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Abstract. Moroccan Pre-Saharan zone is an oasis system, which it is characterised by extreme events, like drought
and flood. The flood risks will likely increases in frequency and magnitude due to global and regional climate
change. Flood tends to have an important impact on isolated and poor regions such as oasis regions. This paper
aims the analysis of applicability of Flood Vulnerability Index (FV1) in pre-Saharan region of Morocco. The FVI,
it is a numerical index that reflects the status of a region’s flood vulnerability. It was determined for four
components social, economic, physical, and environmental. These components can help to assist to propose
strategies for improvement of the holistic system. For this study five sub-catchments were selected: Upper Draa
Valley (UDV), Middle Draa Valley (MDV), Tata sub-catchment, Guelmim sub-catchment and Tafilalt sub-
catchment; and five urban areas, Ouarzazate, Zagora, Tata, Guelmim and Errachidia. A comparative analysis of
the results from thus areas allows us to assess the applicability of the FVI. The overall FVI for these areas was
determined by the calculating and standardisation of 36 indicators for each sub-catchment scale and 34 for each
urban scale.
Keywords: Flood, Vulnerability, oasis, environmental impact, climate change, adaptation

1. Introduction

Globally, dry lands areas is estimated to be about 41 percent of the terrestrial surface, and are home to a third of
humanity, and concentrate the high rate of poverty (Mortimore et al, 2009). Dry lands are located mainly in poor
countries: 72% of this area is found within developing countries and only 28% within industrial ones (MEA 2005).
Morocco is one of these countries. In fact, is located in the North-West corner of Africa, bordered by the
Mediterranean Sea and the Atlantic Ocean on the North and West, by Algeria on the East, and by Mauritania on
the South. Its total land area is 710850 km? and includes different landforms, like agricultural plains, River valleys,
plateaus, and mountain chains (Anon 2004). Most of these lands are arid to semi-arid from which 75% are
rangelands, 13% forests and 8% are cultivated (Dahan 2012). In the hyper-arid and arid dry lands (the desert
biome), most agricultural activities are in oasis, where the irrigation is by fluvial, ground, or local water sources
(MEA 2005). The drought threatens severely the populations in the study areas. In fact, a large part of the date
palm trees (main source of life) in the Southern zone died, causing a reduction from 4575 km? to 1342 km?
(Benmohammadi 2000). Furthermore, as palm trees are the main element for the oasis agriculture, the number of
animals also decreased because of the drought event (Heidecke & Roth 2008, Ait Hamza et al. 2009).This
dependence of oases on water makes this area, highly wulnerable to extreme events, like droughts and floods.
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Climate change causes acceleration in the frequency of extreme events. Human societies have developed in trying
to cope by limiting impacts. In this context the IPCC (2012) has developed risk management strategies. According
to the IPCC report, the impacts of changes in flood are highly dependent on how climate changes in the future
(IPCC 2012). That is happening for droughts as well. In fact, the impact of natural disasters is correlated to the
vulnerability of communities in developing countries, as previous socio-economic vulnerabilities may accelerate
these disasters, making the recovery very difficult (Vatsa & Krimgold 2000). Thus, the impact of such events
increases the poverty (Carter et al. 2007). Historically, flood has damaged properties infrastructure and thousands
of populations. In Morocco, floods are the most dangerous natural disasters, as seen in Fig. 1 and Table 1. The
number of affected people and lives lost due to floods exceeds any other natural disasters in the past thirty years.

The data related to human and economic losses) from disasters that have occurred between 1980 and 2010 in

Morocco, according to UNISDR (UN Office for Disaster Risk Reduction (www.preventionweb.net), can be seen
on Table 2). During this period (1980-2010), 78 dams have been built at the national scale.

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

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

OFDA/CRED International Disaster Database. www.em-dat.net"
Table 2: Human and economic losses from disasters occurred between 1980- 2010, in Morocco

In recent decades, Morocco has experienced several extreme events. These hydro-meteorological events have
greatly impacted the economies. Floods are leading these events. Indeed floods caused significant damage to the
socio-economic side. In this context, can be cited a few examples of recent major floods occurred in Morocco in
general and their socio-economic consequences:

e On 25" of September 1950 a flash flood of 6m of height flooded the city of Sefrou making a hundred
victims (Saidi et al. 2010):

e On23"of May 1963 a violent flood of 7200 m*/s of peak flow devastated the Moulouya valley taking the
left seat bank of the dam Mohammed V, according the official website of the Moroccan Ministry of water
(www.water.gov.ma).

e Finally, the famous flood that affected watersheds Marrakech High Atlas on 17" of August 1995. In this
region flood of about 1030 m¥s occurs (RIAD 2003).This flood made730 victims and 35 000 affected (CSIG
2008).

