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7 Abstract The rapid development of economic construction and urbanization,
8 highly dense population, infrastructure and traffic, all have caused a lot of troubles
9 to the main cities in the Syrian coastal region. In addition, this region which is

10 located on the eastern coast of the Mediterranean Sea, and among Arabian, African
11 and European Asian plates is suffering from increasing the number of natural and
12 man-made disasters such as earthquakes, climate change, flash flooding, and
13 mainly the expected sea level rise. This rise effect often depends on many ele-
14 ments, such as seismic hazard, vulnerability, exposure and emergency response
15 and recovery capability. It is not possible to completely avoid this rise, but the
16 sufferings can be minimized by creating proper awareness of this hazard and its
17 impacts through developing an integrated system of the geographical and envi-
18 ronmental data collection and management tools with simulation and decision
19 tools for risk reduction and assessment. Great change becomes to integrated
20 management and more to eco-environmental safety construction, especially to the
21 prevention for disasters destroyed structure as sea level rise. Therefore, the pur-
22 pose of this chapter is to address the need for an integrated disaster risk man-
23 agement in Syrian coastal zone. This will help to manage the risk of these disasters
24 and hazards in a more effective manner through linking up disaster management
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29 24.1 Introduction

30 World is experiencing an increasing number of disasters by a combination of
31 changes in its physical, technological and social systems. These disasters kill
32 thousands of people and destroy billions of dollars of habitat and property each year.
33 Climate change and unstable land forms, coupled with deforestation, unplanned
34 growth proliferation, tardy communication, bad Disaster Management (DM) make
35 the disaster-prone areas mere vulnerable and suffer more or less by frequent natural
36 disasters. Syria is not isolated from the rest of the world when it comes to the effects
37 of these disasters. To achieve an efficient solution to Disaster Risk Reduction (DRR),
38 this chapter addresses the need for an integrated DM in Syrian Coastal Zone (SCZ)
39 to manage the risks of these disasters [mainly the Sea Level Rise (SLR)] in a more
40 effective manner through linking up DM more closely and consistently with urban
41 planning and management. Section 24.2 presents brief overview of disasters and its
42 effects in Syria during the period 2000–2010, followed by a description of the SCZ.
43 Section 24.3 clarifies the major concepts that revolve around dangers, damage, their
44 interrelations and elements, while Sect. 24.4 presents the SLR and other related
45 hazards such as tsunamis in the Mediterranean Sea in general and in SCZ in par-
46 ticular. In terms of the types of hazards to be classified and spatially selected, Sect.
47 24.5 explains the physical parameters and factors that can be associated with haz-
48 ards, and it describes the current and future drivers of coastal changes in SCZ.
49 Section 24.6 discusses characteristics, common effects and impacts of disasters in
50 order to explain the reasoning behind the components of Risk Assessment (RA)
51 methodology, while Sect. 24.7 describes the main effects and impacts of local SLR
52 scenarios with focusing on the Lattakia city and its surrounding areas. Section 24.8
53 outlines the DM cycle and presents all the practical activities that must be carried out
54 during all the phases of this cycle to minimize the DRR. Section 24.9 outlines the
55 recent processes that have been made through advances in RA and its components. It
56 explains the importance of the strategic tools for RA and their impacts on planning
57 activities to ensure successful urban policies. Section 24.10 presents the maritime
58 activities in SCZ and identifies the vulnerabilities to SLR, gaps, points of strength
59 and weakness, and options to assess adaptation measures. It also outlines the sug-
60 gested strategic framework for responding to SLR to protect the marine area of
61 Syria. It insists on the importance of the capacity building in achieving successful
62 use of the most advanced technology for DRR. This chapter ends with some rec-
63 ommendations, conclusions and future work.

64 24.2 Risk of Hazards and Disasters in Syria

65 Syria is a disaster-prone country with climate and geographical location make it
66 vulnerable and suffering from increasing the number of natural, technological, and
67 man-made disasters. It situated in southwest Asia at the eastern end of the Med.
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68 Sea, and is exposed to significant seismic activity due to its location in the most
69 seismic-tectonic active group in the region where the Arabian, African, and Eur-
70 asian continental plates converge as shown in Fig. 24.1. Those areas are tectoni-
71 cally active and cause time to time a lot of seismically events. In addition, Syria
72 experiences related weather anomalies associated with droughts and is prone to
73 floods, landslides and erosion resulting from the combination of heavy rain, steep
74 topography and widespread deforestation. Climate change, industrial development,
75 high population growth rates, rapid economic growth and urbanisation, all has
76 increased the risk of pollution of natural environmental resources, and conse-
77 quently, amplify the region’s vulnerability to environmental challenges and con-
78 strain its ability to manage them. Among the major challenges that faces Syria are
79 water scarcity, land degradation, inadequate capacities for waste management,
80 coastal and marine environment degradation, air pollution and global warming,
81 river and shore erosion, etc. Table 24.1 shows the top 5 national disasters with
82 human exposure reported in the last 10 years that have caused widespread dam-
83 ages and losses in Syria. In this chapter, the concentration on the state of hazards in
84 the SCZ mainly the impacts and factors of SLR and other hazards related to
85 tsunamis.

Table 24.1 The profile risk in Syria in the last ten years

Risk profile National statistics

Human exposure Top 5 national disaster reported

Hazard type Population exposed Disaster Date Affected people

Drought 2,027,540 Drought 2008 1,300,000
Flood 25,572 Drought 1999 329,000
Landslide 456 Storm 2004 180
Earthquake 5,370 Storm 2001 172
Tsunami 3,759 Mass mov. wet 2002 23

Source of Data 2009 Global Assessment Report, OFDA/CRED International Disaster Database

Fig. 24.1 The strategic location of Syria
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86 24.2.1 The Syrian Coastal Zone

87 The country is divided into fourteen governorates, of which two are located along
88 the coast, namely Lattakia and Tartous governorates as shown in Fig. 24.2. The
89 SCZ, which is of critical importance to the country and a strategic access to the
90 world, provides important economic, transport, residential and recreational func-
91 tions, all of which depend on its physical characteristics (e.g., appealing landscape,
92 cultural heritage, natural resources, and rich marine and terrestrial biodiversity,
93 etc.). The region is composed of three markedly different areas: the coastal plain
94 abundant with water and fertile soil, the hilly zone with limited water resources
95 and lower quality agricultural land, and the mountains. The climate in SCZ is
96 typically Mediterranean with dry and wet summers, windy winters and springs.
97 The coastal mountain chain separate Syria’s interior from the Med. coast with
98 slopes originally covered in forests of oak and pine. The region accounts for 35 %
99 of the national energy production, 38 % of cement production, 50 % of petroleum

100 refining, the predominant part of the national export is shipped through the port of
101 Lattakia. Due to abundance of freshwater and fertile soil, the area is distinguished

Fig. 24.2 The Syrian coastal zone
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102 by a rich and productive agriculture of the Mediterranean type, with 16 % of
103 cultivated land under irrigation. Syria’s coast hosts many archaeological sites and
104 ancient ruins that documented and protected, but some are still poorly excavated.
105 Amongst the most important sites are the ruins and old cities of Lattakia, Jableh
106 and Tartous, Ugarit north of Lattakia, El-Marquab castle near Banias, and Amrit
107 south of Tartous. Arwad, the sole inhabited island in Syria just 3 km off Tartous,
108 was the base of a great sea trading kingdom in the Canaanite era. Many of Syrian’s
109 coastal towns and cities have a culture and way of life stretching back over
110 centuries.
111 Syria has maritime boundaries with Turkey, Cyprus and Lebanon with a
112 185 km long coastline which includes diverse coastal environments, from cliffs to
113 low-lying areas. This coastline, which is bounded by mountains, represents a
114 narrow plain that is indented by some 350 estuaries, harbours, inlets, bays or
115 fiords. The terrain along the coastline varies from sandy shores (golden sand at
116 Lattakia and black volcanic sand at Ras El Bassit) to rugged, rocky promontories
117 and cliffs as shown in Fig. 24.3. It has to be considered as one of the scarce natural
118 resources of the country, providing a narrow window to the sea for such a rela-
119 tively large country. The width of the plain varies according to the reach of the
120 nearby mountains; the plain is widest in the north near the port city of Lattakia and
121 in the south near the Lebanese border. According to the Syrian State Planning
122 Commission, SCZ is densely populated with 405 in Lattakia and 370 inhabitants/
123 km2 in Tartous, while in the narrow coastal plain the density is almost 20 times

Fig. 24.3 The Syrian shoreline varies from sandy shores to rugged, rocky promontories and cliffs
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124 greater than the national average, and 6 times greater than the rest of the coastal
125 region, the hinterland (SPC 2006). This density, which is combined with its
126 strategic and economic importance, places disproportionate pressures on SCZ.
127 Although the short coastline of Syria, it has a commercial fleet composed of 137
128 ships and 4 major ports and harbors in Banias, Jablah, Lattakia, and Tartous. The
129 largest 2 ports are in Lattakia and Tartous, and both operate 24 h a day. Lattakia
130 Port comprises 23 quays with a total length of 4,280 m, total area of the port is
131 1,500,000 m2, of which 200,000 m2 is the segregated container yard, and the
132 average monthly activity is approximately 420,000 Mt. Tartous Port comprises 3
133 piers with 24 berths (total length of the berths is 6,366 m), and average monthly
134 activity is approximately 350,000 Mt. These ports are connected to the railways
135 network (2,342 km) to transport goods to and from other governorates, and
136 neighbouring countries. The road network is back-bone for the country and is vital
137 to the regional international transit network that connects European countries with
138 other Arab countries. The 500 km East–West highway joins these ports on the
139 coastal area in the west of Syria and the western border with Lebanon to the
140 eastern border with Iraq. The Bassel Al Assad International Airport, which is
141 located 25 km from Lattakia, is the only airport on SCZ and supports these
142 networks.

143 24.2.2 Major Problems, and Challenges in Managing in
144 Syrian Coastal Zone

145 Coastal margins are the transition between the ocean and the land, and the place
146 where seawater mixes with freshwater and interacts occasionally with the fringing
147 low-lying land during storms or extreme tides. At vulnerable coastal margins,
148 coastal development and global warming are on an eventual collision course (if
149 they have not collided already), which will result in further ‘coastal squeeze’
150 between the land and the sea. The developed areas around the SCZ are usually
151 nestled in or near low-lying coastal margins (such as beaches, estuaries and har-
152 bours), and will therefore become increasingly vulnerable to the effects of global
153 warming. It is a great national challenge on how Syria will maximize the benefit
154 from its narrow window to the med. Sea, whilst protecting the coastal environment
155 and natural scene. There is huge pressure to develop and occupy the SCZ (for
156 subdivisions, marinas, roads and drainage, etc.). The dynamics of natural coastal
157 processes, including weather systems, sediment transport mechanisms, the
158 hydrological links between the catchments and the coast, are factors that influence
159 the ability of the coast to sustain human activities.
160 Human actions have exacerbated these problems through the inappropriate
161 location of development and the overexploitation of coastal resources. Human
162 pressures threaten habitats and natural resources of the coastal zone, and with
163 them, the ability of this zone to perform many of its essential functions. Increasing
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164 population, both resident and transient, is leading to increased conflict between the
165 competing uses in the SCZ. Low impact uses are frequently being replaced by
166 intensive uses that are more profitable in the short-term but undermine the long-
167 term potential of the coast by reducing its resiliency. Unfortunately, there is no
168 sign that inappropriate uses of the coastal zone are becoming less frequent. In fact,
169 with increasing population, visitors and economic activities, the pressures are
170 increasing. In addition, the coastline is threatened in some parts by coastal erosion
171 resulting from development projects and engineering works. Such works have
172 accelerated erosion of the adjacent shoreline because they did not adequately
173 account for coastal dynamics and processes. SLR, whether as a consequence of
174 climate change or erosion, will present increased threats and costs to sustaining
175 infrastructure and human settlement. SLR resulting from climate change may
176 aggravate this erosion in future and this will be discussed in Sect. 24.5.
177 Within the framework of this chapter, the ‘case’ to be studied is the main coastal
178 city of Lattakia, which is a highly hazard-prone area that integrate (to a certain
179 extent) several fields of activity, settlement development planning, industrial pro-
180 jects, and disaster risk management, etc. This combination of the hazards and the
181 city’s highly vulnerable social and economic setting produces a dynamic context of
182 risk with the permanent threat of disaster. Therefore, the selection of this case study
183 was based mainly on: the content (i.e., the existence of a certain level of integration
184 development planning and disaster risk management); and the context (i.e., their
185 implementation in an urban environment). In addition, the rapid urban and industrial
186 development in this city, and absence of pollution abatement and treatment facilities
187 resulted in: uncontrolled ribbon development along the shoreline, sprawl of
188 uncontrolled low-density housing development, high pollution of the coastal and
189 marine environment, chemical pollution and bacteriological contamination of
190 freshwater sources due to the uncontrolled disposal of untreated urban solid
191 and liquid waste, waste from villages and farms, agricultural practices, industry
192 and transports, and destruction of wetlands and dunes (due to sand extraction).
193 Section 24.7 will tackles the impacts and effects of the SLR on lattakia.

