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Abstract  10 

Moroccan Pre-Saharan zone is an oasis system, which it is characterized by extreme events, like 11 

drought and flood. The flood risks will likely increase in frequency and magnitude due to global and 12 

regional climate change. Floods tend to have an important impact on isolated and poor regions such 13 

as oasis regions. This extreme event impacts are seen in the same time in social and economic sectors 14 

and accelerated by the dry land physical and environmental drivers like land use, topography, 15 

proximity to rivers. In Morocco, the use of composite indices to evaluate natural disasters is new. To 16 

reduce vulnerability cannot be accomplished by one sector alone. Therefore, it is a need to use a 17 

multidisciplinary approach to measure vulnerability, such as the Flood Vulnerability Index (FVI). This 18 

paper aims to analyze the applicability of such index in pre-Saharan region of Morocco. The FVI is a 19 

numerical index that assess the position of a region’s flood vulnerability. It was determined for four 20 

components social, economic, physical, and environmental. These components can help to assist in 21 

understanding the degree of vulnerability to floods, therefore to propose strategies for improvement 22 

of the holistic system and to find out the priority components and sectors of flood vulnerability in 23 

order to take urgent measures. For this study five sub-catchments were selected: Upper Draa Valley 24 

(UDV), Middle Draa Valley (MDV), Tata sub-catchment, Guelmim sub-catchment and Tafilalt sub-25 

catchment; and five urban areas: Ouarzazate, Zagora, Tata, Guelmim and Errachidia. A comparative 26 

analysis of the results from those areas allows us to assess the applicability of the FVI. The overall FVI 27 

for these areas was determined by the calculating and standardization of 36 indicators for each sub-28 

catchment scale and 34 for each urban scale. 29 
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1. Introduction 33 

Globally, dry land areas are estimated to be about 41 percent of the terrestrial surface, and are 34 

home to a third of humanity, and concentrate the high rate of poverty (Mortimore et al, 2009). 35 

Dry lands are located mainly in poor countries: 72% of this area is found within developing 36 

countries and only 28% within industrial ones (MEA, 2005). Morocco is one of these 37 

countries. Geographically is located in the North-West corner of Africa, bordered by the 38 

Mediterranean Sea and the Atlantic Ocean on the North and West, by Algeria on the East, and 39 

by Mauritania on the South. Its total land area is 710850 km2 and includes different 40 

landforms, like agricultural plains, river valleys, plateaus, and mountain chains (Anon 2004). 41 

Most of these lands are arid to semi-arid from which 75% are rangelands, 13% forests and 8% 42 

are cultivated (Dahan, 2012). In the hyper-arid and arid dry lands (the desert biome), most 43 

agricultural activities are in oasis, where the irrigation is by fluvial, ground, or local water 44 

sources (MEA, 2005). This dependence of oases on water makes this area highly vulnerable 45 

to extreme events, like droughts and floods. Climate change causes acceleration in the 46 

frequency of extreme events. Human societies have developed in trying to cope by limiting 47 

impacts. In this context the IPCC (2012) has developed risk management strategies. 48 

According to the IPCC report, the impacts of changes in floods are highly dependent on how 49 

climate changes in the future (IPCC, 2012). The impact of natural disasters is correlated to the 50 

vulnerability of communities in developing countries, as previous socio-economic 51 

vulnerabilities may accelerate these disasters, making the recovery very difficult (Vatsa & 52 

Krimgold, 2000). Thus, the impact of such events increases the poverty (Carter et al. 2007). 53 

The climate change may increase extreme events (like drought and floods) in an area already 54 

affected by natural hazards, and then, as floods seem the most impacting hazard, we have 55 

decided to focus on it. Historically, floods have damaged properties infrastructure and 56 

thousands of populations. In Morocco, floods are the most dangerous natural disasters, as seen 57 

in Table 1, Table 2 and Figure 1. The number of affected people and lives lost due to floods 58 

exceeds any other natural disasters in the past thirty years. The data related to human and 59 

economic losses from disasters that have occurred between 1980 and 2010 in Morocco, 60 

according to UNISDR (UN Office for Disaster Risk Reduction (www.preventionweb.net), can 61 

be seen on Table 2). In order to adapt to these extreme events during this period (1980-2010), 62 

the Moroccan government built 78 dams at national scale. These dams aim mainly to control 63 

the floods (regulating service) by reducing fluctuations of the Wadis flow. 64 

Figure 1: Natural Disaster Occurrence. Source: UNISDR (UN Office for Disaster Risk Reduction) 65 

http://www.preventionweb.net)/
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Table 1: Total number of people affected since 1963 due to flood in Morocco. Source: "EM-DAT: The 66 

OFDA/CRED International Disaster Database. www.em-dat.net" 67 

Table 2: Human and economic losses from disasters occurred between 1980- 2010, in Morocco 68 

In recent decades, Morocco has experienced several extreme events. These hydro-69 

meteorological events have greatly impacted the economies. Floods are leading these events. 70 

Indeed floods caused significant damage to the socio-economic side. In this context, can be 71 

cited a few examples of recent major floods occurred in Morocco and their socio-economic 72 

consequences: 73 

 On 25th of September 1950, a flash flood of 6m of height flooded the city of Sefrou 74 

making a hundred victims (Saidi et al. 2010); 75 

 On23rd of May 1963, a violent flood of 7200 m3/s of peak flow devastated the 76 

Moulouya valley taking the left seat bank of the dam Mohammed V (according the official 77 

website of the Moroccan Ministry of water: www.water.gov.ma); 78 

 Finally, the famous flood that affected watersheds Marrakech High Atlas on 17th of 79 

August 1995. In this region, a flood of about 1030 m3/s occurs (RIAD 2003), and made 730 80 

victims and 35 000 affected (CSIG 2008). 81 

During the last decade, the notion of vulnerability has changed. After IPCC in 2001 hazards 82 

such as climate change, defines vulnerability as “the degree to which a system is susceptible 83 

to or unable to cope with, adverse effects of climate change, including climate variability and 84 

extremes”. Connor & Hiroki (2005) developed a FVI, which allows for a comparative 85 

analysis of flood vulnerability between different river basins. Methodology which let 86 

operators to recognize the key causes conscience-stricken for the basin's vulnerability. 87 