During the last decade, the notion of vulnerability has changed. After IPCC in 2001 hazards such as climate change,
defines vulnerability as “the degree to which a system is susceptible to or unable to cope with, adverse effects of
climate change, including climate variability and extremes”. Connor & Hiroki (2005) developed a Flood
Vulnerability Index (FV1), which allows for a comparative analysis of flood wlnerability between different River
basins. Methodology which let operators to recognize the key causes conscience-stricken for the basin's
vulnerability. Vulnerability is expected to happen under certain conditions of exposure, susceptibility and
resilience, measuring the extent of harm (Fuchs et al. 2011). The present article will use the following definition
of wulnerability specifically related to flooding (Balica et al. 2009): the degree to which a natural or man-made

system is susceptible to floods due to exposure, a perturbation, in co-occurrence with its ability (or inability) to
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cope, recover, or basically adapt. Managing risks from floods should be an important component of climate change
adaptation. This study focuses on an approach to assess flood vulnerability and discuss the benefits of adaptation
options at a city-scale and sub-catchment-scale, using Flood Vulnerability Index (Balica et al. 2009) in pre-Saharan
region. The indicators used show the variables affecting the flood wulnerability in the pre-Saharan region. It
provides an important tool for decision maker for monitoring and evaluating changes over time. Data was collected
froma variety of sources (see Appendices 2), including household surveys, documents, government and ministries.
The data gathered pertained to the particular indicator to be calculated. The FVI is an indicator-based index which
reflects the status of a scale’s flood vulnerability. This index was determined for four components social, economic,
physical, and environmental. As indicated in the title of this article, the paper aims to assess flood wulnerability in
Southern Morocco; in oasis basins, by analyzing the applicability of FVI. Five sub-catchments and five urban areas

were selected; the results from thus areas allow us to assess the applicability of the FVI.

2. Materials and methods

2.1 Study area

Pre-Saharan North Africa constitutes a major indicator of climatic trends in the Mediterranean region; is currently
experiencing a rapid climatic deterioration and desertification (RBOSM 2008). This situation makes the region
(see Fig. 2) a vulnerable area. In fact, since the middle of the twentieth century, oases have borne increasing
demographic and investment pressures resulting in larger water abstraction, soil salinization, loss of surrounding
vegetation and soil erosion (MEA 2005).

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

The study area corresponds to the perimeters of the oasean provinces of Zagora, Ouarzazate, Guelmim, Tata and
Errachidia. It is located in part of the Draa Basin (Upper, Middle and low Draa), and of Tafilalet basin. At the
economic level of the entire area, agriculture occupies a prominent place in the economy of these provinces; in
fact it is one of the main sources of income and occupies the major part of the workforce (EVICC 2011a). Industrial
activity is almost non-existent and the tourism activity remains well below the existing potential. These oasis
basins are located near the Wadis (temporary rivers) to facilitate the use of water surface. This location near the
Wadi beds is important for the mobilization of water, however it causes the exposure of these areas to flood risk
(EVICC 2011e). The floods are rare in the basin of Draa (UDV, MDV, Tata sub-catchment and Guelmim Sub-
catchment) but they are brutal and violent (PACC 2012a).

The study area has experienced several floods, causing considerable socio-economic damages; we will quote the
most important in the study area:

2.1.1 Tafilalet

On the 5™ of November 1965, a flood destroyed the Ziz valley (Tafilalet), leaving 25,000 people homeless and
accelerating the decision to build the dam Hassan Addakhil (Saidi et al. 2010). In Merzouga, the last important
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flood was recorded on the 26th of May 2006 after an intense rainfall (112 mm/3 hours) (Minoia & Kaakinen,
2012). The flood damages were significant, with the destruction of 140 houses and hotels, deterioration of Taouz—
Merzouga road and of the ONEP (National Agency for drinking water and sanitation) water supply pipe of
Merzouga villages (See Fig. 3, Photos: A and B) and Taouz (Kabiri 2012).

Figure 3: A: Collapsed houses in Merzouga. B: State of the road after a flood, at the entrance of Merzouga
(Source: Kabiri, 2012).

It was happening the same on the Rheris River (Tafilalet) where in 1965 an observed and measured average annual
rate of 9.2m?%s took place (PACC 2012a).