194 24.3 Disaster, Hazard, Vulnerability and Their Elements

195 According to the International Strategy for Disaster Reduction, disasters, hazards,
196 risks, and vulnerability are different definitions, but similar concepts (ISDR 2005).
197 A natural disaster is the effect of a natural hazard (e.g., flood) that will leads to
198 financial, environmental or human losses. The resulting loss depends on the vul-
199 nerability of the affected population to resist the hazard. This understanding is
200 concentrated in the formulation: ‘‘disasters occur when hazards meet vulnerability’’.
201 http://en.wikipedia.org/wiki/Natural_disaster-cite_note-1. Therefore, the disaster
202 risk is made up of hazard and vulnerability (i.e., disaster risk = hazard 9 vul-
203 nerability). Hence, it is clear that a risk exists only if there is vulnerability to the
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204 hazard posed by a natural event. The following section introduces these elements
205 in details, while Fig. 24.4 graphically depicts the relationship between them.

206 24.3.1 Disasters

207 Natural disaster can be defined as ‘‘A Disaster is a serious disruption of the
208 functioning of a society, causing widespread human, material, or environmental
209 losses, caused by hazards, which exceed the ability of affected society to cope
210 using only its own resources’’ (Cuny 1983). In order to understand the term
211 disaster, the term ‘hazard’ and the human sensitiveness towards it have to be also
212 understood. Generally, disasters normally occur when hazards meet vulnerability,
213 and the potential for a hazard to become a disaster mainly depends on a society’s
214 capacity to address the underlying risk factors, to reduce the vulnerability of a
215 community, and then to be ready to respond in case of emergency (Wisner et al.
216 2004). It is important to note, that there are no internationally agreed minimum
217 criteria for an event to be classified as a disaster. This is due to the variable manner
218 in which hazards impact on population, economies and ecosystems. In this chapter,
219 these events will be connected to the planning activities.

220 24.3.1.1 Classification of Disasters

221 It is difficult to classify disasters and draw a distinction between them, but it is useful
222 to define disaster risk management measures. This will clarify and support the
223 linkage among disaster, environment, spatial planning, and development. Only a
224 few disasters, earthquakes for example, occur as purely natural phenomena, while
225 most others (such as forest fires, floods and landslides, etc.) can come about with and
226 without human intervention (Burton et al. 1998). Each hazard has a spatial dimen-
227 sion and the spatial character of a hazard can either be defined by spatial effects or by

Hazard

Risk

Qualified by intensity 
and probability

Hazard potential

Hazard exposure

Coping capacity

Vulnerability

Fig. 24.4 The understanding
of hazard and risk
components. (Source
Schmidt-Thomé and Kallio
2006)
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228 the possibility for an appropriate spatial planning response. Generally, disasters can
229 be defined and classified according to their nature as follows:

230 • Natural disasters are of geophysical origin (e.g., earthquakes) and can result
231 from those elements of the physical environment harmful to people and caused
232 by forces extraneous to them. The term ‘natural disaster’ is not entirely correct,
233 and they are human-made disasters exposed by natural hazards. For example,
234 earthquake disasters show that many people were killed in poorly designed and
235 constructed man-made structures, and not in open fields (Blaikie et al. 1994).
236 • Human-induced natural disasters are of climatic origin (e.g., floods) and caused
237 by the human modification of the environment (e.g., cutting down forests that
238 buffer rainfall). Then, when the flood come the blame on a natural disaster, not
239 on these modifications and that’s a human-induced disaster or, it’s just poor
240 planning on the part of short-sighted humans (Burby 2006).
241 • Technological disasters are accidental failures of design or management that
242 could have a great perimeter of influence and affecting a relatively larger part of
243 a country (e.g., air traffic accidents and chemical plants) (Smith 2000).
244 • Man-made disasters are resulting from man-made hazards as opposed to natural
245 disasters resulting from natural hazards (e.g., threats having an element of
246 human intent and negligence) (Gardoni and Murphy 2008).

247 24.3.2 Hazards

248 The United Nations International Strategy for Disaster Reduction (UNISDR)
249 defines hazard as ‘‘A Dangerous phenomenon, substance, human activity or con-
250 dition that may cause loss of life, property damage, loss of livelihoods and ser-
251 vices, social and economic disruption, or environmental damage’’ (Van Westen,
252 Terlien 1995). Hazardous events vary in magnitude, frequency, duration, area of
253 extent, speed of onset, spatial dispersion and temporal spacing. Their origin can be
254 purely natural (e.g., earthquake) or technological (e.g., accident in chemical
255 plants), as well as a mixture of both (e.g. Sinking of an oil tanker in sea and
256 subsequent coastal pollution).
257 Within this concept, risk can be defined as the probability of an event hap-
258 pening in a given time span and the magnitude of its impact when it does occur.
259 Risk (i.e., probable loss) identification starts with identifying a hazard and then
260 assesses the corresponding vulnerability (i.e., The possible consequences). For
261 natural hazards we can only attempt to reduce the risk not the hazard, either by
262 controlling exposure to hazards or their vulnerability. The dependency of risk is on
263 the three components of hazard, exposure, and vulnerability (Crichton 1999). This
264 chapter deals with coastal hazards that arise from the interaction of natural pro-
265 cesses with human use of infrastructure.
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266 24.3.3 Vulnerability

267 Vulnerability is an essential part of a hazard, and it refers to the susceptibility of
268 people, communities or regions to this hazard. It is a set of conditions resulting
269 from physical, social, economic and environmental factors that increase this sus-
270 ceptibility to the impact of hazards (Oliver-Smith 2004). Vulnerability to climate
271 change is considered to be high in developing countries due to social, economic,
272 and environmental conditions that amplify susceptibility to negative impacts and
273 contribute to low capacity to cope with and adapt to climate hazards. In Syria,
274 there is an urgent need to understand the threats from climate change and to
275 formulate policies that will lessen the risks and to take actions to cope with them
276 (Meslmani 2010). The main factors that have to be taken into account to determine
277 the vulnerability are:

278 • Physical factors are usually materially oriented, and come from the field of land-
279 use and planning, engineering, and building environment (e.g., population
280 density level, the remoteness of a settlement and the site, design and materials
281 used for critical infrastructure and for housing, location and standards of
282 infrastructure, etc.).
283 • Social factors are normally linked to the level of well-being of individuals,
284 communities and societies (e.g., education levels, lack information on disasters,
285 rapid population growth, the existence of peace and security, good governance,
286 degree of respect for human rights, religious or political groupings, etc.).
287 • Economic factors include the economic status of individuals and communities
288 (e.g., lacking in diversity and competition for scarce resources, rapid urbani-
289 zation, inadequate access to basic socio-economic infrastructure, etc.).
290 • Environmental factors include the extent of natural resource depletion and data
291 on resource degradation (e.g., reduced access to clean air and water, inappro-
292 priate waste management, soil degradation, deforestation, etc.).

293 24.4 Tsunamis and Other Hazards Related to Sea Level Rise

294 Tsunamis are gravity long waves generated by impulsive geophysical events of
295 seafloor, volcanoes, asteroid impacts and landslides. They can be loosely grouped
296 into those that are generated beyond the continental margins (distant or teletsun-
297 ami), and those generated on or within the continental margins (local tsunami).
298 Local tsunamis are generated by seismic activity (earthquakes) and volcanic
299 activity and are likely to be in the order of 2.5–3 m above Mean Sea Level (MSL),
300 while distant tsunamis are estimated to have a maximum height of 3.6 m above
301 MSL (Palmer 2008). Figure 24.5 shows the global and relative plate motion in the
302 eastern Med. Sea which can be regarded as one of the main sources of seismic
303 hazards that cause tsunamis and SLR in this region.
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304 With regards to the SLR, it results in more frequent coastal flooding that
305 includes inundation of low-lying coastal areas caused by extreme tides and storm
306 surge. It varies as a function of location and time at all spatial and temporal scales
307 for many reasons. In particular, a global SLR has been evident at a rate of about
308 2 mm/year for the last century as determined from tide gauge records (Oliver-
309 Smith 2009). Global SLR refers to the average vertical rise across the world’s
310 oceans, while relative SLR is the net rise relative to the landmass in a region. The
311 relative SLR is the sum of the local subsidence (or uplift) of the coastal margin and
312 the absolute sea-level contribution in that region. Regional relative SLR, which
313 can be measured using tide gauges around the open coast, is what will affect us
314 locally rather than the average global SLR.
315 The last assessment IPCC report has given new estimates for SLR that range
316 18–59 cm until the end of the next century. These estimates exclude the contribution
317 of ice melting to the SLR, and include only the steric component of the SLR due to
318 the heating of the ocean waters and their consequent expansion. Therefore, the
319 numbers given by IPCC are only a lower limit of the SLR that one should expect, and
320 it concluded that there is a consensus that global average sea level has risen by about
321 1.7 mm/year during the 20th century (IPCC 2007). There is also evidence from
322 coastal tide gauges and satellite radar altimetry that the rate of increase of coastal and
323 global sea level has accelerated from the early 1990s to 3 mm/year. On the other
324 hand as shown in Fig. 24.6, it is predicted that with global warming, global average
325 sea levels may rise 7–36 cm by the 2050s, 9–69 cm by the 2080s, and 30–80 cm by
326 2100 (Boko et al. 2007). The majority of this change will occur due to the expansion
327 of the warmer ocean water (Nicholls and Tol 2006).

Fig. 24.5 The global seismic hazards and relative plate motion in the Eastern Mediterranean
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328 24.4.1 Tsunamis in the Mediterranean sea

329 Historical documentary sources of the Med. Sea region contain much information
330 about earthquakes and tsunamis as shown in Table 24.2, while, Fig. 24.6 depicts
331 the distribution of the Tsunamis centres that affected the Arabian coasts in the past.
332 Because of the active lithospheric plate convergence, this region is geodynami-
333 cally characterized by high seismicity and significant volcanism, and this can be
334 related to the surrounding tectonic sources is the Dead Sea fault system as shown
335 in Fig. 24.5. Furthermore, coastal and submarine landslides are quite frequent,
336 partly in response to the steep terrain that characterizes much of the basin. Some
337 studies have suggested that massive earthquakes which are greater than magnitude
338 8 may strike this region roughly every 800 years (Manca et al. 2003). However,
339 other studies outlined that not enough is known about these faults to predict how
340 often such quakes might strike (Fukumori et al. 2003).
341 The first known tsunami in the Med. Sea occurred in the Syrian region around
342 2000 BC, while the large tsunami that hit Alexandria and killing 50,000 people
343 was in 365 AD Weaker tsunamis have been observed more recently, notably the
344 one generated off the coast of Algeria in 2003. The tsunamis that hit the coasts in
345 the Mediterranean were faster despite travelling at lower speeds because the sea is
346 not as deep as those in the Pacific Ocean (Gerassimos et al. 2005). They affect not
347 only near-field localities, but also remote places in North Africa and in the
348 Mediterranean side of Middle East as shown in Fig. 24.8. Three critical aspects of
349 these tsunamis are: repeat times, maximum size, and zones of effects. However, by
350 far the most common cause is submarine earthquake (Synolakis 2003) which

African plate

Eurasian plate

Arabian 
plate

Med. Sea

Fig. 24.6 The distribution of the Tsunamis centres in the Med. Sea

Table 24.2 The historic records of the some Tsunamis in the Mediterranean Sea

The damaged city Magnitude Date

Alexandria: 50,000 dead 7.0 21/07/365
Beirut: Huge number of people and boats merged 7.2 09/07/551
Alexandria: Huge number of people and boats merged – 8/1/0303
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351 owning to its occurrence the earth’s crust experiences vertical deformations in the
352 form of uplift and subsidence.
353 Figure 24.7 demonstrates the strong affects and impacts of 365 AD Crete tsu-
354 nami waves that arrived at most of SCZ, while Fig. 24.8 illustrates a map of the
355 known tsunamigenic sources in the Mediterranean region and a relative scale of
356 their potential for tsunami generation calculated as a convolution of the frequency
357 of occurrence and the intensity of tsunami events. In this figure, West Med. Sea
358 (WMS), East Med. Sea (EMS), Aegean Sea (AS), Marmara Sea (MS), Black Sea
359 (BS), 1 = Alboran Sea), (2 = Liguria and Cote d’Azur), (3 = Tuscany),

Local  ( less than 100km)

Regional (100km to  400km)

Basin (more than 400km)

Mediterranean Tusnami Crete 365AD 

Fig. 24.7 The strong affect of the Tsunami in the Med. Sea (Papadopoulos 2003)

Fig. 24.8 The tsunamigenic zones of the Mediterranean Sea
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360 (4 = Calabria), (5 = Aeolian islands), (6 = Messina straits), (7 = Gargano
361 promontory), (8 = South-East Adriatic Sea), (9 = West Hellenic arc), (10 = East
362 Hellenic arc), (11 = Cyclades), (12 = Corinth Gulf), (13 = East Aegean Sea),
363 (14 = North Aegean Sea), (15 = Marmara Sea), (16 = Levantine Sea). The
364 tsunami potential of each one zone is classified in a relative scale according to the
365 frequency of occurrence and intensity of tsunamis (Papadopoulos 2003).

