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Abstract
Landscape continuity is an important factor to consider while conducting evaluation of nature and landscape sensitivity. The new method
presented here for landscape continuity analysis offers a quantitative tool to compare alternative land use plans in order to maintain maximum
landscape continuity of open areas. The approach can be applied at multiple spatial scales and adds an important layer for conservation planning.
In contrast with the methodology of ecological networks this method does not assume any natural core areas. Rather, it assigns a continuity value
to grid cells based on their distance from different types of built areas that are weighted according to their estimated impact. Two case studies from
Israel are presented: (1) an analysis on a whole country scale, demonstrating how regions within Israel differ in landscape continuity, as well as
examining how these results are influenced by the weights assigned to different built-up areas; (2) an analysis for the Ramot Menashe area. Here it
is shown how this layer can be incorporated within conservation planning to (a) acknowledge the importance of open spaces matrix of agricultural,
forested and natural areas and (b) quantitatively estimate the impact of the planned Cross-Israel Highway No. 6 on landscape continuity in the area.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction
Human population growth combined with the decrease in natural areas and their fragmentation, present challenges for planners, landscape ecologists and conservation biologists throughout the world (Sanderson et al., 2002). The population of the
State of Israel has grown from 1.2 million in 1949 to 6.64
million in 2002, making it one of the most densely populated
countries of the world (308 people/km2 , in 2002; Israel Central Bureau of Statistics, http://www.cbs.gov.il, accessed May 1,

∗

Corresponding author. Permanent address: Neve Sha’anan St. 23, Jerusalem
93708, Israel. Tel.: +972 2 6798365; fax: +972 2 6434820.
E-mail addresses: levinnoa@post.tau.ac.il (N. Levin),
haval@netvision.net.il (H. Lahav), uriramon@bezeqint.net
(U. Ramon), gis1@spni.org.il (A. Heller), gnizry@gmail.com (G. Nizry),
tsoarasaf@pob.huji.ac.il (A. Tsoar), yoav@spni.org.il (Y. Sagi).
1 Present address: Department of Evolution, Systematics and Ecology, The
Institute of Life Sciences, The Hebrew University of Jerusalem, Jerusalem
91904, Israel.

2005). However the environmental implications of its population growth are rarely considered in environmental campaigns in
Israel (Orenstein, 2004). Due to the long history of human presence in the Middle East in general, and in Israel in particular,
very few (if any) wilderness areas exist in Israel. Rather, natural,
semi-natural as well as agricultural areas are termed ‘open areas’
or ‘open landscape areas’ (Kaplan and Slotsky, 2002), and when
their patches are adjacent, continuity of the open landscape is
higher. Open landscape areas may be defined as those areas that
are not covered by permanent structures such as buildings or
roads. In these areas human activity is reversible and less intensive and some of the values and services of the landscape are at
least partly preserved (Costanza et al., 1997).
1.1. Modeling of landscape continuity value
Built areas (e.g. cities, villages, roads or industrial areas)
affect the areas surrounding them, in many aspects: air and
water pollution (Vike, 1995; Stein et al., 2002), noise nuisances
(Wilhelmsson, 2000), contraction and fragmentation of natural

0169-2046/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.landurbplan.2006.04.001
LAND-1361;

No. of Pages 12

2

N. Levin et al. / Landscape and Urban Planning xxx (2006) xxx–xxx

habitats (Opdam et al., 2003), the formation of obstacles for
animal movement (Manor and Saltz, 2005), invasive plant
spread (Forman and Deblinger, 2000), climate changes (e.g.
urban heat island effects; Whitford et al., 2001; Pauleit et al.,
2005), a decrease in the infiltration of water to underground
aquifers (Whitford et al., 2001), an increase in runoff and floods
(Whitford et al., 2001) as well as having visual effects on how
people perceive their surroundings and their chances of having a
wilderness experience (Krause, 2001). A conceptual framework
for the ecological effects of the urban–rural gradient is given by
McDonnell and Pickett (1990), whereas reviews concerning the
effects of roads and traffic are given by Spellerberg (1998) as
well as by Trombulak and Frissel (2000). However, traditional
multi-layered methods of landscape and nature evaluation (such
as gap analysis; Scott et al., 1993) do not consider these effects.
The impact of built areas on landscape continuity depends on
factors that are either structural or functional. These are related
to: (1) the characteristics of the built area, e.g. industrial, urban,
suburban or a village; (2) the landscape surrounding the built
area, e.g. planted or natural forests, orchards or agricultural
fields; (3) the type of activities considered, e.g. car traffic, military training or extraction of minerals; (4) the environmental
variable, e.g. air or soil pollution; (5) the relevant scale of the
organism studied, considering its mobility, e.g. plant, insect or a
large mammal. The following parameters may be used to classify the impact of built-up areas: the population density, building
density and height, type of residence and presence of industrial
areas. As for roads, additional parameters can be noted such as:
the magnitude of the traffic, speed of vehicles, the width of the
road and the presence of a safety fence at its edges or in the
middle of the road. These have an effect not only on environmental variables and natural populations of organisms, but also
on anthropogenic variables, such as property prices in an urban
environment as modeled by Lake et al. (1998). Note however,
that for some aspects, such as tourism, areas nearest to roads have
higher value as they offer higher accessibility for the public as
well as panoramic views on the landscape from the road.
Much research in conservation biology has focused upon the
ecological effects of landscape fragmentation (or connectivity)
and many indices were developed to quantify it (Kienast, 1993;
Hanski, 1999; Tischendorf and Fahrig, 2000, 2001). One of
the tools suggested to overcome this problem is the development of ecological networks comprised of core areas with high
ecological significance and corridors connecting them (Shkedy
and Saltz, 2000). Various analytical tools have been developed
to assess landscape connectivity and locate optional corridor
areas that should be preserved, based on graph theory (Bunn et
al., 2000) or least-cost path functions available in GIS (Walker
and Craighead, 1997; Cohen, 2002; Vuilleumier and PrelazDroux, 2002; Rouget et al., 2006). As these approaches focus
on the identification of corridors, starting from pre-identified
natural core areas, other important features of open landscapes
are neglected (e.g. visual effects resulting from urban spread
and the formation of mega-cities). In addition, the conservation
value of corridors is not the same for different animal species
as a function of their ability to move through them in real landscapes (Beier and Noss, 1998). A central concern is therefore

