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Executive Summary 

This report addresses the requirements of the European Floods Directive (2007/60/EC), 

which requires Member States to undertake a Preliminary Flood Risk Assessment (PFRA) 

to provide an assessment of the potential flood risk for each River Basin District (RBD), 

or unit of management lying within their territory. This assessment was carried out on 

available or readily derivable information, such as records and studies on recent and 

long-term developments, the impact of climate change on the occurrence of floods.  The 

assessment also takes took into consideration floods which have occurred during the 

last planning cycle and which could potentially have significant adverse impacts on 

human health, the environment, cultural heritage and economic activities in the future. 

In the Malta RBD, the Energy and Water Agency (EWA) is the competent authority 

tasked with the preparation of the PFRA and the subsequent identification of Areas with 

Potentially Significant Flood Risk (APSFR). The results of the assessment presented in 

this report will provide the basis for the future development of flood hazard and risk 

maps and the 2nd Flood Risk Management Plan (FRMP). The implementation process of 

the EU Floods Directive, locally transposed as Legal Notice 264 of 2010 on the 

Assessment and Management of Flood Risks Regulations, also necessitates the direct 

involvement of a number of other government entities in order to ensure that risk 

identification and mitigation is addressed holistically at the River Basin scale.  
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1. Introduction 

1.1 Malta’s Governance Structure for Flood Risk Management 

The Malta RBD is composed of one single river basin district and one unit of 

management. As shown in Figure 1.1, the cross-cutting nature of the Floods Directive 

necessitates the involvement of various government entities throughout its 

implementation cycle with each entity being responsible for one or more component of 

this cycle. 

  

 

 

 

 

 

1. EWA: Overall policy 
Coordiantion 

2. MTIP: Urban 
Enviornment, Road 
Infrastructure and 
Stormwater Management 

3.  MECP: Planning, 
Environment and Climate 
Change Policies

4. MTCP: Valley 
Management 

5. MEW: Energy and 
Water

6. MHSE: Home Affairs, 
National Security and Law 
Enforcement

1. TM: Road 
Infrastructure Regualtion 

2. ERA: Valley 
Management Regulation  

3. PA: Landuse Regulation

4. BRO: Building Control 
Regulations

5. BCA: Building and 
Construction

1. IM: Road Infrastructure 
development and upkeep

2. MTIP: Flood mitigation 
Infrastructure

3. CPD: Civil Protection 

4. AM: Valley 
Management and 
rehabilitation 

POLICY REGULATION IMPLEMENTATION 

 

Key: 
AM: Ambjent Malta 
BCA: Building and Construction Agency 
BRO:  Building Regulations Office 
CPD:  Civil Protection Department 
ERA:  Environment and Resources Authority 
EWA:  Energy and Water Agency 
IM: Infrastructure Malta 
MECP:  Ministry for the Environment, Climate Change and Planning 
MEW: Ministry for Energy and Water 
MHSE:  Ministry for Home Affairs, National Security and Law Enforcement 
MTCP:  Ministry for Tourism and Consumer Protection 
MTIP:  Ministry for Transport, Infrastructure and Capital Projects 
PA:  Planning Authority 
TM:  Transport Malta 

Figure 1.1 Governance structure for flood risk management in Malta 
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In Malta, the Energy and Water Agency, a government agency established via LN 

340/2016 within the Ministry for Energy and Water Management and tasked with 

ensuring the coordinated development of Government’s national policies in the energy 

and water sectors, is responsible (as competent authority of the Floods Directive) for 

coordinating the development of the PFRA and the identification of APSFR’s. This work 

is also carried out in close collaboration and consultation with the respective 

government entities and relevant stakeholders.  

1.2 Flooding in the Maltese Islands 

Floods are natural phenomena which have the potential to cause fatalities, 

displacement of people and damage to the environment. Since these natural 

occurrences can hardly be foreseen, the socio-economic development and 

infrastructure of countries can be threatened. Globally urban sprawl and the 

continuously growing demand for land from many sectors of the economy have further 

exacerbated the situation, diminishing the natural retention ability of the soil and 

consequently increasing the adverse impacts of floods. In addition, climate change 

contributes to worsen this scenario by increasing the likelihood of occurrence of flash 

flood events. Reducing the risk of adverse consequences for human health and life, the 

environment, cultural heritage, economic activity and infrastructure is a fundamental 

objective of the European Community, and therefore also Malta.  

Malta has experienced flooding in the past over the years. When considering the 

country’s physical context, flooding has different characteristics to the extreme events 

experienced in mainland Europe. The geomorphology of the islands has led to the low-

lying areas of the country being identified as the most suitable for the development of 

urban centres. Often, these low-lying areas include dry valleys which over time have 

been built-up and incorporated into the main urban fabric. Therefore, when a storm 

event occurs, dry valleys act as a conveyance channel for stormwater, which flows, 

under the most extreme scenarios, for only a couple of hours along the valley floor prior 

to being discharged into the sea. Therefore, although no significant natural surface 

watercourses or rivers exist in the Maltese islands, urbanisation in areas which are 
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naturally susceptible to the conveyance of storm water runoff can lead to the temporary 

flooding of these areas with storm water runoff.  Within this context, flooding in Malta 

occurs when water is actually conveyed through the watercourse in low-lying urban 

areas rather than as a result of when rivers or streams overflow due to the river channel 

exceeding its capacity. Localised flooding events in coastal areas occasionally occur in 

the Maltese islands as a result of storm surges or coastal seiches but in all instances 

these events are of limited risk to the urban areas in the vicinity of the coastal zone. 

1.3 Preliminary Flood Risk Assessment 

The objective of this PFRA is to identify areas within the country where the risk of 

flooding is considered as significant, which will subsequently enable the production of 

hazard and risk maps in preparation for the development of the 2nd Flood Risk 

Management Plan. This PFRA considered past flooding and possible future flooding 

caused by natural sources, such as rainwater runoff, sea, groundwater, and the failure 

of built infrastructures.  

The assessment also considers the potential adverse consequences on human health, 

the environment, cultural heritage and economic activity in Malta by taking into 

account, as far as possible, issues such as the topography, the position of watercourses 

and their general hydrological and geological characteristics, the effectiveness of 

existing manmade flood defence infrastructures, the position of populated areas, 

economic activities and long-term developments including the impacts of climate 

change.  The Directive gives no definition for the term ‘significant’ therefore each 

Member State has to develop an assessment methodology to determine which areas 

are considered to have a significant flood risk potential within the national context. The 

methodology for determining the areas with potential significant flood risk is described 

in Section 4.6.2. 
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2. Overview of the Malta River Basin District 

The archipelago of Malta has a total area of 315 𝑘𝑚2 and given the small size of the 

three islands, from a management perspective, they have been integrated into one River 

Basin District (RBD). The Malta RBD, as shown in figure 2.1 below, consists of 76 surface 

hydrological sub-catchments in Malta, 33 in Gozo, 1 in Comino, and coastal waters up 

to one nautical mile from the coast.  

 

Figure 2.1 The River Basin District for the Maltese Islands 

Source: EWA 
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From a Floods Directive point of view, the physical characteristics of the islands and the 

limited and uneven distribution of rainfall preclude the formation of an important 

natural surface water system. The limited bodies of surface waters1 which are present 

are primarily important from an ecological perspective. In fact, they are included in the 

surface waters monitoring program of the WFD. Economic development and population 

growth during these last 70 to 80 years have led to an increased rate of urbanisation, 

thereby increasing the risk of flooding from uncontrolled surface water runoff, in 

particular in low-lying urban areas. 

This chapter provides an overview of the physical characteristics of the Malta River Basin 

District with the objective of providing the physical context within which floods occurred 

in the Maltese islands.  

2.1 Geology and Hydrogeology 

The rocks forming the actual surface geology of the Maltese islands give evidence of a 

period of marine sediment deposition ranging from just over 30 to around 6 million 

years before present (from Lower Oligocene to Upper Miocene). The geological 

sequence of rocks is a very simple succession of five main distinct layers which lie almost 

horizontally across the islands with a minor generalized NE dip. Starting from the oldest 

in chronological order, the rock sequence consist of: 

- Lower Coralline Limestone Formation: a thick section of algal foraminiferal 

limestone divided into four distinct members, all having a direct bearing on the 

infiltration processes through the unsaturated zone and on groundwater flow 

within the aquifer itself. The Lower Coralline is extremely heterogenous with 

frequent lateral passages from patch reef deposits to lagoonal and forereef 

facies such as the lateral transitions from the coarse-grained biocalcarenites of 

the Xlendi Member to the finer compact yellow limestones of the Maghlaq 

member at the base of the Lower Coralline Limestone.  