366 24.4.2 Sea Level Rise in the Mediterranean Sea

367 The SLR in the Med. Sea shows a strong variability in the last century, and
368 according to the satellite readings taken over just the last decade by the Topex-
369 Poseidon mission corroborate observations that sea level trends in this sea are not
370 uniform. As shown in Fig. 24.9, there are both areas of descent (the Tyrrhenian
371 Sea and the body of water south of Italy) and areas of ascent (the eastern Med.
372 Sea). In any case, with a rate of approximately 1.2 mm/year the observed rate of
373 rise is significantly lower than the global average. Based on measurements of
374 available tide-gauges the level in the Med. Sea has risen 1–1.5 mm/y since 1943
375 till the 1960s, and dropped few centimetres during the period 1960–1993. Then, a
376 quick SLR of 4–5 cm took place during 1993–2000, after this there was no change.
377 Climate figures during 1943–2008 (using marine observations) confirms that the
378 Med. Sea is becoming warmer, salinity is increasing due to a decrease in runoff
379 from the rivers that flow into their basins, and the SLR is accelerating. Since the
380 start of the 21st century this level has already risen by 20 cm (Yáñez 2010).

Fig. 24.9 Evolution in Med. Sea levels in mm/y from Jan. 1993 to Oct. 2004, according to the
Topex-Poseidon satellite mission
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381 This future rise during the 21st century will be mainly due to thermal expansion
382 (30 cm), and only to a lesser degree the result of the thawing of non-polar glaciers
383 (20 cm), and the Greenland ice sheet (10 cm) (IPCC 2001a). In addition, Med.
384 Coast is considered vulnerable to SLR induced-flooding due to its environmental
385 and socio-economic characteristics. It hosts valuable and sensitive habitats, such
386 as coastal wetlands, as well as densely populated and urban developed areas
387 and highly important economic sectors like tourism. However, SLR has been
388 widely neglected in coastal management and planning along most of this coast
389 (Christopher et al. 2006).

390 24.5 Factors of Hazards and Disasters

391 Disasters and hazards are tragic events to development process as they cause
392 losing lives, disrupting social networks, and destroying economics activities. They
393 can be narrowly confined to a locality or threaten entire regions, their intensity and
394 probability can differ by place and this has a considerable influence on the levels of
395 possible damage. They cut across many organizational, political, geographic,
396 professional, topical and sociological boundaries. Therefore, there is a necessary
397 need to integrate information and knowledge about them across many disciplines,
398 organizations, and geographical regions (Schmidt-Thomé and Kallio 2006).

399 24.5.1 The Common Factors of Hazards and Disasters

400 These factors play a large role in determining the severity and magnitude of a
401 disaster. They may be more or less applicable to any given society and contributes
402 to determining the vulnerability of this society to disasters. A brief description of
403 them can be outlined as follows: (1) Poverty which is the most important factor
404 that increases the vulnerability of people to disaster. (2) Uncontrolled population
405 growth that can lead to settlements in hazardous areas susceptibility to disease. (3)
406 Rapid urbanization and migration which has an inevitable consequence of com-
407 petition for scarce resources that can lead to man-made disasters. (4) Environ-
408 mental degradation that can cause or exacerbate many disasters (e.g., deforestation
409 leads to rapid rain runoff which contributes to flooding). (5) Lack of awareness and
410 information which is a crucial factor in disasters that can also occur when people
411 (who are vulnerable) have not been educated on how to get out of harm or take
412 protective measures at the inset of a disaster.
413 In this chapter, the drivers and factors of coastal change and hazards in general
414 and in Syria in particular will be discussed and analysed. They include: winds
415 (e.g., extreme storms), waves (e.g., wave climate), sea-level variability (e.g.,
416 seasonal, interannual ENSO and interdecadel IPO cycles), river flow (e.g., extreme
417 storms and base flows), storms and cyclones (e.g., incidence, intensity, tracks,
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418 storm surge), ocean and coastal currents, and the sediment supply to the coast (Fish
419 et al. 2005).

420 24.5.2 The Common Factors of Coastal Hazards
421 and Disasters

422 Coast is dynamic geographical feature and constantly changing as the land and sea
423 interact in a variety of ways. The future changes in land use in the coastal zone will be
424 dominated by the effects of climate change and global warming (Jeftic et al. 1992).
425 These major effects will be due to increasing sea level in combination with pos-
426 sible increases in the frequency and intensity of storms, change in patterns of
427 erosion and sedimentation, increased risk of flooding, and change in the distri-
428 bution and types of coastal habitats, etc. Within this context, the relative SLR can
429 mainly be caused by the physical and human factors. Physical factors can be
430 consisted of a combination of sea level change and vertical land movement,
431 geomorphology, storminess, waves, near shore currents, and tides, etc. On the
432 other hands, human factors are mostly related to the coastal engineering (e.g.,
433 coastal protection structures), land reclamation, river regulation works (e.g., dam
434 construction), marinas and commercial port development, and unregulated
435 dredging, etc. The main factors of the coastal zone changes can be represented by:

436 (a) Changes in SLR which is very likely to have a profound impact on the shape
437 and nature of the coastline. In terms of coastal hazards, it is the trend in
438 relative SLR that is important (i.e. the change in sea-level relative to the local
439 landmass), and the probable changes will include the coastal erosion and
440 flooding (IPCC 2001b).
441 (b) Coastal flooding (the inundation of land by seawater) occurs frequently in low
442 lying areas of the coast as a result of significant storm events coinciding with
443 periods of high tides, storm surge and high wave energy. In addition, rainfall
444 across catchments that raises river levels will add to the flood risk and par-
445 ticularly in the vicinity of river mouths with the coast (Komar 1998). On the
446 other hands, this flooding is the most devastating natural disaster because of its
447 rapid occurrence, little lead time for warning, and tremendous amount of water
448 flowing with high energy.
449 (c) Erosion and accretion along the coastline is common and have large effect on
450 its shape with time and interaction of the physical and human factors
451 (EUROSION 2004). The rates of erosion are variable due to the range of
452 controlling factors (rock properties, angle of wave approach, groundwater).
453 The predicted SLR (expected to be 0.14–0.18 m by 2050, and 0.31–0.49 m by
454 2100) could lead to a landwards retreat of the coastline of 15–20 m at beaches
455 along the coastline over the next century (Pilkey and Hume 2001).
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456 (d) Storm surges occur when low atmospheric pressure combined with strong
457 winds and are the greatest threat to life and property from a hurricane (Gulev
458 and Hasse 1999). Storm surge is an abnormal rise of water generated by a
459 storm over and above the predicted astronomical tides. The Hurricane Katrina
460 (2005) is a good example of the damage and devastation that can be caused by
461 surge (at least 1,500 persons lost their lives and many of those deaths occurred
462 as a result of storm surge). Typically coastal erosion and coastal flooding of
463 low lying land are associated with storm-surges.
464 (e) Extreme weather events are primarily ex-tropical cyclones and subtropical
465 storms that generate storm surges and this can raise the sea level by 0.5–0.7 m
466 (Berz 2005).
467 (f) Temperature rise which its effects can be seen in shallow estuarine waters and
468 salt marshes or wetlands (Shaw et al. 1998; Ellis et al. 2000).
469 (g) Global Warming and Climate Change are likely to affect most of the physical
470 processes that drive changes along coastal margins. ‘Climate change’ is
471 defined as any significant change or trend in climate-natural or human-
472 induced, and includes global warming. ‘‘There is new and stronger evidence
473 that most of the global warming observed over the last 50 years is attributable
474 to human activities’’, according to the (IPCC 2001c). Climate change will
475 eventually affect all the drivers, either directly, or through their interaction
476 with other drivers. For example, global ocean tides will be unaffected directly,
477 but tidal propagation characteristics in shallow estuaries and rivers may be
478 altered by deeper or shallower water depths (caused by changes in sediment
479 supply) and/or a higher sea level.
480 (h) Coastal habitats are highly important on all the levels, and not only because of
481 the scarce species of plants and birds that it supports, but also because they can
482 act as a natural dissipater of tidal currents and waves and hence protect sea
483 defences (Möller and Spencer 2002). They are under pressure from SLR, land
484 reclamation for development and coastal squeezes. These squeeze result in
485 steeper and narrower coastal zones when the ability of intertidal habitats to
486 migrate inland in response to SLR is impeded by fixed coastal defence
487 structures (Taylor et al. 2004).

488 24.5.3 Current and Future Drivers of Coastal Changes in Syria

489 The Syrian coastline (even it is short) has an array of geomorphological features:
490 sandy shores, cliffs and rocky shore, hilly and flat coastal plains, narrow and wide
491 coastal shelves, and wide variety of wetlands as shown in Fig. 24.3. Therefore, it is
492 important to distinguish between the different environmental drivers of physical
493 and ecological changes in coastal margins as follows:

494 (a) Global Warming and Climate Change Climate change impacts will vary
495 locally as a result of local and regional differences in both the physical forcing
496 functions (e.g., waves, winds, currents, sea level, etc.) and coastal types. Syria
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497 is not a major contributor in the emission of greenhouse gases, but like other
498 countries, it is affected by the impact of probable global climate change that
499 characterized by modifications in global precipitations and increased sea
500 levels. Syria has recognized the importance and threats related to climate
501 change and hence joined international efforts to combat them, ratifying the
502 United Nations Framework Convention on Climate Change (UNFCCC) in 10
503 December 1995, and signed the Kyoto Protocol on 4 September 2005.
504 Moreover, Syria has been openly realizing the importance of raising awareness
505 on climate change, which would help the implementation of proper measures
506 in order to reduce the possible negative impacts. The UNFCCC of 1992 is one
507 of the recent series of Conventions which most countries have joined to
508 combat this global challenge. The enabling activities for the preparation of
509 Syria’s initial national communication (INC project) are being implemented
510 by the Ministry of Environmental, in collaboration with the Global Environ-
511 mental Facility (GEF) and UNDP (Meslmani 2010).
512 (b) Sediment Supply Sediment sources and pathways sediments sinks can be
513 affected by several factors including: catchment geology and rainfall, river
514 flows, frequency and magnitude of storms river controls (e.g., dams,
515 abstraction for irrigation), sand and gravel extraction for aggregate, ocean
516 wave climate, prevailing winds, alongshore currents, the type of foreshore and
517 its sedimentary composition. Sediment scarcity enhances the effects of storms

Fig. 24.10 The Surface
water system in Syrian coast
‘‘Tartous and Lattakia’’.
(Main Rivers and Lakes are
surrounded by Red circle for
clarity)

498 H. A. Saleh and G. Allaert

Layout: T1 Standard SC Book ID: 310227_1_En Book ISBN: 978-3-642-40694-2
Chapter No.: 24 Date: 15-11-2013 Page: 498/536



U
N

C
O

R
R

EC
TE

D
PR

O
O

F

518 and SLR and may be more significant than both for erosion of dunes and
519 beach. In the Syrian Coastal Basin as shown in Fig. 24.10, the surface water is
520 the main source of the sediment supply.
521 (c) Flash Flood This disaster is a local problem and needs to be defined in its local
522 and regional context based on: timely observation of rainfall events; and more
523 demand on numerical weather prediction centres to produce more accurate
524 data. The Syrian coastal region prone to flash-flood caused by torrential rain,
525 and during the period 2009–2010, different parts in this region were subjected
526 to heavy rain storms leaded to flash floods.
527 (d) Seismic Deformation and Tectonic Changes can over a short time frame have a
528 much larger local impact on relative SLR than the gradual SLR expected from
529 global warming. Syria has a long history of seismic activity, and over
530 2000 years of recorded history reveal more than two dozen magnitude 7
531 earthquakes in the vicinity of these Eastern Mediterranean countries
532 (Ambraseys and Barazangi 1989). A major earthquake hit Syria on May 31,
533 526, killing approximately 250,000 people. The earthquake was followed by
534 many aftershocks and a great fire that destroyed most of the buildings left
535 standing by the earthquake. On 11 October, 1,138, another big earthquake

Turkey

Syria

Med. Sea

Fig. 24.11 The distribution of the historical seismology surface centres in the North of the West
Northern of Syria
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536 occurred in Aleppo and it killed 230,000 people in one of the deadliest seismic
537 events in world history. It was felt over a part of the Eastern Med. Sea, and
538 was accompanied by a tsunami. In 1759, a massive earthquake (estimated at
539 more than 7.0 on the Richter scale) destroyed Damascus and the Lebanese city
540 of Beirut. Today, the western region of the country continues to be the most
541 susceptible to seismic activity (Gomez et al. 2001).
542

543 The bulk of the seismicity—and most of Syria’s population—is concentrated in
544 western Syria, and is related to the Syrian-African fault system (Dead Sea Fault
545 System DSFS) between Antioch, Turkey, and the Gulf of Aquaba as shown in
546 Fig. 24.11. DSFS formed as a result of the breakup of the Arabian plate from the
547 African plate since the mid-Cenozoic, and is one of the largest continental strike-
548 slip faults in the World. It represents a key tectonic feature in the Eastern Med.
549 region. This call for critical evaluation of seismic hazard involving major cities in
550 Syria so that proper mitigation measures (both structural and non-structural) may
551 be undertaken before it is too late.