Vulnerability is expected to happen under certain conditions of exposure, susceptibility and 88 

resilience, measuring the extent of harm (Fuchs et al.2011). The present article will use the 89 

following definition of vulnerability specifically related to flooding (Balica et al. 2009): the 90 

degree to which a natural or man-made system is susceptible to floods due to exposure, a 91 

perturbation, in co-occurrence with its ability (or inability) to cope, recover, or basically 92 

adapt. Managing risks from floods should be an important component of climate change 93 

adaptation. This study focuses on an approach to assess flood vulnerability and discuss the 94 

benefits of adaptation options at a city-scale and sub-catchment-scale, by applying the FVI 95 

methodology developed by Balica et al. 2009 in pre-Saharan region. The indicators used show 96 

the variables affecting the flood vulnerability in the pre-Saharan region. It provides an 97 

http://www.water.gov.ma/
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important tool for decision maker to monitor and evaluate changes over time. The FVI is an 98 

indicator-based index which reflects the status of a scale’s flood vulnerability. This index was 99 

determined to find out the priority components (social, economic, physical or environmental) 100 

and sectors of flood vulnerability in order to take urgent measures. 101 

Study area  102 

Pre-Saharan North Africa constitutes a major indicator of climatic trends in the Mediterranean 103 

region; is currently experiencing a rapid climatic deterioration and desertification (RBOSM, 104 

2008). This situation makes the region (see Figure 2) a vulnerable area. Since the middle of 105 

the twentieth century, oases have borne increasing demographic and investment pressures 106 

resulting in larger water abstraction, soil salinization, loss of surrounding vegetation and soil 107 

erosion (MEA, 2005). 108 

 109 

Figure 2: Moroccan pre-Sahara: Oasean zone, including the basins of Guelmim, Tata, Zagora (MDV), 110 

Ouarzazate (UDV) and Errachidia (Tafilalet) 111 

The study area corresponds to the perimeters of the oasean provinces of Zagora, Ouarzazate, 112 

Guelmim, Tata and Errachidia. It is located in part of the Draa Basin (Upper, Middle and low 113 

Draa), and of Tafilalet basin. At the economic level of the entire area, agriculture occupies a 114 

prominent place in the economy of these provinces; in fact it is one of the main sources of 115 

income and occupies the major part of the workforce (EVICC 2011a). Industrial activity is 116 

almost non-existent and the tourism activity remains well below the existing potential. These 117 

oasis basins are located near the Wadis (temporary rivers) to facilitate the use of water 118 

surface. This location near the Wadi beds is important for the mobilization of water, however 119 

it causes the exposure of these areas to flood risk (EVICC 2011e). The floods are rare in the 120 

basin of Draa (UDV, MDV, Tata sub-catchment and Guelmim Sub-catchment) but they are 121 

brutal and violent (PACC 2012a).  122 

The study area has experienced several floods, causing considerable socio-economic 123 

damages; we will quote the most important in the study area: 124 

Tafilalet 125 

On the 5th of November 1965, a flood destroyed the Ziz valley (Tafilalet), leaving 25,000 126 

people homeless and accelerating the decision to build the dam Hassan Addakhil (Saidiet al. 127 
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2010). In Merzouga, the last important flood was recorded on the 26th of May 2006 after an 128 

intense rainfall (112 mm/3 hours) (Minoia & Kaakinen, 2012). The flood damages were 129 

significant, with the destruction of 140 houses and hotels, deterioration of Taouz–Merzouga 130 

road(See Figure 3, Photos: A and B)  and of the ONEP (National Agency for drinking water 131 

and sanitation) water supply pipe of Merzouga villages and Taouz (Kabiri 2012). 132 

  

Figure 3: A: Collapsed houses in Merzouga.  B: State of the road after a flood, at the entrance of 133 

Merzouga (Source: Kabiri, 2012). 134 

It was happening the same on the Rheris River (Tafilalet) where in 1965 an observed and 135 

measured average annual rate of 9.2m3/s took place (PACC 2012a). 136 

The same phenomenon was observed on the Dadès River(Upper Draa Valley): between 1965-137 

1966 the Dadès River and its tributary Assif Mgoun, respectively recorded average discharge 138 

of 7.8 m3/s and 12.3 m3/s with an annual contribution of 103.6 m3/s and 147 m3 in the same 139 

order. 140 

Draa (UDV sub-catchment and MDV) 141 

The drainage system of Upper Draa consists by temporary River Ouarzazate and Douchen in 142 

the Westside and by perennial Oued Dades Mgoun in the East side. They are fed by karstic 143 

aquifers that originate in the high mountains of the north east of the High Atlas. This aquifer 144 

is fed by melting snow and water infiltration. Upper Draa receives an average of 514 Mm3 145 

(EVICC, 2011d). The drainage system of the Middle Draa is less densed and drained mainly 146 

by the Draa and its tributaries. The average flow recorded in Zagora is 13.4m3/s and the 147 

maximum that is ever recorded it is in 1965 and reached 213m3/s. However, in August of the 148 

same year, this zone knows only 0.13m3/s (Ait-Hamza et al. 2009).The violence of flood 149 

causes the phenomenon of water erosion which reduces the fertility of agricultural land 150 

(EVICC, 2011d).The photos (See Figure 4) show an example of the 2009 flood that isolated 151 

several villages of Beni Zouli from the national road N 9, and then the stop of provisioning 152 

services during 15 days. 153 

  
 

Figure 4: A Flood 2009 in Middle Draa Valley Figure; B Flood 2009 (Karmaoui A) 154 

Guelmim sub-catchment 155 

In the Guelmim sub-catchment, the drainage system is composed by Seyad Wadi, Oum El 156 

AcharWadi,Ourg Wadi and Assaka Wadi. It is therefore subject to the risk of flooding due to 157 
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overflowing of these Wadis. The main tributaries of the Assaka Wadi (Seyad and Oum 158 

Laachar) have been planning for the spreading of flood waters. Thus, seven thresholds 159 

derivation (small dam) concrete, masonry or gabions have been constructed and are used to 160 

derivate flow rates of 15 to 30 m3 /s per small dam, of a total capacity of derivation of 174 161 

m3/s (Water and Environment Ministry).  162 

On the 7th of January 1985, the Province of Guelmim was hit by flooding due to overflowing 163 

of the Oum Laachar Wadi, 33mm in Guelmim center and 65 mm in Bouizakarne in 53min, at 164 

a flow rate of 1000m3/s(EVICC 2011b). The importance of these events is due to the socio-165 

economical vulnerability of this area. Unfortunately, human and economic damages for these 166 

floods are not available. 167 

Tata sub-catchment 168 

Tata province has experienced several floods. History indicates that the floods that overflow 169 