 
1 Three small permanent rivers, two little pools and five transitional waters have been declared and are 

being monitored as part of the 2nd WFD.  
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- Globigerina Limestone Formation: this formation overlies the LCL formation 

and is predominantly composed of pelagic carbonate limestones, with abundant 

planktonic forams. It outcrops over large areas of central and southern Malta 

and Gozo, capping the underlying Mean Sea Level Aquifer system. It varies in 

thickness from 23m near Fort Chambray (Gozo) to 207 m around Marsaxlokk. 

On the basis of two laterally persistent phosphorite conglomerate hardgrounds, 

the Globigerina formation is subdivided into three members: Lower, Middle and 

Upper Globigerina Limestone. The conglomerate hardgrounds are considered to 

be important pathways for surface infiltrations to the MSLA and also have a 

direct influence on mineralisation and qualitative aspects of groundwater. 

- Blue Clay Formation: This rock formation consists of blue/grey pelagic marls 

interbedded with thick paler bands with a higher carbonate content (less than 

30%) than the darker clay-rich bands. Kaolinite is the main clay mineral present 

within the formation, followed by chlorite, palygorskite, illite and smectite. The 

maximum thickness of the Blue Clay is approximately 75 m, recorded at Xaghra 

(northern Gozo and on the western coast of Malta, North of Fomm ir-Rih Bay. 

- Greensand Formation: this formation consists of massive, friable, intensely 

burrowed greyish green, brown to dark grey marly limestone of Tortonian age, 

in the Miocene. The dark colour is imparted by the glauconite which in places 

appears brown due to oxidation. Usually its thickness is no more than a meter 

apart from Gozo where can be over 10 𝑚 thick.  

- Upper Coralline Limestone: this formation is a shallow-water carbonate 

platform sequence, exhibiting complex facies deposited in very shallow marine 

environment from shallow subtidal to intertidal and supratidal. It reaches a 

maximum thickness of 104m at Comino and Mellieha. Four members of the 

Upper Coralline Limestone formation have been defined, all characterised by 

several lithological variations, laterally and vertically. These are: the Ghajn Melel 

Member (the oldest), Mtarfa Member, Tal-Pitkal Member and Gebel Imbark 

Member (the youngest). 
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Figure 2.2 Geology of the Maltese Islands 

Source: Adapted from the geological map from the 2nd Water Catchment Management Plan 

Hence, the hydrogeological features of the Maltese Islands strictly depend on the 

geological structure and formations present in the archipelago. As shown in Figure 2.3 

two different types of groundwater bodies can be characterised: Perched Aquifers (PA) 

and the Mean Sea Level Aquifers (MSLA).  
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Figure 2.3 Groundwater bodies distribution in the Maltese Islands 

Source: EWA 

Replenishment of MSLA and PA is mainly by rainfall, however, the outcropping geology 

also affects the proportion of rainfall which is lost to evapotranspiration or which 

contributes to the formation of runoff. The Upper and Lower Coralline Limestone 

formations are considered to function as the main aquifer rocks whereas the Globigerina 

Limestone formation function only locally as an aquifer, normally transmitting water 

from the surface into the MSLA along fractures. The Blue Clay and the Greensand are 

normally impermeable and underlie the perched Upper Coralline Limestone aquifer 

formation, even though faulting, sinkholes and patch reefs partially penetrate these 
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impermeable layers. It is generally estimated that based on the average annual rainfall, 

60% of the total volume of precipitation is lost as evapotranspiration, 14% ends up as 

surface runoff to the sea and 26% contributes to groundwater recharge2. 

2.2 Geomorphology 

The geomorphology of the Maltese Islands can be fully understood and categorised 

based on three major factors, which are related to differentiated erosion of rock 

formations and to structural patterns.  

The first factor is the different resistance to erosion of the five rock formations, 

described earlier on in Section 2.1. The Globigerina Limestone formation, despite being 

chalky and fairly soft, has several harder bands and it weathers into flat-lying layers 

which form steps in the landscape at each band. 

The second factor affecting erosion is the amount of vertical displacements of the many 

faults. Areas that have dropped down between faults form surface grabens, as shown in 

figure 2.3, resulting in flat-floored valleys with parallel sides.  

 

Figure 2.4 Formation of surface grabens 

Source: 2nd Water Catchment Management Plan 

Many of the SW-NE faults are not single plane surfaces, but narrow belts of shattered 

rock thus forming lines of weak resistance to the forces of erosion. The shattered rock 

in these fractures allows for easier erosion and thus the line of many faults has been 

 
2 FAO (2006) 
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enlarged into narrow and incised valleys. These narrow and incised valleys function as 

water conveyance channels during heavy rainfall events.   

The third factor is the tilt of the entire sequence towards NE, which has influence on the 

pattern of the landscape. This results from the overall tilt of the uplifted north-eastern 

flank of the major Malta-Pantelleria graben complex. This slope has ensured that most 

of the drainage of surface water has been directed down that tilted surface. For this 

reason, many valleys are essentially aligned along or sub-parallel to the SW-NE faults 

that break up the layers3. The map in figure 2.5 below shows the elevation profile of the 

island. The NE tilt of the Maltese islands is also important due to the steep gradients 

which very often exist in most hydrological sub-catchments, leading to higher response 

times for these sub-catchments to discharge of the runoff being generated by a rain 

event.   

 
3 SEWCU (2015) 
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Figure 2.5 Elevation profile in the Malta River Basin District 

Source: EWA 

2.3 Land-use 

As shown in table 2.1, no major land use changes have occurred over the last 6 years in 

Malta. The intensification of the urban development in existing urban areas can be 

identified as the principal change in land cover of the Maltese Island compared to the 

last cycle.   

According to the latest update of the Corine land Cover (CLC) inventory in 2018, in the 

island of Malta agriculture areas are the most dominant land use, covering around 51% 

of the whole island. The second most dominant land use is represented by urban 

development, which covers more than 25%. As shown in figure 2.5 below, most of the 
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urban areas in Malta are concentrated on the eastern part of the island, coinciding the 

location of the low-lying areas. The rest of the island is covered by naturally vegetated 

areas, which account for 18%, and industrial areas (6%).   

Gozo is mostly covered by agriculture areas, almost 58%, whereas urban development 

accounts for 22% of its existing land use and is primarily located in the centre of the 

island. The rest of the Gozitan territory is occupied by natural vegetation for 19% and 

industrial areas (less than 1%).  

Table 2.1 and figure 2.6 summarise and show the land use in the Maltese Islands. 

 
Figure 2.6 Map of land use in Malta 

Source: Corine Land Cover 2018 
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Land Use 
Agriculture Urban Development Natural areas Industrial Areas 

CLC 2012 CLC 2018 CLC 2012 CLC 2018 CLC 2012 CLC 2018 CLC 2012 CLC 2018 

Malta 
[km2] 126.35 126.01 60.39 62.89 47.02 43.76 12.98 14.07 

[%] 51.21 51.07 24.47 25.49 19.06 17.73 5.26 5.70 

Gozo and 
Comino 

[km2] 38.64 38.01 14.82 14.92 15.24 15.75 0.27 0.28 

[%] 56.03 55.12 21.48 21.64 22.10 22.84 0.39 0.40 

Table 2.1 Comparison of land-use change from the 2012 and 2018 Corine Land Cover maps in Malta and Gozo and 
Comino 

Source: Adapted from Corine Land Cover datasets of 2012 and 2018 

2.4 Population 

Malta is the most densely populated country in Europe, with an average number of 1548 

of inhabitants per square kilometre4. Within the European context, this population 

density is an extremely high value, the second most densely populated country in 

Europe is the Netherlands with 504 of inhabitants per square kilometre5. 