552 (e) Human activities and other factors These activities can be seen in coastal
553 developing and infrastructure, coastal engineering structures, beach and dune
554 nourishment, dredging (channels, inlets, canals), river modification (dams,
555 levees), fluid (oil, gas, water) extraction. Other factors, can be seen in storm
556 events (tropical storms, hurricanes, extra tropical storms), daily coastal pro-
557 cesses (waves, currents, and winds), geological framework and character,
558 geomorphology (slope and elevation) (Fanos 1995).
559 (f) SLR, coastal flooding and inundation impacts There is often confusion over the
560 difference between erosion and inundation under a SLR, because both cause a
561 loss of land from the coastal margin. Erosion involves the physical removal of
562 sediment from the beach by waves and currents and causing physical change in
563 the coastline structure. Inundation, by contrast, is merely the permanent
564 intertidal submergence of low-lying land or marsh and does not involve sed-
565 iment movement. However, inundation may facilitate erosion (Leatherman
566 2001). A rising MSL will initially cause more frequent coastal flooding of
567 peripheral areas of coastal margins by extreme tides and storm surge by the
568 mechanisms. In order to assess the possible impact of SLR on coastal areas, a
569 digital elevation model for the entire coastal zone (DEM) was built using the
570 ArcGIS software as shown in Fig. 24.12. A quick glance at this figure, may
571 suggest that Syria’s vulnerability to SLR is low due to the extensive lengths of
572 high rocky or cliffed coast. Also, in this figure with 5 m SLR, some cliffed
573 coasts are eroding at high rates such as in the north of Lattakia, which may
574 worsen with increased storminess and SLR.
575

576 However, the most vulnerable areas are where the urban centers, ports and
577 holiday resorts cluster around low-lying portions of the coastline, such as harbours,
578 estuaries, beaches, inlets and bays. The scenario for a tsunami with magnitude of
579 7.5 Richter and its centre 160 km from the coast is proposed. This will result in
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580 SLR caused by a wave that its high will reach till 15 m at the shore and its impacts
581 will expand till 5 km from the coast inside the region within 20 min. With just a
582 1 m rise in the Med. Sea, more than one million people are predicted to be
583 displaced and 1,000 km2 of agricultural land will be lost. These high risk areas
584 include parts of Lattakia, Tartoush, Banias and Jablieh. In addition, several other
585 areas, such as those near the Turkish and Lebanese borders have also been iden-
586 tified as risked zones. However, the impacts may cover many aspects including
587 impacts on water resources, agricultural and health resources, and the concentra-
588 tion will be on the city of Lattakia as will be discussed in Sect. 24.7.

Fig. 24.12 The SCZ
vulnerability to SLRs for
different heights
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589 24.6 The Common Effects and Impacts of Disasters

590 It may not be feasible to control nature and to stop the development of natural
591 disasters, but the efforts could be made to avoid them and minimise their effects on
592 human lives and infrastructure. For example, the effects of SLR will vary by
593 location and depend on a range of physical, biological characteristics, and socio–
594 economic factors as will be discussed in the following sections.

595 24.6.1 Social Impacts

596 Disasters destroy social network and other impacts can be related to the unem-
597 ployment: people lost their jobs and forced to migrate to major cities causing
598 problems and loss of security. For example, the heat wave of the summer 2003
599 claimed lives of 70,000 deaths in most European countries (EEA-JRC-WHO 2008),
600 and the 1999 Izmit (Turkey) earthquake claimed lives of more than 17,000 fatalities.
601 With regards to the social and cultural impacts of SLR, they can be discussed and
602 analysed in terms of how resource use will be affected leading to displacement and
603 resettlement, and how these changes will affect social relations regarding orienta-
604 tions toward the customary environments.

605 24.6.2 Economic Impacts

606 Disasters cause serious impact with direct and indirect losses on the economy by
607 reducing the productivity of the national economy (infrastructures, commerce,
608 industry). For example, the economic toll of natural hazards in Europe during
609 1998–2009 amounted to approximately 150€ billion (EM-DAT 2010).

610 24.6.3 Environmental, Physical, Ecological, and Geographic
611 Impacts

612 These impacts can be seen on water, land/soil, crops, lake, forests, livestock,
613 wildlife, atmosphere, energy, pollution, etc. The primary ecological impacts will
614 stem from a rise in temperature, inundation by a higher sea level, and a loss of
615 habitat from increased siltation in some estuaries and harbours, while in others
616 there will be a loss of intertidal areas caused by constraining shoreline protection
617 structures or embankments. The most serious physical impacts of SLR on coastal
618 margins can be: (1) coastal inundation causing landward movement of estuaries,
619 wetlands and marshes, (2) coastal erosion and shoreline change through sediment
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620 movement, (3) increased vulnerability to coastal storm damage and flooding, (4)
621 increasing difficulty draining coastal and river lowlands, (5) the possibility of
622 increased sediment loads to estuaries, with projected increases in rainfall intensity
623 and run-off, (6) surface water, river water and groundwater in lowlands increas-
624 ingly becoming saltier from seawater intrusion, etc. Vast areas of scarce land into
625 the rivers and the ocean were lost due to erosions (Bell et al. 2001).

626 24.7 The Main Effects and Impacts of Local Sea Level Rise
627 Scenarios: Focus on Lattakia City

628 SCZ constitutes particularly important regions economically, socially and cultur-
629 ally. In addition to increased tourism activities, tremendous move towards building
630 new industrial complexes such cement and textile factories, power stations, petrol
631 refineries, etc. This zone is therefore particularly vulnerable to the impact of SLR
632 due to its relatively low elevation, salt water intrusion, soil salinization, excessive
633 erosion rates, the deterioration of coastal tourism and the impact of extreme storms
634 and flash floods. This in turn will directly affect the agricultural productivity and
635 human settlements, management and access to archaeological sites, reduce tour-
636 ism, and result in socio–economic impacts on the inhabitants of these areas. In
637 addition, this coastal zone suffers from a number of problems, including a high rate
638 of population growth, unplanned urbanization, land subsidence, land use inter-
639 ference, ecosystem pollution and degradation and lack of appropriate institutional
640 management systems.
641 Lattakia has the main harbour and hosts about 30 % of the country’s industrial
642 capacity. This city is located in the northern western part of Syria with 229,690 ha
643 of hilly terrenes, and total population about 1,350,000 (2010); 9.1 % working on
644 the agricultural, 0.4 % fishing, and the rest working on industry, commerce, and
645 professional skill, etc. In addition to the main port, there are 5 fishing ports with
646 677 fishing boats and 1,500–1,800 fishing men. Other vulnerable cities are
647 Tartous, Banias, and Jablieh. Figures 24.13 and 24.14 illustrate the two scenarios
648 for a SLR for 1 m and 5 m respectively, while Table 24.3 shows six scenarios that
649 were developed for a SLR ranging from very low to extreme risk. The likely
650 inundated sea shore area varies between 17.56 km2 in a very low risk scenario to
651 118.90 km2 in an extreme risk scenario. The results of these scenarios indicate that
652 different segments of the coastline are vulnerable to a SLR as a consequence of
653 expected climate change. This rise would have an impact on beaches, urban set-
654 tings, and agricultural zones. Moreover, additional problems may arise due to salt
655 water intrusion and increase in water and soil salinity. The socioeconomic impact
656 of a SLR on coastal lowlands would vary depending on the flood levels, the degree
657 of land use and development activities. Applying the extreme risk scenario shows
658 that nearly 3.8 % of coastal populations will be affected by a SLR.
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659 24.7.1 Population Impacts

660 Population increase was accompanied by a remarkable increase in population
661 density in most Syrian governorates between 1970 and 2007, and the average
662 population density was 34 inhabitants/km2 in 1970 and increased to 49 inhabit-
663 ants/km2 in 1981. As shown in Fig. 24.16 there is a clear disparity in the levels of
664 population density from one governorate to another, since the highest density was
665 noted in the Damascus governorate, with 7,090 inhabitants/km2 in 1970 and with
666 the very high figure of 13,152 inhabitants/km2 in Damascus in 2006. The gov-
667 ernorates of Lattakia and Tartous also registered high densities reaching
668 383 inhabitants/km2 in Lattakia, and 376 inhabitants/km2 in Tartous. It was also
669 noted that Lattakia’s population would be most severely impacted by SLR within
670 the SCZ. With a 1 m SLR, approximately 8 % of Syria’s population would be
671 impacted, and most of this impact takes place in the Lattakia which will have 15 %
672 of it affected with a 5 m SLR. The proposed scenario of SLR in Fig. 24.15 will
673 make Lattakia a disastrous city as most of the population density is concentrated
674 on narrow area of the cost with width of 4.5 km. Table 24.4 shows the different
675 heights of some areas which receive various effects according to their heights.
676 Syrian coastal population is exposed to the effects of SLR as the population is
677 expected to double before the year 2050.

Fig. 24.13 The Lattakia’s
coast line vulnerability to
SLR with 1 m high
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Fig. 24.14 The Lattakia’s coast vulnerability to SLRs with different heights

Table 24.3 Inundated areas in 2100 according to various scenarios of a SLR

Scenario Trend (cm/year) Variation 2000–2100 (cm) Inundated area (km2)

Very low 0.6 63 17.56
Low risk 0.9 90 20.27
Moderate risk 1.3 130 23.89
Intermediate risk 1.9 1.9 27.57
High risk 2.5 250 30.35
Extreme risk [5 500 up to 750 118.90
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Fig. 24.15 The main Governorates and population density in Syria

Table 24.4 The heights of some areas in Lattakia and their distances from the shore that might
subjected to various impacts of SLR

The main locations in the city Height from the sea (m) The distance from the shore (km)

Industrial City 7 4.5
The Sporting City 5 0
The Castle 75 1.5
Tishreen University 18 1
The Tobacco Factory 2 0.5
The Southern Sand Area 12 0.65
The Blue Coast Area 3 0
Al-Hussaynee Street 43 1
Saed Zaghloul Street 23 0.5
Abid Nasser Street 10 0
The Besnada Area 85 4.5
The Damsarkhou Area 8 1.5
The Southern Kournesh 30 0
The Main Train Station 15 1.8
The Bahlolieh town 177 15
The Qanjerah town 64 5.25
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678 24.7.2 Environmental, Health and Socio–Economic Impacts

679 The Med. coast is considered particularly vulnerable to SLR-induced flooding due
680 to its environmental and socio–economic characteristics. It hosts valuable and
681 sensitive habitats, such as coastal wetlands, as well as densely populated and urban
682 developed areas and highly important economic sectors like tourism. However,
683 continuous SLR is expected to enhance rates of erosion of north Lattakia city’s
684 coastal zone, and the contingency plans that suggested by the GoS which aim to
685 protect the tourism industry in the first place, but are not directly related to the
686 impact of climate change and SLR. Additional adaptation measures are needed to
687 target climate change and that this will be less expensive for the tourism industry
688 than losing the beach completely. Loss of beaches will reduce the number of
689 tourists in coastal areas, forcing tourism dependent individuals and communities to
690 abandon their settlements and look for jobs elsewhere. The risks may be partic-
691 ularly severe in poor neighbourhoods and slums, where infrastructure is poorly
692 designed. Generally, fundamental and low-lying installations in Lattakia are
693 threatened by SLR and the recreational tourism beach facilities are endangered of
694 partial and even full loss. Moreover, increased water logging and salinity may
695 catalyse insect and pest problems causing health problems (Muslemani 2010). It
696 may lead to group migration of farmers looking for jobs somewhere else. Nearly
697 2,000 agricultural families (and another 4,000 in the case of the extreme scenario)
698 will be in danger of losing their economic subsistence.
699 Direct and indirect implications on the socioeconomic systems are important
700 factors that have to be taken into consideration. The loss of land productivity will
701 force a large number of farmers and/or fishermen to move away from the non-
702 fertile land or fishing grounds and go searching for jobs. Table 24.5 shows possible
703 economic losses due to a rise in sea level of 2.5–3 m. Reducing vulnerability to
704 such threats is a major challenge to sustainable development and land use strat-
705 egies. Coastal defence engineering is costly, while managed coastal retreat implies
706 sacrificing private property and usable natural resources. In this study, the avail-
707 able land-use data, topographic and socio-economic data were used to calculate the

Table 24.5 Possible
economic losses due to a SLR
of 2.5–3 m along the SCZ

Scenario Total economic loss
(in millions of S.P.)

Citrus plantations 13,205
Olives 432
Greenhouses 8,303
Crops 15,023
Forest 191
Sandy soil 1,800
Urban areas 10,900
Total 49,854 & 1 Millions USD
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708 approximate numbers of people expected to be affected by SLR. It is estimated that
709 with a SLR of 1 m in Lattakia will cause a displacement of almost 350,000 people
710 and the loss of about 10,000 jobs. Also, changes in the ecological system of lakes
711 will reduce fish catches and drive away a large portion of fishermen and their
712 dependants.