Akka River in 1995 is one of the major events (see Table 3) that impacted the zone. The 170 

damage is as following: 13 deads, 3 wounded, 4 missing and 350 families homeless; as well 171 

as destruction of 655 homes (EVICC 2011b). 172 

Table 3: Characteristics of the 1995 flood in Tata 173 

Materials and methods 174 

Data was collected from a variety of sources (see Appendix 2), including household surveys, 175 

documents, government and ministries. The data gathered pertained to the particular indicator 176 

to be calculated for five oasean sub-catchments and five urban centers. The FVI is an 177 

indicator-based index which reflects the status of a scale’s flood vulnerability. This index was 178 

determined for four components social, economic, physical, and environmental.  179 

The flood vulnerability indicators are heterogeneous. The data for each one was collected 180 

through the technical literature from official websites and reports. There are three types of 181 

data to calculate the FVI: 182 

1. Available data which provided by official organizations; 183 

2. Values calculated using maps or dispersed data 184 

3. Unavailable data was approximated using the survey; 185 

In this paper, we used and normalized different variables (indicators) for each selected spatial 186 

scale (at urban area and sub-catchment), in a numerical index that reflects the status of a 187 
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region’s flood vulnerability. The used tool is the flood vulnerability index, developed in 2009 188 

by Balica et al. The overall FVI for each scale was determined by the calculating the index 189 

from the 36 indicators for sub-catchment scale and 34 for urban scale. These indicators have 190 

been linked with the three factors of vulnerability: susceptibility, exposure and resilience. The 191 

general FVI Eq. (1) links the values of all indicators to flood vulnerability components 192 

(social, economic, physical and environmental) and factors (susceptibility, exposure and 193 

resilience), without balancing or interpolating from a series of data.  194 

Exposure * Susceptibility 195 
FVI= --------------------------------------       (1) 196 

Resilience 197 

The indicators belonging to exposure and susceptibility increase the FVI therefore they are 198 

placed at the nominator; however the indicators belonging to resilience decrease the FVI, this 199 

is why they are placed at the denominator (Dinh et al, 2012). 200 

The calculation of each component, both in the urban and sub-catchment scale are based on 201 

the following equations (Balica & Wright 2010): 202 

 203 

Urban scale: 204 
 205 

 Social component:  206 
PD, P FA, CH, PG, HDI, CM 207 

                                           FVI S =      -------------------------------------                (2) 208 
PE, A/P, CPR, S, WS, E R, ES 209 

 Economic component:  210 

IND, CR, UM, Ineq, UG, RT 211 
                                       FVI Ec =        ---------------------------------           (3) 212 

FI,AmInv,D_S C, D 213 

 Environmental component :  214 

                              FVI EN =         
𝑼𝑮,𝑹𝒂𝒊𝒏𝒇𝒂𝒍𝒍

𝑬𝒗,𝑳𝑼
                     (4) 215 

 Physical component :  216 
T, C R 217 

                                          FVIPh   =       -------------------------------------        (5) 218 
E V/Rainfall,S C/Vyear, D_L 219 

Sub-catchment scale 220 

 221 
 Social component:  222 

P FA, R Pop, % disable, C m 223 
FVI S =    -----------------------------------------      (6) 224 

P E, A/P, C PR, WS, E R, HDI 225 

[ ] 

     

 

] [ 

] [
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 Economic component:  226 
L, U M, Ineq, U A 227 

                                         FVI Ec  =         -----------------------------------------      (7) 228 
LEI,FI,AmInv, S C/Vyear, ECR 229 

 Environmental component:  230 
Rainfall,DA, UG 231 

                                          FVIEn      =        --------------------------------       (8) 232 
L U, E V, N R, Unpop 233 

 234 

 Physical component:  235 
T 236 

                                            FVIPh   =        ------------------------------------     (9) 237 
E V/Rainfall,S C/Vyear, D_L 238 

 239 

Data for calculating the FVI (and initially setting the response levels) were collected for five 240 

oasis provinces: Guelmim, Tata, Zagora, Ouarzazate and Errachidia to provide some initial 241 

testing of the model. These data were obtained from national and regional reports. 242 

A standardization method was used for adjusting indicator values in a scale from 0 to 1 (See 243 

Table 4). The standardized formula of the FVI is as follow Eq. (10): 244 

              FVIScale 245 
FVISTANDARDIZE = ----------------------------         (10) 246 

              FVIMax 247 

The flood vulnerability analysis was done using a detailed evaluation of the four components 248 

of flood vulnerability: social, economic, environmental and physical. These components were 249 

gathered and calculated to give the overall vulnerability. 250 

The application of this formula for each component leads to four distinct FVI indices; 251 

FVISocial,FVIEconomic, FVIEnvironmental and FVIphysical., which aggregates into: 252 

Total FVI= ∑𝐹𝑉𝐼𝑠, 𝐹𝑉𝐼𝑒𝑐, 𝐹𝑉𝐼𝑒𝑛, 𝐹𝑉𝐼𝑝ℎ   (11) 253 

The FVI of each of the social, economic, environmental and physical component is computed 254 

using Eq. (1). The results of each FVI component (social, economic, environmental and 255 

physical) are summed up in Eq. (11). The FVI methodology does not require researchers to 256 

judge the relative importance of different components, i.e. they do not need to develop 257 

arbitrary weights for the indicators. The Eq. (1) links the values of all indicators to flood 258 

vulnerability components and factors (exposure, susceptibility and resilience), without 259 

weighting, as suggested by Cendrero and Fischer (1997). This is done because of different 260 

number of rating judgments which “lie behind combined weights”, or interpolating.  261 

] [ 

] [ 

] [ 
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 262 

Table 4: Flood vulnerability designations (Balica et al, 2012) 263 

4. Results 264 

After data collection, the flood vulnerability index was calculated for the four flood 265 

vulnerability components and for the total FVI. The indicator values are gathered, compiled 266 

and standardized for five case studies selected of Moroccan pre-Sahara region, while the total 267 

FVI was determined by the calculating it from the 36 indicators of each sub-catchment and 34 268 

for each urban area. 269 

4.1 At urban scale of the Moroccan Pre-Sahara 270 

At urban scale, we used the following equations: Eq. (2) for social component, Eq. (3) for 271 

economical component, Eq. (4) for environment and Eq. (5) for physical component. These 272 

equations lead to obtain the results in Figure 5. 273 

 274 

Figure 5: Flood vulnerability index of the five urban areas; The Social, Economic, Environmental, and 275 