According to National Statistics Office (NSO), the number of inhabitants living in the 

Maltese islands as at the end of 2017 amounted to 475,701, with 442,978 residing in the 

Malta and 32,723 residing in Gozo. During the period 2011 - 2017, the population of the 

island of Malta increased every year with a total growth of 56,835 inhabitants over the 

period. Similarly, the population of the Gozo increased every year, with an overall 

population growth of 1320 inhabitants. Despite the small size of the country, Malta 

shows significant heterogeneity in population density among its 68 local councils as 

depicted in Figure 2.7. The islands of Gozo and Comino (14 districts in total) register a 

population density below 1000 people per square kilometre, except for the local 

councils of Victoria (capital city) and Fontana, respectively 2219 𝑖𝑛ℎ𝑎𝑏/𝑘𝑚2 and 1945 

𝑖𝑛ℎ𝑎𝑏/𝑘𝑚2. Malta, on the other hand, is clearly divided in two zones: the western part 

has a low population density, largely due to the fact that the area is mainly covered by 

agriculture and green areas rather than dense urban environments, whereas 92% of the 

population resides within the eastern and southern parts of the island. The local councils 

of Sliema and Senglea (marked in red) have the highest values as regards to population 

 
4 Eurostat 2018 
5 Eurostat 2018 
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density, respectively 17418 𝑖𝑛ℎ𝑎𝑏/𝑘𝑚2 and 17000 𝑖𝑛ℎ𝑎𝑏/𝑘𝑚2. Fourteen out of 54 

local councils in Malta have a population density over 6,000 people per square 

kilometre. These local councils have and aggregate area of 14𝑘𝑚2, whereas their total 

combined population is 144,670. Hence, 32.5% of the total population within the 

Maltese Islands resides in an area that accounts for just 4.6% of the total national area. 

This uneven distribution of population across the islands poses a challenge to public 

health and safety and dictated the choice of the catchments for the assessment of the 

Areas of Potential Significant Flood Risk (ASPFR) as in Section 4.6.  

 

Figure 2.7 Population density per local council in the Maltese islands 

Source: NSO 2019 



The Energy and Water Agency 

 
25 

2.5 Climate 

The climate in the Maltese Islands is typically Mediterranean. Due to the fact that it is 

an archipelago, Malta is strongly influenced by the sea, with long, hot, dry summers and, 

short, mild winters, during which, along with autumn, the majority of rainfall events 

occur. 

The temperature is very stable throughout the year. The annual mean is around 18ºC 

and the monthly averages vary between 12º C to 31ºC. Winters are mild, with daytime 

temperatures that almost never fall below 10ºC whereas, night-time temperatures 

never fall below 0ºC. Summers are warm, dry and very sunny, with an average of 12 

hours of sunshine. The weather starts warming up in April, heralding a long spell of hot, 

dry weather. 

Winds are strong and frequent. As all the countries that border on the Mediterranean, 

the most common winds are the cool north-westerly Mistral, the dry north-easterly 

Gregale, and the hot humid south-easterly Sirocco. 

The relative humidity is consistently high and rarely falls below 40%, peaking in August 

and September6. 

The sea temperature varies in conformity with the air temperature, with a yearly mean 

of 20°C. From September to April the mean sea temperature is higher than that of the 

air and lower from May to August7. 

Most of the rainfall events in Malta occur during autumn and winter, mostly from 

thunderstorms and heavy downpours. According to the data collected from the rain 

gauge in Luqa by the Malta Airport METOffice, the average annual precipitation from 

1940 to 2018 is 553 𝑚𝑚, spread on an average of 80 rainy days. Nearly three-fourths of 

the total annual rainfall falls between October and March, whereas June, July, and 

August are normally dry. Table 2.2 shows the maximum, the minimum and the average 

rainfall depths observed in Luqa station between 1940 and 2018. 

 
6 NSO 2011. 
7 MRA 2019 
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Rainfall depth 
[mm] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Average 81 59 41 21 9 4 3 11 45 91 87 101 

Maximum 188 145 118 49 76 101 156 0 267 477 420 303 

Minimum 3 0 0 0 0 0 0 0 0 10 2 22 

Table 2.2 Average, maximum and minimum rainfall depth between 1940-2018 

Source: Malta Airport METOffice 

Malta has also experienced a number of flash floods in recent years. The intensity of 

heavy precipitation events in summer and winter has increased in Europe since the 

1960s8. A recent study has shown that the number of days with very heavy precipitation 

over Europe has increased on average by about 45% over the last sixty years9. Table 2.3 

illustrates the monthly maximum peak rainfall depth per hour over the period 2008 -

2018.  

Peak rainfall 
[mm/h] 

Gen Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2008 4.1 6.5 3.7 6.7 0.7 0.7 0 0.1 27.4 6.9 2.9 14.1 

2009 13.9 11.1 4.3 3.5 1.1 0.9 0.1 0.2 42.1 3 7.6 7.5 

2010 3.5 1.5 10 0.3 2.4 0.8 0.1 0 13.4 32.2 5.1 3.8 

2011 8.4 8.7 11.2 3.7 1.9 0.1 0.1 0 3.3 12.8 8.7 5.2 

2012 5.1 7.7 11.2 5.4 0.1 0.1 0.1 0.1 12.9 23.2 8.7 8.1 

2013 6.2 3.4 2.8 2.5 0.4 0.2 0.1 23.5 13.1 4.3 10.7 6.6 

2014 7.8 2.3 4.9 1.5 1.4 0.8 0.1 0.1 0.1 15.5 7.8 6.6 

2015 3.8 6.6 5 0.7 7.8 0.3 0.2 17.8 7.2 21.3 2.7 2.9 

2016 0 0 3.6 1.2 2.3 18.7 0.1 5.2 9.3 4.6 11.2 6.8 

2017 14.7 10.3 5.1 4.1 0.2 2.5 0 2.1 19.3 36.4 10.5 4.7 

2018 4.5 34.6 7.5 1.5 0.7 6.2 0.1 13.4 1.4 27.3 10.4 12.5 

Average 6.5 8.4 6.3 2.8 1.7 2.8 0.1 5.7 13.6 17.0 7.8 7.2 

Table 2.3 Peak rainfall data between 2008-2018 

Source: Malta Airport METOffice 

The maximum peak rainfalls for each month are indicated in bold and underlined, whilst 

annual maximum peak rainfalls are highlighted. Using these peak events, a survey of 

 
8 EEA 2019 
9 Fisher et al. 2016  
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newspaper articles was carried out for the relevant periods which documented flooding 

events. As a result of this exercise, Table 2.4 and figure 2.8 illustrate the flooding events 

and their consequences over the past ten years. 

Flood Event Date 
Total rainfall 

[mm] 
Rainfall 

duration [h] 
Peak Rainfall 

[mm/h] 
Source of 
flooding 

Consequences 

03 September 2012 65.8 24.0 12.9 Pluvial 
traffic disruption, streets flooded, car 

accidents, damage to public and 
private property 

21 August 2013 26.4 4.0 23.5 Pluvial 
traffic disruption, streets flooded, 

low damage to infrastructures 

05 October 2014 29.5 21.0 13.3 Pluvial 
traffic disruption, streets flooded, 

flight diversions 

19 November 2016 36.1 13.0 11.2 Pluvial traffic disruption, streets flooded 

05 October 2017 97.4 77.0 36.4 Pluvial 
traffic disruption, streets flooded, 

low damage to infrastructures 

10 February 2018 125.8 30.0 34.6 Pluvial 

One fatality, traffic disruption, 
streets flooded, damage to 

infrastructures, car accidents, 
damage to public and private 

property, flight diversions 

21 June 2018 9.1 2.0 6.4 Pluvial traffic disruption, streets flooded 

22 October 2018 39.7 4.0 27.3 Pluvial traffic disruption, streets flooded 

Table 2.4 Consequences of floods in the Maltese Islands 

Source: Times of Malta and NSO 
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Figure 2.8 Pluvial flooding in Malta in November 2016 and October 2018 

Source: Times of Malta (2016-2018) 
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To date, no formal assessment of the correlation between specific rainfall conditions 

and flood triggering has been carried out in Malta. This type of study would allow the 

identification of possible consequent ground effects of extreme rainfall events on the 

affected areas.  The development of monitoring infrastructure to enable the 

undertaking of such assessments is planned as part of the programme of measures 

under Malta’s 1st Flood Risk Management Plan. 

2.6 Surface Waters 

Surface waters in the Malta RBD fall into 4 of the WFD categories: watercourses, pools, 

coastal and transitional waters. These inland surface and transitional water bodies are 

very small streams, water courses or standing waters that flow or have fluctuating water 

levels throughout the year. All of these inland water bodies have been scheduled as 

Areas of Ecological and/or Scientific Importance and form part of Natura 2000 sites 

designated under the EU Habitats and Birds Directive.  

The location of these small freshwater bodies is shown in the three figures below. The 

blue lines in figure 2.9 refer to Baħrija valley, Wied il-Luq and Wied Lunzjata (Gozo), all 

of which are categorised as water courses. The length of these watercourses varies from 

0.6 to 1.7 𝑘𝑚 whereas the depth between 1 to 25 𝑐𝑚. Water in the Baħrija valley and 

Wied Lunzjata is present throughout the year, forming disconnected pools at the lower 

reaches as the dry season progresses, whereas the water in Wied il-Luq is present in the 

upper and middle reaches after heavy downpours.  
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Figure 2.9 Watercourses in the Maltese Islands.  