whether to focus conservation efforts and funds on corridors or
on core habitat areas (Simberloff et al., 1992). Whereas various land uses of the open landscape (e.g. type of agriculture,
forestation or deforestation) may change and are reversible at a
time scale of even several years, once an area is built up it will
probably stay so for many decades (if not affected by some natural disaster, e.g. a massive volcanic eruption, or by some kind of
human caused disaster, e.g. a nuclear disaster—as in Chernobyl,
or dislocation of population due to military activities).
A different approach for modeling human impact using GIS
takes for its starting point of the analysis the built areas, and not
the ecological core areas. This idea was applied by Stein et al.
(2002) to analyze anthropogenic river disturbance, by Sanderson
et al. (2002; see also the September 2005 issue of the National
Geographic magazine) to study the human footprint on a global
scale, and by Krisp (2004) to visualize ecological barriers in
three dimensions. To map the human footprint Sanderson et
al. (2002) used four types of data (at a resolution of 1 km) as
proxies for human influence: population density, land transformation, accessibility and electrical power infrastructure. These
were based on nine datasets wherein each was coded into standardized scores that reflected their estimated contribution to
human influence on a scale of 0–10 (0 for low human influence,
10 for high human influence). These scores were then summed
to create the human influence index (HII) on the land’s surface.
Finally, these scores were normalized within large, regionally
defined biomes, so that a revised score of 0 was given to the
grid cell with minimum HII value in each biome in each realm
and a score of 100 to the cell with maximum value, stretching
intermediate values linearly between these extremes. The result
is the human footprint, which is available online for download as
GIS datasets from http://www.ciesin.columbia.edu/wild areas/.
Whereas in these studies the final maps present categories of
disturbance, the method developed here does not reduce the
continuum of the quantitative variable of landscape continuity
value into categories. This method was first conceived to add
another layer, continuity of open landscape areas, to the evaluation process of natural landscape resources for land use planning
as practiced by the Open Landscape Institute of the Society for
the Protection of Nature in Israel, which includes biophysical
and visual variables (see Gidalizon, 1987; Amir and Gidalizon,
1990 for a full description of the basic methodology). This layer
can assign a high value to open spaces, even if they have a low
ecological value, e.g. when considering their biota as is the case
with most agricultural areas. This is done to evaluate open spaces
as a whole entity, including agricultural areas that provide various services such as infiltration of rainfall, a habitat for various
species and open corridors for gene flow, in addition to their cultural and visual values. This has become very important due to
the current crisis in farmland protection programs in Israel due
to changing social norms and the loss of positive externalities
(Feitelson, 1999).
Basically, landscape continuity value expresses the shortest
distance of an area analyzed from built-up areas. However, different categories of built areas exert different influences (e.g. a
city will have greater environmental impacts upon its surrounding areas, compared with a rural village). In addition, it may
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Quantifying the continuity of the open landscapes is important to enable planners to take into account many environmental
parameters that are hard to measure directly. Landscape continuity value is thus an additional parameter that should be assessed
when considering environmental planning issues, in addition to
other parameters that are commonly used (such as the diversity of plants, known habitat ranges of animals or the existence
of scenic landscapes). Quantification of landscape continuity
value poses several challenges, as the variability of environmental impact distance decay functions is large and insufficiently
known due to lack of both theoretical knowledge and empirical data (Forester and Machlis, 1996; Stein et al., 2002; see
Table 1 for some examples). Whereas the maximum distance
of human impact in the examples in Table 1 reach only 15 km,
other types of human impact such as air pollution may spread
between countries (Erel et al., 2002) or even between continents
across the globe (Akimato, 2003).
2. Methods

Fig. 1. A schematic representation of various models for: (a) the decay with
distance in the impacts of built areas upon their surrounding area; (b) the growth
in landscape continuity value with distance from built-up areas.

be stated that in different environmental aspects (e.g. visual
effects versus air pollution), the influence of built areas upon
their surroundings, will have different forms of distance decay
functions (Fig. 1a). The influence of certain impacts may decay
at a uniform rate with distance from built areas (as found by
Landenberger and Ostergren, 2002, for the number of flower
heads as a function of distance from the clear cut-forest interface), while the distance decay function of other environmental
impacts might change its rate as distance increases (as modeled
by Zheng and Chen, 2000). In addition, different impacts will
decay at different rates (expressed in Fig. 1 above by the slope of
the line), and may have different starting values. Finally, some
impacts (e.g. air pollution) are time and direction dependent (e.g.
as a function of the wind regime present, for the case of air pollution). Landscape continuity value has the inverse form to that
of distance decay functions, and may be described as a growth
function, whose value is rising with distance from built-up areas
(Fig. 1b).