Physical components and the Total FVI 276 

 277 

The Figure 5shows a comparison (Normalized values) between the five urban areas selected, 278 

Ouarzazate city in Upper Draa Valley (Ouarzazate province), Zagora city in Middle Draa 279 

Valley (Zagora province), Tata city in Lower Draa Valley (Tata province), Guelmim city in 280 

Guelmim province and Errachidia city in Tafilalt or (Errachidia province), for the 4 281 

components and the total FVI.  282 

4.1.1 Social component  283 

Fourteen indicators are used to determine the social FVI values as showed in Table 3 284 

presented by U in social component. These indicators emphasize clearly that Zagora is very 285 

high vulnerable to floods because this city is characterized by widespread poverty, high rates 286 

of unemployment and illiteracy. During floods, planning and measures taken in this city are 287 

inadequate. As to the Errachidia city, is small vulnerable and Guelmim is very small 288 

vulnerable to floods. Regarding the Ouarzazate and Tata cities, are vulnerable to flood. 289 
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4.1.2 Economic Component 290 

The value for the FVI ec is near to zero except for the Tata city. The economic component is 291 

largely sensitive to the value of storage capacity of the area because the retention capacity 292 

improves the resilience of the cities. Tata city is very high vulnerable to floods, whereas the 293 

other cities have very small vulnerability to floods. The high vulnerability of Tata city is due 294 

to the low capacity to water storage. The other four case studies present very low values of 295 

exposure. This relative small vulnerability or resilience is due to the relative higher capacity 296 

of storage of water. Effectively, the four cities (Guelmim, Zagora, Ouarzazate and Errachidia) 297 

take advantages of the following dams (www.water.gov.ma) and small reservoirs (Ouhajou 298 

1996). 299 

 Mansour Eddahbi Dam (560 Mm³) near the Ouarzazate city and in upstream of the 300 

Zagora city and 5 small reservoirs in Zagora province: Agdez (3.14 m3/s), Tansikht 301 

(6.77 m3/s), Ifly (11 m3/s), Azghar (3.3-11 m3/s) and Bounou (4 m3/s), where Agdez, 302 

Tnasikht and Ifly are in upstream side of the Zagora city. 303 

 Plus Mansour Eddahbi Ouarzazate province has a second dam called Tiouine (100 304 

Mm3). 305 

 Hassan Edakhil (347.0 Mm3) in upstream of  the Errachidia city, and 306 

 Seven thresholds derivation (small dams) concrete, masonry or gabions have been 307 

constructed and are used to derivate flow rates of 15 to 30 m3/s per small dam, for a 308 

total capacity of derivation of 174 m3/s in Guelmim province. 309 

4.1.3 Environmental Component 310 

According to Figure 5, Zagora (0.8) and Ouarzazate (1) have very high vulnerability to floods, 311 

while Tata (0.08) and Guelmim (0.013) have small vulnerability to floods, however 312 

Errachidia (0.001) is very small vulnerable to floods. The low vulnerability of Tata, Guelmim 313 

and Errachidia is due to the followings: low rainfall, low land use and high 314 

evaporation/rainfall rate. Comparing these cities with Zagora and Ouarzazate, the 315 

environmental vulnerability of Zagora and Ouarzazate to floods is higher than the three other 316 

cities. Figure 5 illustrates that Ouarzazate city has a higher environmental vulnerability to 317 

floods due to a relative large rainfall amounts and the low percentage of green areas.  318 

http://www.water.gov.ma/
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4.1.4 Physical Component 319 

Guelmim (1) has a very high vulnerability to floods; whereas, Errachidia (0.2), Tata (0.02), 320 

Zagora (0.05) and Ouarzazate (0.01) are classified as small vulnerable to floods.  321 

4.1.5 Total Flood Vulnerability Index (FVI total) 322 

All the components together give the total value of the flood vulnerability index for each case 323 

study (each urban area).  Errachidia (0.09) is small vulnerable, whilethe four other cities 324 

(Zagora (0.47), Tata (0.28), Ouarzazate (0.26), and Guelmim (0.25)) are vulnerable to floods. 325 

Comparing these four later cities, the total FVI makes Zagora more vulnerable urban area then 326 

Tata, Ouarzazate and Guelmim. Flood management leads to decrease the flood impacts of the 327 

socio-economical sector in the pre-Saharan region. The traditional management widely 328 

observed in developing countries and vulnerable region take account mainly the economic 329 

loses than the environmental and social components. As a measure to the recovery after a 330 

flooding event, is the flood insurance, this provides compensation for losses caused by the 331 

flood. Particularly, in the case studies, the insurance is not included in the flood risks. The 332 

second measure is rehabilitation. The post-flood management problems can be pre-planned. In 333 

order to achieve this, objective surveys need to be carried covering human casualties and 334 

material damage. On the basis of an objective assessment of hazard, economic, social, and 335 

environmental factors, the government should impose that the future development projects 336 

will be compliant with the local flood vulnerability. 337 

4.2 At Sub-catchments scale of the Moroccan Pre-Sahara 338 

The calculating of the FVI at sub-catchment scale in Moroccan Pre-Sahara requires a total of 339 

36 indicators. Using equations Eq. (6) for social component, Eq. (7) for economic 340 

component, Eq. (8) for environmental and Eq. (9) for physical component, the results 341 

obtained are shown in Figure 6. 342 

 343 

Figure 6: Flood vulnerability index of the five sub-catchments areas for the Social, Economic, 344 

Environmental, and Physical components and for the Total FVI 345 

Figure 6 shows a comparison (Normalized values) between the five sub-catchments areas 346 

selected, Upper Draa Valley, Middle Draa Valley (Zagora province), Tata sub-catchment 347 

(Lower Draa Valley or Tata province), Guelmim sub-catchment in Guelmim province and 348 
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Errachidia sub-catchments city in Tafilalt or (Errachidia Province), for the 4 components 349 

(social, economic, environmental, and physical) and the total FVI.  350 

4.2.1 Social component  351 

Comparing the five sub-catchments, Guelmim (1) is socially the most vulnerable to floods 352 

(very high vulnerability).This high vulnerability is due to the high number of rural population, 353 

most disabled people, and the non-functional warning system than the others sub-catchments. 354 