From top to bottom: Wied Lunzjata, Baħrija valley and Wied il-Luq (Source: 2nd WCMP) 

Il-Qattara and l-Għadira ta’ Sarraflu are perennial freshwater pools, both located in 

Gozo, as shown in figure 2.10. Both freshwater pools are very limited in extent, 0.0002 

and 0.0012 𝑘𝑚2respectively. In both pools water levels peak during the late winter 

months and decline at the same rate as the summer season approaches, reaching their 

lowest levels during July and August but never drying out completely.  
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From top to bottom: Il-Qattara and L-Ghadira ta’ Sarraflu 

Figure 2.10 Pools in the Maltese Islands 

Source: 2nd WCMP 

Figure 2.11 indicates the location of 5 transitional waters which are found at the mouth 

of dry valley systems or in close proximity to the sea. The size of these small and brackish 

waterbodies varies between 6,000 to 40,000 m2 and the water is present all year round, 

but levels drop considerably during early spring and summer, at times becoming almost 

completely dry.  
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From top to bottom: L-Ghadira, Is-Simar, Is-Salini, Il-Maghluq ta’ Marsaskala and Il-Ballut ta’ Marsaxlokk 

Figure 2.11 Transitional waters in the Maltese Islands 

Source: 2nd WCMP 

2.7 The impact of Climate Change and Sea Level Rise in Malta 

There is clear scientific evidence that global climate change is happening now and will 

affect the Mediterranean region and Malta in many ways. The Intergovernmental Panel 

on Climate Change (IPCC) is the United Nations body tasked with assessing the science 

related to climate change. It was specifically created to provide policymakers with 

regular scientific assessments on climate change, its implications and potential future 

risks, as well as to put forward adaptation and mitigation options.  
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According to the IPCC, human activities are estimated to have caused approximately 

1.0°C of global warming above pre-industrial levels, with a likely range of 0.8°C to 1.2°C. 

Global warming is projected to reach 1.5°C between 2030 and 2052 and if it continues 

to increase at the current rate will cause further long-term changes in the climate 

system, including sea level rise. By 2100, global mean sea level rise is projected to be 

around 0.26 – 0.77 metre with a global warming of 1.5°C. Sea level will continue to rise 

well beyond 2100, and the magnitude and rate of this rise depends on the future 

emission pathways and global decisions. A slower rate of sea level rise would enable 

greater opportunities for adaptation in the human and ecological systems, in particular 

for small islands, low-lying coastal areas and deltas10.  

In the Mediterranean region, climate change is expected to negatively affect water 

resources and the socio-economic activities that depend on them. The fact that water 

resources are already under stress from human activities, renders water resources even 

more susceptible to climate change impacts, further increasing the challenges of long-

term planning. Hence, adaptation of the water sector to climate change impacts is of 

primary importance to ensure resilience to future conditions. 

In Malta, local scenarios have been generated with regards to temperature predictions 

and precipitation. Predictions for temperature are quite robust and indicate an increase 

in mean annual temperature ranging from +3.5°C to +5°C, in line with the predictions 

for the Southern European region. Predictions for changes in precipitation patterns 

suggest a decline in the annual precipitation ranging from -10% to -40%. They also 

project a decrease of the number of annual rainfall events of approximately 2% by the 

year 2100 and a shift of precipitation events to shorter time windows. Therefore, the 

number of convective-type rainfall events (generally known as heavy rainfall events) will 

increase. Unfortunately, the latter predictions are much less robust when compared to 

temperature predictions, due to limited rainfall data. Although this implies a reduced 

statistical certainty, the trends identified from rainfall data observations are in line with 

the predictions for the Mediterranean region. As a result of higher temperatures, 

 
10 IPCC (2018) 
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decreased precipitation and longer, more frequent dry spells, Malta will be subject to a 

decrease in water resources and an increase in the frequency and intensity of droughts. 

These changes are expected to take place in the short/medium term11. 

Sea level rise (SLR) is an important indicator of climate change because it can have 

significant impacts on settlements, low-lying islands, infrastructure, people and natural 

systems. SLR threatens coastal zones through a range of coastal hazards including the 

permanent submergence of land, more frequent or intense coastal flooding, enhanced 

coastal erosion, loss and change of coastal ecosystems and salinization of soils, ground 

and surface water. By the end of this century and without adequate and appropriate 

plans for adaptation, the vast majority of low-lying islands, coasts and communities 

would face substantial risk from the coastal hazards abovementioned, whether they are 

urban or rural, continental or island, at any latitude12. 

Unfortunately, there are important uncertainties concerning global mean sea level rise 

(GMSLR) in the future. Future rise in GMSL is strongly dependent on which 

Representative Concentration Pathway (RCP) emission scenario is followed and is 

caused by thermal expansion, melting of glaciers and ice sheets and land water storage 

changes. Nowadays, the sum of glacier and ice sheet contributions is the dominant 

source of GMSL rise. According to the ICPP scenarios, GMSLR future projections range 

goes from 0.43m (under RCP2.6) to 0.84m (under RCP8.5) increase by 2100 above the 

reference level corresponding to the decade 1986‐200513. 

Indeed, GMSLR seems to influence the Mediterranean SLR, because of the connection 

to the global ocean through the Strait of Gibraltar. Similar to worldwide trends caused 

by warming and loss of glacial ice, sea level in the Mediterranean has risen between 

1945 and 2000 at a rate of 0.7 mm and a sharp increase about 3 mm per year has been 

observed during the last two decades. However, regional projections of relative sea-

level change are more uncertain than global projections, because of the reduced skills 

 
11 WCMP (2015) 
12 IPCC 2019 
13 IPCC 2019 
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of global models and interactions between Mediterranean Sea and the Atlantic14. 

Mediterranean Sea is characterised by strong geographical differences, internal climatic 

influences and external signals (i.e. North Atlantic Oscillation). It is because of these 

peculiar features that changes in sea level in the Mediterranean have been far from 

regular. While trends in the Eastern Mediterranean are definitely high and positive, 

negative trends are observed in the northern Ionian Sea including in the proximity to the 

Maltese Islands15.  

In Malta, the oceanographic research, including operational observations and forecasts 

and data management analysis, is entrusted to the Physical Oceanography Research 

Group (PORG), established under the Faculty of Science and forms part of the 

Department of Geosciences of the University of Malta. PORG conducted sea level 

measurements showing that, in spite of alternating intermediate trends, the sea level 

around Malta has on average actually declined in the last 15 years. This is believed to be 

linked to transient effects which warrant sustained monitoring of sea level changes on 

the local scale. These observations do not guarantee “no-harm” in the long term as 

regards the possible effects of GMSLR in Malta. In fact, the data observation for the 

period between 2002 -2006 indicated a rise in mean sea level at an average rate of 0.45 

± 0.15 cm/yr16.  

Regardless of the data collected, it is prudent to adopt a precautionary approach and 

consider SLR as an indicator for the assessment of flood risk areas within the country.    

 
14 MedECC 2019 
15 MRA 2019 
16 MRA 2019 



Preliminary Flood Risk Assessment 

 

 
36 

3. Flood mitigation in the Maltese Islands 

Malta has experienced various degrees of pluvial flooding over the years. Flooding 

problems are the result of uncontrolled street surface runoff which occurs in the lower 

parts of the sub-catchments. In fact, the physical characteristics of the islands have led 

to most of the urban development occurring around the low-lying areas of the country. 

It often occurs that these low-lying areas include dry valleys which over time have been 

built-up and incorporated into the main urban fabric. Therefore, when a storm event 

occurs, the dry valleys act as a conveyance channel for stormwater, which flows for only 

a couple of hours through the urbanised section of the valley bed prior to being 

discharged into the sea.  

Flood mitigation infrastructure in Malta was scarce prior to the National Flood Relief 

Project (NFRP). Prior to this project, almost all the runoff water in the main catchments 

used to converge to the main roads of the urban areas due to the fact that in most cases 

part of the road network was built upon dried-out valley beds. 

Over hundreds of years, small dams and reservoirs have been constructed within the 

islands of Malta and Gozo along natural valleys and roads to catch flowing runoff water. 

These water retaining structures provided a useful supply of freshwater for the local 

population in times of limited or no rainfall. The total dam capacity in Malta and Gozo is 

estimated at 154 000 𝑚3 whereas the total volume of small open water retaining 

reservoirs is estimated at 250 000 cubic meters17.In both cases, these water retaining 

structures are located in rural areas where the generation of surface water runoff is 

lower than that occurring in urban areas. Given their reduced size, the contribution of 

dams and reservoirs to flood mitigation is limited since their capacity is negligible 

compared to the runoff volumes generated by extreme rainfall events. Moreover, these 

infrastructures are generally full at the onset of the first rainfall events, and therefore 

are subject to overflow when high intensity rain events occur18. 