The same phenomenon was observed on the Dadés River(Upper Draa Valley): between 1965-1966 the Dadés
Riverand its tributary Assif Mgoun, respectively recorded average discharge of 7.8 m%/s and 12.3 m®/s with an

annual contribution of 103.6 m*/s and 147 m® in the same order.

2.1.2 Draa (UDV sub-catchment and MDV)

The drainage system of Upper Draa consists by temporary RiverOuarzazate and Douchen in the Westside and by
perennial Oued Dades Mgoun in the East side. They are fed by karstic aquifers that originate in the high mountains
of the north east of the High Atlas. This aquifer is fed by melting snow and water infiltration. Upper Draa receives
an average of 514 Mm?® (EVICC 2011d).The drainage system of the Middle Draa is less densed and drained mainly
by the Draa and its tributaries. The average flow recorded in Zagora is 13.4m%/s and the maximum that is ever
recorded it is in 1965 and reached 213m®%s. However, in August of the same year, this zone knows only 0.13m?%/s
(Ait-Hamza et al. 2009). The violence of flood causes the phenomenon of water erosion which reduces the fertility
of agricultural land (EVICC 2011d).

The photos (See Fig. 4) show an example of the 2009 flood:

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

2.1.3 Guelmim sub-catchment

In the Guelmim sub-catchment, the drainage system is composed by Seyad Wadi, Oum EIl Achar Wadi, Ourg Wadi
and Assaka Wadi. It is therefore subject to the risk of flooding due to overflowing of these Wadis. The main
tributaries of the Assaka Wadi (Seyad and Oum Laachar) have been planning for the spreading of flood waters.
Thus, seven thresholds derivation (small dam) concrete, masonry or gabions have been constructed and are used
to derivate flow rates of 15 to 30 m® /s per small dam, of a total capacity of derivation of 174 m3/s (Water and
Environment Ministry).

On the 7™ of January 1985, the Province of Guelmim was hit by flooding due to overflowing of the Oum Laachar
Wadi, 33mm in Guelmim center and 65 mm in Bouizakarne in 53min, at a flow rate of 1000m*/s(EVICC 2011b).
The importance of these events is due to the socio-economical wulnerability of this area. Unfortunately, human
and economic damages for these floods are not available.
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2.1.4. Tata sub-catchment

Tata province has experienced several floods. History indicates that the floods that overflow Akka River in 1995
is one of the major events (see Table 3) that impacted the zone. The damage is as following: 13 deads, 2 wounded,
4 missing and 350 families homeless; as well as destruction of 655 homes (EVICC 2011b).

Table 3: Characteristics of the 1995 flood in Tata

3. Methodology

In this paper, we used and normalized different variables (indicators) for each selected spatial scale (at urban area
and sub-catchment), in a numerical index that reflects the status of a region’s flood vulnerability (See Table 4).
The used tool or the flood wlnerability index, developed in 2009 by Balica et al. The overall FV1 for each scale
was determined by the calculating the index from the 36 indicators for sub-catchment scale and 34 for urban scale.
These indicators have been linked with the three factors of vulnerability: susceptibility, exposure and resilience.
The general FVI Eq. (1) links the values of all indicators to flood wulnerability components (social, economic,
physical and environmental) and factors (susceptibility, exposure and resilience), without balancing or
interpolating from a series of data.

Exposure * Susceptibility
FVI= @)
Resilience

Table 4: Relationship between components and factors (Balica et al. 2009)

The calculation of each component, both in the urban and sub-catchment scale are based on the following equations
(Balica & Wright 2010):
Urban scale:

e Social component:

PD, P FA, CH, PG, HDI, CM
FVIS = j| (2

PE, A/P,CPR, S, WS, ER, ES

e Economic component:

IND, CR, UM, Ineg, UG, RT
FVI Ec= ®)
FI, Aminv, D_S C, D

e Environmental component :

UG, Rainfall
FVIEn= |- 4)
EV,LU

e  Physical component :

T,CR
FVIPh= [ :| ()

| EVRainfall, S C/Viear, D_L
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Sub-catchment scale

e Social component:

FVIS = |_
|_ PE, A/P,C PR, WS, E R, HDI

P FA, R Pop, % disable, C m :|
(6)

e Economic component:

L,UM, Ineq, UA
FVI Ec= @)
LELFI, Aminv, S C/Vyear, ECR

e  Environmental component:

|_ Rainfall, DA, UG
FVIEn= ()]

|_ L U, EV,NR, Unpop

e  Physical component:

T
FVIPh= ©)
E V/Rainfall, S C/Vyear, D_L

Data for calculating the FVI (and initially setting the response levels) were collected for five oasis provinces:
Guelmim, Tata, Zagora, Ouarzazate and Errachidia to provide some initial testing of the model. These data were
obtained from national and regional reports.