713 24.7.3 The Impacts on the Water Resources

714 Syria is one of the Mediterranean countries that has proved vulnerable to water
715 stress caused by climate change and SLR. A combination of salt water intrusion
716 due to SLR and increased soil salinity due to increased evaporation are expected to
717 have direct impact on quality of shallow groundwater supplies and drainage
718 conditions, agricultural productivity and socioeconomic and health implications.
719 SLR is expected to cause a landward shift of the salt wedge and to increase the rate
720 of saline seepage to the topsoil of the coastal region. The main source of water in
721 the coastal region is the surface water and due to the high rate of rain full that feed
722 the springs rivers. The main coastal rivers are: the Northern Big Rive with length

Fig. 24.16 The hydrological basin of the Lattakia city and its surroundings
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723 of 96 km, the Southern Big River with length of 56 km, the Sin River with length
724 of 6 km. Also, there are many lakes and surface dams with storage capacity of 357
725 MM3. The accelerated SLR and the stronger influence of tidal flows penetrating
726 these lakes will enhance the changes in the salinity conditions of these lakes which
727 may affect their ecology and fisheries as shown in Fig. 24.16.
728 During the last decades, after the construction of the several dams, sediment
729 input in some parts of the coast has been strongly reduced, and this resulted in
730 serious shore erosion and salt water intrusion. Moreover, the construction of
731 human-made waterways for irrigation and transportation has trapped an already
732 depleted sediment supply to the some large coastal zones. The protective sand belt
733 of some parts of the SCZ is facing rapid erosion, which has been a serious problem
734 since the construction of the several earth dams on these rivers. SLR is expected to
735 destroy weak parts of this belt, which is essential for the protection of lakes and the
736 low-lying reclaimed lands. The impacts will be very serious as an important part of
737 Syria’s fish catches are made in these lakes.

738 24.7.4 The Impacts on the Agricultural and Food Resources

739 The agricultural sector plays a significant role in the Syrian national economy
740 contributing about 30 % of the GDP. It supplies the overall food needs of the
741 country and provides the domestic industry with agricultural row materials. It is
742 expected that with a 1 m SLR, approximately 8.5 % of Syria’s agricultural extent
743 would be impacted, and this percentage reaches 25 % with a 5 m SLR. Livestock
744 and fisheries are also vulnerable to the impacts of climatic changes and SLR.
745 Moreover, climate change will probably affect water resources and that might pose
746 another problem for agricultural and food production. It was deduced that the large
747 incremental impact of SLR on agricultural areas in SCZ arises in Lattakia and its
748 surroundings as shown in Fig. 24.18.
749 It is very difficult to precisely evaluate the socioeconomic impact of SLR on

750 local communities in affected areas. Based on land use categories in these
751 areas, a rough examination of economic losses as a result of SLR alone reaches

Table 24.6 Impacts of SLR on Land-use/Cover

Scenario Very low risk: 0.6 m Extreme risk: 5–7.5 m

Land cover Area in sq km Area in sq km
Citrus and other plantations 3.14 37.51
Forest 0.41 2.21
Olives 0.19 1.51
Greenhouses and field crops 2.05 33.63
Sandy soil 0.99 7.98
Urban areas 5.12 16.73

24 Disaster Management and Risk Reduction 509

Layout: T1 Standard SC Book ID: 310227_1_En Book ISBN: 978-3-642-40694-2
Chapter No.: 24 Date: 15-11-2013 Page: 509/536



U
N

C
O

R
R

EC
TE

D
PR

O
O

F
752 50 billion Syrian Pounds as shown in Table 24.6. This figure represents direct
753 average economic losses resulting from permanent disappearance of 4,108 ha of
754 agricultural and forested areas, 450 ha of beach and 1,090 ha of urban area.
755 However, these losses may go down to 10 billion S.P. in case of a SLR of
756 0.6 m and may reach 84 billion S.P. if the extreme SLR scenario is justified
757 (FAO 2007) (Fig. 24.17).

758 24.8 Disaster Management Cycle and Risk Reduction
759 Measures

760 Disaster Management (DM) is a multidisciplinary area that involves monitoring,
761 preparing, warning, forecasting, supporting, evacuation, search and rescue and
762 then re-building society when disasters occur. It requires response, incident
763 mapping, establishing priorities, developing and implementing action plans to
764 protect lives, property, and environment. Several and exact interconnecting steps
765 are typically required to generate the type of action that needed by the DM
766 community (Alexander 2002). With regards to the Risk Reduction (RR) measures,
767 can be defined as any system, procedure, process or device that are intended to

Fig. 24.17 The informal expansion of the Lattakia city and the expected effected agricultural
areas by the SLR
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768 eliminate hazards, prevent hazardous incidents from occurring or reduce the
769 severity of consequences of any incident that does occur. These measures can be
770 recognised while identifying hazards and employers should be able to identify a
771 range of control measures immediately, both the existing measures and possible
772 alternatives. The following sections present the general framework for the DM
773 cycle and all its phases that differ according to the type of a disaster.

774 24.8.1 Disaster Management Phases

775 DM activities, generally, can be grouped into six main phases that are often
776 illustrated in the so-called risk or DM cycle. These phases are related by time and
777 functions to each other, and to all types of emergencies and disasters. Each phase
778 involves different types of skills and data from a variety of sources, and the
779 appropriate data has to be gathered, organized, and displayed logically to deter-
780 mine the size and scope of DM programs. Figure 24.18 depicts the framework for
781 DM cycle with its six phases as follows:

5) Recovery (Rehabilitation & 
Reconstruction) 
- Recovery and early damage assessment
- Re-establishing life-lines transport & 
communication infrastructure
- Reinforcement & relief management capability

6) Post Disaster 
- Lessons learned
- Scenario update
- Socio-economic & environment 
impact assessment
- Spatial (re)planning

1) Prevention & Mitigation
- Hazard prediction & modelling.
- Risk assessment & mapping
- Pre-disaster & spatial planning
- Structural & non-structural measures
- Public awareness & education

4) Response
-Dispatching of resources 
- Emergency telecom
- Situational awareness
- Command control coordination
- Information dissemination
- Rescue & Emergency healthcare

3) Alert
-Real time monitoring & forecasting
- prediction & early warning
-Secure & dependable telecom
-Scenario identification
-All media alarm

2) Preparedness
-Scenarios development
- Emergency Planning
- Training 
- Food & medical supplies

Disaster

Information 
Commuincation 

Technology
ICT 

is used during most of
 all the  phases of the

disaster cycle

Fig. 24.18 The disaster management cycle
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782 24.8.1.1 Prevention and Mitigation Phase

783 Prevention and mitigation phase represents the reduction of long-term risk to
784 human life and property from any kind of hazard taking place before the disaster
785 occurs. It includes pre-disaster activities that prevent a disaster, identify and assess
786 the risk, minimize the possibility of its occurrence or reduce its potential effects.
787 These activities can consist of: registering past disasters and major natural events,
788 carrying out precise studies that include specific geological and climatic hazards
789 and their causes in the national or regional setting, updating of hazard maps and
790 vulnerability profiles, determining and analysing the potential, origin, character-
791 istics and behaviour of the hazards. Other post-disaster legislative activities that
792 requires building codes in earthquake prone areas, limits building in earthquake,
793 and insurance programmes (Pearce 2003).

794 24.8.1.2 Preparedness Phase (Preparation and Emergency
795 Management)

796 Preparedness and emergency management phase which is a short term action
797 includes measures taken in advance to ensure effective response to the impact of a
798 hazard. These measures should be undertaken as soon as a disaster warning has
799 been received, and are related to timely and effective warnings, evacuation, and
800 temporary property protection. The preparations on how to respond in case of an
801 emergency to save lives and minimize disaster damage have to be made and
802 developed by several complementing bodies such as governments, organizations,
803 and individuals. Some non-exhaustive examples of these preparations are; building
804 up and strengthening local and national disaster preparedness capabilities,
805 implementing developmental plans that provide resilience to disasters, carrying
806 out and mounting training disaster preparedness exercises, and installing EWS.

807 24.8.1.3 Alert Phase

808 Alert phase supports EW process such as real time monitoring and forecasting,
809 secure and dependable telecom, and all media alarm. An effective EWS can be
810 achieved by the provision of timely and accurate information through identified
811 institutions that allow groups and individuals exposed to a hazard to cooperate and
812 take serious actions that avoid or reduce the risk and prepare for effective response.
813 Some practical studies has been carried out in the domain of flood control and
814 management using decision support system based dynamic optimisation and
815 spatial planning (Saleh and Allaert 2009b).

512 H. A. Saleh and G. Allaert

Layout: T1 Standard SC Book ID: 310227_1_En Book ISBN: 978-3-642-40694-2
Chapter No.: 24 Date: 15-11-2013 Page: 512/536



U
N

C
O

R
R

EC
TE

D
PR

O
O

F

816 24.8.1.4 Response Phase

817 Response phase is the implementation of set of actions that provide short-term
818 emergency aid assistance for causalities and save lives during and immediately
819 following the occurrence of the disaster. These actions can include: search and
820 rescue operations, evacuation, emergency medical services, emergency shelter,
821 medical care, and mass feeding, etc. Response mechanisms refer to the actions to
822 be taken and pre-planned for disasters between the community and the responding
823 agencies. These mechanisms allow for a structured response to different disasters
824 and ensure that response actions and resources are not duplicated (Murphy and
825 Gardoni 2007).

826 24.8.1.5 Recovery Phase (Rehabilitation and Reconstruction)

827 Recovery phase represents the final step of post-disaster actions within the DM
828 cycle and starts when the disaster is over. This phase includes actions that assist a
829 community to recover and restore the living conditions of the affected population
830 and then return to a sense of normal after a disaster. These actions are divided into
831 main two sets:

832 • Short-term recovery actions that restore services and systems and return their vital
833 life support to minimum operating standards. These actions can include cleanup,
834 assuring injured people have medical care, temporary housing or shelter to citi-
835 zens who have lost homes in the disaster, access to food and water, etc.
836 • Long-term recovery actions that may continue for a number of years until the
837 entire disastrous area is either completely restored or redeveloped for entirely new
838 purposes (that are less disaster-prone). These actions can include community
839 planning, replacement of homes, water systems, bridges, developing measures for
840 future prevention (e.g. watershed management, resource conservation, etc.).

841 24.8.1.6 Post Disaster Phase

842 Post Disaster phase includes lessons learned, scenario update, socio-economic and
843 environment impact assessment, Strategic Environment Assessment (SEA) and
844 spatial re-planning (Oliver-Smith 1992). With regards to the this phase and to the
845 obtained results related to the SLR, it has been stated that the Government of Syria
846 (GoS) had been working for the past 30 years on sea erosion reduction and shore
847 protection measures particularly by constructing dams on the main rivers in the
848 coastal areas. Furthermore, water institutions and centres are working on all the
849 aspects to reduce or eliminate some of the negative impacts of SLR on water
850 resources. It has planned to improve water sanitation coverage for urban and rural
851 areas, and optimise the use of water resources by improving irrigation efficiency
852 and agriculture drainage-water reuse. There is an urgent need to construct concrete

24 Disaster Management and Risk Reduction 513

Layout: T1 Standard SC Book ID: 310227_1_En Book ISBN: 978-3-642-40694-2
Chapter No.: 24 Date: 15-11-2013 Page: 513/536



U
N

C
O

R
R

EC
TE

D
PR

O
O

F

853 sea walls to protect beaches from SLR. In addition, several measures could be
854 utilised to deal with the impact on the coastal zone corridor, including beach
855 nourishment (deposition of sand onto the beach), construction of breakwaters,
856 setting regulations to restrict development in vulnerable areas, changes in land use
857 and Integrated Coastal Zone Management (ICZM) principals.
858 With regards to the SEA, which is a decision-aiding tool, can effectively
859 complement the process of strategic planning of the post disaster phase. It can be
860 considered a dynamic process in which the environmental considerations are
861 assessed and reassessed as they are changed or adapted, then investigating all the
862 significant environmental effects and considering relevant alternatives for making
863 decisions. The main focus is ‘‘How SEA can effectively be linked to planning in
864 order to contribute to DRR in SCZ?’’ This can be achieved by answering the
865 following question: How can implementation of SEA strengthen the efforts to
866 integrate environmental considerations in planning the current and future master
867 plan of the city of Lattakia? With regards to the environmental pollution problems
868 in this city are solved by introducing environmental management techniques such
869 as control of pollution at source and providing of sewage treatment facilities, etc.
870 However, environmental risks are not being controlled completely by such solu-
871 tions. Presently, in some cities, the environmental aspects are not usually con-
872 sidered while preparing master plans or regional plans and the process is skewed
873 towards developmental needs. The environmental aspects are to be induced into
874 each of the developmental activities at the planning stage itself and are to be well
875 co-ordinated and balanced. The present work details the need for usage of envi-
876 ronmental planning as a tool for environmental protection and the priority actions
877 needed to be taken in Syria.
878 Problem analysis and necessary measures can be determined after planning
879 alternatives have been assessed. The more complex the alternatives are, the more
880 likely formalised assessment methods like cost-benefit analysis or value-benefit
881 analysis have to be taken into consideration. After the discussion of all alternatives
882 has been completed, the third phase of the planning process can begin. The
883 relationship between comprehensive spatial planning and sectoral planning divi-
884 sions is a crucial factor for mitigating spatial risks. In the following section, risk
885 assessment and management will be understood as the systematic application of
886 management policies, procedures and practices to the task of identifying, ana-
887 lysing, assessing, treating and monitoring risk. Figure 24.19 depicts the proposed
888 geographical locations of the expanding and re-planning the city of Lattakia
889 considering some control measures of the impacts of SLR and other related haz-
890 ards such as building some dams to control the flash flooding, and where to build
891 the settlements far from the effect of industrial city and the effect of SLR.
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892 24.8.2 Disaster Management and Disaster Risk Reduction
893 Planning Activities

