density; UP,  urban permeation; URSMEC,
URban Sprawl MEtrics Calculation (tool); WUP, weighted urban proliferation.

∗ Corresponding author. Tel.: +1 514 848 2424x5481.
E-mail addresses: naghmeh.nazarnia@concordia.ca (N. Nazarnia),

christian.schwick@wsl.ch (C. Schwick), jochen.jaeger@concordia.ca (J.A.G. Jaeger).

in cities in 1950, 80% lived in metropolitan areas by the 1990s
(Putnam, 2000). In many cases, this has resulted in urban sprawl, in
particular in North America where low-density suburban develop-
ment and automobile dependency have been prevalent, but also in
many other places all over the world for similar reasons (Irwin and
Bockstael, 2002; Batisani and Yarnal, 2011; Hennig et al., 2015).

1.1. Causes and consequences of urban sprawl

Many factors contribute to the particular pattern of urban devel-
opment known as urban sprawl, e.g., consumer preferences for
inexpensive lots, single-family detached housing, and for living in
green low-density neighbourhoods, and the wish for second homes.
Telecommunication improvements and low gasoline prices have
made human choices of dwelling locations more independent of
their distances from central facilities (Ewing, 1997). Unorganized
patterns of growth have resulted from planning activities without

http://dx.doi.org/10.1016/j.ecolind.2015.09.020
1470-160X/© 2015 Elsevier Ltd. All rights reserved.
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Figure 7: Values of UD, DIS, WUP and UP between 1951 and 2011 in Quebec City, Inner 

Montréal RMR
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Quel a été l’effet sur la 
connectivité ? 

Dupras et collab. (2016), Envir. Science & Policy

Réduction de la taille effective des mailles
de 42 % et

réduction de l’indice de connectivité écologique
de 45 %

entre 1966 et 2010.

The impacts of urban sprawl on ecological connectivity in the Montreal
Metropolitan Region
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A B S T R A C T

Urban sprawl is a widely recognized phenomenon in many major cities worldwide and is a significant
land use planning and management issue. This process has many impacts on the ecological function and
structure of the landscape. In this article, we analyze the effects of urban sprawl on the ecological
patterns and processes in the Montreal Metropolitan Region (MMR) between 1966 and 2010. The
dispersed sprawl of low-density urban areas within the territory during this period sharply increased the
fragmentation of the territory, isolating the few remaining natural spaces and decreasing their ecological
connectivity and, ultimately, biodiversity. The results obtained clearly show that land-use changes that
occurred in the MMR have caused profound changes in landscape properties, both structurally and
functionally, and especially from 1981 to 2010. In 1966, around 45% of the land had a high or very high
level of connectivity, and almost 38% in 1981. By 2010 only 6.5% of the landscape was connected and 73%
of the territory possessed no or low connectivity.

ã 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Urban sprawl is a widely recognized phenomenon in many
major cities worldwide and is an significant land use planning and
management issue (Newman and Kenworthy, 1991; Williams et al.,
2000; Grazi et al., 2008). During the last 50 years, urban and
transport networks have spread at the expense of former natural or
agricultural spaces, frequently occupying the lands most suitable
for agriculture (Breheny, 1992; Camagni et al., 2002). In North
America, this urbanization of areas around cities for residential,
industrial, commercial and infrastructure use has followed a model
characterized by a low density of built structures with a strong
dependence on the automobile, which has revealed itself as
tremendously negative for natural habits (Fahrig, 2003; Turner,
2005; Doucet, 2007). On the other hand, in western societies
agriculture has survived and has been able to counter urban
pressure mainly by the means of intensification. This is very clear
in Europe (Mazoyer and Roudart, 2006) and is also noticeable in

North America (Anderson, 2008; Parcerisas and Ruiz, 2014). This
strategy of agricultural intensification, however, contributes to
environmental degradation (Mazoyer and Roudart, 2006; Kraus-
mann et al., 2013). Indeed, the increased crop yields caused by
agricultural intensification have been frequently associated with
substantial ecological costs, such as fossil energy inputs, soil
degradation, and biodiversity loss (Krausmann et al., 2013; Dupras
et al., 2015a).