Regarding the other sub-catchment, the MDV (0.37) and Errachidia (0.17) are vulnerable to 355 

floods, but Tata (0.04) and UDV (0.03) have small vulnerability. 356 

4.2.2 Economic component 357 

Guelmim (1) and Errachidia (1) have very high vulnerability; whereas Tata (0.16) has small 358 

vulnerability. Regarding UDV (a value close to 0) and MDV (0.001) have very small 359 

vulnerability, with small difference between both.The storage capacity has a large influence 360 

on the economic FVI component. Its economic FVI reflects that it is not economically 361 

vulnerable to floods. Industrial facilities are very small and not vulnerable. 362 

4.2.3 Environmental component 363 

UDV (1) and Errachidia (1) have similar values, showing that they are very high vulnerable to 364 

flood due to the effect of large terrain varying between 4000 and 1000 (m.a.s.l). MDV (0.64) 365 

has high vulnerability, whereas Guelmim (0.03) and Tata (0.018) have small vulnerability to 366 

flood, these values can be explained by the low anthropogenic influence. These values can 367 

help the flood vulnerability analysis to define strategies for the reduction of the environmental 368 

FVI for the areas having the very high vulnerability.  369 

4.2.4 Physical component 370 

Four indicators are used to determine the values of physical component of the five case 371 

studies. The UDV (1) sub-catchment is physically the highest vulnerable to flood, while MDV 372 

(0.5) being vulnerable, Guelmim (0.13) having small vulnerability, while Tata (0.065) and 373 

Errachidia (0.039) being very small vulnerable to flood. 374 

4.2.5 Total Flood Vulnerability Index 375 

The components (social, economic, environmental, and physical) together give the total value 376 

of the flood vulnerability index of each sub-catchment. The Errachidia (0.55), Guelmim 377 

(0.54), and UDV (0.5), have very similar values. These values lead to classify the three sub-378 
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catchments as high vulnerable to floods. Regarding the two other sub-catchments, can be seen 379 

that MDV (0.37) is vulnerable, and Tata (0.073) has small vulnerability to flood. Comparing 380 

the whole components, the Errachidia is the most vulnerable, with the exception of the 381 

physical component. Developing plans to reduce these components may reduce the total FVI 382 

of the Errachidia.  383 

Comparing the flood vulnerability of the urban areas with the sub-catchments, we see that at 384 

urban scale in social component the government should reduce vulnerability in Zagora firstly 385 

and Errachidia secondly, and reduce economic vulnerability in Tata, environmental 386 

vulnerability in Ouarzazate and Zagora and physical vulnerability in Guelmim and then in 387 

Errachidia. However, for sub-catchment the government should firstly reduce vulnerability in 388 

Guelmimand secondly in the Middle Draa Valley, and reduce economic vulnerability in 389 

Guelmim and Errachidia sub-catchments, environmental vulnerability in the Upper Draa 390 

Valley (UDV) and Errachidia sub-catchments and afterwards in Middle Draa Valley (MDV) 391 

and physical vulnerability in UDV and then in MDV.  392 

5. Discussion 393 

The challenges posed by climate change increase the importance of adaptation in Moroccan 394 

pre-Saharan region. Reduced vulnerability and adaptation to CC cannot be achieved by one 395 

sector alone, but all sectors that depend directly or indirectly on services provided from this 396 

environment. The impacts of these practices include the loss of land and other natural 397 

resources (loss of biodiversity and reduced agricultural). Together, these effects cause a 398 

deterioration of living conditions and poverty especially in the rural population. Today, CC 399 

aggravates these problems. This paper also provides from its results basic management of 400 

flood risk and informs decision makers in development and urban planning. At urban scale, 401 

the social vulnerability is very high, and government should reduce vulnerability in Zagora 402 

and Errachidia, but also reduce economic vulnerability in Tata, environmental vulnerability in 403 

Ouarzazate and Zagora and physical vulnerability in Guelmim and in Errachidia. For the sub-404 

catchment scale, the government should create plans to reduce vulnerability in Guelmim and 405 

Middle Draa Valley, and mitigate economic vulnerability in Guelmim and Errachidia sub-406 

catchments, environmental vulnerability Upper Draa Valley (UDV) and Errachidia sub-407 

catchments and only then in Middle Draa Valley (MDV) and physical vulnerability in UDV 408 

and in MDV.  409 
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To increase the socio-economic level of the poorest people, the government must invest in 410 

public transport; education (schools), appropriate housing (economical) (Khan, 2001). 411 

Reducing social inequalities in flood vulnerability is the right thing to do (Walker & 412 

Burningham, 2011). Reducing vulnerability also fight existing socio-economic problems. 413 

Because, reducing vulnerability is an interdisciplinary problem. It requires that physical, 414 

social and economic scientists and engineers work together to take the lead on flood 415 

vulnerability issues. 416 

The methodology used in this paper, is based on several indicators for different factors and 417 

two geographical scales, focusing on fluvial and urban floods. Various indicators were taken 418 

into account to assess flood vulnerability.  419 

The FVI allows to give solutions by identifying the most and the less vulnerable geographical 420 

scale in different sectors (economy, social, physical and environment), and to also bring out 421 

an easy to use tool which can be applied and used by the non-scientific community. The 422 

results of the FVI study allow that increased knowledge of these sectors can help to assess and 423 

manage presumptive floods. In this way, the FVI helps to identify the exact areas of potential 424 

vulnerability for the particularity or elements at risk disregarding of the intensity of the flood, 425 

which may occur. The FVI approach attempted to accomplish to take in social science 426 

knowledge to define the index indicators individually and thus calculate their vulnerability. 427 

As a reminder, the limitation of existing work shows that most collected data are descriptive. 428 

That is because most data is gathered and stored in a different ways and formats as this in turn 429 

can make comparisons difficult. Therefore, data computation and preparation for such 430 

assessments helps to derive higher accuracy. The FVI assessment demonstrated that the FVI 431 

tool can be applied at arid zone (Moroccan pre-Sahara), and can generate a range of 432 

information to help implement infrastructure projects and to identify areas of risk. The FVI 433 

study provides insights the natural and social susceptibility to flood for the four dimensions of 434 

the social, economic, environmental and physical for the urban scale. The results of the FVI 435 

study could be used for planning of new or better protected settlement in the area. 436 

Economic development is often associated with pressures on ecosystems and ecosystem 437 

services by the mean of the overuse of forest woods, the urban development, water shortage 438 

etc. To fight against the effects of floods, two types of measures must be taken (structural and 439 

non-structural measures). Several structural measures can be taken such as dams and dikes. 440 