The methodology developed in the GIS and landscape survey
unit at the Open Landscape Institute of the Society for the Protection of Nature in Israel to quantify the conceptual model of
the landscape continuity value is based on the following simplifications and assumptions: (1) the distance decay function of built
and disturbed areas is linear, assuming no asymptote (this can
be justified due to the relatively small distances considered); (2)
the slope of that function depends upon the type of the built area
(e.g. city, industrial area, suburb, village, highway, local road
or railway). That is, different built areas are weighted, respectively (Table 2). One of the advantages of this method is that
it can be done with relative ease, in a short time, while using
land use and land cover data that are either available or easy
to map using aerial photographs or satellite images. Currently,
the weights assigned to the different categories of the built areas
were decided based on expert estimations, due to the lack of
appropriate studies (see Table 1). For the built-up areas weighting is performed relative to the impact of urban areas, that are
considered as having a relative human impact of 100%; e.g., if
an urban area has an environmental impact that is twice as large
as that of a suburb, then an effective distance of 1 km from a
suburb would be equal to that of 2 km from an urban area. Thus
the landscape continuity value analysis consists of the following
steps (Fig. 2):
1. Land-cover mapping at the relevant resolution.
2. Classification of built-up areas (as in Table 2) into different
categories.
3. Based on expert estimation of relative environmental and
ecological impacts of built-up areas categories, weights are
assigned to each of them (as in Table 2).
4. For each category of built area, a distance surface is created
(presented schematically using profile lines in Fig. 3). Each
of the distance surfaces is multiplied by the reciprocal of the
weight of the built-up area category (as in Table 2, column
2)—thus obtaining effective-distance maps.
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Table 1
Empirical distance decay of environmental impacts as a function of distance from built/disturbed areas, as reported in the literature
Type of human impact

Source of
disturbance

Ecological/environmental
variable affected by the
human impact

Empirical distance
decay function

Distance decay
equation (if given)

Maximum
measured/sampled
distance of human
impact (km)

Source

Road

Linear

79.1 − 2.6x

15

Liu et al.
(1993)
Jose et al.
(1996)

Traffic noise

Traffic

Relative forest loss in
buffer ring
Soil chemical factors and
micro-meteorological
factors
Density of birds

Variable effects of roads

Roads

Relative bird density

Clear cut-forest
interface

Number of flowering
heads per reproductive
stem

Linear

0.045

Built-up areas or
pollution sources

Wilderness areas

Linear and
reaching an
asymptote

Depending on
feature (e.g. 15 km
for access effects)

Sanderson et
al. (2002)

Built-up areas,
infrastructure and
point sources of
pollution
Traffic

River disturbance

Ratio

Depending on
feature

Stein et al.
(2002)

Breeding success of birds

Non-linear and
reaching an
asymptote
Non-linear

0.13

Kuitunen et
al. (2003)

2

Quadratic

1.6

Arroyo and
Razin (2006)
Karanth et
al. (2006)

Forest edge

Human population
density, land
transformation,
human access and
power infrastructure

Traffic, hunting, fire
and noise
Various variables such
as fire, cutting of
vegetation, exposed
soil, human trails

Nesting vulture behavior
Villages of
different sizes

Forest disturbance
(degradation) index
related to various
variables

5. Each grid cell is assigned with the minimum value found
between the effective-distance surfaces (the black diamonds
in Fig. 3).
6. The presentation of the landscape continuity value surface is
done using a continuous color palette (ranging from white

Linear and second
order polynomial

0.045

Non-linear and
reaching an
asymptote
Not linear

3.5

Reijnen et
al. (1996)

Almost 1

Forman and
Deblinger
(2000)
Landenberger
and
Ostergren
(2002)

Threshold/surface
distance from
stream

to green as practiced by the Open Landscape Institute), thus
avoiding an arbitrary classification into intervals.
These steps can be easily automated using model builders
now available in most GIS software (e.g. Idrisi, ArcGIS 8 or

Table 2
Weights for different built-up areas and infrastructure categories, as applied in the landscape continuity value analysis (the weights may slightly change when the
actual details of a certain built-up area are considered)
Weight
100%
75%
50%
33%
25%
10%

Equivalent distance of 1 km from a large city
(km) = reciprocal of the respective weight

Built-up
residential areas

Infrastructure

Other built-up categories
(e.g. pollution sources)

1.0

Large city

Industrial areas, active quarry,
electrical power stations

1.333
2

Town
Suburb

Planned Cross-Israel
Highway No. 6
National road
Regional road

Village
Isolated buildings

Local road, railway
Narrow local road

3
4
10

Small quarry, military training
facility
Waste disposal area
Agricultural facilities/buildings
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derived from different spatial resolutions, the following equation
should be applied:

(2)
Total LCV =
LCV × R2

where LCV is the sum of landscape continuity values over a
studied area and R is the spatial resolution (pixel size) used for
the calculation.
These units will be therefore expressed as cubic weighted (or
effective) distance.
3. Results
3.1. First case study—landscape continuity on a national
scale

Fig. 2. A flow chart describing the basic operations involved with the landscape
continuity analysis.