Although urban built-up areas cover only a small proportion of
the land, their impact on ecosystems is significant. For example, in
the United States, roads occupy only 1% of the territory, but they
highly alter the structures and ecological functions of at least 20%
of the territory (Forman, 2000). In Europe, urban areas and
infrastructures accounted for a little less than 3% of the whole
territory in 2006, while agricultural and forested areas represented
almost 71% of the land (EEA, 2013). Despite what these figures may
lead to us to think, there has been an increasing and progressive
process of European and North American landscape degradation
over recent decades due to uncontrolled urban sprawl, especially
in the vicinity of large urban and coastal areas (Foley et al., 2005;
Gerard et al., 2010).* Corresponding author.

E-mail address: jerome.dupras@uqo.ca (J. Dupras).

http://dx.doi.org/10.1016/j.envsci.2016.01.005
1462-9011/ã 2016 Elsevier Ltd. All rights reserved.
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Nouveau article : L’étalement urbain sur la planète

Behnisch / Krüger / Jaeger (2022): 
Rapid rise in urban sprawl: Global hotspots and trends since 1990
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Rapid rise in urban sprawl: Global hotspots
and trends since 1990
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Abstract

Dispersed low-density development–“urban sprawl”–has many detrimental environmental,

economic, and social consequences. Sprawl leads to higher greenhouse-gas emissions

and poses an increasing threat to the long-term availability of many vital ecosystem ser-

vices. Therefore, urban sprawl is in stark contradiction to the principles of sustainable land

use and to the need for a sustainability transformation. This study presents the degree of

urban sprawl on the planet at multiple spatial scales (continents, UN regions, countries, sub-

national units, and a regular grid) for the period 1990–2014. Urban sprawl increased by 95%

in 24 years, almost 4% per year, with built-up areas growing by almost 28 km2 per day, or

1.16 km2 per hour. The results demonstrate that Europe has been the most sprawled and

also the most rapidly sprawling continent, by 51% since 1990. At the scale of UN regions,

the highest relative increases in urban sprawl were observed in East Asia, Western Africa,

and Southeast Asia. Urban sprawl per capita has been highest in Oceania and North Amer-

ica, exhibiting a minor decline since 1990, while it has been increasing rapidly in Europe, by

almost 47% since 1990. The study revealed a strong relationship between urban sprawl and

the level of human development as measured by the Human Development Index (HDI). The

results suggest that it will be important for a more sustainable future to find a better balance

between a high quality of life and using land more sparingly. There is an urgent need to stop

urban sprawl, since current regulations and measures in developed countries are apparently

not effective at limiting it. Monitoring urban sprawl can serve to guide policy development

such as the implementation of targets and limits and to evaluate the effectiveness of urban

growth management strategies at mitigating urban sprawl.

Author summary

In just 40 years between 1975 and 2014, humans converted more land to settlements than
in all previous millennia combined, since they had started building the very first villages
and towns. This is a dramatic acceleration. Dispersed expansion of settlements at low den-
sities is called “urban sprawl”. It has a number of detrimental environmental, economic,
and social consequences. Using a globally consistent measurement method, we found that
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PRESS PREVIEW

Fig 3. Level of urban sprawl in all countries and continents. Upper map: level of urban sprawl in 2014. Lower map: Changes in urban sprawl
between 1990 and 2014. Data Source: European Commission, Joint Research Centre (JRC): ghs_pop_gpw4[1975|1990|2000|2015]
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L'augmentation quotidienne des zones bâties était de 28 km² par jour, soit 1,16 km2/h, 
ou 1,9 ha/minute. 
L'étalement urbain a augmenté le plus rapidement dans les pays hautement
développés. Le continent le plus tentaculaire est l'Europe, suivie de l'Amérique du Nord. 

Behnisch / Krüger / Jaeger (2022): 
Rapid rise in urban sprawl: Global hotspots and trends since 1990

PRESS PREVIEW

Fig 5. Global distribution of urban sprawl and weighted sprawl per capita in 2014 at the scale of a 50 × 50 km2 grid. The tables indicate the values of
the six continents in 1990, 2000, and 2014. At the bottom of the figure, the values of the WSPC in the UN regions are shown in bar charts. The UN
regions are indicated by black lines. Data Sources: European Commission, Joint Research Centre (JRC): ghs_pop_gpw4[1975|1990|2000|2015]
_globe_r2015a_54009_250_v1_0, ghs_built_lds[1975|1990|2000|2014]_globe_r2016a_3857_38_v1_0. Map made with Natural Earth and GADM:
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Toutefois, en termes de valeurs par habitant, l'étalement urbain est le plus élevé en Océanie et 
en Amérique du Nord, où il a légèrement diminué depuis 1990, alors qu'il a augmenté
rapidement en Europe, de 47 % depuis 1990 à 2014.