3.1 Method for scoring: Standardization/normalization
A standardization method was used for adjusting indicator values in a scale from 0 to 1 (See Table 5).The

standardized formula of the FV1 is as follow (10):

FVIScaIe
FVIs = (10)
FVmax

The flood wulnerability analysis was done using a detailed evaluation of the four components of flood wlnerability:
social, economic, environmental and physical. These components were gathered and calculated to give the overall
vulnerability.

Table 5: Flood wulnerability designations (Balica et al, 2012)

4, Results

After data collection, the flood vulnerability index was calculated for the four flood vulnerability components and
for the total FVI. The indicator values are gathered, compiled and standardized for five case studies selected of
Moroccan pre-Sahara region, while the total FVI was determined by the calculating it from the 36 indicators of
each sub-catchment and 34 for each urban area.

4.1 At urban scale of the Moroccan Pre-Sahara

At urban scale, we used the following equations: Eq. (2) for social component, Eq. (3) for economical component,
Eq. (4) for environment and Eq. (5) for physical component. These equations lead to obtain the results in Fig. 5.
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Figure 5: Flood wulnerability index of the five urban areas; The Social, Economic, Environmental, and Physical
components and the Total FVI

The Figure 5 shows a comparison (Normalized values) between the five urban areas selected, Ouarzazate city in
Upper Draa Valley (Ouarzazate province), Zagora city in Middle Draa Valley (Zagora province), Tata city in
Lower Draa Valley (Tata province), Guelmim city in Guelmim province and Errachidia city in Tafilalt or
(Errachidia province), for the 4 components and the total FVI.

4.1.1 Social component
Fourteen indicators are used to determine the social FVI values as showed in Table 3 presented by U in social

component. These indicators emphasize clearly that Zagora is very high vulnerable to floods because this city is
characterized by widespread poverty, high rates of unemployment and illiteracy. During floods, planning and
measures taken in this city are inadequate. As to the Errachidia city, is small vulnerable and Guelmim is very small

vulnerable to floods. Regarding the Ouarzazate and Tata cities, are vulnerable to flood.

4.1.2 Economic Component

The value for the FVI ec is near to zero except for the Tata city. The economic component is largely sensitive to
the value of storage capacity of the area because the retention capacity improves the resilience of the cities. In fact,
Tata city is very high vulnerable to floods, whereas the other cities have very small wulnerability to floods. The
high wlnerability of Tata city is due to the low capacity to water storage. The other four case studies present very
low values of exposure. In fact, this relative small vulnerability or resilience is due to the relative higher capacity
of storage of water. Effectively, the four cities (Guelmim, Zagora, Ouarzazate and Errachidia) take advantages of

the following dams (www.water.gov.ma) and small reservoirs (Ouhajou 1996).

e Mansour Eddahbi Dam (560 Mm?) near the Ouarzazate city and in upstream of the Zagora city and 5
small reservoirs in Zagora province: Agdez (3.14 m®/s), Tansikht (6.77 m%/s), Ifly (11 m%/s), Azghar (3.3-
11 m®/s) and Bounou (4 m%s), where Agdez, Tnasikht and Ifly are in upstream side of the Zagora city.

e Plus Mansour Eddahbi Ouarzazate province has a second dam called Tiouine (100 Mm?).

e Hassan Edakhil (347.0 Mm?®) in upstream of the Errachidia city, and

e Seven thresholds derivation (small dams) concrete, masonry or gabions have been constructed and are
used to derivate flow rates of 15 to 30 m®/s per small dam, for a total capacity of derivation of 174 m%/s

in Guelmim province.

4.1.3 Environmental Component
According to Fig. 5, Zagora (0.8) and Ouarzazate (1) have very high wulnerability to floods, while Tata (0.08) and

Guelmim (0.013) have small vulnerability to floods, however Errachidia (0.001) is very small vulnerable to floods.
The low wulnerability of Tata, Guelmim and Errachidia is due to the followings: low rainfall, low land use and
high evaporation/rainfall rate. Comparing these cities with Zagora and Ouarzazate, the environmental vulnerability
of Zagora and Ouarzazate to floods is higher than the three other cities. Figure 5 illustrates that Ouarzazate city
has a higher environmental wulnerability to floods due to a relative large rainfall amounts and the low percentage

of green areas.
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4.1.4 Physical Component
Guelmim (1) has a very high vulnerability to floods; whereas, Errachidia (0.2), Tata (0.02), Zagora (0.05) and

Ouarzazate (0.01) are classified as small vulnerable to floods.