9), so that different weights can be assigned and compared. The
landscape continuity value at a certain pixel may be therefore
expressed by the following equation:


1
1
1
LCV = minimum
(1)
,
,...,
W 1 × D 1 W2 × D 2
Wn × D n
where LCV is the landscape continuity value, Wn the weight
assigned to the category n of a built-up area and Dn is the distance of a certain pixel from the nearest feature belonging to the
category n of a built-up area.
The units of landscape continuity value are therefore termed
as a weighted distance or as an effective distance. However, when
integrating the values over an area (to examine the total amount
of landscape continuity), the result will depend also on the spatial
resolution used. Therefore, to compare summed values that were

A quantitative analysis for mapping the human influence on
the land surface on a global scale was proposed by Sanderson
et al. (2002). This is the human footprint, as described above.
The resulting map for the area of Israel as downloaded from
http://www.ciesin.columbia.edu/wild areas/ (Fig. 4a) presents
a quantitative evaluation of human influence on the land surface, based on geographic data describing human population
density, land transformation, access and electrical power infrastructure, and normalized to reflect the continuum of human influence across each terrestrial biome defined within biogeographic
realms (on a scale of 0–100, where 0 represents areas with
minimum human impact and 100 areas with the largest human
impact). It can be seen that the resolution used by Sanderson et
al. (2002) was rather coarse, and does not allow for local sensitivity analyses (Fig. 4a). An example of problems with analyses
that are based on global datasets is that related with inaccuracies
of such GIS layers, even for a highly developed country such as
Israel. The lettering T1, T2 and T3 on the map (Fig. 4a) relate
to three linear red features that result from the supposed effect
of railway traffic. However, the railways near T1 and T2 are dismantled and not used for more than 50 years, whereas the one
near T3 is used only sparsely for carrying cargo. Most of Israel’s
area was rated as being under a human influence of between 20

Fig. 3. Schematic profile representation of calculating the landscape continuity value. The letters surrounded by a rectangle within the figure stand for the location
of a village (A), a suburb (B) and a city (C).
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Fig. 4. Human influence on the land surface of Israel, comparing three methods: (a) the human foot print (based on Sanderson et al., 2002, downloaded from
http://www.ciesin.columbia.edu/wild areas/). The human foot print scores are expressed as a percentage of the relative human influence in every biome on the land’s
surface. A score of 1 in moist tropical forests in Africa indicates that that grid cell is part of the 1% least influenced or “wildest” area in its biome, the same as a
score of 1 in North American broadleaf forest (although the absolute amount of influence in those two places may be quite different); (b) distance from the nearest
built-up area in Israel; (c) landscape continuity value map of Israel (effective distance from the nearest built-up area); (d) the weights assigned to built-up areas in
Israel for calculating the landscape continuity map in (c); (e) the weight category of the nearest built-up category affecting the distance value shown in (b); (f) the
weight category of the nearest built-up category affecting the landscape continuity value shown in (c).
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and 30%, so that both the desert areas that are hardly populated
and the Mediterranean areas where there are many urban and
rural built-up areas are scored the same. This is not only because
the global vector layers are not detailed enough, but also because
of the classification of the human footprint variable into categories, as well as the need to scale the map on a global level,
therefore reducing the resolution when ‘zooming in’ on small
areas, such as the State of Israel. It should be noted that although
the human footprint index is normalized per realm and biome,
the maximum values (before normalization) for the Mediterranean scrub and for the deserts and xeric shrub-lands were 60,
whereas for the temperate grasslands, savannas and scrub-lands
they reached 64 (Sanderson et al., 2002); thus had these human
influence index scores been used for Fig. 4a, the result would
not have been different. In the classification of Sanderson et al.
(2002) all areas within 2–15 km of a road, major river, or coast
were assigned with a modest human influence score. Whereas
neither coasts nor rivers were considered by us in the landscape
continuity analysis (only a few rivers in Israel are used for recreation, e.g. the Jordan River before it enters the Sea of Galilee, or
the Yarkon River up to 5 km from the sea), it can be seen that in
Israel there is no place that is farther away than 15 km from the
nearest road or built-up area (Fig. 4b). Using a continuous scale
for the landscape continuity value map local differences between
the relatively remote Negev desert of Israel, and the rest of the
country are clearly evident, both when different built-up area
categories are assigned with the same weight (as in Fig. 4b),
and especially when the effective distance is considered as in
Fig. 4c. The weights upon which the landscape continuity values of Israel are based are shown in Fig. 4d.
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When a specific human impact is studied for a specific organism then it is possible to calibrate the sensitivity of the model
for that specific organism and to understand for example which
combinations of weights and distance decay functions will yield
the optimal model. This was not the case in our study.
Nonetheless, to analyze the effect of using weights instead
of just calculating the distance from the nearest built-up areas
(as in Fig. 4b) three regions within the State of Israel will
be compared: the coastal plain where the majority of Israel’s
population is concentrated (78%) on only 19% of its territory
(990 people/km2 , as of 1995), the northern area of Galilee and
its surrounding valleys where 15% of the population resides on
20% of its territory (190 people/km2 ), and the southern desert of
the Negev where only 7% of the population lives on 61% of its
territory (29 people/km2 ; location shown in Fig. 4a). Most of the
population (81%; Table 3) was located within built-up areas that
were classified with a weight of 100% (i.e. urban), whereas these
cover only some 51% of the built-up area. It may be therefore
expected that the impact of these built-up areas (mostly cities) is
greater than their relative share of land area. When considering
all types of built-up and disturbed areas (including roads, railways, air-ports, quarries, etc.), 33% of their area was classified
by us as having a weight of 100% for the landscape continuity
analysis (Table 3). However, when no weights were included in
the landscape continuity analysis (as in Fig. 4b), the landscape
continuity value of only 5% of Israel’s land area was affected
by this category (Fig. 4e; Table 3). When calculating landscape
continuity with the weights (Fig. 4c) a more realistic image
resulted, with the landscape continuity value of 23% of Israel’s
land area affected by this category (Fig. 4f; Table 3). In both