Valeurs par habitant : 

Nouveau article : L’étalement urbain sur la planète
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11 mesures pour limiter l’étalement urbain :

n Maintenir les zones bâties dans les limites existantes
n Arrêter l’expansion dispersée des zones bâties
n Protection adéquate du paysage ouvert : ceintures vertes
n Protéger les zones sensibles à l’étalement urbain
n Délimitation des zones bâties
n Respect de la directive de ne construire que dans les

zones désignées
n Limiter l’étendue des zones de construction désignées
n Planification coopérative à grande échelle
n Mise en œuvre d’objectifs, de limites et de points 

de repère pour l’étalement urbain
n Planification à long terme basée sur des principes

directeurs pour la gestion durable du paysage

Que faire ? 
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Montréal, Buébec H3G 1MC, Canada. 

E4mail address1 jochen.jaegerDconcordia.ca (J.A.G. Jaeger).  

Contents lists available at ScienceDirect 

Landscape and Urban Planning 

journal homepage: www.elsevier.com/locate/landurbplan 

httpsA//doi.org/10.1016/j.landurbplan.2022.104532 
Received 1E January 2022; Received in revised form 6 June 2022; Accepted 2C July 2022   

L’efficacité des ceintures vertes pour ralentir ou réduire l’étalement urbain

Pourtaherian et Jaeger (2022) 

27



15

/DQGVFDSH DQG 8UEDQ 3ODQQLQJ ��� ������ ������

����������� ���� (OVHYLHU %�9� $OO ULJKWV UHVHUYHG�

Research Paper 

How effective are greenbelts at mitigating urban sprawl?  
A comparative study of 60 European cities 

Parnian Pourtaherian a,b, Jochen A.G. Jaeger a,b,* 

a Department of Geography, Planning and Environment, Concordia University Montréal, 1455 de Maisonneuve Blvd! "est, #uite $1%55, Montréal, &ué'ec $(G 1M), Canada 
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60 cities from 13 countries:

30 cities with greenbelts
30 cities without greenbelts

RomeMadrid

Rennes

Oslo

Lund

Valencia

Marseille

Milan

Vienna

Leipzig

Munich

Zagreb

Glasgow

New Castle

Cambridge Warsaw

4 population size categories:

• Very large
(> 2,500,000)

• Large
(> 1,000,000)

• Medium-Large
(500,000 - 1,000,000)

• Medium
(< 500,000)

Krakow

60 villes de 13 pays : 
30 villes avec des ceintures vertes
30 villes sans ceinture verte

4 categories de taille de populations : 

Très grande

Grande

Moyenne-grande

Moyenne

Pourtaherian et Jaeger (2022) 
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Population des villes (2015)
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Résultats: changements absolus dans la WSPC (2006 - 2015)
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Exemple: la commune de Köniz (en Suisse)
162

Zersiedelung m
essen und begrenzenAbb. 87. Auszonungen zwischen 1970 und 1994 (Quelle: Gemeinde Köniz 1992).

Umzonungen in die Land-
wirtschaftszone 
1970–1992

Umzonungen in die Land-
wirtschaftszone gemäss 
Abstimmungsvorlage vom 
7.März 1993

Neue Bauzone
(inkl. Grünzone)

- Le Zonenplan de 1969 comprenait
de très grandes zones à bâtir.
- Imposition beaucoup plus élevée
des terrains en zone à bâtir dans les 
années 1970 
- Interdiction de construire pendant 
15 ans sur les terrains utilisés pour 
l’agriculture.
- Réduction importante des zones 
à bâtir entre 1970 et 1994.
- Bauzonenmoratorium de 2010.
- Densification due aux 
Überbauungsordnungen (ÜO) = 
Sondernutzungsplan, dans les 
zones à planification obligatoire
(ZPP).   Cathomas et Hersperger (2018)

34

140 Zersiedelung messen und begrenzen

Abb. 72. Ausschnitt aus der Richtplankarte 2014. Das bezeichnete Siedlungsgebiet entspricht dem kom-
munal ausgeschiedenen Baugebiet. Die wichtigsten Steuerungsinstrumente der zukünftigen Siedlungs-
entwicklung in Zug sind die Siedlungsbegrenzungslinien, die Gebiete für Siedlungserweiterung sowie die 
Gebiete für Verdichtung (Quelle: Amt für Raumplanung Kanton Zug 2014).