4.1.5 Total Flood Vulnerability Index (FVI total)

All the components together give the total value of the flood wvulnerability index for each case study (each urban
area). Errachidia (0.09) is small vulnerable, while the four other cities (Zagora (0.47), Tata (0.28), Ouarzazate
(0.26), and Guelmim (0.25)) are wulnerable to floods. Comparing these four later cities, the total F\VI makes Zagora
more vulnerable urban area then Tata, Ouarzazate and Guelmim. Flood management leads to decrease the flood
impacts of the socio-economical sector in the pre-Saharan region. The traditional management widely observed in
developing countries and vulnerable region take account mainly the economic loses than the environmental and
social components. As a measure to the recovery after a flooding event, is the flood insurance, this provides
compensation for losses caused by the flood. Particularly, in the case studies, the insurance is not included in the
flood risks. The second measure is rehabilitation. The post-flood management problems can be pre-planned. In
order to achieve this, objective surveys need to be carried covering human casualties and material damage. On the
basis of an objective assessment of hazard, economic, social, and environmental factors, the government should

impose that the future development projects will be compliant with the local flood wulnerability.

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

The calculating of the FVI at sub-catchment scale in Moroccan Pre-Sahara requires a total of 36 indicators,
presented in Table 2. Using equations Eq. (6) for social component, Eq. (7) for economic component, Eq. (8) for
environmental and Eq. (9) for physical component, the results obtained are shown in Fig. 6.

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

and Physical components and for the Total FVI

Figure 6 shows a comparison (Normalized values) between the five sub-catchments areas selected, Upper Draa
Valley, Middle Draa Valley (Zagora province), Tata sub-catchment (Lower Draa Valley or Tata province),
Guelmim sub-catchment in Guelmim province and Errachidia sub-catchments city in Tafilalt or (Errachidia
Province), for the 4 components (social, economic, environmental, and physical) and the total FVI.

4.2.1 Social component

Comparing the five sub-catchments, Guelmim (1) is socially the most wulnerable to floods (very high
vulnerability). This high wulnerability is due to the high number of rural population, most disabled people, and the
non-functional warning system than the others sub-catchments. Regarding the other sub-catchment, the MDV
(0.37) and Errachidia (0.17) are vulnerable to floods, but Tata (0.04) and UDV (0.03) have small wulnerability.

4.2.2 Economic component

Guelmim (1) and Errachidia (1) have very high wulnerability; whereas Tata (0.16) has small vulnerability.
Regarding UDV (a value close to 0) and MDV (0.001) have very small vulnerability, with small difference between
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both. The storage capacity has a large influence on the economic FVI component. Its economic FVI reflects that
it is not economically vulnerable to floods. Industrial facilities are very small and not wulnerable.

4.2.3 Environmental component

UDV (1) and Errachidia (1) have similar values, showing that they are very high wlnerable to flood due to the
effect of large terrain varying between 4000 and 1000 (m.asl). MDV (0.64) has high vulnerability, whereas
Guelmim (0.03) and Tata (0.018) have small vulnerability to flood, these values can be explained by the low
anthropogenic influence. These values can help the flood wulnerability analysis to define strategies for the

reduction of the environmental FVI for the areas having the very high vulnerability.

4.2.4 Physical component

Four indicators are used to determine the values of physical component of the five case studies. The UDV (1) sub-
catchment is physically the highest vulnerable to flood, while MDV (0.5) being vulnerable, Guelmim (0.13) having
small vulnerability, while Tata (0.065) and Errachidia (0.039) being very small vulnerable to flood.

4.2.5 Total Flood Vulnerability Index

The components (social, economic, environmental, and physical) together give the total value of the flood
vulnerability index of each sub-catchment. The Errachidia (0.55), Guelmim (0.54), and UDV (0.5), have very
similar values. These values lead to classify the three sub-catchments as high vulnerable to floods. Regarding the
two other sub-catchments, can be seen that MDV (0.37) is wulnerable, and Tata (0.073) has small wulnerability to
flood. Comparing the whole components, the Errachidia is the most vulnerable, with the exception of the physical

component. Developing plans to reduce these components may reduce the total FVI of the Errachidia.