 
17 FAO (2006) 
18 MRA (2010) 
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Figure 3.1 Chadwick lake’s dam after restoration 

Source: EWA 

As already referred to earlier on, the most significant stormwater management 

infrastructure was carried out as part of the NFRP. This €51,664,271 project was part 

financed by the EU Cohesion Funds and successfully completed in 2015. The NFRP 

addresses the main problematic areas as regards flooding in the Malta RBD’s sub-

catchments of Birkirkara, Gzira, Qormi-Marsa and Marsascala. The stormwater 

management infrastructure built as part of the NFRP was designed for rainfall events 

with a 5-year return period, thereby significantly reducing the adverse consequences of 

such events within these sub-catchments. Therefore, this project also increased the 

resilience of these sub-catchments to rainfall events with a higher return period. The 

following is a description of the flood mitigation infrastructure constructed within each 

of these four catchments in recent years. Each of the interventions described below, 

was implemented with the objective of reducing flood risk in the urbanised sections of 

the sub-catchments. In Birkirkara-Msida catchment, a flood mitigation storm drainage 

system (11 𝑘𝑚 in length) has been constructed as part of the NFRP. This system includes 

first flush oil and grit interceptors connected to surface storm water intercepting 
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culverts. These culverts are, in turn, connected to an underground tunnel system that 

gathers the stormwater runoff from Wied Inċita limits of Attard, Naxxar and Mosta and 

discharge it at the sea outlet of Ta’ Xbiex. The tunnels have a diameter between 3 𝑚 and 

7 𝑚 and are buried at a depth between 8 𝑚 and 52 𝑚. Figure 3.2 shows the location of 

the flood mitigation structure in Birkirkara sub-catchment: 

 

Figure 3.2 Flood mitigation infrastructure in the Birkirkara catchment 

Source: NFRP 

Flood mitigation infrastructures have also been constructed in the Gzira catchment. In 

this case, the storm drainage works include a soakaway reservoir with capacity of 10,000 

𝑚3 at the end of Wied Għollieqa. The overflow is discharged in an underground tunnel 
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(778 𝑚 long) that is connected to the Birkirkara-Ta’Xbiex tunnel.  This reservoir has a 

two-fold purpose: as it’s being used as a pilot project to check the quality of water 

collected from the area in order to determine its possible treatment and re-use options, 

and to allow water to percolate into the underneath groundwater. Figure 3.3 shows in 

detail the location of the flood mitigation structure in Gzira sub-catchment: 

 

Figure 3.3 Flood mitigation infrastructure in the Gzira catchment 

Source: NFRP 

In Marsascala, the storm drainage works in this catchment include first flush oil and grit 

interceptors linked to surface storm water intercepting culverts, which, in turn, are 

connected to an underground tunnel system (3.2 𝑘𝑚 long and 3 𝑚 in diameter). 
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Stormwater runoff collected from the upper areas of Żabbar flows in these tunnels and 

is discharged through an outlet on the coastline between Xgħajra and Marsascala. This 

system was designed to alleviate the flooding problems being experienced in the lower 

part of Żabbar and in the main square of Marsascala. Figure 3.4 shows in detail the 

location of the flood mitigation structure in Marsascala. 

 

Figure 3.4 Flood mitigation infrastructure in the Marsascala catchment 

Source: NFRP 

The flood mitigation infrastructures constructed as part of the National Flood Relief 

Project in Qormi-Marsa catchment include: 
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• First flush oil and grit interceptors connected to surface stormwater intercepting 

culverts which in turn are connected to an underground tunnel system that 

gathers stormwater runoff from the Rabat area, the upper part of Żebbuġ and 

from the areas of Triq tal-Grazzja and Triq il-Kbira. This system leads the 

stormwater to the Tal-Qirda and Wied il-Kbir Valley systems. The tunnels are 2.1 

𝑘𝑚 long and 3 𝑚 of diameter. 

• two underground water channels (560 𝑚 each) with rectangular section (4 𝑚 

wide and 1.25 𝑚 high) between the end of Wied is-Sewda and the beginning of 

urban development in Triq il-Wied Qormi.   

• Construction of a brand-new single span bridge near the skew arch bridge in Triq 

San Bastjan and reconstruction of three bridges in the Triq il-Wied as single 

spans, in order to remove obstructions and improve water flow in the channel. 

• Two large culverts near the Marsa Golf Course in the area between Wied il-Kbir 

and Wied is-Sewda and a precast underground culvert system made up of four 

openings (3.75 𝑚 wide and 1.75 𝑚 high) under Aldo Moro Road in order to 

replace the existing two bridges that were a cause of severe obstruction to the 

regular flow of water. 

Figure 3.5 shows in detail the location of the flood mitigation structures in Qormi-Marsa: 
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Figure 3.5 Flood mitigation infrastructure in the Qormi catchment  

Source: NFRP 

Figure 3.6 shows the overview of flood defence infrastructures currently in place in 

Malta. 
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Figure 3.6 Flood mitigation infrastructures developed as part of the NFRP 

Source: NFRP  
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4. Areas of Potentially Significant Flood Risk  

This chapter identifies those catchments in which the runoff generated from a rainfall 

event may potentially pose a significant risk to populated areas or areas of economic, 

cultural and environmental relevance. 

4.1 Classification of catchments which are at risk 

The Malta RBD, as shown in figure 2.1 above, consists of 76 hydrological surface sub-

catchments in Malta, 33 in Gozo, 1 in Comino, and 19 coastal water bodies up to one 

nautical mile from the coast.  

The sub-catchments under study and considered for this PFRA include those catchments 

where the likelihood of being hit by the consequences of flash floods is high. This is 

because the sub-catchment either includes (i) densely populated urban areas, (including 

tourist-oriented areas and commercial/industrial areas) or (ii) the sub-catchment has 

suffered from documented flood events in the past. 

Based on the above criteria, not all of the sub-catchments which are present in the Malta 

RBD will be considered for this PFRA. The decision to exclude a sub-catchment from the 

scope was based on the following four main criteria: 

- Size and location of the sub-catchment 

- Predominant land use of the sub-catchment 

- Runoff volume generated at the basin outlet of the sub-catchment 

- Documented flood events in the past within the sub-catchment 

- Vulnerability of the coastal zone to flooding from projected sea level rise 

As outlined in table 4.1 and 4.2 below, 67 out of 76 sub-catchments in Malta and 30 out 

of 34 in Gozo and Comino are small in size, ranging from 0.02 𝑘𝑚2 to 3-4 𝑘𝑚2, and, as 

shown in figure 2.1, very often are located along the coast. The predominant land uses 

in 51 of the 76 sub-catchments in Malta are agriculture areas or natural 

vegetation/green areas, as well as for 33 out of 34 sub-catchments in Gozo and Comino.   
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, Moreover, it was also concluded that the runoff volumes generated by the excluded 

sub-catchments are sufficiently low as not to generate any significant risk for to the 

human population in the area, the environment, cultural heritage and economic activity. 

The last observation, based on expert judgment, is supported by the fact that no 

significant flood events have been observed in the past within these sub-catchments.  

Catchment 
[#] 

Area 
[km]2] 

Primary 
Land use 

Primary 
Land use 

[%] 

1 1.178 NV/GA 70.80 

2 1.841 NV/GA 55.62 

3 0.953 AA 51.73 

4 0.786 NV/GA 94.91 

5 1.831 NV/GA 62.37 

6 1.359 AA 43.71 

7 1.844 NV/GA 84.87 

8 2.343 AA 49.55 

9 0.601 UD 82.36 

10 0.961 UD 98.44 

11 0.497 NV/GA 41.45 

12 1.003 AA 56.13 

13 0.783 AA 51.85 

14 4.947 NV/GA 49.61 

15 2.302 UD 77.58 

16 0.915 NV/GA 48.74 

17 5.637 AA 59.62 

18 2.09 NV/GA 49.86 

19 0.267 AA 88.76 

20 0.614 NV/GA 96.91 

21 9 AA 64.66 

22 38.334 AA 73.50 

23 0.934 AA 81.69 

24 0.548 NV/GA 71.72 

25 1.211 NV/GA 56.40 

26 0.189 NV/GA 100.00 

27 1.346 NV/GA 61.96 

28 0.891 AA 64.98 

29 2.451 NV/GA 45.37 

30 1.809 NV/GA 86.01 

31 4.251 AA 74.69 

32 3.009 NV/GA 43.37 

33 1.27 UD 86.69 

34 0.698 UD 100.00 

Catchment 
[#] 

