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Abstract

Land take by urbanization has increased significantly in the last decades, seriously contributing to the loss and degradation
of the land capital. Urban sprawl and the related soil consumption are a major environmental and urban planning issue in
the West Asian regions, particularly in the recent context marked by fast economic development and by regional conflicts
that produced waves of war refugees and economic migrants. This study quantifies soil sealing due to the urban development
between 1962 and 2020 in 28 municipalities located along the coastal strip and the coastal hill range of the Beirut and Mount
Lebanon Governorates, in Lebanon, and discusses the impacts of urbanization processes on important ecosystem services
such as food security and hydrological risks. The study is based on original data derived from historical topographic maps
and from recent geospatial datasets. The two datasets have been generated and combined in a GIS environment by means
of an original method that proved to be effective to perform detailed urban change analyses over long time spans covering
periods in which no satellite information with sufficient resolution was available. An overall 54.0% increase in land surface
taken by urbanization was observed in the study area between 1962 and 2020. This amount is not exceptional if compared
to other fast-growing urban centers of the region. It is, however, very high considering the high overall degree of saturation
(83.5%) of the available land space, the very dense continuous urban fabric, and the high level of soil sealing on the hill slopes
overlooking the plain. These aspects raise concerns about the environmental sustainability of the urbanization process. A
very sensitive situation is represented by the suburban areas located on the hill sides and still destined to agricultural crops,
which preserve high value traditional rural landscapes. Urgent measures should be taken, framed within improved urban
planning policies, to prevent further losses and to mitigate the impacts of the present-day soil sealing situation.
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Introduction

Responsible Editor: Amjad Kallel. Soil sealing due to urban development can be considered

as one of the most serious forms, or drivers, of land degra-
dation because it greatly affects the provision of essential
ecosystem services, such as food production, water cycle,
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soil filtering and buffering capacity, and biodiversity (SCBD
2012; Gardi 2017). The loss of productive soil is an impor-
tant concern because of the time needed for soil formation,
which might take hundreds or thousands of years depending
on the nature of the soil forming factors, making it a non-
renewable resource (Mairota et al. 1998).

During the last decades, urbanization covered large rural
areas which were used for intensive agricultural uses and
often characterized by high fertility (Zdruli et al. 2010). This
trend is particularly alarming in the Middle East and North
Africa region that has serious food security issues and is
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marked by increasing food imports (FAO and ITPS 2015; UN
2019a, b). The Atlas of Urban Expansion (Angel et al. 2016)
highlights several cases in West Asia, such as Riyadh (increasing
at a 4% average annual rate between 2000 and 2013), Sana (2.8%
rate, 2000 to 2014), and Baghdad (2.2% rate, 2000 to 2013).

In developing countries, the natural population increases
and the rural to urban movements of people are typical driv-
ers of urban change. Better avenues push rural populations
towards urban centers that can offer better job and welfare
opportunities, which brings about the development of resi-
dential, industrial, and commercial areas, road networks, and
infrastructures. The process is often particularly intense in
coastal areas due to tourism development. Along the Leba-
nese coast the inflow of several waves of war refugees, the
need to quickly reconstruct settlements severely affected by
military conflicts, and the concomitant development of new
touristic settlements, generated a fast urban expansion that
has been defined as “chaotic” and that occupied large agri-
cultural and forest areas (Masri et al. 2002; Darwish et al.
2004; Darwish 2012; FAO-RNE-SNO 2012). Between 2000
and 2010, 308 km? of land were affected (63% agricultural
lands, 17.2% forest land, and 16.2% grassland); only 3.7%
of this land was unproductive, the rest had instead a capa-
bility for agriculture, raising attention on the environmental
and social costs of the process (FAO-RNE-SNO 2012). The
most affected area is the coastal strip between 0 and 400 m
above sea level, representing 19.3% of the country area
(FAO-RNE-SNO 2012). This strip of land, besides hosting
some of the best agricultural lands of the country, has a high
hydrological vulnerability that soil sealing can exacerbate.

The civil war during the 1980s and the war against Israel
in 2006 caused profound devastations in the urban centers,
particularly in Beirut city. The need for fast reconstruc-
tion contributed to make the Beirut case a special one. The
urbanization processes have often been poorly planned
and controlled. International investments also had a role:
national regulations allow non-Lebanese to purchase hous-
ing, and Lebanon became one of the world’s most vibrant
real-estate markets.

This study quantifies the total land area consumed by
urbanization in twenty eight municipalities of the coastal
strip and of the hill slopes overlooking the coastal plain of
Beirut and Mount Lebanon Governorates during the years
1962-2020. The initial date was chosen because of the avail-
ability of a detailed official topographic map, portraying the
city situation before the conflicts and before the beginning
of the most intense growing phase. A brief historical back-
ground is also provided based on older historical city maps.

The study area

This study includes twenty eight municipalities located
along the coast of Lebanon between Beirut to the south and
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Sarba to the north along with those located in the metro-
politan inland area of Beirut city, for a total surface area of
around 8900 ha (Fig. 1). For thirteen of these municipalities,
the municipality area is prevalently located on the hill sides,
for a total surface of around 3,400 ha, whereas the others are
mainly located in the coastal plain (Table 1). The coastal
region is characterized by a rugged topography where flat
morphologies occupy a narrow area along the seashore, with
an average width of about 500 m that only in the Beirut
urban area reaches around 5 km.

Climate

Beirut and the coastal hills are characterized by a typical
Mediterranean climate, with mean annual rainfall ranging
between 700-800 mm and 1300-1400 mm across the area,
depending on the distance to the sea, altimetry and relief
exposition, with minimum in the coastal plains and maxi-
mum at the highest altitude (Darwish et al. 2006; Bou Kheir
et al. 2006). Precipitations are concentrated between October
and February—March, a period accounting for 75-80% of the
annual rainfall. The remaining 20-25% falls between April
and September—October, often in form of spring showers or
summer thunderstorms. The soil moisture regimes defined
according to the Soil Taxonomy system are xeric along the
coastal plains and ustic to udic on the hills, depending on
total annual rainfall, altimetry, aspect, and monthly distribu-
tion (Darwish et al. 2004).

Population

The steady growth of the population has driven land take
in the study area. In Lebanon, no official population census
was done since 1932, and population numbers are always
estimated, also for political reasons involving the need to
preserve balance between the different religious groups.
Estimates published by international organizations do not
fully coincide with those published by the Central Admin-
istration of Statistics (CAS) of Lebanon.