Comparing the flood wulnerability of the urban areas with the sub-catchments, we see that at urban scale in social
component the government should reduce wulnerability in Zagora firstly and Errachidia secondly, and reduce
economic vulnerability in Tata, environmental vulnerability in Ouarzazate and Zagora and physical vulnerability
in Guelmim and then in Errachidia. However, for sub-catchment the government should firstly reduce vulnerability
in Guelmimand secondly in the Middle Draa Valley, and reduce economic vulnerability in Guelmim and
Errachidia sub-catchments, environmental vulnerability in the Upper Draa Valley (UDV) and Errachidia sub-
catchments and afterwards in Middle Draa Valley (MDV) and physical vulnerability in UDV and then in MDV.

5. Discussion

The challenges posed by climate change (CC) increase the importance of adaptation in Moroccan pre-Saharan
region. Reduced wulnerability and adaptation to CC cannot be achieved by one sector alone, but all sectors that
depend directly or indirectly on services provided from this environment. The impacts of these practices include
the loss of land and other natural resources (loss of biodiversity and reduced agricultural). Together, these effects
cause a deterioration of living conditions and poverty especially in the rural population. Today, CC aggravates
these problems. This paper also provides basic management of flood risk and informs decision makers in
development and urban planning. At urban scale, the social vulnerability is very high, and government should

reduce wulnerability in Zagora and Errachidia, but also reduce economic wulnerability in Tata, environmental
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vulnerability in Ouarzazate and Zagora and physical vulnerability in Guelmim and in Errachidia. For the sub-
catchment scale, the government should create plans to reduce wulnerability in Guelmim and Middle Draa Valley,
and mitigate economic wulnerability in Guelmim and Errachidia sub-catchments, environmental vulnerability
Upper Draa Valley (UDV) and Errachidia sub-catchments and only then in Middle Draa Valley (MDV) and
physical vulnerability in UDV and in MDV.

To increase the socio-economic level of the poorest people, the government must invest in public transport,
education (schools), appropriate housing (economical). Reducing social inequalities in flood wvulnerability is the
right thing to do. Reducing wlnerability also fight existing socio-economic problems. Because, reducing
vulnerability is an interdisciplinary problem. It requires that physical, social and economic scientists and engineers
work together to take the lead on flood vulnerability issues.

The methodology used in this paper, is based on several indicators for different factors and two geographical
scales, focusing on fluvial and urban floods. Various indicators were taken into account to assess flood
vulnerability.

The FVI allow to give solutions by identifying the most and the less wulnerable geographical scale in different
sectors (economy, social, physical and environment), and to also bring out an easy to use tool which can be applied
and used by the non-scientific community. The results of the FVI study allow that increased knowledge of these
sectors can help to assess and manage probable floods. In this way, the FVI helps to identify the exact areas of
potential wulnerability for the particularity or elements at risk disregarding of the intensity of the flood, which may
occur. The FV 1 approach attempted to accomplish to take in social science knowledge to define the index indicators
individually and thus calculate their vulnerability. As a reminder, the limitation of existing work shows that most
collected data is descriptive. That is because most data is gathered and stored in a different ways and formats as
this in turn can make comparisons difficult. Therefore, data computation and preparation for such assessments
helps to derive higher accuracy. The FVI assessment demonstrated that the FV1 tool can be applied at arid zone
(Moroccan pre-Sahara), and can generate a range of information to help implement infrastructure projects and to
identify areas of risk. The FVI study provides insights the natural and social susceptibility to flood for the four
dimensions of the social, economic, environmental and physical for the urban scale. The results of the FVI study

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

Economic development is often associated with pressures on ecosystems and ecosystem services by the mean of
the overuse of forest woods, the urban development, water shortage etc. To fight against the effects of floods, two
types of measures must be taken (structural and non-structural measures). Several structural measures can be taken
such as dams and dikes. Planting trees in the upstream area of each sub-catchment can be seen as a method to
protect and combat soil erosion. However, the non-structural measures are the actions like; response, preparedness,
warning systems, rehabilitation planning, and flood fighting etc. The oases zones of Morocco are located near the
Riverto facilitate the use of surface water. This location near the watercourse beds causes the exposure of these
areas to flood risk. In fact, the oasis is both with high agricultural values, ecological, landscape and cultural and
territories weakened. Obviously as in other countries, reducing hazard, while minimizing impacts on the natural
environment and the socio-economic sector, through the construction of dams and facilities can maintain flood
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prone areas. The current policy, construction of big and small dams, against flooding in the oasis basins allows the
reduction of the hazard of flooding.