Kanton Zug führten teilweise jedoch zur Auslagerung der Bautätigkeit in die Nachbarkan-
tone Aargau und Luzern. 

Die Kurve der Zersiedelung zeigt eine Zunahme zwischen 1960 und 1980 auf einen 
Wert von 4,8 DSE/m2 gefolgt von einer Abnahme auf 3,2 bis 2002, ab 2002 steigt der 
Zersiedelungswert wieder an und liegt 2010 bei 4,1. Die Siedlungsfläche nahm bis 1980 
stärker zu als zwischen 1980 und 2000, seit 2000 steigt die Siedlungsfläche wiederum 
deutlich stärker. Zwischen 1960 und 1980 lag die Flächeninanspruchnahme konstant bei 
knapp 180 m2, bis 2002 hat die Flächeninanspruchnahme um gut 40 m2 abgenommen 
und ist seither wieder leicht gestiegen. Die Dispersion ist um zwei Einheiten gewachsen 
zwischen 1960 und 1980, gefolgt von einer stagnierenden Phase zwischen 1980 und 
2000 und einer leichten Zunahme zwischen 2000 und 2010.

Kantonale raumplanerische Massnahmen
Der kantonale Richtplan von 1987 legte den planerischen Grundstein für die gesteuerte 
Siedlungsentwicklung des Kantons Zug (Kanton Zug 1987). Das wesentliche Element des 
Richtplans bezüglich der Siedlungsentwicklung sind die Siedlungsbegrenzungslinien, die 
eng entlang der bestehenden Siedlung verlaufen. 2004 ist ein neuer kantonaler Richtplan 

Ausgangslage Richtplaninhalt Richtplaninhalt

S 1

S 1

S 5

S 5

S 6

S 7

S 8

S 9

Siedlungsgebiet

Gebiet für Siedlungserweiterung

Siedlungserweiterung (ohne / mit Handlungsspielraum)

Gebiet für Verdichtung I / Gebiet für Verdichtung II

Zentrumsgebiet

Zone mit speziellen Vorschriften

Zuger Ortsbild

Öffentliche Bauten

- Limites dures
des zones bâties
prescrites par le 
canton aux 
communes depuis
1987.
- En 2004, 
certaines limites
ont été
rapprochées des 
zones bâties
existantes.
- Zones désignées
pour la 
densification pour 
les 40-50 
prochaines
années. 

Exemple: le 
canton de 
Zoug

Cathomas et Hersperger (2018)

35



19

11 mesures pour limiter l’étalement urbain :

n Maintenir les zones bâties dans les limites existantes
n Arrêter l’expansion dispersée des zones bâties
n Protection adéquate du paysage ouvert : ceintures vertes
n Protéger les zones sensibles à l’étalement urbain
n Délimitation des zones bâties
n Respect de la directive de ne construire que dans les

zones désignées
n Limiter l’étendue des zones de construction désignées
n Planification coopérative à grande échelle
n Mise en œuvre d’objectifs, de limites et de points 

de repère pour l’étalement urbain
n Planification à long terme basée sur des principes

directeurs pour la gestion durable du paysage
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Mesurer et limiter 
l’étalement urbain
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Montréal RMR

Scénarios d’un réseau vert
dans le sud-ouest de Montréal

Situation actuelle

Scénario potentiel futur

Deslauriers et collab. (2018), Ecological Indicators 94: 99-113 
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La Suisse:
Le réseau de corridors fauniques en Suisse

38

39

303 corridors fauniques d’importance nationale

(SRU Nr. 326, 2001)

28 % intact 56 % perturbé 16 % interrompu

Holzgang
et collab. 
(2001)

CAHIER DE
L'ENVIRONNEMENT
no 326

Office fédéral de
l'environnement,
des forêts et
du paysage
(OFEFP)

Les corridors
faunistiques 
en Suisse

Faune sauvage

Station 
ornithologique
suisse 

Société suisse
de Biologie de 
la Faune 
(SSBF)
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vert = intact

orange = perturbé

rouge = interrompu

Corridors 
fauniques
en Suisse

Holzgang et 
collab. (2001)