The total resident population in 2019 was estimated
by the United Nations at around 6.9 million (UN 2019a).
Annual rate of population change varied between 5.5% dur-
ing the 2010-2015 period and 0.9 during 2015-2020 (UN
2019a). The urban share of the population was a large part
of the total (89%), a very high rate if compared to the world
average of 55% (UN 2019b).

The total population is around 4.8 million according to
CAS (2019), including almost 1 million of non-Lebanese
citizens, but “excluding people living in nonresidential
units, such as army barracks, refugee camps and adjacent
gatherings, and informal settlements”. In 2018 Lebanon
was hosting 0.9 million refugees, in addition to the 425,000
Palestinian refugees registered since 1948 (UNHCR 2020).
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Fig. 1 Location of the study area, with the boundaries of all the municipalities considered. Authors’ elaboration

Many refugees live in or around the main urban centers; as
an example respectively 9.6% and 39.5% of Palestinian refu-
gees resided in the two governorates of Beirut and Mount of
Lebanon (MOE 2013).

According to Faour and Mhawej (2014), the total popu-
lation of Greater Beirut Area would have increased from
400,000 to about 1.1 million between the independence in
1943 and the civil war of 1975, whereas in 2001 the city
residents were 1.5 million with an approximate average den-
sity of 6200 inhabitants for km?. In 2019 Beirut and Mount

of Beirut Governorates, respectively, have 0.34 and 2 million
estimated residents (CAS 2019).

Historical background

The Lebanese coastal areas are intensively inhabited since
the Bronze Age. In the Beirut territory this has been favored
by the availability of important water resources, from the
homonymous river and from the numerous springs that
are still present today. Beirut and its territory did not play
an important role during the period of the Phoenician
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Table 1 Surface occupied by

; e Municipality Municipality Main urban Villages and continuous ~ Total % of
Contmuous.u.rbar} .fabrlc n area (ha) centers (ha) country side structures (ha) Municipal-
1962. Mumc1pal¥tle‘s’ names (ha) ity area
followed by (H) indicate that the
municipality area is prevalently  Aamaret Chalhoub 62.7 275 0.4 279 446
L‘:ﬁiﬁi?pi’l‘n‘i: zil f;cclzfe'fg‘er Antellias 190.2 61.6 10.2 718 378
the plain Baabda (H) 867.0 255.6 36.3 2919 337

Baouchriye 385.0 248.2 1.6 249.8 649
Beirut 2036.2 1959.3 * 1959.3 96.2
Borj Hammoud 238.3 196.3 * 196.3 824
Bgennaya (H) 66.5 14.2 3.8 18.0 27.1
Byagout (H) 99.4 124 6.0 18.4 18.5
Chiyah 861.3 571.6 1.7 573.2  66.6
Dbaiye 98.8 13.9 1.7 15.5 15.7
Dekouane 192.1 153.7 0.5 1542 784
Fanar (H) 210.1 27.1 24.9 51.9 24.7
Furn Ech Chebbak 104.9 66.5 1.6 68.1 63.9
Hadath (H) 557.4 142.4 57.8 200.2 359
Haret El Bellane (H) 87.7 10.0 * 10.0 11.6
Haret Hreik 180.2 156.2 * 156.2  86.7
Jall El Did 84.8 37.0 2.8 39.9 46.9
Jdaidet El Main (H) 166.4 65.8 8.6 74.3 44.6
Mazraat Deir Aaoukar (H) 63.2 8.3 2.6 109 17.2
Mkalles 158.2 54.1 0.7 54.7 34.6
Nagquach 223.1 21.2 42.0 63.2 28.3
Sarba (H) 179.6 91.6 * 91.6 51.0
Sinn El Fil 223.0 141.9 4.6 146.5 65.7
Tmaiche (H) 82.3 6.4 0,13 6.6 7.8

Zalga 89.5 46.5 2.7 49.1 54.9
Zouk El Kharab (H) 240.8 383 2.4 40.7 16.3
Zouk Mkayel (H) 303.3 96.1 22.8 1189 39.2
Zouk Mosbeh (H) 452.0 93.2 15.0 108.2 239
Total 8503.7 4616.4 257.0 4867.0 57.2

* Not observed

city-states. It is during the Roman time that the city assumed
an important political role, obtaining the status of “Roman
colony” in the first century AD. Its importance grew during
the Byzantine period when it became the seat of an impor-
tant center of legal studies. During the Crusade period Bei-
rut and its territory were repeatedly occupied by both Chris-
tian and Arab armies. During the Ottoman rule, between
the sixteenth century and the first decade of the twentieth
century, the city saw alternating periods of economic growth
and serious crisis.

In 1841 the urban center still occupied only about 50 ha
and was still surrounded by wide mulberry plantations
(Fig. 2). A city map of 1912 (Fig. 3) shows a considera-
ble extension of the urban fabric both along the coast and
towards the inland hills. No other important urban area can
be seen along the coastal arch in the same year (Fig. 4).

@ Springer

A map drawn in 1934 by the Topographical Service of the
French army shows the expansion of Beirut during the first
period of the French occupation (Fig. 5). The city stretches
from the western coast to the Beirut River to the East. The
main road network extends both along the coast and towards
the neighboring villages, such as Four Ech Chebbak and
Chieah, which are separated from the city by a pine forest
(“Forét des Pins”). The current Horsh Park, what remains of
the old pine forest, along with the Racecourse and the Beirut
Municipal stadium, are now inside the urban fabric.

Methods

In developing countries the studies on historical land con-
sumption by urbanization most often address the whole
of a state or a wide region, but rarely the individual
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Fig.2 Beirut in 1841.Modified by the authors for enhanced readability. (https://almashriq.hiof.no/lebanon/900/930/930.1/beirut/reconstruction/

davie/Davie-fig-2.jpg)

municipalities, due to the scarcity of detailed information,
as an example due to partially or totally missing cover-
age by aerial photographs. Topographic maps, including
colonial legacy maps, are in many cases the only detailed
historical data source. These maps in some cases don’t
fully cover the country territories and were not regularly
updated. This is the case for Lebanon, where the French
cartography of the colonial period is only partially usable
for this type of studies. The first sufficiently detailed topo-
graphic map of Lebanon (1: 20,000 scale) is based on sur-
veys made in 1962. This map has been used as time-zero
reference for this study, which has the aim of comparing
the present-day situation with the oldest available detailed
data. To make it usable, it was scanned, georeferenced, and
digitized in a GIS environment (ESRI’s ArcGIS Pro) for
feature extraction.