Table 3
Land area, population, built-up area and total landscape continuity value (LCV) statistics for the State of Israel
Weight of built-up category

Percentage of total
Center coast

Galilee

Negev

19

20

61

In villages (W = 25%)
In suburbs (W = 50%)
In cities (W = 100%)

4
5
69

3
6
7

1
1
6

Total

78

15

7

Land area

Total

Absolute figures

Area affected by which weight category of built-up
area (percentage of column)

Total Israel

When not considering the
weights (as in Fig. 4e)

When considering the
weights (as in Fig. 4f)

27
34
1
33
1
5

4
22
1
48
2
23

21,514 km2

Population as of 1995
7
12
81

367,850
658,650
4,273,450
5,299,950

Built-up area (at spatial resolution of 100 m)
5
16
0
8
2
24

7
10
0
6
0
3

3
5
0
5
0
5

Total

54

26

19

2149 km2

3
4

5
7

91
88

45,642 km3
107,474 km3

Total LCV
As in Fig. 4b
As in Fig. 4c

The data in this table do not include the Gaza Strip and the West Bank.

15
31
0
19
2
33

325 km2
663 km2
6 km2
417 km2
35 km2
703 km2

W = 10%
W = 25%
W = 33%
W = 50%
W = 75%
W = 100%
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cases, about 90% of Israel’s total landscape continuity value was
concentrated in the southern Negev desert (Table 3). However
small the patches of open spaces in the Mediterranean and
semi-arid regions of Israel, it is there that most of the debates
and conflicts between development and conservation are taking
place. Although 28.3% of the area in Israel is protected by law (as

nature reserves, national parks, or forests), these areas are mostly
concentrated in the southern arid eco-region of Israel (74% of the
above; Shtern, 2002). In addition, 90% of all nature reserves and
national parks are smaller than 10 km2 and 64% have an area
smaller than 1 km2 . In the following case study we will present
how the landscape continuity analysis was applied in one area

Fig. 5. (a) Vegetation value of the Ramot Menashe area (based on Lahav et al., 1999); (b) landscape continuity value of the Ramot Menashe area (based on Lahav et
al., 1999); (c) nature conservation value of the Ramot Menashe area (based on the maps in (a) and (b); based on Lahav et al., 1999); (d) projected landscape continuity
value of the Ramot Menashe area once the planned Cross-Israel Highway No. 6 will be finished; (e) projected loss of landscape continuity value due to the planned
construction of the Cross-Israel Highway No. 6.
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of Israel: Ramot Menashe (Menashe Hills; see Fig. 4b for the
location).
3.2. Second case study—Ramot Menashe and Cross-Israel
Highway No. 6
The Menashe Hills (Ramot Menashe in Hebrew) extend
between the biospheric reserve and the national park of the
Carmel to the north and the Samaria Mountains to the southeast.
Being surrounded by several highways and cities, the core of the
Menashe Hills is yet not developed. The landscape continuity
value method was initially developed as part of the evaluation
of biodiversity, nature, landscape and land use resources in the
Ramot Menashe Nature and Landscape Survey (Lahav et al.,
1999). Until this survey, nature conservation value of an area

9

in Israel as practiced by the Open Landscape Institute was estimated by experts mainly based on ecological values (vegetation
communities, species diversity, level of representativeness of
every type of habitat, number of rare species, rare and unique
habitats and niches, condition of the vegetation unit, the impact
of neighboring patches, animals activity, etc.) and scenery and
landscape value, following the principles laid down by Gidalizon
(1987) and Amir and Gidalizon (1990). Thus, open landscape
areas with a low ecological value would not be assigned with
high conservation values even if they were important for preservation of landscape continuity. Indeed the resulting map for
Ramot Menashe (to which where added some buffer zones and
corridors; Fig. 5a) does not designate a high value to agricultural areas such as artificial fish ponds near the coast (important
mainly for migrating birds; in this area there were marshes before

Fig. 6. (a) Artificial fish ponds near the coastline (photo by Moti Kaplan); (b) view of HaNadiv Valley from HaNadiv Plateau (photo by Moti Kaplan); (c) orchard
and flowering field (photo by Uri Ramon); (d) matrix of native vegetation (in the foreground), fields and planted forested hills (in the background; photo by Uri
Ramon); (e) a flowering field with a patch of open woodland in the background (photo by Uri Ramon); (f) work in progress on Cross-Israel Road No. 6 (photo by
Salit Kark).
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Table 4
Matrix for calculating the nature conservation value (Fig. 5c) based on the maps of vegetation value (Fig. 5a) and landscape continuity value (Fig. 5b)
Landscape continuity value (effective km)