40

41
TBA (1989)

Le réseau de corridors fauniques en Suisse

dans les ÉIE

41
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24 grands passages
fauniques existaient

en 2010

Restauration du réseau national suisse de corridors
pour la faune
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Plans détaillés élaborés par les cantons pour
l’aménagement du territoire
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Commission Européenne (2013) 

Connectivité des aires naturelles

- Adoptée en mai 2013
- Se rapporte à la Stratégie de la 
biodiversité de l'Union Européenne

- Pour arrêter la perte de biodiversité 
en Europe d'ici 2020

- Adoptée en mai 2011

La Stratégie pour l‘Infrastructure 
Verte de l'Union Européenne

44

Commission 
Européenne
(2013) 
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Au Québec: 
n L’Initiative 

québécoise
Corridors 
écologiques (IQCÉ) 
est formée de 10 
organisations de 11 
region 
du Québec qui 
proposent une
approche collective 
de l'aménagement
du territoire afin
d'augmenter la 
conservation de 
milieux naturels
connectés par 
des corridors 
écologiques.

46

46

Considerer la connectivité dans les 
évaluations d’impacts environnementaux

n Numéro special dans Impact Assessment and Project Appraisal (2022) 
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EDITORIAL

Advancing the consideration of ecological connectivity in environmental 
assessment: Synthesis and next steps forward

1. Landscape change, biodiversity, and the 
role of ecological connectivity

The COVID-19 pandemic has triggered re!ection and 
debate about an urgent need to re-evaluate how 
humans relate to the natural world, particularly biodi-
versity, and how environmental assessment (EA) can 
be improved to prevent further biodiversity decline 
(Gannon 2021; Figueiredo Gallardo et al. 2022). This 
process requires critical inquiry and interdisciplinary 
scholarship. Ecological connectivity is a key element 
for safeguarding biodiversity and an essential compo-
nent of climate change adaptation (Heller and Zavaleta 
2009; Samways and Pryke 2016; Timpane-Padgham 
et al. 2017). Connectivity refers to ‘the degree to 
which the landscape facilitates or impedes movement 
among resource patches’ (Taylor et al. 1993: 571) or 
‘the ease with which these individuals can move about 
within the landscape’ (Kindlmann and Burel 2008: 880), 
but it also includes the movement or !ow of abiotic 
factors such as nutrients and water. Connectivity is an 
important condition for maintaining ‘the unimpeded 
movement of species and the !ow of natural processes 
that sustain life on Earth’ (CMS 2020). While habitat loss 
remains a primary threat to biodiversity, connectivity 
needs to be maintained within and between habitats 
in terrestrial and aquatic systems to allow for dispersal, 
migration, re-colonization, prevention of inbreeding, 
and the maintenance of many other ecological pro-
cesses. Furthermore, as climate change forces species 
to change their distribution in response to shifting 
environmental conditions within their traditional 
range (Parmesan 2006), maintaining connectivity 
could be the linchpin for the persistence of many wild-
life populations.

The practice of EA emerged in the 1970s to evaluate 
the potential environmental consequences of pro-
posed projects and inform decision-making (Noble 
2020). The term encompasses environmental impact 
assessment (EIA, which includes cumulative e"ect 
assessment (CEA)) and strategic environmental assess-
ment (SEA). An EIA examines the consequences of 
a planned project with the purpose of minimizing 
negative impacts, while SEA assesses impacts resulting 
from policies, plans, and programs and is used at 
a higher tier of decision-making than project-level 
EIA. The practical requirements for maintaining or 
restoring ecological connectivity within and between 

protected areas have become a central theme of con-
servation planning around the world (Hanson et al. 
2022). In the past, connectivity has largely been 
neglected in EA (Gontier et al. 2006), even for projects 
known to have serious impacts on connectivity, such 
as linear infrastructure (Laurance et al. 2014), pipelines 
(Richardson et al. 2017), and hydroelectric develop-
ments (Anderson et al. 2018), thereby contributing to 
increased fragmentation (Figure 1), degraded ecosys-
tems, and the disruption of biological processes 
(Keyghobadi 2007; Perkin and Gido 2012). Beyond ter-
restrial environments, human interventions in marine 
and coastal ecosystems, even when occurring in lim-
ited areas, can also a"ect species dispersal and the !ow 
of nutrients leading to far-reaching impacts on recruit-
ment, genetic diversity, and adaptive capacity (Bishop 
et al. 2017; Jonsson et al. 2021). However, as in terres-
trial systems, seascape connectivity is often neglected 
in EA (Manel et al. 2019; Jonsson et al. 2021).