An original method has been developed to quantify the
area affected by urbanization in 1962 by different categories
of urban fabric. This has been done based on the graphical
symbology defined by the map legend, by applying carto-
graphic criteria to aggregate and generalize features when

necessary, and introducing rules to translate point and line
symbols into surface areas, as follows:

1. Continuous urban fabric. Urban centers, and villages,
industrial settlements, ports and airports (adjacent
to urban centers or not) fall into this category. The
affected area is mapped as a polygon, by means of a
continuous line along the ideal perimeter that encloses
fabric belonging to this category, such as buildings,
interleaved lots occupied by public and private gardens
and parks and also areas that, although not yet built-up,
are affected by primary urbanization works such as a
network of roads.

2. Country side structures. The official cartography
identifies houses and buildings located in the extra-
urban territory through a graphical point symbol. It
is therefore not possible to have an indication of the
type of building and of its real size. As done in previ-
ous studies (Madrau et al. 2001, Madrau et al., 2006;
Enne et al. 2003), the two sub types defined below
were distinguished based on the graphical symbol used
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Fig.3 Beirut in 1912. Courtesy of the University of Texas Libraries, the University of Texas at Austin. Open access map from University of
Texas Libraries. (https://legacy.lib.utexas.edu/maps/historical/beirut2_1912.jpg)

by the map to indicate the land use in the surround- cartographic symbols used in the map, the following
ing open areas, or based on the proximity of other types of roads have been identified, which have been
buildings, either contiguous or separated by a road. assigned standard widths (including ballast and side
Standard surface areas were then assigned to each type, shoulders).
also accounting for the possible appurtenances and ser- 6. Highways: standard width 25 m.
vices, such as parking areas, gardens, depots, wood 7. First level roads: four carriage ways, linking urban
sheds, etc., as follows. centers to highways: 15 m.
3. Structures mainly intended for agricultural uses, such 8. Second level roads: connecting one or more inhabited
as depots for agricultural machinery and first harvest- centers to each other or to a first level road or highway
ing of agricultural products, etc.: standard surface 100 network: 12 m.
m?. 9. Third level roads: two carriage ways, forming the main
4. Structures mainly intended as residential buildings: extra urban road system: 8 m.
standard surface 300 m>. 10. Fourth level roads: combining sparse built areas
5. Road networks. This heading includes both road net- located in the countryside with the upper level road
works, of any level and width, and the railway network. network: 5 m.

Service areas and motorway interchange zones are 11. Railroad networks: normal track rail road: 10 m.
also part of the road network category. Based on the
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Fig.4 The coastal to the north of Beirut in 1912. Courtesy of the University of Texas Libraries, the University of Texas at Austin. Open access
map from University of Texas Libraries. (https://legacy.lib.utexas.edu/maps/historical/beirut_1912.jpg)

Land consumption in 2020 was instead quantified by
visual interpretation of Google Earth imagery. Present-day
satellite data, with metric to sub-metric pixel size, provide
unprecedented levels of detail that support detailed visual
recognition of topographic features which classification is
still not possible by automatic image classification proce-
dures (e.g., building type, road type, etc.). So, the different

types of artificial areas of 2020 were visually mapped on the
screen and downloaded as GIS vector files.

The two obtained data layers (1962 and 2020) were then
compared by overlay mapping through the above-mentioned
GIS software to derive urban area change data for each

municipality.
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on/beirut/maps/tfl_1936_beirut_b.jpg)

Results and discussion
The urban surface area in 1962

The total area ascribed to the 28 municipalities in 1962 is
around 8500 ha (Table 1). The largest municipality is Beirut
with 2036 ha. The surface of the other municipalities varies
from 867 ha (Baabda) to 63 ha (Mazraat Deir Aaoukar).

Continuous residential areas

The total area allocated to continuous urban fabric, includ-
ing urban centers and villages, was 4867 ha, or 57% of
the total municipality area (Table 1). The municipalities
with the highest occupied surface were Beirut (1959 ha,
96.2% of its municipal area), and Chiyah (573 ha; 66.6%).
Baabda (292 ha; 33.7%) and Baouchriye (250 ha; 64.9%)
were the next ones in terms of absolute surface area urban-
ized. In terms of percentage the second highest values was
measured for Haret Hreik (156 ha; 86.7%).

@ Springer

Road network

The total area affected by the road networks not included
within the perimeter of the urban centers and villages was
around 192 ha (Table 2), most of which (79 ha; 41.2%)
was made of 3rd level roads. The municipalities with the
greatest development of road networks in terms of surface
area were Baabda (28 ha; 3.2%), Hadath (20 ha; 3.6%)
and Zouk Mosbeh (20 ha; 4.4%). The municipality with
the highest percentage value was Maazrat Deir Aaoukar
(13 ha; 21.2%).

Country side structures

The total area occupied by country side structures was
around 27 ha in 1962, corresponding to 0.3% of the total
municipality area (Table 3). Part of this area (19 ha; 69.7%)
can be ascribed to residential buildings. The municipalities
that recorded the highest absolute values were Hadath and
Baabda, with around 3.9 ha and 3.6 ha respectively. In the
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Table 2 Surface occupied by the road and railroad network in 1962