6. Conclusion

The methodology used in this paper, is based on several indicators for different factors and two geographical
scales, focusing on fluvial and urban floods. Various indicators were taken into account to assess flood
vulnerability. The Flood wulnerability Index was used on 5 case studies at two scales (sub-catchment scale and
area scale). Lot of data was needed to estimate the flood wulnerability indicators for each of the two areas. An
accurate assessment of flood wlnerability is difficult, due to the lack of official necessary data.

At urban scale, the Errachidia (0.09) is small wulnerable, while the four other cities (Zagora (0.47), Tata (0.28),
Ouarzazate (0.26), and Guelmim (0.25)) are vulnerable to floods.

Regarding the sub-catchment scale the Errachidia (0.55), Guelmim (0.54), and UDV (0.5), have very similar
values. These values lead to classify the three sub-catchments as high vulnerable to floods. Regarding the two
other sub-catchments, can be seen that MDV (0.37) is wulnerable, and Tata (0.073) has small vulnerability to flood.
Comparing the whole components, the Errachidia is the most wulnerable, with the exception of the physical
component.

Concerning the applicability of Flood Vulnerability Index methodology can be summarised as follows:

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

e  The sub-catchment and urban systems can be damaged regarding four different components estimated in
the result section.

e The FVIis adaptable to different uses in the Moroccan pre-Saharan region.

e This tool allow to identify the risks and the management methods to assess flood vulnerability;

e Find out the priority components and sectors of flood vulnerability in order to take urgent measures

e The FVlis applicable in sub-catchment and urban area scales in pre-Saharan region.

e Finally, the proposed methodology to calculate a FVI provides an approach to quantify how much floods
are affecting, or can affect a sub-catchment or an urban area in pre-Saharan regions.
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Figure 2: Moroccan pre-Sahara: Oasean zone, including the basins of Guelmim, Tata, Zagora (MDV),

Ouarzazate (UDV) and Errachidia (Tafilalet)

Figure 3: A: Collapsed houses in Merzouga. B: State of the road after a flood, at the entrance of Merzouga
(Source: Kabiri, 2012).
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components and the Total FVI
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Figure 6: Flood wlnerability index of the five sub-catchments areas for the Social, Economic, Environmental,
and Physical components and for the Total FVI

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

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

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

Table 2: Characteristics of the 1995 flood in Tata

Rainfall level

Duration of rainfall

Debit (m?%/s)

Water level major bed

106mm

180min

n.d

1000mm

Table 3: Human and economic losses from disasters occurred between 1980- 2010, in Morocco

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

16

$s920y UadQ

EGU



10.5194/nhess-2016-96, 2016

o ajeJ abueyd 158104
Sy Bale dZIUBQIN JO %
ns Aneuow pjiyo Sy uolrelaban Jo sadAL
ns ymoib uegin Sy eaJe pue| pareindodun
n's Y)eay uewnH n'sy eale papelbag S0
n'sy aimonanselyul jo Aiend n'sy Bale Pasn IanO [elusWUOIAUT
n'sy UJ32U0I [BIUBWUOIIAUT n'sy 81| Yyeay Buiureisns Jo SieaA nsy asn pue]
n'sy Spoo|4 01 awy A1aA0day n'sy SUOIjeAIaSal [ednieN n'sy I punoio
S Buiuuerd ueqin
S ended/das [euoibsy
ns S89A8|/seXId ns Airedow pjiyo
J m 8oualadxa 1sed D m ymoib ueqin . S1UBUOdWOD
n'sy awn Alanoday n'sy 8}1] yyeay Buiurelsns o sieap ns Aanins ansepe)
n'sy aoueInsul pooj4 n'sy ainmonaselyul jo Aiend sy Bale Paziuean Jo % Jluou6os
n'sy Anoeded abe.ois 7 sweq n'sy Ajenbau n'sy SeaJe uoIrepunul 0} SSUBSO|D
n'sy Juswabeuew ainjoniisesyu| n'sy awoou| nsy JaALL 0} Ajwixold
n'sy S9INSeaLl 19)uNoJ Ul JUBWISaAU| n'sy juawAojdwaun n'sy asn pue]
n Buuueld ueqin
ns Uiesy uewnH
ns yimolb uonejndod
ns Addns ABisua Jo Aufend n swn|s
n's Addns 1a1em jo Auend n's J1ap|o 79 BunoA Jo o
S S/ 01 ss822e oym uonejndod jeiny n's abetay [eanyn)
n'sy uonelUes 0} ss8de Yum uolre|ndod n's Aanuns ansepe)
n'sy m_S__%o: Sy uonejndod _%sm spusuodwod
n'sy 8JeJ uonesiauad uonedUNWWOD n'sy Bale Uequn JO % [e100S
n'sy sla)ays n'sy suonnNNIsul Ul Isni] n'sy Auanod Japun uonejndod
n'sy a21nI8s Aouabiawg n'sy SSauaeMy n'sy aul| 1509 0} 85019 uole|ndod
n'sy Anoeded [euonnmisul n'sy ssaupaJedaid n'sy Bale UoIepuUNUI 0} SS8USSO|D
n'sy S9IN0J LUoIENIRAT n'sy (a1e1 Aoelay]) uoneonp3 n'sy eale pooj4 ul uoireindod
n'sy wiaysAs Burutepn n'sy 8oualadxa 1sed n'sy Ansuap uonejndod
aJeas olydesbos a|eas aiydeubosy aJeas olydesbos
2ouBI[ISay Angndsasns aunsodx3 AljigesauinA pooj