Vegetation value
(1) Low
(2) Medium
(3) High
(4) Very high
(5) Extremely high

0–0.25
(1) Low

0.25–0.5
(2) Medium

0.5–1
(3) High

1–2
(4) Very high

>2
(5) Extremely high

1
2
3
4
5

2
2
3
4
5

2
2
3
4
5

2
3
3
4
5

2
4
4
5
5

they were dried out in the first half of the 20th century; Fig. 6a),
the agricultural fields and vine grapes between Zichron Yaakov
and Pardes Hana, (Fig. 6b), or to the eastern part of the Ramot
Menashe hills, an area with agricultural fields, herbaceous vegetation and planted forests (see Fig. 6c–e).
A map of landscape continuity value was then created for this
study area using the current land cover at a spatial resolution of
20 m (see Table 2 for the weights that were assigned to the different categories of the built areas). The landscape continuity
value map (Fig. 5b) clearly highlights the value of the latter two
regions as being relatively far away from built-up areas. To incorporate this map with the previous one, it was classified into five
categories of effective distance (0–0.25, 0.25–0.5, 0.5–1, 1–2
and >2 km) and overlaid with a vegetation value map, applying
a combined matrix value (Table 4). Indeed the combined map
raised the value assigned to these two areas (Fig. 5c).
Another use of landscape continuity value maps is to estimate the potential impact of planned built areas or infrastructure
on landscape continuity. This can be done in several graphic
and computational methods. Here the predicted future landscape continuity value of the Ramot Menashe area was mapped
including the planned route of the much-debated section 18 of
the Cross-Israel Highway No. 6 (Shmueli, 1998; Garb, 2004;
Fig. 6f). When comparing the resulting map (Fig. 5d) with the
current state of landscape continuity value (Fig. 5b) the fragmentation of this area becomes evident. As both maps present
effective-distance surfaces, one can be subtracted from the other
to derive the difference map, showing the loss of landscape continuity value due to the planned construction of the road (Fig. 5e,
representing the subtraction of the map shown in Fig. 5d from
that of Fig. 5b). The loss of landscape continuity value may be
also expressed in quantitative figures, as follows. In the area
included in this map (341 km2 ) the sum of landscape continuity value prior to the construction of Highway No. 6 was
828,300 effective km (or 331.3 km3 , when multiplied by the spatial resolution). The area colored in red in Fig. 5e extends over
44.5 km2 (13% of the area). More interesting however is to sum
the values of landscape continuity that will be lost due to the
construction of this road; these sum up to 149,900 effective km
(or 60 km3 , when multiplied by spatial resolution)—18% of the
original landscape continuity value. In a similar way, alternative
routes of the road can be compared to determine on a quantitative basis, which one causes the least loss of continuity of
open spaces. As this method assigns higher values for loca-

tions that are farther away from built-up areas, when evaluating
alternatives for roads, those that are located nearer to existing
built-up areas will cause a lower loss to landscape continuity
(Fig. 5e). Thus, this method offers a quantitative tool which
favors the development of new built-up areas near previous centers of population or near existing transportation routes, instead
of the dispersal of population in many small villages (the traditional practice and governing policy in Israel until not so long
ago; Portnov and Etzion, 2000).
4. Discussion
Continuity of natural and open spaces is a key factor for
maintaining a sustainable ecosystem. While urbanization is continuously taking over natural landscapes world wide, there is a
growing need by conservation planners for tools to maintain
connectivity between habitats and to minimize landscape fragmentation. The landscape is constructed of different patches of
habitats (land uses) that are known to spatially interact between
themselves. Although in vector models used in GIS there is an
obvious line separating the polygons, in the real world this separation does not always exist and there are spatially dependent
interactions between the different habitats. While conservation
planning has realized this interaction for some time, there is still
a lack of dedicated GIS tools to cope with such a need. This work
presents a method that considers the spatial interactions between
land uses and shows how such tools can be implemented for conservation plans in Israel.
The existing continuity of open spaces can be used for prioritization of areas for preservation, in addition to other parameters
that are commonly used in a multi-layer evaluation such as gap
analysis (e.g. diversity of plants, known habitat ranges of animals or the existence of scenic landscapes). It may thus serve
to identify natural core areas on regional and local scales, similar to identifying “last of the wild” areas on a global scale as
demonstrated by Sanderson et al. (2002). This method may
be applied at any spatial scale, depending on the organism
or environmental and ecological issue studied, and is applicable both to highly developed countries as Israel as well as to
wilderness areas. Whereas on a global scale this method will
identify wilderness areas, in highly developed countries such as
Israel or the Netherlands, where human presence is long and
has modified the landscape greatly, also semi-natural areas are
considered as important for conservation, sometimes through
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intensive management efforts (Turnhout et al., 2004). Moreover,
open landscape continuity may serve as an indicator for changes
in the quality and value of the non-built landscape over time,
when using a time series of landscape continuity value maps,
based on historic sources of land cover and land use (either from
historical maps, aerial photographs or satellite images). Quantifying the continuity of the open landscapes is important as a
surrogate variable for the human impact on open spaces. This
can enable planners to take into account many environmental
parameters that are hard to measure directly (e.g. pollution or
animal movement; Bar-David et al., 2005), to assess the impact
of future plans on the current connectivity of open spaces, and
especially to compare between various plans or between alternatives for a certain plan. Landscape continuity value is thus an
additional parameter that should be assessed when evaluating
environmental planning issues. This method is being successfully applied in Israel by the Open Landscape Institute of the
Society for Protection of Nature in Israel in reference to various plans, and is considered by the planning authorities in Israel
as an important tool for the evaluation of development plans.
The recently approved (as of November 2005) National Master Plan No. 35 of Israel (TAMA/35; Cohen, 2002) has in fact
adapted within itself the principles of conserving open spaces
continuity.
Future research in this area may be targeted at various directions: (1) improvement of empirical knowledge regarding distance decay functions of various environmental variables, based
on field and remote sensing studies; (2) incorporate effects
of topography and visibility on landscape continuity analyses
(these relate not only to visual impacts, but also to the dispersal of pollution or seeds and to the movement of animals); (3)
develop a cumulative index that takes into account all anthropogenic impacts and not only those from the nearest built area
(Theobald et al., 1997); (4) develop landscape continuity maps
for specific impacts, such as visual and noise impacts, fragmentation of natural areas, or movement restrictions imposed on
animals by roads and built-up areas.
Acknowledgments
We would like to thank the following foundations for their
long and generous supporting for the Open Landscape Institute
of the Society for the Protection of Nature in Israel: The Elizabeth B. and Arthur E. Roswell Foundation, The Foundation for
Jewish Community, Yad Hanadiv, the Winslow Foundation, S.
H. Helen R. Scheuer Family Foundation and the Beracha Foundation. We thank the Jewish National Fund, The Israel Ministry
of Environment and the Israel Nature and Parks Authority for
their support of the Landscape Survey unit of the Society for
the Protection of Nature in Israel. We also thank Mimi Ron and
Iris Han for their help and contributions to landscape surveys
conducted by the Open Landscape Institute of the Society for
the Protection of Nature in Israel, and Shahar Solar for reviewing the manuscript. We thank Moti Kaplan and Salit Kark for
permitting the use of photographs taken by them in this paper.
We thank Amy Hahs and Eric W. Sanderson for their helpful
comments.