Municipality Municip. area (ha) Highways RailRoad 1°Level 2°Level 3°Level 4°Level Total % Municip. area
(ha) (ha) (ha) (ha) (ha) (ha) (ha)
Aamaret Chalhoub 62.7 1.8 0.8 * 0.4 0.9 0.1 39 6.3
Antellias 190.2 2.6 1.1 * 1.7 4.0 0.5 9.9 52
Baabda 867.5 1.5 1.5 2.0 4.5 13.8 4.6 279 32
Baouchriye 385.0 * * * 0.1 5.0 0.5 5.5 1.4
Beirut 2036.2 * * * * * * * *
Borj Hammoud 238.3 * * 0.8 * 0.1 0.0 0.8 0.3
Bgennaya 66.5 * * * * 1.2 0.1 1.3 1.9
Byaqout 99.4 * * * 0.4 1.1 0.9 2.5 2.5
Chiyah 861.3 0.3 * * 0.7 3.7 1.8 6.5 0.8
Dbaiye 98.8 5.6 2.6 2.3 0.7 0.4 0.5 121 122
Dekouane 192.1 * * * * 0.3 0.4 0.7 0.3
Fanar 210.1 * * * 0.1 53 0.4 5.8 2.8
Furn Ech Chebbak 104.9 * 0.7 0.6 * 0.6 0.1 2.0 1.9
Hadath 558.2 * 3.0 1.9 4.1 8.2 2.9 20.1 3.6
Haret El Bellane 87.7 * * * * 2.8 0.3 3.1 3.6
Haret Hreik 180.4 * 0.3 0.3 * 0.8 * 1.4 0.8
Jall El Did 84.8 0.9 0.9 * * 1.0 0.1 2.8 32
Jdaidet E1 Main 166.4 * * * 2.8 1.1 0.4 43 2.6
Mazraat Deir Aaoukar 63.2 0.9 0.7 * 2.5 7.6 1.7 134 212
Mkalles 158.2 * * * * 2.7 1.1 3.8 2.4
Naqquach 223.1 1.7 0.7 * * 7.1 0.5 100 4.0
Sarba 179.6 * 1.2 * 0.7 0.3 0.4 2.6 1.5
Sinn El Fil 223.0 * 1.3 1.1 0.4 0.7 0.6 42 1.9
Tmaiche 82.3 * * * * 0.7 1.0 1.7 2.0
Zalqa 89.5 0.6 * * 0.9 0.5 * 1.9 22
Zouk El Kharab 240.8 2.8 * 32 3.0 4.8 1.3 153 6.1
Zouk Mkayel 303.3 * 0.9 * 34 1.6 3.0 8.9 2.9
Zouk Mosbeh 452.0 3.1 * 5.8 4.8 2.6 35 19.7 44
Total 8503.7 227 15.5 18.1 31.3 79.7 26.3 191.8 23

* Not observed

other municipalities the areas affected ranged from 1.9 ha
(Maazrat Deir Aaoukar) to 0.2 ha (Byaqout). No country
side structures were observed in the territories of Borj Ham-
moud and Beirut.

The areas occupied by the three categories of urban fab-
ric are summarized in Table 4. The total urbanized surface
was around 4846 ha, corresponding to 56.9% of the study
area. After Beirut, the municipalities of Chiyah (579 ha;
67.2%), Baabda (287 ha; 33.1%), Baouchriye (255 ha;
66.2%), and Borj Hammoud (197 ha; 82.7%), immedi-
ately peripheral to the capital, were among those with
the largest land take values. Considering the municipali-
ties that are not immediately peripheral to Beirut, Haret
Hreik (158 ha; 87.7%) and Sinn El Finn (147 ha; 65.7%)
recorded the highest land occupation in 1962. Among the
municipalities with prevalent hilly morphology the highest

values were found at Zouk Mkayel (107 ha; 35.2%) and
Zouk Mosbeh (114 ha; 25.3%).

Land consumption in 2020

The extent of the municipality areas did not remain
unchanged during the period considered (Table 5). There
was an extension for some towns located along the coast,
with a total surface area increase of around 409 ha.

Continuous residential areas
The total area occupied by continuous urban fabric (urban
centers and villages) in 2020 was around 7418 ha, corre-

sponding to 83.2% of the total municipality area (Table 6).
As for 1962, Beirut recorded the highest total surface area

@ Springer
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Table 3 Surface occupied by

; . Municipality Municipality Residential Rural Total % of
country side structures in 1962 area (ha) (ha) (ha) (ha) Municipal-
ity area

Aamaret Chalhoub 62.7 0.6 * 0.6 1.0
Antellias 190.2 0.2 1.1 1.3 0.7
Baabda 867.0 24 1.2 3.6 0.4
Baouchriye 385.0 1.3 * 1.3 0.3
Beirut 2036.2 * * * *

Borj Hammoud 238.3 * * * *

Bgennaya 66.5 0.8 0.1 0.8 1.2
Byaqout 99.4 0.2 0.0 0.2 0.2
Chiyah 861.3 0.8 0.1 0.9 0.1
Dbaiye 98.8 1.6 0.2 1.8 1.8
Dekouane 192.1 * 0.4 0.4 0.2
Fanar 210.1 0.8 0.1 0.8 0.4
Furn Ech Chebbak 104.9 * 0.2 0.2 0.2
Hadath 557.4 2.5 1.3 39 0.7
Haret El Bellane 87.7 0.4 0.1 0.5 0.6
Haret Hreik 180.2 0.4 0.1 0.5 0.3
Jall El Did 84.8 0.5 0.1 0.6 0.7
Jdaidet El Main 166.4 0.1 0.4 0.5 0.3
Mazraat Deir Aaoukar 63.2 1.9 * 1.9 2.9
Mkalles 158.2 * 0.3 0.3 0.2
Naqquach 223.1 1.4 0.2 1.6 0.7
Sarba 179.6 0.2 0.3 0.5 0.3
Sinn El Fil 223.0 0.2 0.3 0.6 0.3
Tmaiche 82.3 0.1 0.0 0.1 0.2
Zalqa 89.5 0.6 0.1 0.7 0.8
Zouk El Kharab 240.8 * 0.6 0.6 0.2
Zouk Mkayel 303.3 1.1 0.7 1.8 0.6
Zouk Mosbeh 452.0 0.9 0.7 1.6 0.3
Total 8503.7 19.0 8.3 27.3 0.3

* Not observed

(2084 ha in 2020; 97.7% of the municipality area) with an
increase of around 125 ha compared to 1962, due to new
structures along the coast, including the new harbor. Chi-
yah was among the other municipalities showing significant
increases (844 ha in 2020, or 93.3% of the municipality area,
with an increase of around 271 ha compared to 1962), due
to both new residential areas constituting a continuum with
Beirut and to the extension of the airport facilities. Other
important increases were observed in Baabda (646 ha, or
73.6% of land occupation in 2020; + 355 ha since 1962),
Hadath (492 ha; 88.2%;+291 ha) and Zouk Mosbeh (324 ha;
69.3%;+ 215 ha). The latter almost doubled its continuous
urban fabric area (+199%).
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Road network

The analysis of satellite images shows an extra-urban net-
work covering around 26 ha, equivalent to about 0.3% of the
study area, only equivalent to a 13.5% of the area occupied
by this type of fabric in 1962 (Table 7). In fact, during the
1962-2020 period the expansion of the continuous urban
fabric absorbed large parts of the pre-existing extra-urban
road network.

The greatest decreases were recorded for the second-
ary and tertiary road networks (respectively, from around
31 ha to 5.5 ha and from 80 to 12 ha). The fourth-level
road system, of strictly local interest, occupies only
2.50 ha in 2020. The coastal highway in 2020 takes only
3.2 ha outside the urban fabric, and the rail road is almost
totally incorporated.