17

Manuscript under review for journal Nat. Hazards Earth Syst. Sci.

Published: 11 April 2016
(© Author(s) 2016. CC-BY 3.0 License.

Nat. Hazards Earth Syst. Sci. Discuss., doi

$10108} PUE S)UsUOdWod UsamIag dIysuoIIe|ay SI03edIpUl |[BIBAO
(6002 *I& 12 ©21jEg) S10108) puRe SlUBLOdWOD Usamlag diysuone|ay 7 ajqeL




Ne)
o
[\
-2
Q5
O
o g 3[eas uequn S das * ‘ 2
S va S Uequn siuasaidal ‘N pue {8]eIS JUsWIYIIRI-gNS Slussaidal ‘S B[eds uiseq Janary Ssjuasaldal ‘Y 818y
22 n's AnswAyreq [eiseod
.m m n's aul| 1se0)
£5 n's peo| uoleusWIPesS
S ns ypdap Jarem pooj4
" = n's [epLL
m ﬂ ns abuns w01
=z n's Au20[8A MO
.m ~ . n'sy 90Ua.1IN290 Jo Aouanbai4
. nNa g n'sy abieyosip Janry
m - m n'sy (abetane Ajreak) ainjesadws) syuauodwod
5 £ 9 n'syd 9)el uoneloden [e21sAud
A 5 — n'sy aImsiow [10S ’
. =X o n'sy Janl 03 Aywixoud
RO N n'syd
5 8 N . spouad uiney
mbL > o m D.w“m uoljeinp pooj4
2.9 =N e) ns seanal/ saxid sy Irejure) AreaH
wn W u Q nsy speoy EMM - >mo_0mo
S 3¢ n'sy Anoeded ob ydeiboag
[=lNo) | BJ0]S 79 SWe -
= w Mr < a n $9poa sbulpling n'sy (ado}s) Aydeifodol
Hes &
»n 5 o~
T e 2
8845 %
NE o ©
S 2 oS =E
T 3% 5
s§5 <
=
ZSZ0o@)



Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016-96, 2016
Manuscript under review for journal Nat. Hazards Earth Syst. Sci.
Published: 11 April 2016

(© Author(s) 2016. CC-BY 3.0 License.

Table 5: Flood wulnerability designations (Balica et al, 2012)

Index value Designations
<0.01 Very small wlnerability to floods
0.01t0 0.25 Small vulnerability to floods
0.25t0 0.5 Vulnerable to floods
0.5t00.75 High wulnerability to floods
0.75t0 1 Very high vulnerability to floods
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Appendix 1: Questions applied to the interview
(Adapted from Molino, S., 2012 and PFRRS, 2012)

SAMPLE OF STAKEHOLDER INTERVIEW QUESTIONS

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

2. What was your role in the incident?

3. Was a seamless and integrated approach provided to the community by emergency management organisations
during the incident? Yes/no (reasons)

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

5. Did you experience or do you know of any interoperable issues during the incident? Yes/No if so, what were
they? (list issues)

6. Prior to the flood, did the community, individuals, businesses and emergency management organizations
understand their roles in the event of a flood emergency? Yes/No (reasons)

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

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

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

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

11. Were people well informed about how to access support and essential services such as shelter, food, water and
medical care? Yes/No (reasons)

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

13. Additional financial support, in the form of targeted social safety net activities, is needed by the poorest and
most vulnerable households to protect against the deterioration of the health and nutritional status of their families,
particularly children.

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

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

16. Were the social, economic and environmental impacts rapidly assessed to develop the recovery plan? Yes/No
17) Preparedness and recovery efforts will best be directed towards hygiene education, as well as strategic
prepositioning and continued distribution of water treatment materials in high-risk and flood affected areas.
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