894 The square of the Lattakia city was doubled 4 times in less than of 40 years, and
895 this indicate that the city is great centre, but in the absence of the regional planning
896 and DM. For the proposed master plan for the city of Lattakia as shown in
897 Fig. 24.20, the main steps of DM planning process will be described and com-
898 plemented by a description of how the steps of risk assessment and management
899 can be integrated into the spatial planning process for the city to reduce the risk of
900 SLR and other related hazards.
901 During the DM planning process, several steps have to be considered to bring
902 DRR and development planning concerns closer as follows: (1) The collection step
903 of basic data on disaster risk and the development of planning tools for tracking the
904 relationship between development policy and disaster risk. (2) The dissemination
905 step of best practice in development planning and policy for reducing disaster risk.
906 (3) The assessment step for providing a climate change scenario, and consisted of:
907 (a) hazard assessment (historical profile of disasters, predications of trends in natural
908 disasters related to climate change), (b) vulnerability assessment (geographical
909 locations, transportation networks, communication networks, shelters in the event of

Fig. 24.19 The proposed geographical locations of the expanding Lattakia city considering some
control measures of the impacts of SLR and other related hazards
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910 disasters, water and sanitation, health, livelihood), (c) capacity assessment (DM
911 plans in project areas, coping strategies of communities, role of people in activities
912 of mitigating disaster impacts, proposed adaptation measures). (4) The planning step
913 is to find safer master plans through integration development plan into DRR. This
914 step can include finding scenarios for training (climate change, codes) and identi-
915 fication of issues and properties. (5) The implementation step of the proposed plan
916 through several projects (with cooperation of co-financing with local governments).
917 These projects can include construction of shelters, roads, sanity, distribution of
918 rescue and warning equipment, etc.

Fig. 24.20 The master plan of the Lattakia city
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919 24.8.3 Advances in Disaster Risk Reduction
920 and Management

921 In recent years, policies for disaster risk reduction and management have shifted
922 from defence against hazards (mostly by structural measures) to a more compre-
923 hensive and integrated risk approach (as shown in Fig. 24.20). Within Integrated
924 Risk Management (IRM), the full DM cycle should be taken into consideration
925 when dealing with any type of disaster. The implementation of IRM is currently
926 taking place at both international and national levels and is promoted by several
927 initiatives (IDNDR 1999). In the 2005 World Conference on Disaster Reduction,
928 Hyogo Framework for Action (HFA) was launched as a global plan for building
929 the resilience of nations and communities to disasters during the period
930 2005–2015. HFA has been adopted by 168 governments (including Syria) with
931 aim to reduce losses from disasters substantially by 2015 in terms of lives, social,
932 economic and environmental assets of communities and countries. More specifi-
933 cally, the three goals of HFA are: the integration of disaster risk reduction into
934 sustainable development policies and planning, the development and strengthening
935 of institutions, mechanisms and capacities to build resilience to hazards, and the
936 systematic incorporation of risk reduction approaches into the implementation of
937 emergency preparedness, response and recovery programmes.
938 According to the national report on the status of progress in the implementation
939 of the HFA in Syria (2009–2011) (SYR-HFA 2011), http://www.preventionweb.
940 net/english/hyogo/progress/reports/v.php?id=17404&pid:223//substantial work has
941 been done on this subject at national, regional and international levels, and can be
942 classified as follows:

943 1. The development of legislation governing the structure and operation of DM,
944 incorporating the subjects of preparedness and DRR in government develop-
945 ment plans and linking it with the sustainable development process.
946 2. The database for hazards is being analyzed to be used in the future regional
947 planning, also work is undergoing on improving coordination and cooperation
948 between various stakeholders to unify and develop this database.
949 3. There are EWSs being developed for different types of risks such as wild fires
950 through installing new equipments for predicting the occurrence of fires, and
951 EWSs for oil spills and oil pollution on beaches. With regards to EWS
952 towards drought, work is under going to use remote sensing, and automated
953 monitoring system for meteorology which can help in predicting dust storms.
954 In addition to the above, there is an EWS for predicting earthquakes placed
955 near seismic faults.
956 4. With regards to the professional DRR education programmes, an MSc degree in
957 the field of disaster and risk management in cooperation with Damascus Uni-
958 versity has been established. It aims to prepare specialized team in disaster
959 prevention and response in which the author of this chapter has been partici-
960 pating in establishing the course and teaching activities.
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961 5. The cooperation and strengthening partnerships between the public and private
962 sector are reflected in the modern industrial cities through the identification of
963 risks and prevention procedures. In addition to that the private sector puts under
964 the disposal of governments agencies concerned with disaster mitigation all the
965 available capabilities such as materials, equipments and human resources that
966 can enhance the ability of society to response and reduce the risks.
967 6. Laws and legislations have been put under implementation to ensure the safety
968 of hospitals, schools and other governmental constructions. Also, the executive
969 instructions have been issued to ensure correct construction and taking into
970 account public safety conditions in all buildings that are newly created. In
971 addition, effective interests have been carried out in schools through the system
972 of preventive maintenance and periodic inspections.
973 7. The 11th Five Year Plan (FYP) (2011–2015) had added a clear strategy for
974 safety through prevention, EW, preparation, response, recovery and rehabili-
975 tation. It includes DRR in its strategies, but the essential point is in the
976 implementation of these strategies and the availability of necessary funds.
977

978 The overall challenges that face the GoS in proper implementation of HFA are:
979 there is still lack of knowledge towards DRR on different levels, and the emer-
980 gency management plans are still lacking the prevention phase of the DM
981 lifecycle.

982 24.8.4 Complementing Disasters Risk Management

983 This section focuses on capacity building in relation to disaster risk management,
984 and includes principles for training and tools that can be useful to build up skills at
985 all levels. It presents the most recent processes that have been made through
986 advances in EW and observing systems, communications, and how this is helping
987 to understand the physics of hazards and promote integrated observation and
988 modelling of the disaster. In addition, it outlines the use of the field tools and data
989 cross-checking in identifying hazards and vulnerability. Then, it discusses the role
990 of good governance, decision support and advocacy in providing proper process of
991 implementation of the whole DM cycle.

992 24.8.4.1 Capacity Building

993 Within the context of the DM, the capacity building can be defined as ‘‘the efforts
994 aimed to develop human skills or societal infrastructures within a community or
995 organization needed to reduce the level of risk’’ (ISDR 2005). It is essential that
996 human and institutional resources are adequately trained to reduce disaster risks.
997 Building national capacity for natural disaster mitigation and management can
998 take the form of advisory services, training, workshop, field projects and
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999 publications, and accesses to technology or other forms of technical assistance
1000 intended to improve institutional efficiency, etc.

1001 24.8.4.2 Geo-Information Technology

1002 In recent years, the focus of DM community is increasingly moving on to the more
1003 effective utilization of advanced geo-information technologies that enable com-
1004 munities at risk to prepare for, and to mitigate the potential damages caused due to
1005 disasters. Using these advanced technologies, a real-time EW network has been
1006 designed to consider the real life applications of DM as shown in Fig. 24.21. This
1007 network utilizes the strengths of the most advanced geo-information technologies
1008 and centralized databases, dynamic optimisation and geospatial models, data
1009 collection, internet, information communication technology, and expert systems,
1010 etc. EWSs can help to monitor natural hazards, plan response activities, identify
1011 affected populations and their needs, assess the flexibility of existing instruments
1012 or the functioning of markets or facilitate targeting of beneficiaries. This will have
1013 potential to provide valuable support to decision making through providing and
1014 representing spatial data, and dynamic models in analysing and representing
1015 temporal processes that control the disaster. More information about the scientific
1016 research based dynamic optimisation and geo-information technologies for
1017 DM&RR can be seen in (Saleh and Allaert 2011).

1018 24.8.4.3 Field Tools and Data Cross-Checking (DRR in Practice)

1019 It is assumed that any information gathered in the field will be cross-checked
1020 where possible with other existing data sources (e.g., government, NGOs, Red

Geo-Information Technology (GIS, GPS, RS, processing etc)

Central Database

Data processing 
and analytical 

centre

User interface (Optimisation, 
Forecasting, Simulation, Modelling)

Fig. 24.21 The real-time warning network and its database structure
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1021 Cross/Crescent organisations, geological surveys, meteorological data, health
1022 records, International Crisis Group publications, newspapers and academic jour-
1023 nals, etc.).

1024 24.8.4.4 Good Governance, Decision Support and Advocacy

1025 Governance is the proper process of decision-making and implementation of the
1026 whole DM cycle. It brings together the actions of several actors at all levels,
1027 including ministries, international organizations, research institutes, universities,
1028 and NGOs. Advocacy can be thought of as a means of favourably influencing the
1029 wider political, economic, social and environmental context where these factors
1030 contribute to the vulnerability of a community. With regard to the legal aspects and
1031 key players in Syria, an integrated legislative and managerial base covering the
1032 entire SCZ does not exist. The development of coastal governance based on the
1033 principles of ICZM is an ongoing process in Syria as will be seen in the Sect. 24.10.

1034 24.9 Risk Assessment (Hazard and Vulnerability Analysis)

1035 Within the concept of DRR, risk assessment is carried out to identify which
1036 hazards are more likely to occur and to have the biggest impact on a community’s
1037 or individual’s assets. It is a systematic tool to integrate science with state-of-the-
1038 art geo-information technology to better understand the complex interaction of
1039 hazards, community and infrastructures, and then to help managing individuals
1040 safety risks.

1041 24.9.1 Components of Risk Assessment

1042 The main components of risk assessment are hazard analysis and vulnerability
1043 analysis that allow assessing the risk facing communities. This can be done by
1044 identifying the hazards which are most likely to occur within a given time-frame
1045 and to determine which of them will have the greatest magnitude of impact on the
1046 assets and livelihood options of a community. Over time, some changes can occur
1047 in terms of vulnerability of a community, types, causes, and intensity of the
1048 hazards that are face. Therefore, hazard analysis is concerned with identifying the
1049 underlying causes that influence the occurrence of hazards and provides more
1050 details about their frequency, seasonality, geographical area of the hazards’
1051 occurrence, etc. The importance of undertaking a hazard analysis can be illustrated
1052 by looking at the specific hazard of a SLR occurring in the East Med. Sea. There is
1053 high probability that the SCZ will experience a SLR sometime in the future, but as
1054 they are very infrequent, the likelihood in any one year of experiencing a SLR is
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1055 very low. However, when the underlying causes that create SLR are studied, a
1056 more informed picture begins to emerge as shown in Sect. 24.5.3.
1057 The hazard analysis usually includes: (a) hazard identification: to recognize
1058 particular types of natural disasters that have the potential of occurring within a
1059 region. (b) profiles of hazard events: to identify past incidences of natural disasters
1060 within each region. (c) community profile: to compare overall county property
1061 statistics to those within the pertinent hazard area. (d) Estimated losses and vul-
1062 nerability analysis: will be determined using the hazard analysis, individual par-
1063 cels and property asset data.
1064 RA and risk management can be understood as corresponding instruments for
1065 achieving disaster resiliency that has to be seen as important objective for planning
1066 policy. Based on the above, risk management can be defined as adjustment policies
1067 that intensify efforts to lower the potential for loss from future extreme events.
1068 This shows that risk management is characterised by decision making of stake-
1069 holders which is a normative, politically influenced strategy about tolerating or
1070 altering risks. Therefore, within the DM planning and development, the task of
1071 urban planners relates to gathering, processing and presenting data to allow a
1072 series of questions to be answered so that decision-makers can formulate suc-
1073 cessful strategies. The following questions are of concern in this context: (1) What
1074 is the level of risk that the society is willing to accept? (2) What are the protection
1075 goals for the different protection objects that are threatened by specific hazards? or
1076 (3) What are the foreseeable environmental effects from a planned object in case of
1077 an occurred hazard? After selecting of the spatially relevant hazards, the first
1078 question in this sequence is: what is the risk? In other words, what would be the
1079 expected losses in human life and property? Therefore, deriving risk components
1080 have to be identified after selection the type of hazards.