Arab J Geosci (2022) 15: 266

Page 110f 19 266

Table 4 Land taken by

oo Municipality Municipality area Continuous Roads Country Total % of
urbanization in 1962 (ha) urban fabric  (ha) side struc-  Urbanized Municipal-
(ha) tures Area ity area
(ha) (ha)
Aamaret Chalhoub 62.7 27.5 3.9 0.6 32.0 51.1
Antellias 190.2 61.6 9.9 1.3 72.7 38.2
Baabda 867.0 255.6 27.9 3.6 287.0 33.1
Baouchriye 385.0 248.2 5.5 1.3 255.0 66.2
Beirut 2036.2 1959.3 * * 1959.3 96.2
Borj Hammoud 238.3 196.3 0.8 * 197.1 82.7
Bquennaya 66.5 14.2 1.3 0.8 16.4 24.6
Byaqout 99.4 124 2.5 0.2 15.0 15.1
Chiyah 861.3 571.6 6.5 0.9 578.9 67.2
Dbaiye 98.8 13.9 12.1 1.8 27.7 28.1
Dekouane 192.1 153.7 0.7 0.4 154.7 80.5
Fanar 210.1 27.1 5.8 0.8 33.7 16.0
Furn Ech Chebbak 104.9 66.5 2.0 0.2 68.7 65.4
Hadath 557.4 142.4 20.1 39 166.4 29.8
Haret El Bellane 87.7 10.0 3.1 0.5 13.5 15.4
Haret Hreik 180.2 156.2 1.4 0.5 158.2 87.7
Jall El Did 84.8 37.0 2.8 0.6 40.4 47.5
Jdaidet E1 Main 166.4 65.8 4.3 0.5 70.5 423
Mazraat Deir Aaoukar 63.2 8.3 13.4 1.9 23.5 37.2
Mkalles 158.2 54.1 3.8 0.3 58.1 36.7
Nagquach 223.1 21.2 10.0 1.6 32.8 14.7
Sarba 179.6 91.6 2.6 0.5 94.7 52.8
Sinn El Fil 223.0 141.9 4.2 0.6 146.6 65.7
Tmaiche 82.3 6.4 1.7 0.1 8.2 10.0
Zalqa 89.5 46.5 1.9 0.7 49.1 54.8
Zouk El Kharab 240.8 38.3 15.3 0.6 54.1 22.5
Zouk Mkayel 303.3 96.1 8.9 1.8 106.7 35.2
Zouk Mosbeh 452.0 93.2 19.7 1.6 114.5 253
Total 8503.7 4616.4 191.8 273 4835.5 56.9

Country side structures

The extension of the urban fabric during the 1962-2020
period implied a reduction of the agricultural areas, and
the disappearance of the isolated rural buildings in some
municipalities. An increase was instead observed in oth-
ers, corresponding to new isolated residential nuclei (such
as in Byaqout and Haret El Bellane) and to new quarries
and landfills (as for Mazraat Deir Aaoukar and Mkalles).
The total surface occupied by this category of fabric was
around 61 ha in 2020, about the double of that observed
in 1962 (Table 8).

Changes between 1962 and 2020

All the 28 municipalities showed an increase of the urban-
ized area between 1962 and 2020, with a total increase of

2611 ha (Table 9). In 2020, 83.5% of the municipality land
was urbanized, against 56.9 in 1962.

The largest absolute changes were recorded in Baabda
(+363 ha), Hadath (+325 ha), and Chiyah (4265 ha;
28.8%). For the latter the increase is due to both the expan-
sion of the international airport and to the urbanization of
the areas adjacent to Beirut city (Fig. 6). Minimum values
were found for Mazraat Deir Aaoukar (+ 10 ha) and Mkalles
(+ 13 ha), small villages on the hill range.

In terms of percentage of municipal surface affected
by urbanization, Hadath, Naqqach, and Fanar showed the
highest changes, with over 50% of further municipality
land take between 1962 and 2020. An exception is Beirut,
where the increase was very little (1.6%), but where almost
no space is left for new buildings (98% of the munici-
pal territory already urbanized). Minimum values were

@ Springer
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Table 5 Increase in urbanized area by municipality (1962-2020)

Municipality Municipality Municipality Increase
area 1962 (ha) area 2020 (ha) (ha)
Aamaret Chalhoub 62.7 63.2 0.5
Antelias 190.2 199.4 9.3
Baabda 867.0 867.0 *
Baouchriye 385.0 438.3 534
Beirut 2036.2 21324 96.3
Borj Hammoud 238.3 271.7 39.5
Bgennaya 66.5 66.5 *
Byaqout 99.4 99.4 *
Chiyah 861.3 904.5 43.2
Dbaiye 98.8 179.9 81.0
Dekouane 192.1 192.1 *
Fanar 210.1 210.2 0.1
Furn Ech Chebbak 104.9 104.9 *
Hadath 557.4 557.4 *
Haret El Bellane 87.7 87.7 *
Haret Hreik 180.2 180.2 *
Jall El Did 84.8 84.8 *
Jdaidet El Main 166.4 166.4 *
Mazraat Deir Aaoukar  63.2 63.2 *
Mkalles 158.2 158.7 0.6
Naqqach 223.1 249.9 26.8
Sarba 179.6 194.7 15.2
Sinn El Fil 223.0 226.6 3.5
Tmaiche 82.3 82.3 *
Zalqa 89.5 89.5 *
Zouk El-Karab 240.8 249.1 8.3
Zouk Mkayel 303.3 320.1 16.7
Zouk Mousbeh 452.0 466.8 14.8
Total 8503.7 8912.8 409.1

observed for Mkalles (further 8% taken), Haret Hreik
(11%), and Baouchriye (12%).

In terms of net increase of urbanized surface compared
to 1962, the extreme cases are represented by Naqqach
(+431%) and Dbaiye (+377%), both located in the plain.
Among the municipalities of the hill range, Haret El Bel-
lané (+216%) had the largest increase, followed by Tmai-
che (+184%), Zouq Mousbeh (+ 183%; Fig. 7), Bqennaya
(+147%), and Byaqout (+282%). In Bqennaya, Byaqout,
Tmaiche, Zouk Mosbeh and around Zouk Michael the land
take has mainly affected traditional tree crops.