Area 
[km]2] 

Primary 
Land use 

Primary 
Land use 

[%] 

35 2.189 AA 55.20 

36 11.673 UD 64.10 

37 1.684 NV/GA 65.32 

38 0.179 NV/GA 100.00 

39 1.988 AA 60.06 

40 1.667 UD 100.00 

41 3.259 UD 74.41 

42 3.536 UD 63.83 

43 50.916 AA 62.80 

44 2.974 NV/GA 93.71 

45 1.945 AA 45.30 

46 1.225 IA 56.82 

47 3.233 UD 54.59 

48 0.287 AA 93.00 

49 0.231 IA 93.94 

50 0.292 IA 65.41 

51 2.41 AA 53.90 

52 3.854 AA 62.56 

53 1.142 UD 87.65 

54 0.657 AA 57.08 

55 0.133 NV/GA 87.22 

56 0.759 NV/GA 83.93 

57 2.192 AA 80.98 

58 2.304 AA 37.07 

59 16.129 AA 52.06 

60 0.184 UD 76.09 

61 0.43 UD 97.67 

62 0.093 UD 100.00 

63 1.889 AA 44.15 

64 2.048 AA 75.44 

65 3.081 AA 55.92 

66 6.81 AA 58.37 

67 1.018 AA 51.47 

68 0.574 AA 62.37 
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Catchment 
[#] 

Area 
[km]2] 

Primary 
Land use 

Primary 
Land use 

[%] 

69 1.593 AA 71.44 

70 2.362 AA 47.76 

71 2.419 AA 76.85 

72 1.212 AA 66.34 

73 0.536 AA 100.00 

Catchment 
[#] 

Area 
[km]2] 

Primary 
Land use 

Primary 
Land use 

[%] 

74 0.304 AA 99.01 

75 2.098 AA 59.10 

76 3.296 AA 44.69 

  

Table 4.1 Size and primary land use for the76 sub-catchments in the island of Malta 

Legend: AA=Agriculture Areas, IA=Industrial areas, NV/GA=Natural Veget./Green Areas, UD=Urban development 

Source:EWA 



Catchment 
[#] 

Area 
[km2] 

Primary Land 
use 

Primary Land 
use [%] 

1 0.597 AA 45.90 

2 0.632 AA 58.07 

3 0.597 AA 100.00 

4 0.363 AA 99.45 

5 1.037 AA 93.06 

6 0.846 AA 95.86 

7 3.967 AA 55.13 

8 2.731 AA 69.72 

9 2.614 AA 68.63 

10 0.432 AA 49.77 

11 1.252 AA 41.37 

12 11.708 AA 56.62 

13 3.271 AA 64.72 

14 1.439 AA 51.42 

15 0.613 NV/GA 87.11 

16 0.41 NV/GA 54.88 

17 6.341 AA 55.35 

18 6.261 AA 78.45 

19 2.392 AA 64.88 

20 0.724 NV/GA 96.69 

21 2.02 AA 42.38 

22 1.018 AA 64.24 

23 2.529 UD 51.48 

24 4.639 AA 58.37 

25 0.588 AA 53.91 

26 0.233 NV/GA 81.97 

27 1.176 NV/GA 89.63 

28 0.6 AA 87.50 

29 0.401 AA 64.59 

30 0.815 AA 86.75 

31 1.556 AA 40.94 

32 1.496 NV/GA 77.07 

33 0.474 AA 48.73 

Comino 3.096 NV/GA 100.00 

 

Table 4.2 Size and primary land use for all sub-catchments in the island of Gozo and Comino 

Legend: AA=Agriculture Areas, IA=Industrial areas, NV/GA=Natural Veget./Green Areas, UD=Urban development 

Source: EWA 
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Therefore, the sub-catchments that have been taken into consideration for the 

assessment of potential significant flood risk are 11, equivalent to 45.3% of the total 

areas of the Malta RBD. Seven of these sub-catchments are located in Malta whereas 

the remaining 4 in Gozo. Table 4.3 summarises the 11 catchments by size, population 

and population density and figure 4.1 shows their location within the Malta RBD. 

S/N Catchment Name 
Area 
[km2] 

Population 
[inhabitants] 

Population 
density 

[inhabitants/km2] 
Island 

1 Birkirkara-Msida 11.76 53961 4589.30 Malta 

2 Birzebbugia 9.77 7851 803.83 Malta 

3 Burmarrad 37.63 33322 885.52 Malta 

4 Gzira 1.98 13692 6929.15 Malta 

5 Kalkara 0.45 1530 3437.08 Malta 

6 Marsascala 4.24 2918 687.72 Malta 

7 Qormi 47.49 59694 1257.01 Malta 

8 Marsalforn 12.35 8705 705.03 Gozo 

9 Mgarr ix-Xini 5.60 2979 532.06 Gozo 

10 Ramla 6.04 2762 457.59 Gozo 

11 Xlendi 5.82 7157 1230.15 Gozo 

Table 4.3 Catchments under study 

Source: EWA 
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Figure 4.1 Catchments considered for the PFRA in the Malta RBD 

Source: EWA 

4.2 Methodology for the identification of APSFRs 

The identification of Flood Risk Areas within the Malta River Basin District has been 

assessed by developing a hydrological predictive model based on the characterization 

of flood hydrographs at selected outlet points for each basin. 

Following the initial classification of the catchments described earlier on in Section 4.1, 

each catchment was investigated by considering its geometric characteristics, such as 

drainage area and borders, slope, main watercourse length, planimetric and elevation 

profiles and time of concentration.   
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Time of concentration is a well-known concept used in hydrology to measure the 

response of a water catchment to a rain event. It is defined as the time needed for water 

to flow from the most remote point in a watershed to the watershed outlet19. Viparelli’s 

formula has been selected for the computation of the time of concentration:  

𝑇𝑐 =
𝐿

3.6𝑉
 

where 𝑇𝑐 is the time of concentration in hours, L is the length of the main watercourse 

in km and V is the mean flow channel velocity in m/s with suggested values between 1 

and 1.5 m/s. The choice of this formula has been based on the combination of two main 

factors: the size of the catchments within the Malta RBD and their land cover, given that 

urban areas are an important land use within the selected catchments. Once the 

geometric characteristics of the catchments have been outlined, the Natural Resources 

Conservation Service (NRCS) methodology, formerly known as the Soil Conservation 

Service methodology, has been applied in order to analyse the hydrologic response of 

the catchments and estimate both the total stormwater runoff and flood hydrograph 

from different rainfall events at selected outlet points. This model begins with 

considering a rainfall amount uniformly spread on the catchment over a specified time 

distribution. The total rainfall is converted to runoff by using the NRCS formula:  

𝑄 =
(𝑃 − 𝐼𝑎)2

(𝑃 − 𝐼𝑎) + 𝑆
 

where Q is the runoff in mm, P is the total rainfall in mm, 𝐼𝑎 is the initial abstraction in 

mm that includes all the losses before runoff begins, such as water retained in surface 

depressions, water intercepted by vegetation, evaporation, and infiltration, S is the 

potential maximum retention after runoff begins in mm. The initial abstraction is linked 

to the potential maximum retention S by the formula: 

𝐼𝑎 = 0.2 ∙ 𝑆 

 
19 NEH (2019) 
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and S, in turn, depends on the soil and cover conditions of the catchment through the 

runoff curve number (CN), a synthetic parameter which expresses the aptitude of a 

surface to develop a direct runoff from a precipitation event: 

𝑆 =
25400

𝐶𝑁
− 254 

The CN value has a range from 0 to 100. Under the same rainfall event, the greater the 

CN value is, the less permeable the surface is and the greater the runoff is20. 

Statistical methods have been used for the assessment of rainfall depths, depending on 

the selected return period time of the precipitation event, namely the estimation of the 

likelihood of rainfall events to occur. Therefore, the design storms for the catchments 

have been selected following the development of Intensity Duration Frequency (IDF) 

curves for return period times of 5 years, 50 years and 200 years based on the rainfall 

observations carried out by the Malta Airport MetOffice during the period between 

2008 and 2018.  Based on the time of concentration of each basin, that sets the duration 

of the design rainfall events, the rainfall intensities and, in turn, the rainfall depths have 

been calculated in order to determine the design hyetographs and consequently the 

flood hydrographs and peak flow discharges for the selected catchments. 

Subsequently, the potential adverse consequences of future flooding for human health, 

the environment, cultural heritage and economic activity has been considered for the 

identification of APSFRs. Spatial datasets on the physical characteristics and the 

receptors within each catchment were collated from different sources and analysed in 

a GIS environment.  