Planting trees in the upstream area of each sub-catchment can be seen as a method to protect 441 
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and combat soil erosion. However, the non-structural measures are the actions like; response, 442 

preparedness, warning systems, rehabilitation planning, and flood fighting etc.  The oases 443 

zones of Morocco are located near the River to facilitate the use of surface water. This 444 

location near the watercourse beds causes the exposure of these areas to flood risk. The oasis 445 

is both with high agricultural values, ecological, landscape and cultural and territories 446 

weakened. Obviously as in other countries, reducing hazard, while minimizing impacts on the 447 

natural environment and the socio-economic sector, through the construction of dams and 448 

facilities can maintain flood prone areas. The current policy, construction of big and small 449 

dams, against flooding in the oasis basins allows the reduction of the hazard of flooding. 450 

For the applicability of Flood Vulnerability Index and as for all methods of modeling numeric 451 

data, the FVI is associated with some points of strengths and weaknesses. The strengths of 452 

this method: the FVI allows us to gather indicators for all aspects of flood vulnerability; it 453 

allows also integrating quantitative and qualitative for different scales (sub-catchment and 454 

urban scales) in order to compare local vulnerability to floods (in four different components). 455 

However, the major weaknesses of this index are the data collection that is much dispersed 456 

data, difficulties of access and a high cost of data collection. For our case, we have gathered, 457 

compiled, some times estimated all the necessary data from several documents and official 458 

websites (as mentioned in appendix 2, column 5). 459 

6. Conclusion 460 

The methodology used in this paper, is based on several indicators for different factors and 461 

two geographical scales, focusing on fluvial and urban floods. Various indicators were taken 462 

into account to assess flood vulnerability. The Flood vulnerability Index was use for these 463 

case studies at two scales (sub-catchment scale and area scale). Lot of data was needed to 464 

estimate the flood vulnerability indicators for each of the two areas. An accurate assessment 465 

of flood vulnerability is difficult, due to the lack of official necessary data. However, in order 466 

to complete this evaluation, more data were collected via social questionnaires, official 467 

documents and websites (see Appendix 2).  468 

The FVI can show readily implicit and readily communicated results that can help decision-469 

makers in identifying the most effective measures to be taken. Uncertainty is not removed, but 470 

is integrated into the assessment. On the other hand the complexity of FVI methodology is 471 
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also a negative point, since it takes a long time and good knowledge of the area and the 472 

system behind the FVI to be able to implement it.  473 

Social indicators are difficult to quantify. On the other hand, such a parametric method can 474 

give a basic way of characterizing what in reality is an intricate system. Such results will help 475 

to give an indication of whether a system is resilient, susceptible or exposed to flooding risks 476 

and help identify which measures would reap the best return on investment under a changing 477 

climate and population and development expansion.  478 

At urban scale, the Errachidia (0.09) is small vulnerable, while the four other cities (Zagora 479 

(0.47), Tata (0.28), Ouarzazate (0.26), and Guelmim (0.25)) are vulnerable to floods. 480 

Regarding the sub-catchment scale the Errachidia (0.55), Guelmim (0.54), and UDV (0.5), 481 

have very similar values. These values lead to classify the three sub-catchments as high 482 

vulnerable to floods. Regarding the two other sub-catchments, can be seen that MDV (0.37) is 483 

vulnerable, and Tata (0.073) has small vulnerability to flood. Comparing the whole 484 

components, the Errachidia is the most vulnerable, with the exception of the physical 485 

component.  486 

Concerning the applicability of Flood Vulnerability Index methodology can be summarized as 487 

follows: 488 

 Vulnerability can be reflected by exposure, susceptibility and resilience factors; 489 

 The sub-catchment and urban systems can be damaged regarding four different 490 

components estimated in the result section. 491 

 The FVI is adaptable to different uses in the Moroccan pre-Saharan region. 492 

 This tool allows to identify the risks and the management methods to assess flood 493 

vulnerability; 494 

 Find out the priority components and sectors of flood vulnerability in order to take 495 

urgent measures  496 

 The FVI is applicable in sub-catchment and urban area scales in pre-Saharan region. 497 

 Finally, the proposed methodology to calculate a FVI provides an approach to quantify 498 

how much floods are affecting, or can affect a sub-catchment or an urban area in pre-499 

Saharan regions. 500 
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Figure 1: Natural Disaster Occurrence. Source: UNISDR (UN Office for Disaster Risk Reduction) 605 
 606 
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 607 
 608 

Figure 2: Moroccan pre-Sahara: Oasean zone, including the basins of Guelmim, Tata, Zagora (MDV), 609 
Ouarzazate (UDV) and Errachidia (Tafilalet) 610 

 611 

  

Figure 3: A: Collapsed houses in Merzouga.  B: State of the road after a flood, at the entrance of 612 

Merzouga (Source: Kabiri, 2012). 613 

A B 
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Figure 4: A Flood 2009 in Middle Draa Valley Figure; B Flood 2009 (Karmaoui A) 614 

 615 
Figure 5: Flood vulnerability index of the five urban areas; The Social, Economic, Environmental, and 616 

Physical components and the Total FVI 617 
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 618 

Figure 6: Flood vulnerability index of the five sub-catchments areas for the Social, Economic, 619 
Environmental, and Physical components and for the Total FVI 620 

Table 1: Total number of people affected since 1963 due to flood in Morocco. Source: "EM-DAT: The 621 

OFDA/CRED International Disaster Database. www.em-dat.net" 622 

Date No Total Affected 

22/01/1970 266444 

25/11/2010 75003 

21/01/1996 60000 

11/1965 47813 

1977 38000 

12/1963 35010 

17/08/1995 35000 

 623 

Table 2: Human and economic losses from disasters occurred between 1980- 2010, in Morocco 624 

Killed People Economic Damages 

Disaster Date Killed Disaster Date Cost (US$ X 1,000) 

Flood 1995 730 Drought 1999 900,000 

Earthquake 2004 628 Earthquake 2004 400,000 

Flood 2002 80 Flood 2002 200,000 

Flood 1997 60 Flood 1996 55,000 

Flood 1995 43 Flood 1995 9,000 

Flood 2003 35 Flood 2001 2,200 

Flood 2010 32 Extreme temp. 2000 809 

Mass mov. dry 1988 31 Storm 2005 50 

Flood 2008 30    

Flood 1996 25    
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Social Economic Environment

al

Physical Total

UDV 0.030 4.88233E-06 1 1.000 0.508

MDV 0.375 0.001080574 0.639880952 0.497 0.378

Tata 0.043 0.165057915 0.018305662 0.065 0.073

Guelmim 1.000 1 0.031617647 0.134 0.541

Errachidia 0.171 1 1 0.039 0.553
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 625 