11

References
Akimato, H., 2003. Global air quality and pollution. Science 302, 1716–1719.
Amir, S., Gidalizon, E., 1990. Expert-based method for the evaluation of
visual absorption capacity of the landscape. J. Environ. Manage. 30,
251–263.
Arroyo, B., Razin, M., 2006. Effect of human activities on bearded vulture
behaviour and breeding success in the French Pyrenees. Biol. Conserv.
128, 276–284.
Bar-David, S., Saltz, D., Dayan, T., 2005. Predicting the spatial dynamics
of a reintroduced population: the Persian Fallow Deer. Ecol. Appl. 15,
1833–1846.
Beier, P., Noss, R.F., 1998. Do habitat corridors provide connectivity? Conserv. Biol. 12, 1241–1252.
Bunn, A.G., Urban, D.L., Keitt, T.H., 2000. Landscape connectivity: a conservation application of graph theory. J. Environ. Manage. 59, 265–
278.
Cohen, Y., 2002. Green corridors in central Israel: a GIS analysis of alternative spatial configurations. Geography Res. Forum 22, 110–135.
Costanza, R., d’Arge, R., de Groot, R., Farber, S., Graso, M., Hannon, B.,
Limburg, K., Naeem, S., O’Neill, R.V., Paruelo, J., Raskn, R.G., Sutton,
P., van den Belt, M., 1997. The value of the world’s ecosystem services
and natural capital. Nature 387, 253–260.
Erel, Y., Axelrod, T., Veron, A., Mahrer, Y., Katsafados, P., Dayan, U.,
2002. Transboundary atmospheric lead pollution. Environ. Sci. Technol.
36, 3230–3233.
Feitelson, E., 1999. Social norms, rationales and policies: reframing farmland
protection in Israel. J. Rural Stud. 15, 431–446.
Forester, D.J., Machlis, G.E., 1996. Modeling human factors that affect the
loss of biodiversity. Conserv. Biol. 10, 1253–1263.
Forman, R.T.T., Deblinger, R.D., 2000. The ecological road-effect zone of a
Massachusetts (USA) suburban highway. Conserv. Biol. 14, 36–46.
Garb, Y., 2004. Constructing the trans-Israel highway’s inevitability. Israel
Stud. 9, 180–217.
Gidalizon, E., 1987. Development of an evaluation process of natural landscape resources for land use planning. M.Sc. Thesis. Technion, Haifa,
Israel (in Hebrew).
Hanski, I., 1999. Habitat connectivity, habitat continuity, and metapopulations
in dynamic landscapes. Oikos 87, 209–219.
Jose, S., Gillespie, A.R., George, S.J., Kumar, B.M., 1996. Vegetation
responses along edge-to-interior gradients in a high altitude tropical forest
in peninsular India. Forest Ecol. Manage. 87, 51–62.
Kaplan, M., Slotsky, M., 2002. A methodology for assessing the value and
sensitivity of the open landscape. Essays Manage. Nat. Environ. Resour.
2, 59–79 (in Hebrew; Iyunim be Nihul Mash’abey Teva ve Sviva).
Karanth, K.K., Curran, L.M., Reuning-Scherer, J.D., 2006. Village size and
forest disturbance in Bhadra Wildlife Sanctuary, Western Ghats, India.
Biol. Conserv. 128, 147–157.
Kienast, F., 1993. Analysis of historic landscape patterns with a Geographical
Information System—a methodological outline. Landsc. Ecol. 8, 103–
118.
Krause, C.L., 2001. Our visual landscape: managing the landscape under
special consideration of visual aspects. Landsc. Urban Plann. 54, 239–254.
Krisp, J.M., 2004. Three-dimensional visualization of ecological barriers.
Appl. Geography 24, 23–34.
Kuitunen, M.T., Viljanen, J., Rossi, E., Stenroos, A., 2003. Impact of busy
roads on breeding success in Pied Flycatachers Ficedula hypoleuca. Environ. Manage. 31, 79–85.
Lahav, H., Levin, N., Sagi, Y., Katz, S., 1999. Sustainable Development
of Ramat HaNadiv and its Environs: Nature, Landscape and Land Use
Resources. The Society for the Protection of Nature in Israel—Open
Landscape Institute (in Hebrew).
Lake, I.R., Lovett, A.E., Bateman, I.J., Langford, I.H., 1998. Modeling environmental influences on property prices in an urban environment. Comput.
Environ. Urban Syst. 22, 121–136.
Landenberger, R.E., Ostergren, D.A., 2002. Eupatorium rugosum (Asteraceae) flowering as an indicator of edge effect from clearcutting in
mixed-mesophytic forest. Forest Ecol. Manage. 155, 55–68.