Having gathered all the relevant data, the Environmental Protection Agency (EPA) Storm 

Water Management Model (SWMM) has been applied, with the objective of improving 

the accuracy of flood discharge rates. New control points and, in turn, new sub-basins 

for each catchment have been defined, where required; in those sub-catchments where 

the outlet nodes have remained the same, a comparison of flood discharge rates 

 
20 NRCS (1986) 
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between NRCS and SWMM has been carried out and the highest flood discharge rates 

were considered as a precautionary value to study the worst scenario possible. 

By means of this methodology and according to the highest flood discharge rates for 

each catchment at the control points, the areas prone to significant risk of flood have 

been assessed and mapped for each catchment/sub-catchment.  

Finally, a risk matrix was developed for each catchment under study, based on the flood 

discharge computed and resulting in a flood risk categorization to qualitatively estimate 

the flood risk. The consequences of floods are a combination of a receptor at risk and its 

exposure to a flood event. A weighting factor to assign a lighter/heavier importance to 

the receptors at risk under consideration (human health, the environment, cultural 

heritage and economic activities) and a scale factor for the exposure (0 for negligible, 1 

for low, 2 for medium and 3 for high exposure) has been set and applied to each 

catchment and for each return period taken into consideration, whilst also taking into 

account the flood discharges calculated above. In process of assigning scale factors for 

exposure consideration was also given to the potential risk resulting from a flood event 

resulting from the projected increases in mean sea level rise. Section 4.6 explains the 

procedure for the identification of the APSFRs.  

4.3 Characterisation of the main catchments 

The characterisation of the 11 catchments under scope for this PFRA will be carried out 

in this section, identifying their main features as regards topography, population and 

land use. Each sub-section will specifically refer to one of the catchments under scope 

whereas figure 4.2 summarize the land use of all the catchments. 
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Figure 4.2 Land Use summary for the selected catchments 

Source: EWA 

4.3.1 Birkirkara-Msida 

Birkirkara-Msida catchment is located in the central part of the island of Malta, has a 

total area of 11.8 𝑘𝑚2 and is characterized by a slope from northwest to southeast. The 

highest point of the watershed is 126 𝑚 above mean sea level and located in the Naxxar 

area, whereas its lowest site is the Msida Marina at sea level. The main water course, 

running from northwest to southeast is about 4.6 𝑘𝑚 long. The time of concentration of 

the basin is 76.16 min. 

The total population within the catchment is estimated at 59,649 inhabitants, 

distributed among the urban settlements of Attard, Mosta, Lija, Balzan, Naxxar, Iklin, 

Birkikara, San Gwann, Msida, Santa Venera, Harmun. According to the Corine land cover 

classification, represented in Figure 4.3, urban areas account for about 64.1% of the area 

whereas 7.7% is covered by industrial/commercial activities and port areas and 

agriculture land accounts for 28.2%. This configuration corresponds to a CN value of 82. 
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Figure 4.3 Land use of the Birkirkara-Msida catchment 

Source: Adapted from the Corinne Land Cover map of 2018 

4.3.2 Birzebbugia 

Birżebbuġia catchment is located in the southern part of the island of Malta, has a total 

area of 9.77 𝑘𝑚2 and is characterized by a slope from southwest to northeast. The 

highest point of the watershed is located in the Żurrieq area – 131 m above m.s.l. and 

its lowest site is the St George’s Bay at sea level. The watershed’s longest water course 

length is about 3.7 𝑘𝑚 running from west to east. The time of concentration of the basin 

is 31.77 min. 
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The population located in Birżebbuġia catchment is estimated at 9,465 inhabitants and 

Safi, Żurrieq, Birżebbuġia, Għaxaq, Gudja, and Kirkop are the main cities. As represented 

in Figure 4.4, most of the Birżebbuġia catchment (57.9%) is used for agriculture; about 

28.2% is urban area, which also includes the airport installations, and by Sclerophyllous 

vegetation for 13.9%. This configuration corresponds to a CN value of 78. 

 

Figure 4.4 Land use of Birżebbuġia catchment 

Source: EWA 

4.3.3 Burmarrad 

Burmarrad catchment is located in the central part of the island of Malta, has a total 

area of 37.6 𝑘𝑚2 and is characterized by a slope from southwest to northeast. The 
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highest point of the basin is located in the Dingli area – 250 m above m.s.l. and its lowest 

site is the Salina Bay at sea level. The longest water course length of the watershed 

running from southwest to northeast is about 11.6 km. The time of concentration of the 

basin is 142.04 min. 

Burmarrad catchment has a population of 35,223 inhabitants and the cities located 

within the catchment are Mosta, Naxxar, Mġarr, Rabat, Dingli, Mtarfa and Burmarrad. 

As represented in Figure 4.5, most of the Burmarrad catchment (73.5%) is used for 

agriculture, followed by 14.5% of urban area, 1.1% of industrial areas, and 10.9% of 

Sclerophyllous vegetation. This configuration corresponds to a CN value of 70. 

 

Figure 4.5 Land use of Burmarrad catchment 

Source: EWA 
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4.3.4 Gzira 

Gżira catchment is a very small catchment of 1.97 𝑘𝑚2 located in the east part of the 

island of Malta and is characterized by a slope from west to east. The highest point is 

located in the San Gwann area, about 100 m.a.s.l., and its lowest point is the Sliema 

Creek at sea level. The watershed’s longest water course length is about 2.4 𝑘𝑚 running 

from west to east. The time of concentration of the basin is 26.85 min. 

Gżira, Ta’ Xbiex, Msida, San Gwann are located within the catchment and the population 

is estimated at 18,263 inhabitants. As represented in Figure 4.6, Gżira basin is urbanized 

(66.1%), for 18.5% is covered by industrial activities and for the 15.4% by arable lands. 

 

Figure 4.6 Land use of Gżira catchment 

Source: EWA 
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4.3.5 Kalkara 

Kalkara catchment is smallest catchment included for the preliminary flood risk 

assessment and is located in the east part of the island of Malta and has a total area of 

0,45 𝑘𝑚2. This catchment is characterized by a slope from southeast to northwest and 

the 1.2 𝑘𝑚 long main water course tilts in the same direction. The highest point of the 

Kalkara watershed is located 54 𝑚. 𝑎. 𝑠. 𝑙, whereas its lowest point is in Kalkara Creek at 

sea level. The time of concentration of the basin is 8.48 min. 

Kalkara is the only locality found within this sub-catchment, and the total population 

located in the Kalkara catchment and is estimated at 1,530 inhabitants. As represented 

in Figure 4.7, 37% of the Kalkara basin is urbanized, whereas 53.4% is utilised for 

agricultural purposes and the rest of the catchment is classified as an industrial area 

(9.6%). This land use corresponds to a CN of 82. 
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Figure 4.7 Land use of Kalkara catchment 

Source: EWA 

4.3.6 Marsascala 

Marsascala catchment is located in the south-east part of the island of Malta, has a total 

area of 4.24 𝑘𝑚2. Marsascala catchment is characterized by a slope from northwest to 

southeast and the main water course (2.5 𝑘𝑚 long) tilts in the same direction. The 

highest point in the northern part is at 62.7 𝑚. 𝑎. 𝑠. 𝑙 in the In-Nwadar area, whereas the 

highest point of the Southern Part is in Luqa area at 72 𝑚. 𝑎. 𝑠. 𝑙. The lowest point of the 

catchment is at sea level in Marsascala Creek. The time of concentration of the basin is 

41.56 min. 
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The overall population is estimated at 15,263 inhabitants. As represented in Figure 4.8, 

most of the Marsascala catchment is used for agriculture (61.7%), followed by the urban 

area (35.4%) and the remaining by industrial activities (2%) and green areas (0.9%). This 

configuration corresponds to a CN value of 80. 

 

Figure 4.8 Land use of Marsascala catchment 

Source: EWA 

4.3.7 Qormi-Marsa 

Qormi-Marsa Catchment in one of the biggest catchments in the Malta RBD (47.49 

𝑘𝑚2). This catchment is located in the central part of the island and is characterized by 

a slope from the west to the east. The highest point of the watershed is located in the 
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Dingli Cliffs area, 250 𝑚 above m.s.l. and its lowest point is the Marsa Creek at sea level. 

The main and longest water course is about 11.5km and runs from southwest to 

northeast. Therefore, the time of concentration of the basin is 154.75min. Additional 

important watercourses within this catchment can develop in the southern part of the 

catchment along Wied il-Qirda and Wied il-Kbir. These watercourses converge with the 

main watercourse close to the coastal zone in a system of storm water culverts. 