Table 3: Characteristics of the 1995 flood in Tata 626 

Rainfall level Duration of rainfall Debit (m3/s) Water level major bed 

106mm 180min n.d 1000mm 

Table 4: Flood vulnerability designations (Balica et al, 2012) 627 

Index value Designations 

<0.01 Very small vulnerability to floods 

0.01 to 0.25 Small vulnerability to floods 

0.25 to 0.5 Vulnerable to floods 

0.5 to 0.75 High vulnerability to floods 

0.75 to 1 Very high vulnerability to floods 

 628 
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 630 
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 633 

 634 

 635 

 636 

 637 

 638 

 639 

 640 

 641 

 642 

 643 

 644 

 645 

 646 

 647 

 648 

 649 

 650 



24 

 

Appendix 1: Questions applied to the interview 651 

(Adapted from Molino, 2012 andPFRRS, 2012) 652 

 653 

SAMPLE OF STAKEHOLDER INTERVIEW QUESTIONS 654 

1. What was your organisation’s role in floods? 655 

2. What was your role in the incident? 656 

3. Was a seamless and integrated approach provided to the community by emergency 657 

management organisation’s during the incident? Yes/no (reasons) 658 

4. What could be improved to deliver a more seamless and integrated approach?  659 

5. Did you experience or do you know of any interoperable issues during the incident? 660 

Yes/No if so, what were they? (list issues) 661 

6. Prior to the flood, did the community, individuals, businesses and emergency management 662 

organizations understand their roles in the event of a flood emergency? Yes/No (reasons) 663 

7. What plans were in place to ensure the incident was well managed, coordinated and 664 

communicated?  665 

8.  Was the local plan activated during the incident? Yes/No (reasons) 666 

9.  How could the management of the incident be improved? (list ways) 667 

10. How effectively were vulnerable people supported in the incident? 668 

11. Were people well informed about how to access support and essential services such as 669 

shelter, food, water and medical care? Yes/No (reasons) 670 

12. Partners interested in helping the poorest households and reducing the impact of future 671 

natural disasters  672 

13. Additional financial support, in the form of targeted social safety net activities, is needed 673 

by the poorest and most vulnerable households to protect against the deterioration of the 674 

health and nutritional status of their families, particularly children. 675 

14. Was this provided in a timely way? Yes/No (reasons) 676 

15. Did people continue to receive essential and critical services during the incident? Yes/No 677 

(reasons) 678 

16. Were the social, economic and environmental impacts rapidly assessed to develop the 679 

recovery plan? Yes/No  680 

17) Preparedness and recovery efforts will best be directed towards hygiene education, as well 681 

as strategic prepositioning and continued distribution of water treatment materials in high-risk 682 

and flood affected areas. 683 
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Appendix 2: Reference Data Sources 
Urban area  

  Name Definition Units References 

1 Population density There is an important exposure to a given hazard if population is concentrated 
people

/km2 

EVICC, 2011a ; 2011c,  2011d; and 

2011e 

2 
Population in flood 

prone area 
Number of people living in flood prone area people 

EVICC, 2011a ; EVICC, 2011e 

 

3 Cultural Heritage 
Number of historical buildings, museums, etc., in danger when flood occurs, if none 

take 1 
  

Survey 

Monographic reports (2008, 2011) 

4 Population growth % of the population growth in urban areas in the last 10 years % 
Monographic reports (2008, 2011) 

provincial and regional www.hcp.com 

5 Disabled People % of population with any kind of disabilities, also people less 15 and more than 65 % www.hcp.com 

6 
HumanDevelopment 

Index 
* HDI = 1/3(LEI) + 1/3(EI) +1/3(GI)   

www.hcp.com 

7 Child Mortality Number of children less than 1 year old, died per 1000 births   www.hcp.com and DHS, 2004 

8 PastExperience # of people affected in last 10 years because floods; people Survey and interviews 

9 
Awareness&Preparednes

s 
Range between 1-10 (help)    

Survey and interviews 

10 
Communication 

Penetration Rate 
% of households with sources of information % 

www.hcp.com 

11 Shelters/Hospitals Number of shelters per km2, including hospitals #/km2 Survey and interviews 

12 Warning system If No WS than the value is 1, if yes WS than the value is 10   EVICC, 2011b and c 

13 Emergency Service Number of people working in this service # Survey 

14 Evacuation roads % of asphaltedroads % Monographie 2011 

15 Industries # of industries or any types of economic activities in urban area # Monographie 2008.. 

16 Contact with River Distance of city along the river km Google earth 

17 Unemployment UM = [ #of_people_unempl /Total_Pop_AptToWork ] * 100 % www.hcp.com 

18 Inequality Gini Coefficient for wealth inequality, between 0 and 1   

2004 

GINI:http://www.memoireonline.com/12/06

/305/realisation-objectifs-du-millenaire-

developpement-maroc-optimisation-

spatiale.html 

19 Flood Insurance The number flood insurances per 100 inhabitants, if 0 than take 1   survey 

http://www.hcp.com/
javascript:popUp('files/Awareness%20and%20Preparedness.html',%20'Help',%20'750',%20'840');
http://www.memoireonline.com/12/06/305/realisation-objectifs-du-millenaire-developpement-maroc-optimisation-spatiale.html
http://www.memoireonline.com/12/06/305/realisation-objectifs-du-millenaire-developpement-maroc-optimisation-spatiale.html
http://www.memoireonline.com/12/06/305/realisation-objectifs-du-millenaire-developpement-maroc-optimisation-spatiale.html
http://www.memoireonline.com/12/06/305/realisation-objectifs-du-millenaire-developpement-maroc-optimisation-spatiale.html
http://www.water.gov.ma/
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20 Amount of Investment Ratio of investment over the total GDP   
Calculated from regional GDP  