1081 24.9.2 Selection of Spatially Relevantly Hazards

1082 Every hazard has a spatial dimension (i.e., disasters take place somewhere), hence
1083 the spatial character is defined by spatial effects that might occur if a hazard turns
1084 into a disaster. However, the occurrence of spatially relevant hazards is limited to a
1085 certain disaster area, which is regularly or irregularly prone to hazards (e.g. river
1086 flooding, SLR) (EPSON 2006). Spatially non-relevant hazards occur more or less
1087 anywhere (e.g. flash floods). The main question is: Which of the existing hazards
1088 are of relevance in the context of the spatial planning? The selection of hazards
1089 can be carried out following these steps: Risk type in which a list of possible
1090 hazards in the country is compiled firstly. Then, spatial relevance of the hazards is
1091 assessed secondly. Mainly, the selected hazards are classified according to the
1092 effect of climate change which is currently can be regarded as the major impact
1093 (Gornitz et al. 1994). In this research, the selection of SLR as relevantly hazard is
1094 based on its spatial effects that might occur if it is turns into a disaster that affect
1095 the whole SCZ as shown in Fig. 24.20. This figure depicts the proposed
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1096 geographical locations of the expanding Lattakia city considering some control
1097 measures of the impacts of SLR and other related hazards

1098 24.9.3 Analytical and Planning Tools for Deriving Risk

1099 Risks are dynamic by nature, and therefore, a successful RA should be able to
1100 provide reliable information on where, when, how and why a hazard and disaster
1101 are likely to occur. Analytical and planning tools can help to systematically look at
1102 hazards in terms of risk they pose, their causes, characteristics and potential
1103 controllability. They help to analyse vulnerabilities and subsequent impacts in
1104 terms of their negative influence on livelihoods in order a sensible risk assessment
1105 can be made. These tools can also be used in fieldwork with communities to assist
1106 them in understanding their risks and suggesting DRR measures. The flowchart of
1107 Fig. 24.22 illustrates the methodology for risk estimation by explaining the main
1108 steps of deriving risk as follows:

1109 24.9.3.1 Identifying the Hazard

1110 The hazard identification step is based on scientific and technical findings, and
1111 involves the estimation of the probability of occurrence a damaging hazard (e.g.,
1112 What is the probability of a SLR to occur within a specific period of time in a

Hazards Characterization (i.e., how 
likely is the adverse effects of SLR?) 

Identifying Hazard
(i.e., SLR)

Quantifying Exposure to the hazard
(i.e., exposure shoreline and the surroundings to SLR) 

Assessing Vulnerability to the exposure
(i.e., vulnerability of shore to SLR)

Estimating Risk
(i.e., estimating probable loss of occurrence of the adverse effect of SLR)

Fig. 24.22 The conceptual flowchart of risk assessment components
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1113 given area?). Usually, the sectoral planning divisions are responsible for this stage
1114 due to their specific competencies. Therefore, to achieve an effective planning
1115 process, a thorough coordination and cooperation have to be carried out between
1116 the spatial planning office who is in charge of the preparation of zoning instru-
1117 ments and other relevant authorities.

1118 24.9.3.2 Quantifying Exposure to the Hazard

1119 The step of quantifying exposure to the hazard (i.e., at risk) includes the deter-
1120 mination of many important components within a given area that is threatened by a
1121 certain hazard (e.g., SLR). These components can be population, buildings, civil
1122 engineering works, economic activities, public services, utilities and infrastructure,
1123 etc. In ideal situation, existing hazard and risk maps (with an appropriate spatial
1124 scale) provide an important source for the necessary information that support
1125 obtaining high quality results as shown in Fig. 24.20 which presents the proposed
1126 geographical locations of the expanding the city of Lattakia under consideration of
1127 some impacts of SLR and other related hazards. This will allow various planning
1128 authorities to make the comparability between the risk assessments that were
1129 carried out to this given area that exposed to the SLR. Similar to hazard identi-
1130 fication in first step, the spatial planning authority requires the support of the
1131 sectoral planning divisions during this second step.

1132 24.9.3.3 Assessing Vulnerability to the Exposure

1133 The assessing vulnerability to the exposure step (i.e., vulnerability of a building
1134 near the coast with respect to the SLR) is based on risk analysis using human
1135 geography and construction engineering, etc. It involves the estimation of the
1136 degree of loss for a given suffered situation for the different scenarios based on the
1137 impacts of the SLR on the city of Lattakia as shown in Table 24.6 [e.g., resulting
1138 from the occurrence of a SLR of a given magnitude and expressed on a scale from
1139 (0 no damage) to (1 total damage)]. This scientific and deterministic step char-
1140 acterizes the risk analysis as a mathematical calculation that includes the analysis
1141 of a hazard and its consequences.

1142 24.9.3.4 Hazard Characteristics

1143 The characteristics of a hazard can assist in ensuring the most important infor-
1144 mation that identifies this hazard. This information has to be recorded and could
1145 include the following items: (1) Causes of the hazard which are often a combi-
1146 nation of the hazard itself, human practice and governance issues (e.g., the causes
1147 of drought can be related to poor land-use policies, etc.). (2) Intensity of the hazard
1148 which includes strength, extent and duration that are related to seasonality,
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1149 frequency and location (i.e., how the SLR is severe?). (3) Frequency of the hazard
1150 which is the period between the occurrences of hazards (e.g., SLR every two
1151 years). (4) Location or the boundaries of a place that affected by a hazard (e.g.,
1152 extensively alongside shore up to 5 m contour line above river height in case of the
1153 SLR). (5) History and trends of the hazard which are particularly important to
1154 capture the effects of environmental degradation attributed to global weather
1155 changes. (6) Controllability which is the degree to control the impacts of hazards
1156 as many of them are outside of the human control or partially controllable (e.g., the
1157 rainfall is outside the human control). In some cases where the community cannot
1158 influence the frequency, intensity or scale of a hazard, this community needs to
1159 focus on strengthening its capacities to respond and recover from its impacts.

1160 24.9.3.5 Estimating the Risk

1161 The risk estimation step (i.e., probable loss) is based on several factors such as
1162 urban planning and human geography, economy, relevant statistics, individual
1163 parcels and property asset data, etc. Therefore, risk perceptions can be incorpo-
1164 rated in norms, practices and probability calculations. With respect to an indi-
1165 vidual’s perception of risk, there are many factors this perception such as
1166 familiarity with a risk, control over the risk or its consequences, proximity in space
1167 and time, scale of the risk or general fear of the unknown (‘‘dread factor’’). An
1168 important and interesting aspect of risk perception is the variation in different
1169 cultural regional and national contexts. When the risk has been determined,
1170 planners need to decide whether it is within tolerable limits. The following
1171 strategic tools for RA are not meant to be all-inclusive, but rather to present
1172 and explain a few of the techniques used to develop and assess risk at a
1173 community level.

1174 24.9.4 Strategic Tools for Risk Assessment

1175 This section discusses the importance of the strategic tools for RA especially
1176 dealing with the general aspects of gaps of infrastructure and knowledge necessary
1177 to identify and assess present day conditions. The shortage of long-term data and
1178 information on various aspects of disasters and hazards (e.g., climatic variations
1179 and its impacts) makes it very difficult to make decisions at early times. For
1180 example, missing data with respect to the SLR can includes: time series data
1181 concerning climatic parameters, data on tide gauges at a number of strategic
1182 positions indicating land subsidence, socioeconomic and health data in highly
1183 vulnerable areas, and accurate topographic data of the vulnerable low land areas.
1184 The following tools for risk assessment will support bridging these gaps.
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1185 24.9.4.1 Hazard Ranking by Risk

1186 Once all potential hazards have been identified, the priority should be to work on
1187 the highest ranked hazard first, and then the risks have to be controlled by the use
1188 of appropriate procedures or devices. In ranking the hazards, attention must be
1189 given to control methods which are already in place to mitigate the hazard (e.g.,
1190 elimination, substitution, engineering controls and administrative controls, etc.).
1191 However, some tasks may have specific hazards that are beyond the scope or
1192 experience of local management (e.g., chemicals and radioactive materials, etc.).
1193 In these cases managers must seek appropriate expertise to help with the assess-
1194 ment and development of hazard control. It is possible to rank hazards on a simple
1195 graph that plots magnitude of impact with respect to an individual or community
1196 against the probability and frequency of a specific hazard occurring. Also, hazards
1197 can be ranked using tables as shown in Table 24.7.

1198 24.9.4.2 Strength, Weakness, Opportunity and Threat Analysis

1199 Strength, Weakness, Opportunity and Threat (SWOT) analysis of policies, mea-
1200 sures and programs can be a useful tool in the initial phase of a RA to guide the
1201 community to capture and identify its overall areas of development. The benefits
1202 of this analysis are the identification of the links between each of the perceived
1203 ‘‘threats’’ which relates to the community’s ‘‘weaknesses’’, the ‘‘weaknesses’’ to
1204 related ‘‘opportunities’’, and the ‘‘opportunities’’ to related ‘‘strengths’’. The items
1205 at which the most links converge indicate the priority threats to be mitigated,
1206 weaknesses to be corrected, opportunities to be seized, and strengths to be
1207 reinforced.
1208 Identification of the SWOT analysis is essential because the subsequent steps in
1209 the planning processes might come as a result from this analysis. With regards to
1210 the impacts of SLR and other related hazards on the SCZ, a critical SWOT analysis
1211 has been presented as shown in Table 24.8, and concluded that: (A) most of the
1212 coastal cities are vulnerable to the impacts of SLR not only through direct inun-
1213 dation, but also due to salt water intrusion. (B) shortage of institutional system for
1214 climate change and SLR has limited proactive planning and development of policy
1215 to adapt to potential impacts which cover all sectors of development. (C) shortage

Table 24.7 Relative risk ranking of a hazard

Relative Risk Ranking Likelihood (How many individuals get effect from
the SLR)

Unlikely (no
effect)

Likely (some
effects)

Very likely (many
effects)

Severity (How effects do
individuals get?)

Moderate Lower Lower Medium
Serious Lower Medium Higher
Severe Medium Higher Higher
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1216 systematic observation of coastal changes, (D) lack of integrated geographic data
1217 basis of indicators (e.g., land subsidence in particular), and (E) vulnerability to
1218 SLR and its implications on water resources, food security, tourism and public
1219 health for all coastal Syrian cities cannot be overlooked.

1220 24.9.4.3 Environmental Impact Assessment

1221 The SWOT analysis can be complemented by Environmental Impact Assessment
1222 (EIA) which is a policymaking tool that provides information on the environ-
1223 mental impacts of hazards. EIA could be used to assess risk in coastal areas facing
1224 SLR, or to assess the impact on food security. With regards to the current situation
1225 of EIA in Syria, the main shortcomings can be identified: the absence of binding
1226 EIA related legislation, weak environmental institutions and authorities, lack of
1227 awareness and experience, lack of environmental data, lack of coordination and
1228 cooperation, the weak role of private and public sectors in EIA.

1229 24.9.4.4 Hazard and Risk Maps

1230 Following the SWOT analysis, the community can benefit from developing
1231 hazard/risk maps that display the detailed geographical SCZ that might be nega-
1232 tively affected by SLR as shown in Figs. 24.13 and 24.14. These maps, that created
1233 using geo-information technology, can help to locate this hazard and provide its
1234 historical record, and to identify its risk that support decision makers to find
1235 solutions or take precautions. Mapping can be carried out of a single hazard (flood
1236 map), or it can take form as a multiple hazard map which combines all the present
1237 hazards in one map to give a composite picture of the situation for a given area.
1238 Multiple maps have the possibility of providing common recommendations for
1239 mitigation techniques, outlining sub-areas that require more information, speci-
1240 fying the needed hazard-reduction techniques, and land-use decisions benefiting all
1241 hazard considerations simultaneously (Saleh and Allaert 2011).

1242 24.9.4.5 Cost-Benefit Analysis of Prevention and Mitigation Measures

1243 One of the main questions when preparing the mitigation measures to control
1244 hazards is: If the risk is not within ‘‘tolerable limits’’, what are costs of the various
1245 prevention and mitigation measures? Cost-Benefit Analysis (CBA) is a necessity
1246 tool in establishing the feasibility of prevention and reduction measures. This
1247 section illustrates how CBA and RA can be incorporated into the urban planning
1248 process from the point of view of both prevention and reduction procedures.
1249 Scenarios of these procedures can be used to illustrate how RA is used as an input
1250 in a CBA, as well as how the results of this analysis are likely to be interpreted by
1251 decision-makers. For example, the World Bank and USA Geological Survey
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1252 calculated that economic losses worldwide from natural disasters in the 1990s
1253 could be reduced by US$280 billion if US$40 billion were invested in prepared-
1254 ness, reduction and prevention strategies. For Lattakia city, it will be wise to
1255 establish high rock barriers against SLR as a coastal hazard and this requires GoS
1256 to plan for it, and to manage development planning activities to minimize loss of
1257 property due to SLR as shown in Fig. 24.24. In this situation, the estimation cost
1258 for developing these protective structures has to be fully considered as a wise
1259 investment because the potential loss of the important infrastructure and populated
1260 areas through a SLR would be so disastrous.