As biodiversity continues to decline globally, the 
protection of connectivity in terrestrial, aquatic, and 
marine ecosystems needs to become an important 
consideration in EA. This special issue is an outcome 
of a session on ‘Prioritizing landscape connectivity in 
environmental impact assessment’ at the 2021 
International Conference of the IAIA. While many stu-
dies on connectivity have been published in recent 
years, when preparing this session, it became apparent 
that there is a paucity of studies about ecological con-
nectivity that explicitly link to EA practice. Thus, we 
decided to assemble a special issue in collaboration 
with presenters at our IAIA conference session and 
new contributors.

2. Objectives of this special issue

The main goal of this special issue of Impact Assessment 
and Project Appraisal (IAPA) is to compile and catalyze 
emerging areas of research related to the measure-
ment and consideration of ecological connectivity in 
the EA process. Speci#cally, we aimed to (1) highlight 
the need for studies that link EA and connectivity; (2) 
learn about current challenges and compile 
approaches for improving the consideration of con-
nectivity in EA; and (3) foster interdisciplinary and 
cross-sectoral work that evaluates and advances cur-
rent practices of connectivity consideration. The spe-
cial issue is released in two parts, including the current 
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issue then zooms into particular cases to illustrate 
di!erent ways of considering connectivity in EA 
(Cumming and Tavares 2022; Kor et al. 2022) and 
potential mitigation measures (Clevenot et al. 2022; 
Sales Rosa et al. 2023). Kor et al. (2022) introduce 
a novel quantitative method to model habitat connec-
tivity in EIA that was applied in the Heathrow Third 
Runway Expansion Project in south-east England. 
Cumming and Tavares (2022) demonstrate the poten-
tial of a multi-tiered approach for assessing connectiv-
ity, which facilitates collaboration and analysis at scales 
relevant for conserving and restoring connectivity, and 
illustrate the implementation of this approach in 
national parks in Canada. Clevenot et al. (2022) exam-
ine the potential contribution of highway stormwater 
ponds, a common mitigation measure of road con-
struction, to the connectivity of amphibian popula-
tions along a highway in France. Sales Rosa et al. 
(2023) highlight the relevance of connectivity analyses 
for planning mitigation and compensation measures 
such as biodiversity o!sets. The authors model and 
compare current and future connectivity (with restora-
tion o!sets implemented) for large mammals in 
a mining region in the Atlantic rainforest in Brazil. 
The special issue concludes with a comparison and 
synthesis of a set of case studies (Patterson et al. 

2023). Some of them are also published in more detail 
as papers in this special issue, while others were con-
tributed by expert practitioners for this synthesis 
paper. Altogether, these "ndings reveal how connec-
tivity analysis can be improved and better integrated 
in EA in the future.

4. Synthesis of the !ndings of the special 
issue

4.1 Does ecological connectivity have a place in 
EA?

Both the opinions of EA practitioners about the treat-
ment of connectivity in EA (Patterson et al. 2022b) and 
the authors contributing to this special issue indicated 
a relatively high awareness, but fairly poor treatment 
of connectivity in EA (Figure 2). For example, the use of 
connectivity analysis in EA is almost exclusively 
restricted to transport infrastructure projects, and is 
rarely applied in other sectors, such as mining 
(Clevenot et al. 2022; Kor et al. 2022; Oliveira 
Gonçalves et al. 2022; Patterson et al. 2022a, 2022b). 
In Sweden, Karlsson and Bodin (2022) document an 
increase in the awareness and acceptance of connec-
tivity among practitioners and decision makers over 

Figure 2. Synthesis of the contributions to this special issue: Challenges, opportunities, and systemic changes needed for adequate 
consideration of ecological connectivity in environmental assessment. The first column identifies current challenges and gaps in 
the EA process. The second column indicates opportunities for better integration of connectivity into EA practice as reported in the 
studies included in this special issue. The third column summarizes identified needs for systemic changes and further research 
efforts.
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Torres, Patterson, Jaeger (2022)
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n Tous les membres de                                                                              
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