HCP, 2010 

21 Dikes_ Levees Km of dikes/levees km Earthgoogle and interviews 

22 Dams_Storagecapacity Storage capacity in m3 of dams, polders, etc., upsteam of the city m3 
EVICC, 2011b, 2011cand 2011d 

www.water.gov.ma 

23 Recovery time 
Amount of time needed by the city to recover to a functional operation after flood 

events 
days 

Survey 

24 Rainfall The averagerainfall/year m/year 
www.water.gov.ma 

EVICC, 2011b, 2011cand 2011d 

25 Green Area Area destined for green areas inside the urban area % Google earth 

26 UrbanGrowth 
% of increase in urban area in last 10 years; Fast urban growth may result in poor 

quality housing and thus make people more vulnerable 
% 

Historic of googleearth 

27 Evaporation rate Yearly decrease rate in groundwater level m/year 
EVICC, 2011b, 2011cand 2011d 

www.water.gov.ma 

28 Topography Average slope of the city   
http://www.toutcalculer.com/batiment/c

alculer-une-pente.php 

29 RiverDischarge Maximum discharge in record of the last 10 years, m3/s m3/s www.water.gov.ma 

30 Evaporation rate/Rainfall Yearly Evaporation over yearly rainfall   
Calculated from 24 and 27 indicators 

31 Dams_Storagecapacity 
The total volume of water, which can be stored by dams, polders, etc. (amount of 

storagecapacity) 
m3 

www.water.gov.ma 

EVICC, 2011b, 2011cand 2011d 

32 Drainage system Km of canalization in the city km Survey and interviews  

33 Average RiverDischarge Average Riverdischarge at the mouth m3/s www.water.gov.ma 

34 
Storage capacity over 

yearly discharge 
Amount of storage capacity over the yearly average runoff volume   

EVICC, 2011b, 2011cand 2011d 

www.water.gov.ma 

 

Sub-catchment area 

 Name definition Units References  

1 
Population density 

There is an important exposure to a given hazard if population is 

concentrated 

people/

km2 

EVICC, 2011a ; 2011c;  & 2011d; and 

2011e 

2 Population in flood 

prone area 
Number of people living in flood prone area people 

EVICC, 2011a ; EVICC, 2011e 

3 Urbanized Area % of total area which is urbanized %  

http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/


27 

 

4 
Rural population % of population living outside of urbanized area % 

EVICC, 2011a ; EVICC, 2011e 

 

5 
Disabled People 

% of population with any kind of disabilities, also people less 15 and more than 

65 
% 

www.hcp.com 

6 
HumanDevelopment 

Index 
* HDI = 1/3(LEI) + 1/3(EI) +1/3(GI)   

www.hcp.com 

7 
Child Mortality Number of children less than 1 year old, died per 1000 births   

www.hcp.com 
EVICC, 2011c,  2011d, 2011e, 

8 
PastExperience # of people affected in last 10 years because floods; people 

Survey and interviews 

9 Awareness&Preparedne

ss 
Range between 1-10 (help)   

Survey and interviews 

10 Communication 

Penetration Rate 
% of households with sources of information % www.hcp.com 

11 
Warning system If No WS than the value is 1, if yes WS than the value is 10   

EVICC, 2011a ; EVICC, 2011e 

 

12 
Evacuation Roads % of asphaltedroads % 

 

13 
Proximity to river average proximity of populated areas to flood prone areas km 

Google earth, survey and interviews 

14 Land Use % area used for industry, agriculture, any types of economic activities % Lnad use  

15 Unemployment UM = [ #of_people_unempl /Total_Pop_AptToWork ] * 100 % www.hcp.com 

16 

Inequality Gini Coefficient for wealth inequality, between 0 and 1   

2004 GINI: 
http://www.memoireonline.com/12/06/305/r

ealisation-objectifs-du-millenaire-

developpement-maroc-optimisation-

spatiale.html 

17 Life expectancy Index LEI = (LE - 25) / (85 - 25)    

18 
Flood Insurance The number flood insurances per 100 inhabitants, if 0 than take 1   

Survey and interviews  

19 
Amount of Investment Ratio of investment over the total GDP   

Calculated from regional GDP 

HCP, 2010 
20 Dikes_ Levees Km of dikes/levees over total length of river % Google earth and survey 

http://www.hcp.com/
javascript:popUp('files/Awareness%20and%20Preparedness.html',%20'Help',%20'750',%20'840');
http://www.memoireonline.com/12/06/305/realisation-objectifs-du-millenaire-developpement-maroc-optimisation-spatiale.html
http://www.memoireonline.com/12/06/305/realisation-objectifs-du-millenaire-developpement-maroc-optimisation-spatiale.html
http://www.memoireonline.com/12/06/305/realisation-objectifs-du-millenaire-developpement-maroc-optimisation-spatiale.html
http://www.memoireonline.com/12/06/305/realisation-objectifs-du-millenaire-developpement-maroc-optimisation-spatiale.html
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21 
Dams_Storagecapacity Amount of storage capacity over area of sub-catchment m 

www.water.gov.ma 
 

22 EconomicRecovery How affected is the economy of a region at a large time scale, because of floods  

 
Survey and interviews 

23 
Rainfall 

The average rainfall/year of a whole RB 

= mm / (1000 * year) = m / year 

m/ 

year 

EVICC, 2011b, 2011cand 

2011dwww.water.gov.ma 

24 Degrated Area % of degraded area % Land use  

25 
UrbanGrowth 

% of increase in urban area in last 10 years; Fast urban growth may result in poor 

quality housing and thus make people more vulnerable 
% 

Historic googleearth 

26 
Forested Area % of forested area % 

Monographie, 2008 and 2011 
EVICC, 2011b, 2011cand 2011d 

27 
Evaporation rate Yearlyevaporation rate 

m/ 

year 
www.water.gov.ma 

EVICC, , 2011b, 2011c and 2011d 

28 Natural Reservation % of natural reservation over total SC area %  

29 UnpopulatedArea % of area with density of population less than 10 pers/km2 %  

30 
Topography Averageslope of sub-catchment   

MNT and 
http://www.toutcalculer.com/batiment/c

alculer-une-pente.php 

31 RiverDischarge Maximum discharge in record of the last 10 years, m3/s m3/s www.water.gov.ma 

32 Frequency of 

occurrence 
Yearsbetweenfloods years 

 

33 Evaporation 

rate/Rainfall 
Yearly Evaporation over yearly rainfall   

www.water.gov.ma 

34 
Dams_Storagecapacity 

The total volume of water, which can be stored by dams, polders, etc. (amount of 

storagecapacity) 
m3 www.water.gov.ma 

35 Average RiverDischarge Average Riverdischarge at the mouth m3/s www.water.gov.ma 

36 Storage capacity over 

yearly discharge 
Storage capacity divided by yearly volume runoff   www.water.gov.ma 

 

 

 

 

http://www.water.gov.ma/
javascript:popUp('files/Economic%20Recovery.html',%20'Help',%20'450',%20'500');
http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/
http://www.water.gov.ma/