Overall, the total urban area increase was higher for the
municipalities located on the hills (1466 ha) than for those
located in the plain (1144 ha). On the plain the rate of land
occupation changed from 74.7% to 90.8%, whereas on the
hills the change was from 29.7% to 72.0%.
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In terms of structure of the urban fabric, the observed
change mainly consist in an expansion of the continuous fab-
ric, particularly on the plain. Actually the surface area occu-
pied by sparse country side structures shows a very limited
increase (from 27.3 ha in 1962 to 60.6 ha in 2020; Table 8)
and that of the road and railway networks even decreases,
because of the expansion and merging of the urban centers.
The density of the continuous fabric is extremely high and
the extent of the public green spaces, which in Beirut mainly
consist of a single major park occupying around 30 ha, is
insignificant.

Discussion

Fast and poorly planned urbanization processes are a com-
mon feature in eastern Mediterranean and West Asia regions,
particularly in coastal areas, such as in Turkey (Doygun and
Alphan 2006) and Egypt (Ali and El-Magd 2016), where
tourism and economic development are major drivers of
change. In the case of Amman (Jordan), one of the fast-
est growing cities in the world, the city’s development was
partly driven by conspicuous historical and recent refugee
inflows. The latter brought about the construction of sub-
urban refugee camps that gradually became permanent and
were integrated into the expanding urban fabric (Higgitt
2009).

Some Mediterranean countries of the European Union are
experiencing similar issues. As an example, between 2000
and 2006 the average increase in artificial areas in Cyprus
and Spain exceeded 14% (EC 2011). Soil sealing, due to its
economic, social, and environmental impacts is contribut-
ing to make the task of conserving European soils more and
more challenging (Panagos et al. 2016).

Unplanned urbanization is considered as a particularly
important threat for Lebanon, considering the mountainous
nature and the scarcity of arable lands and in view of the
weak policies and outdated legislation of the country (FAO-
RNE-SNO 2012). The total urbanized area in Lebanon esti-
mated by Landsat data in 2005 was 1348 km?, or 13.2% of
the country surface area, of which 650 km? (31%) covered
prime land with high agricultural productivity (Darwish
et al. 2012).

Historically, the widest urban centers, 47% of the total
urbanized area, are concentrated along the coast (Dar-laurif
2002). A previous study on land use change in the Tripoli
coastal area (northern Lebanon) between 1964 and 2000,
conducted through the combined use of topographic infor-
mation and satellite data, revealed that 32% of class 1 land
(prime land) and 26% of class 2 land, i.e., 971 ha, were con-
verted into urban area (Darwish et al. 2004). Olive groves
and horticultural areas were the most affected land uses. The
same study stated that overall, as a consequence of the land
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Table 6 Surface occupied by continuous urban fabric in 2020, and total increase compared to 1962

Municipality Municip. area Main urban Villages and continuous coun- Total % of Total increase
(ha) centers (ha) try side structures (ha) (ha) Municip. area since 1962
(ha)
Aamaret Chalhoub 63.2 59.2 * 59.2 93.8 31.3
Antelias 199.4 161.9 * 161.9 81.2 90.1
Baabda 867.0 643.8 2.6 646.4 74.6 354.6
Baouchriye 438.3 342.3 0.2 342.5 78.1 92.7
Beirut 2132.4 2084.1 * 2084.1 97.7 124.7
Borj Hammoud 277.1 270.9 * 270.9 98.3 74.6
Bgennaya 66.5 40.4 * 40.4 60.7 22.4
Byaqout 99.4 43.5 11.5 55.0 554 36.7
Chiyah 904.5 843.8 * 843.8 93.3 270.6
Dbaiye 179.9 129.4 * 129.4 71.9 113.8
Dekouane 192.1 186.4 * 186.4 97.0 322
Fanar 210.2 135.8 8.1 143.9 68.5 92.0
Furn Ech Chebbak 104.9 90.1 0.1 90.2 85.9 22.1
Hadath 557.4 491.6 * 491.6 88.2 291.3
Haret El Bellane 87.7 23.3 18.7 42.0 47.9 32.0
Haret Hreik 180.2 178.6 * 178.6 99.1 223
Jall El Did 84.8 79.9 * 79.9 94.3 40.1
Jdaidet E1 Main 166.4 138.7 * 138.7 83.4 64.4
Mazraat Deir Aaoukar 63.2 323 0.5 32.8 51.9 219
Mkalles 158.7 65.4 4.6 70.0 43.5 153
Nagqach 249.9 172.9 0.2 173.1 69.3 110.0
Sarba 194.7 173.2 * 173.2 89.0 81.6
Sinn El Fil 226.6 209.7 0.6 210.3 92.8 63.8
Tmaiche 82.3 14.6 6.7 21.3 259 14.7
Zalqa 89.5 85.7 * 85.7 95.7 36.5
Zouk El-Karab 249.1 94.0 6.4 100.4 40.3 59.7
Zouk Mkayel 320.1 243.4 * 243.4 76.0 124.5
Zouk Mousbeh 466.8 3233 0.4 323.7 69.3 215.5
Total 8912.8 7357.8 60.6 7418.4 83.2 2551.4

* Not observed

use changes, only 22.6% of land was fairly used in the study
area.

In our study the possibility to quantify the quality and
use category of all the urbanized land of the study area was
limited by the lack of information related to the relatively
large part of land that was occupied historically, before
soil and land use mapping were conducted. However, simi-
lar considerations could be done. Although the area was
already intensively urbanized in 1962 (56.9% of the overall
municipality land occupied), the very high rate (83.5%)
reached in 2020 indicate a trend towards saturation of the
available space. This implies a change from a still rela-
tively balanced suburban landscape including agricul-
tural areas supplying the local food markets to a system
more and more dependent on food supplies from distant

production areas. There is a relevant issue for Lebanon, a
country that relies heavily on food imports.