12

N. Levin et al. / Landscape and Urban Planning xxx (2006) xxx–xxx

Liu, D.S., Iverson, L.R., Brown, S., 1993. Rates and patterns of deforestation
in the Philippines: application of geographic information system analysis.
Forest Ecol. Manage. 57, 1–16.
Manor, R., Saltz, D., 2005. Effects of human disturbance on use of space and
flight distance of mountain gazelles. J. Wildl. Manage. 69, 1683–1690.
McDonnell, M.J., Pickett, S.T.A., 1990. Ecosystems structure and function
along urban–rural gradients: an unexploited opportunity for ecology. Ecology 71, 1232–1237.
Opdam, P., Verboom, J., Pouwels, R., 2003. Landscape cohesion: an index
for the conservation potential of landscapes for biodiversity. Landsc. Ecol.
18, 113–126.
Orenstein, D.E., 2004. Population growth and environmental impact: ideology
and academic discourse in Israel. Popul. Environ. 26, 41–60.
Pauleit, S., Ennos, R., Golding, Y., 2005. Modeling the environmental impacts
of urban land use and land cover change—a study in Merseyside, UK.
Landsc. Urban Plann. 71, 295–310.
Portnov, B.A., Etzion, Y., 2000. Investigating the effects of public policy
on the interregional patterns of population growth: the case of Israel.
Socio-Econ. Plann. Sci. 34, 239–269.
Reijnen, R., Foppen, R., Meeuwsen, H., 1996. The effects of traffic on the
density of breeding birds in Dutch agricultural grasslands. Biol. Conserv.
75, 255–260.
Rouget, M., Cowling, R.M., Lombard, A.T., Knight, A.T., Kerley, G.I.H.,
2006. Designing large-scale conservation corridors for pattern and process. Conserv. Biol. 20, 549–561.
Sanderson, E.W., Jaiteh, M., Levy, M.A., Redford, K.H., Wannebo, A.V.,
Woolmer, G., 2002. The human footprint and the last of the wild. BioScience 52, 891–904.
Scott, J.M., Davis, F., Csuti, B., Noss, R., Butterfield, B., Groves, C., Anderson, H., Caicco, S., D’erchia, F., Edwards Jr., T.C., Ulliman, J., Wright,
R.G., 1993. Gap analysis: a geographic approach to protection of biological diversity. Wildl. Monogr. 123, 1–41.
Shkedy, Y., Saltz, D., 2000. Characterizing core and corridor use by Nubian
Ibex in the Negev Desert, Israel. Conserv. Biol. 14, 200–206.
Shmueli, D.F., 1998. Housing and highway planning in Israel: an environmental debate. Urban Stud. 35, 2131–2146.
Shtern, E., 2002. Mediniyut ve Kelim le Shmira al Shtachim Ptuchim, Reka
le Hagdarat Mediniyut (Policy and Tools for the Preservation of Open
Spaces, Background for Policy Definition). Interim Report No. 1, Sviv-

otichnun, Tel Aviv (in Hebrew) Available online at: http://www.ios.org.il/
site/pdf/mediniyut1.pdf (Accessed 28/9/2005).
Simberloff, D., Farr, J.A., Cox, J., Mehlman, D.W., 1992. Movement corridors: conservation bargains or poor investments? Conserv. Biol. 6,
493–504.
Spellerberg, I.F., 1998. Ecological effects of roads and traffic: a literature
review. Global Ecol. Biogeography 7, 317–333.
Stein, J.L., Stein, J.A., Nix, H.A., 2002. Spatial analysis of anthropogenic
river disturbance at regional and continental scales: identifying the wild
rivers of Australia. Landsc. Urban Plann. 60, 1–25.
Theobald, D.M., Miller, J.R., Hobbs, N.T., 1997. Estimating the cumulative
effects of development on wildlife habitat. Landsc. Urban Plann. 39,
25–36.
Tischendorf, L., Fahrig, L., 2000. On the usage and measurement of landscape
connectivity. Oikos 90, 7–19.
Tischendorf, L., Fahrig, L., 2001. On the use of connectivity measures in
spatial ecology. A reply. Oikos 95, 152–155.
Trombulak, S.C., Frissel, C.A., 2000. Review of ecological effects of roads
on terrestrial and aquatic communities. Conserv. Biol. 14, 18–30.
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