1261 24.10 Maritime Activities and National Responses
1262 to Protect Syrian Marine Area

1263 In the last five decades, the SCZ witnessed the development of large maritime
1264 facilities including the Banias oil terminal, the commercial sea port of Lattakia and
1265 the oil terminal of Tartous, etc. Hence, the problem of climate change is being
1266 taken seriously, and low lying land in the SCZ is considered to be at risk especially
1267 from the effects of SLR. In particular, cities of Lattakia, Banias, and Tartous,
1268 which are major industrial and economic centres, are expected to experience
1269 serious environmental impacts, if no action is taken. The GoS considers several
1270 actions in cooperation with global communities to protect the risked areas and to
1271 decrease the effects of the climate change by serious research work and setting new
1272 environmental regulations (Meslmani 2010).

1273 24.10.1 Maritime Activities

1274 With regards to the coastal governance, protection of marine areas, and mari-
1275 time activities, the establishment of effective marine governance is a chal-
1276 lenging prospect in Syria. A wide range of activities that compete for coastal
1277 and marine space are governed by a complex and uncoordinated array of legal
1278 and administrative arrangements. In order to try and achieve a more integrated
1279 approach to coastal management issues in Syria, governance models based on
1280 the concepts of ICZM have been developed (PAP/RAC 2008), which include:
1281 (a) policy should be developed in an integrated manner, rather than on a sector
1282 by sector basis. (b) marine and coastal areas should be treated as a single zone
1283 rather than as differently administered and managed separate units. (c) a long-
1284 term approach to coastal and marine governance is required because of the long
1285 timescales over which coastal and marine systems operate. (d) a governance
1286 system that allows all stakeholders to contribute to policy formulation will be
1287 more effective. It has also been recognised that achievement of these concepts
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1288 will need to involve the incorporation of spatial planning into the administra-
1289 tive process.
1290 The GoS has recently approved new regulations to include ICZM into devel-
1291 opmental plans needed for better management of coastal resources and protection.
1292 This makes it necessary to have a strong institutional monitoring capability in
1293 addition to a decision support capability for adoption of options for adaptation.
1294 With regards to the marine environment, Syria’s continental shelf is naturally
1295 characterised by low bio-productivity due to the high salinity of the coastal water,
1296 relatively low freshwater inputs, a slow sea current and a low tidal level. Fur-
1297 thermore, a high degree of pollution of the coastal and marine environment puts
1298 pressure on the future of fisheries in the SCZ. The strongest impact of human
1299 activities on the marine environment is water pollution mainly caused by untreated
1300 wastewater discharges originating from the cities.
1301 According to the network of managers of Marine Protected Areas (MPAs) in
1302 the Mediterranean (RAC/SPA 2004), three MPAs have been defined in Syria’s
1303 territorial sea with a total size of about 50 km2, and are: Fanar Ibn Hani, Om al
1304 Toyour, and Ras El Bassit as shown in Fig. 24.24. The Om al Toyour area is
1305 recognised as an Important Bird Area (IBA) which is a global partnership of

Fig. 24.23 The established and proposed marine protected areas—Syria. Source Policy Research
Corporation based on the Network of Managers of Marine Protected Areas in the Mediterranean,
www.medpan.org and RAC/SPA (2004), Regional Project for the Development of Marine and
Coastal Protected Areas in the Mediterranean Region (MedMPA)—Recommendations for the
elaboration of a national plan to develop marine protected areas in Syria
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1306 conservation organisations that strives to conserve birds, their habitats and global
1307 biodiversity (IBA 2012). In December 2004, national and international experts
1308 proposed a number of additional MPAs in the framework of the ‘Regional Project
1309 for the Development of Marine and Coastal Protected Areas in the Mediterranean
1310 Region (MedMPA)’ (UNEP/MAP 2008). These established and proposed MPAs
1311 in SCZ are visualized in Fig. 24.23, and as follows:

1312 (A) The northern coast which is dominated by Ras Shamra area and represents the
1313 potential of a cross-border MPA in terms of biodiversity. It was considered as
1314 high, particularly as regards the monk seal, marine turtles and cetaceans.
1315 (B) The sector lying between Um Tiur and Ras El Bassit areas has limited
1316 interests in terms of marine biodiversity, but it identified as an area of great
1317 landscape interest (e.g. rocky cliffs, underwater caves). This sector is already
1318 protected since 1999 and there is a potential for turtle nesting beaches at
1319 certain places.
1320 (C) The sector lying between Ras Ibn Hani and Borg Islam areas which is already
1321 a protected area (since 2000, 10 km2) rich in marine biodiversity and turtles.

1322 24.10.2 Practical and Institutional Adaptation Measures

1323 For Syria to mitigate and adapt to the effects of SLR and other related hazards, the
1324 GoS will have to respond effectively to some urgent needs such as establishing a
1325 strong coastal monitoring, assessment and law enforcement system hence identi-
1326 fying and protecting vulnerable areas. In addition, there is an urgent need to
1327 activate ICZM committee and to incorporate climate change in the EIA, to pro-
1328 mote awareness and community resilience, and to create new opportunities at safe
1329 areas. Another action taken by GoS is the 5 Years Development Plan prepared for
1330 coastal governorates considering several crucial suggestions for mitigating and
1331 adapting to the expected SLR. This plan encourages greater coordination between
1332 governorate bodies responsible for enforcing environmental policies, urban and
1333 developmental planning and regulations to improve the quality of coastal pro-
1334 tection measures. It also introduces measures to reduce coastal zone erosion such
1335 as raising environmental awareness amongst governorate staff and private devel-
1336 opers, and developing an action plan to prevent erosion and to protect Syrian
1337 coastline from further erosion (UNEP/MAP 2008).
1338 A national adaptation strategy is in progress with consideration of the following
1339 aspects: (1) upgrading adaptive capacity through establishment of institutional
1340 system for monitoring, building data basis, modelling and upgrading awareness.
1341 (2) adopting a proactive policy in planning and enforcing regulations for follow
1342 up. (3) carrying out research on renewable energy, salt tolerant plants, and desa-
1343 lination. (4) considering geo-engineering activities for protection against SLR.
1344 Based on these aspects, it is therefore recommended to carry out: (a) establishing
1345 institutional capacity which includes monitoring systems and human capabilities
1346 for climate change in general and SLR impacts in particular. (b) enhancing
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1347 adaptive capacity through encouraging establishment of rainwater storage systems,
1348 upgrading water management and development of integrated coastal zone plan-
1349 ning. (c) establishing monitoring and EWSs for coastal subsidence, flash flood, and
1350 SLR, etc. (d) establishing high rock barriers opposite to the density population
1351 areas, the sporting city, and other important tourism structures to protect them
1352 from SLR and reduce its impacts as shown in Fig. 24.24. These barriers can be
1353 built in an attractive shape to attract tourists or can be planted by trees. (e) planting
1354 a green built with 200 m width full of palm trees parallel to the coast, and this will
1355 separate this coast from agricultural area. This will reduce the initial effect of the
1356 tsunami and at the same it can be lung for fresh air that minimise the pollution. (f)
1357 it is suggested to establish a SLR monitoring network of 11 sea level gauges that
1358 will be positioned around the open coast and spanning the entire coast.

Rock barrier to 
protect the tourism 
structures 

hospital      high way suggested small cities           rock barrier

the height ranges between 0 to 15m and are dangerous areas

the height ranges between 15m to 50m and are safety areas

Rock barrier to 
protect the 
sporting city 

Rock barrier to 
protect the  city 

Fig. 24.24 The proposed high rock barriers against SLR on the coast of Lattakia
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1359 24.10.3 The Suggested Strategic Framework for Responding
1360 to Sea Level Rise in Syria

1361 The urgent need for integrated adaptation infrastructure and institutional capability
1362 for monitoring, building data base, and periodic assessment and risk reduction in
1363 Syria is an important prerequisite for proactive planning and sustainable devel-
1364 opment. Therefore, a general strategic framework for responding to SLR and other
1365 hazards will be planned taking into accounts various national activities and recent
1366 experience of preparedness in the frame of DRR (UNEP/MAP 2008). The strategy
1367 which is based on the need for a tsunami and SLR warning system in the SCZ,
1368 should respond to pressure on and from coastal hazards by including: (1) building
1369 infrastructure and institutional capabilities for monitoring, modelling, vulnerability
1370 assessment and development of policies, measures and enforcement of regulations.
1371 (2) carrying out research on water availability and management, food security and
1372 salt tolerant plants, coastal extreme events and water conservation programs.
1373 (3) creating development plan and enforcement of SEA and EIA in it, and taking
1374 into account climate changes and SLR implications.
1375 One of the main reasons to monitor the Lattakia coast and other coastal cities
1376 using advanced EWSs is the potential of earthquakes resultant from the Afro-
1377 Syrian fault as explained above. Once the earthquake is identified, the warning
1378 centres use sea level data to confirm that a tsunami was generated or, if there are
1379 no changes in sea level, to cancel the alert messages. There are three main sources/
1380 causes of tsunamis: submarine earthquakes, landslides, and volcanic eruptions
1381 (Annunziato et al. 2009) and (Dawson et al. 2004). The main elements of EWS can
1382 include the following: (1) tsunami hazard and RA, (2) seismic monitoring and
1383 earthquake detection, (3) sea level monitoring and tsunami detection, (4) dis-
1384 semination of warnings and mitigation programs and public awareness. In this
1385 system, tsunami hazard assessment is a key element and requires knowledge of
1386 past tsunami occurrences and possible sources, their likelihood of occurrence and
1387 their effects along the threatened coasts. In addition, the compilation of tsunami
1388 catalogs and inundation mapping constitute the main components of tsunami
1389 hazard assessment (Saleh and Allaert 2009a; ISDR 2004).

1390 24.11 Conclusion

1391 It is almost impossible to prevent the occurrence of SLR and other related hazards.
1392 However, it is possible to reduce their impacts and damages by adopting suitable
1393 disaster mitigation strategies. RA and management should be incorporated within
1394 the planning activities process to achieve greater sustainability and at least resil-
1395 iency of society’s development. DM is a dynamic process and consists of different
1396 kinds of knowledge: technical (e.g., modelling of phenomena, simulation, data
1397 management and telecommunication), human aspect (e.g., modelling of behaviour,
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1398 training and learning), and organizational and managerial aspect (e.g., planning,
1399 cooperation of stakeholders, information and communication, etc.). However,
1400 some conclusions about these aspects can be outlined as follows: technology-
1401 oriented decision support has drawbacks (e.g., modelling and simulation are
1402 essential, but there are limits, telecommunications often fail in crisis situations,
1403 GIS usefulness depends on updating, and sensors provide field data, but their
1404 reliability is limited, etc.). On the other hands, the human and organizational
1405 aspects are essential and can play important role: to face the growing complexity
1406 of situations, to cope with unplanned situations and crisis, to establish a synergy
1407 among the many stakeholders, and to learn from experience and share knowledge.
1408 In the close future, the most profound changes affecting SCZ will be driven by
1409 climate change, particularly by rising sea level. Hundreds of thousands of people
1410 are likely to be displaced by SLR, accompanying economic and ecological damage
1411 will be severe due to recurrent droughts, inequitable land distribution, and over
1412 dependence on rain-fed agriculture. Many major challenges will have to be suc-
1413 cessfully and equitably confronted by proper management and adaptation to the
1414 consequences of climate change and the competing human demands on coastal
1415 land. Adaptation plans are mainly focusing on increasing the adaptive capacity of
1416 the different systems, by changes in processes, practices, or structures to reduce
1417 risk of these disasters. In Syria, the priority of these plans is the high vulnerable
1418 systems to climate change from the perspectives of food production, rural popu-
1419 lation stabilization, and distribution of water resources. Therefore, the high vul-
1420 nerability of the agricultural sector put it on top of the priority list of adaptation
1421 plans. In addition, the Syrian adaptation capacity is challenged as it comes in
1422 conjunction with high development pressure, increasing populations, water man-
1423 agement that is already regulating most of available water resources, and agri-
1424 cultural systems that are often not adapted to local conditions.
1425 This chapter summarises that most of the Syrian coastal cities are particularly
1426 vulnerable to potential impacts of SLR. It ends with a set of analytical conclusions
1427 and adaptation recommendations: (1) almost none of these cities have established
1428 an effective institutional capability for adaptation with particular emphasis on
1429 monitoring capabilities. (2) they should carry out massive programs for detailed
1430 vulnerability assessment, investigate open options for adaptation and develop
1431 strategies, policies and measures in all sectors of development. (3) they need to
1432 build up resilience for vulnerable communities and carry out proactive planning
1433 for ICZM and development in non-vulnerable coastal areas. (4) Regardless of the
1434 expected magnitude of the SLR, taking action for adaptation is necessary whether
1435 there is a SLR or not. (5) A multidisciplinary research project based on a national
1436 proposal for maximum size and disaster scenarios for extreme SLR in the eastern
1437 coast of Med. Sea has to be carried out as soon as possible. Finally, since DM is
1438 only one of many issues that decision-makers face, efforts must be made to raise
1439 awareness of the benefits of disaster mitigation.
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