The EC (2013) has estimated that the fertile land lost
to urbanization in Europe between 1990 and 2006 would
have produced an equivalent amount of wheat sufficient to
produce enough bread to satisfy the needs of 120 million
European every year. The same calculation method can be
applied for the study area, by taking the current average
cereal yield of Lebanon (around 3 kg per ha), and the aver-
age per capita consumption rate of cereals of developing
countries (60 kg per person per year; OECD and FAO
2018). Based on these assumptions it can be estimated
that the 1144 ha of soils sealed in the coastal plain during
the study period, if kept under arable use, could produce
around 3400 tons of wheat every year, an amount sufficient
to satisfy the annual needs of around 57,000 persons.
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Table 7 Surface occupied by the road and rail road networks in 2020

Municipality Municip High way Rail Road 1™ Level 2% Level 3 Level 4t Total % of
area (ha) (ha) (ha) (ha) (ha) (ha) Level (ha) Municip.
(ha) area
Aamaret Chalhoub 63.2 * * * * * * * *
Antelias 199.4 * * * 0.2 1.0 * 1.3 2.0
Baabda 866.7 * * * 2.2 0.8 * 3.0 1.5
Baouchriye 438.3 * * * * 0.5 0.2 0.6 0.1
Beirut 2132.4 * * * * * * * *
Borj Hammoud 2717.7 * * * * * * * *
Bgennaya 66.5 * * * * * 0.1 0.1 <0,1
Byaqout 99.4 * * * 1.5 0.6 0.2 24 35
Chiyah 904.5 * * * * * * * *
Dbaiye 179.9 * * * * 3.1 * 3.1 0.3
Dekouane 192.1 * * * * * * * *
Fanar 210.2 * * * * 0.7 0.1 0.8 0.4
Furn Ech Chebbak 104.9 * * * * * * * *
Hadath 557.4 * * * * * * * *
Haret El Bellane 87.7 * * * * 0.7 0.1 0.8 0.1
Haret Hreik 180.2 * * * * * * * *
Jall El Did 84.7 * * * * * * * *
Jdaidet E1 Main 166.4 * * * 0.3 0.7 * 1.0 1.2
Mazraat Deir Aaoukar 63.2 * * * * 0.7 0.1 0.8 0.5
Mkalles 158.7 * * * 0.3 0.9 * 1.2 1.9
Nagqach 249.9 * * * 0.1 0.3 0.5 0.9 0.6
Sarba 194.7 * * * * * * * *
Sinn El Fil 226.6 * 0.6 * * 0.1 0.1 0.9 0.5
Tmaiche 82.3 * * * * 1.8 0.3 2.1 0.9
Zalga 89.5 * * * 0.1 * * 0.1 0.2
Zouk El-Karab 249.1 3.2 * 1.8 0.6 * * 5.6 6.2
Zouk Mkayel 320.1 * * * * 0.4 0.0 0.5 0.2
Zouk Mousbeh 466.8 * * * * * 0.7 0.7 0.8
Total 8912.8 3.2 0.6 1.8 55 12.4 2.3 25.8 0.3

* Not observed

On the other hand, the implications of soil sealing go
beyond the agricultural quality of the covered land and food
security. During the last decade holistic approaches have
been developed to evaluate the multifaceted environmental
and socio-economic impacts of soil sealing, which are of
particular relevance to complex contexts such as the coastal
systems. These include impacts on soil functions resulting
from modified energy transfer, water and gas movements
and the biological processes (Scalenghe and Franco 2009),
impacts on hydrology (e.g., Pistocchi 2017), on the provision
of ecosystem services (e.g., Pavo-Zuckermann and Pouyat
2017), biodiversity (e.g., Louwagie et al. 2017), and car-
bon storage (e.g., Lorenz and Lal 2017). Furthermore, these
environmental impacts also generate direct and indirect eco-
nomic costs, as indicated by the World Bank (2010) for the
Middle East and North Africa region.
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The hydrological impacts of urbanization are of particular
relevance to the study area. In the study area urban encroach-
ment strongly affected the previously cultivated and forested
mountain slopes overlooking the coastal plain. In fact, 56%
of the new urbanization observed (1466 ha) involved the
hill range, where 72% of the available municipality space
is taken. Considering that almost all the available space
(90.8%) between the hills and the sea is also sealed by con-
structions, it is clear that hydrological risks are high. In the
study area this process has already increased the erosion and
flood risk both on the hill sides and in downstream areas
(Bou Kheir et al. 2006). Similar situations were observed
also in other Lebanese urban coastal areas such as Tripoli,
Byblos, Sidon, and Tyr (Darwish 2012). Other hydrological
impacts that would need to be investigated are linked to the
decreased ground water recharge due to increased runoff
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Table 8 Surface occupied by country side structures in municipalities
where these isolated structures are still present in 2020

Municipality Municipality  Country side % of
area (ha) structures Munici-
(ha) pality
area
Baabda 867.0 2.6 0.3
Baouchriye 438.3 0.2 0.2
Byaqout 99.4 11.5 11.6
Fanar 210.2 8.1 3.9
Forn Ech Chebbak 104.9 0.1 0.1
Haret El Bellane 87.7 18.7 21.4
Mazraat Deir Aaoukar 63.2 0.5 0.7
Mkalles 158.7 4.6 2.9
Naqquach 249.9 0.2 0.1
Sinn El Fil 226.6 0.6 0.1
Tmaiche 82.3 6.7 8.1
Zouk El Karab 249.1 6.4 2.6
Zouk Mosbeh 466.8 0.4 0.1
Total 3304.1 60.6 1.8

caused by soil sealing, which may in turn favor sea water
intrusion in coastal aquifers. The hydrological impacts are
most likely increased by the observed high density and con-
tinuity of the urban fabric.

Another important issue is that the urbanization pattern of
the study area and the high density of the resulting continu-
ous urban fabric can significantly affect the urban micro-
climate and human wellbeing, which can be considered as
additional hidden cost of the local urbanization model. As
an example, suburban areas with mature trees can be 3° C
cooler than suburban areas without trees, and temperatures
above grass fields can be 1 to 2° C lower than in adjacent
paved areas (EC 2013).

Moreover, on the hill range urbanization affected the once
flourishing traditional agricultural productions such as olive,
palm, and fruit trees, which were drastically reduced, often
bringing about the destruction of the water and soil conser-
vation practices traditionally adopted by the farmers, such
as terraces. This, besides contributing to generate hydrologi-
cal unbalances and greatly increasing flood risks, as already
underlined, also affected landscape ecological functions and
aesthetics (e.g., Cugny-Seguin 2017), and constitutes a loss
of traditional cultural landscapes, or anthroscapes (Kapur
et al. 2019). Specific studied would be needed to quantify
the multifaceted impacts of land cover changes on the hill
ranges of the Lebanese coast.

All these direct and indirect (hidden) costs of urbaniza-
tion should not be overlooked. Sound approaches are needed
to quantify and raise them to the attention of policy makers.

To promote the adoption of national policies to pro-
tect soils from the impacts of soil sealing the European

Commission published guidelines based on a three-tiered
approach (Limiting, Mitigating, and Compensating), and on
the identification of best practices (EC 2011; EEA 2020;
Montanarella and Panagos 2021). This approach could be
followed also by Lebanon and the countries of the Levant
region, considering that urbanization processes are likely to
further develop (Al-Shaar et al. 2021). However, policies
alone are not enough. Preventing soil sealing and mitigating
its impacts require urban and landscape planning and deci-
sion support tools to monitor soil sealing and to evaluate its
impacts on the provision of ecosystem services. An interest-
ing example is described by Manna et al. (2017).

Conclusions

During the last sixty years, urbanization processes have been
intense and poorly planned along the coast of Lebanon. They
have been driven by population growth, internal migration,
and refugee inflows and in some phases made more chaotic
by the need to rebuild important parts of the urban centers
severely damaged by military conflicts.

In the twenty-eight municipalities belonging to the gov-
ernorates of Beirut and Mount of Lebanon, urbanization
has brought about the occupation of most of the land avail-
able. The occupation rate changed from 56.9% in 1962 to
83.5% in 2020, involving the expansion of the continuous
urban fabric that incorporated the pre-existing extra-urban
infrastructure and buildings. The density of such continuous
fabric is very high, particularly in Beirut municipality where
98% of the space is built-up, and in some others, where the
extent of green spaces is insignificant. Furthermore, the
urban encroachment did not only involve the coastal plain,
but also the hill and mountain slopes, drastically affecting
the traditional agricultural landscapes.

Our study highlighted several direct and indirect impacts
of this process. Among the most important, the loss of the
fertile soils of the coastal plain and of the related equivalent
cereal production, the hydrological unbalances and increased
risks due to widespread soil sealing and hillside urbaniza-
tion, and the degradation of the urban microclimate due to
the density of the urban fabric and the lack of green spaces.

In synthesis, the poorly planned development of the
narrow Beirut coastal strip locked between the sea and
the mountain has almost canceled the local agricultural
production and has generated important environmental
issues. These issues are also present in other coastal areas
of the eastern Mediterranean region, but they are particu-
larly important in the study area. Land and soil resources
are limited and precious in a relatively small-size moun-
tainous country such as Lebanon that is highly dependent
on food imports.
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Table 9 Soil consumption in 1962, in 2020, and 2020 to 1962 com-
parison as total urbanized area change, difference between percent
of occupied municipality area in each year, and percent increase of

total urbanized surface. Municipalities’ names followed by (H) indi-
cate that the municipality area is prevalently located on the hill sides.

Other municipalities are located in the plain

Urbanized areas in 1962

Urbanized areas in 2020

Increase 1962—2020

Municipality Municipal- Urban- % of

Municipal- Urban-

% Munici- Total %2020 — %1962 % increase

ity area ized Munici- ity area ized pality (ha) 1962 to
(ha) area pality (ha) area area 2020
(ha) area (ha)

Aamaret Chalhoub 62.7 32.0 51.1 63.2 59.2 93.8 27.2 42.6 85.0
Antelias 190.2 72.7 38.2 199.4 163.1 81.8 904  43.6 124.3
Baabda (H) 867.0 287.0 33.1 867.0 649.8 74.9 362.8 41.8 126.4
Baouchriye 385.0 255.0 66.2 438.3 343.1 78.3 88.2 12.0 34.6
Beirut 2036.2 1959.3 96.2 21314 2084.1 97.8 1247 1.6 6.4
Borj Hammoud 238.3 197.1 82.7 2717.1 272.9 98.3 75.8 15.5 38.4
Bgennaya (H) 66.5 16.4 24.6 66.5 40.5 60.8 24.1 36.3 147.5
Byaqout (H) 99.4 15.0 15.1 99.4 57.4 57.7 424 426 282.1
Chiyah 861.3 578.9 67.2 904.5 843.8 93.3 2649 26.1 45.8
Dbaiye 98.8 27.7 28.1 179.9 132.4 73.6 1047 45.6 377.4
Dekouane 192.1 154.7 80.6 192.1 186.4 97.0 31.6 16.5 20.4
Fanar (H) 210.1 33.7 16.0 210.2 144.7 68.9 111.0 528 329.4
Furn Ech Chebbak 104.9 68.7 65.4 104.9 90.2 85.9 21.5 20.5 31.3
Hadath (H) 557.4 166.4 29.8 5574 491.6 88.2 3252 583 195.5
Haret El Bellane (H) 87.7 135 154 87.7 42.8 48.8 29.3 334 216.3
Haret Hreik 180.2 158.2 87.7 180.2 178.6 99.1 20.4 11.3 12.9
Jall E1 Did 84.8 404 47.6 84.8 79.9 94.2 39.6  46.6 97.9
Jdaidet E1 Main (H) 166.4 70.5 42.3 166.4 139.7 84.0 69.3 41.6 98.3
Mazraat Deir Aaoukar (H) 63.2 235 37.2 63.2 33.6 53.1 10.1 15.9 42.7
Mkalles 158.2 58.1 36.7 158.7 712 449 13.1 8.1 22.6
Naqqgach 223.1 32.8 14.7 249.9 174.0 69.6 1413  55.0 431.3
Sarba (H) 179.6 94.7 52.8 194.7 173.2 89.0 78.5 36.2 82.9
Sinn El Fil 223.0 146.6 65.7 226.6 211.2 93.2 64.5 275 44.0
Tmaiche (H) 82.3 8.2 10.0 82.3 234 28.4 15.2 18.4 184.3
Zalga 89.5 49.1 54.8 89.5 85.8 95.8 36.7 41.0 74.8
Zouk El-Karab (H) 240.8 54.1 22.5 249.1 106.0 42.6 51.9 20.1 95.9
Zouk Mkayel (H) 303.3 106.7 352 320.1 243.8 76.2 137.1 41.0 128.4
Zouk Mousbeh (H) 452.0 1145 25.3 466.8 324.3 69.5 209.8 44.1 183.3
Total 8503.7 4835.5 56.9 8912.8 7446.4 83.5 26109 26.7 54.0

Local governments should urgently adopt measures to
secure the protection of what remains of the extra-urban
areas still destined to agricultural crops of high economic
value, such as olive groves, palm groves, and orchards,
which also generate valuable landscapes and provide
ecosystem services. Policies are also needed to mitigate
the impacts of the present-day soil sealing conditions.
Although this is complex and costly, it can be done by
developing a vision for future and adopting frameworks

@ Springer

and best practices proposed by the international commu-
nity to make urban areas greener and more sustainable.
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