The cities that characterise this catchment are Mdina, Mtarfa, Rabat, Siġġiewi, Żebbuġ, 

Attard, Qormi, Marsa, Mqabba, Hamrun, Santa Venera, and the overall population is 

estimated at 68,297 inhabitants. As represented in Figure 4.9, most of the Qormi 

catchment (62.8%) is covered by agriculture with significant areas of natural vegetation. 

According to the land-use, the second most represented are is the urban area (25%). 

The remaining part of the catchment is covered by industrial/commercial activities 

(7.1%), and sclerophyllous vegetation (5.1%). This configuration corresponds to a CN 

value of 80.  
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Figure 4.9 Land use of Qormi-Marsa catchment 

Source: EWA 

4.3.8 Marsalforn 

Marsalforn catchment is one of the biggest catchments in Gozo (12.34 𝑘𝑚2), located in 

the central part of the island. This catchment is characterized by a slope from south to 

north and the 5.8 𝑘𝑚 long water course tilts in the same direction. The highest point of 

the Marsalforn watershed is located in south-west area, 186 𝑚 above m.s.l., and its 

lowest point is the Marsalforn Bay at sea level. The time of concentration of the basin is 

280.16 min. 
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The total population in Marsalforn catchment is estimated at 8,846 inhabitants, where 

Rabat, Xagħra, Xewkija, Għasri, Żebbug, Kerċem are the main cities within the basin. As 

represented in Figure 4.10, most of the Marsalforn basin is rural (57.1%), followed by 

the urban area which accounts for 31% of the catchment. The remaining area is covered 

by Sclerophyllous vegetation, accounting for 11.9% of the catchment. This configuration 

corresponds to a CN value of 78. 

 

Figure 4.10 Land use of Marsalforn catchment 

Source: EWA 
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4.3.9 Mgarr ix-Xini 

Mġarr ix-Xini catchment is located in south part of the island of Gozo, has a total area of 

5.58 𝑘𝑚2 and is characterized by a slope from northwest to southeast. The highest point 

of the catchment is located in the northwest part, 90 𝑚 above mean sea level, and its 

lowest part is the Mġarr ix-Xini Bay at sea level. The watershed’s longest water course is 

about 2.5 km in length and runs from northwest to southeast. The time of concentration 

of the basin is 33.48 min. 

The cities located in the catchment are Ix-Xewkija and Sannat . The population in Mġarr 

ix-Xini catchment is estimated at 2,979 inhabitants. As represented in Figure 4.11, small 

part of the Mġarr ix-Xini basin is urbanized (26.3%) according to the Corine land cover 

classification. Rural area accounts for 51.5% and the remaining 22.2% is covered by 

Sclerophyllous vegetation. This configuration corresponds to a CN value of 80. 
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Figure 4.11 Land use of Mġarr ix-Xini catchment 

Source: EWA 

4.3.10 Ramla 

Ramla catchment is located in the south-west part of the island of Gozo, has a total area 

of 6.04 𝑘𝑚2 and is characterized by a slope from south to north and the 3.0 𝑘𝑚 long 

main water course is tilted in the same direction. The highest point of the catchment is 

located in southern part, 100 𝑚 above m.s.l., and its lowest point is the Ramla Bay at 

sea level. The time of concentration of the basin is 42.12 min. 

Xagħra and Nadur are the two cities in the catchment and the total population is 

estimated at 2,762 inhabitants. As represented in Figure 4.12, the catchment is 
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urbanized for the 19.6%, whereas 78.2% is covered by agriculture, and 2.2% is covered 

by Sclerophyllous vegetation. This configuration corresponds to a CN value of 80. 

 

Figure 4.12 Land use of Ramla catchment 

Source: EWA 

4.3.11 Xlendi 

Xlendi catchment (5.81 𝑘𝑚2) is located in the south-west part of the island of Gozo and 

is characterized by a slope from northeast to southwest. The highest point of this 

catchment (138 𝑚 above m.s.l.) is located in the Victoria area, and the lowest is in Xlendi 

Bay at sea level. The main water course is about 2.9 𝑘𝑚 in length. The time of 

concentration of the basin is 37.19 min. 



The Energy and Water Agency 

 
67 

The population in Xlendi is estimated at 7,157 inhabitants. As represented in Figure 4.13, 

most of the basin is rural (55.3%) with natural green areas (9.8%) whereas the urban 

areas accounts for 34.9%. This configuration corresponds to a CN value of 82. 

 

Figure 4.13 Land use of Xlendi catchment 

Source: EWA 
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4.4 Flood discharges in the Malta RBD 

In order to compute the flood discharges values for each catchment, IDF curves for 5 

years, 50 years and 200 years return period time have been developed. The design of 

IDF curves has been carried out using 24-hour maximum annual rainfall depths collected 

from daily observations of the rain gauges spread all over Malta. The potential future 

impact of climate change on the occurrence of floods was taken into account by 

increasing rainfall depth values by 20%. These values have been statistically analysed 

and several well-known distributions have been compared to find the best fit. The 

following IDF curves have been obtained: 

• 5-years return period time 

𝑖 = 21.58 ∙ 𝑡−0.667 

• 50-years return period time 

𝑖 = 36.53 ∙ 𝑡−0.667 

• 200-years return period time 

𝑖 = 45.21 ∙ 𝑡−0.667 

Figure 4.14 depicts the IDF for different return periods; the rainfall duration in 

hours is on the X-axis and the rainfall intensity in 𝑚𝑚/ℎ is on the Y-axis. 
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Figure 4.14 IDF Curves for the Malta RBD 

Source: EWA 

Taking into account the time of concentration and land use of each catchment, the total 

flood discharge values computed at the basin outlet for each catchment are presented 

in table 4.4 below. 

Catchment name 
Flood discharge Q (m3/sec) 

T5 T50 T200 

Birkirkara-Msida 8.54 27.87 40.85 

Birżebbuġia 5.12 19.8 30.79 

Burmarrad 8.28 37.09 60.57 

Gżira 1.27 4.85 7.52 

Kalkara 0.7 2.66 4.12 

Marsascala 2.65 9.32 14.01 

Qormi-Żebbug-Marsa 25.38 81.03 117.95 

Marsalforn 5.92 21.84 33.44 

Mġarr ix-Xini 3.94 11.74 18.25 

Ramla 3.94 13.35 20.5 

Xlendi 4.69 16.68 25.21 

Table 4.4 Flood Discharge in Malta RBD 

Source: EWA 
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4.5 Criteria for the identification of APSFRs 

The following physical and socio-economic characteristics have been used for the 

identification of the catchments prone to significant flood risk: 

- Climate and topography of the Maltese Islands 

- Position of valleys within the Maltese Islands and their general hydrological and 

morphological characteristics; 

- Position of permanent and ephemeral watercourses and their hydrological and 

geomorphological characteristics; 

- The effectiveness of the flood defence infrastructures and presence of storm 

water management systems in the catchment 

- Different type of land-uses that are present in the catchment such as agriculture 

areas, natural vegetation and green areas, urban developments, industrial 

areas, economic activities and wetlands  

- The impacts of climate change in the occurrence of floods 

- The elevation of the coastline within the lower parts of the catchments with 

respect to the projected sea level rise  

The datasets and sources used for identifying the receptors within the catchments which 

are prone to being impacted from significant flood risk are summarised in table 4.5 

below. 

Consequences Areas / Activities Description / Data Source 

H
u

m
an

 L
o

ss
 -

 H
u

m
an

 H
ea

lt
h

 

Cities, Settlements  
Corine land cover dataset (111 - Continuous urban fabric and 112 Discontinuous 
urban fabric) and also built up areas. 

H
u

m
an

 h
ea

lt
h

 -
 

En
vi

ro
n

m
en

t IPPC installations Installations that could pose accidental pollution in the event of flooding 

Seveso Installations  Installations that could pose accidental pollution in the event of flooding 
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Consequences Areas / Activities Description / Data Source 

Quarries 
Corine land cover dataset (131 Mineral extraction areas) and Malta Spatial Data 
Infrastructure Portal 

Landfill Data from the Corine land cover dataset (132 Dump sites) 

Wastewater 
Treatment Plants 

Installations that could pose accidental pollution in the event of flooding 

En
vi

ro
n

m
en

t Natura 2000 sites 

Nature protection areas established under the Habitats Directive and Birds 
Directive. It is comprised of Special Areas of Conservation (SAC) designated by 
Member States under the Habitats Directive, and incorporates Special Protection 
Areas (SPAs) designated under the Birds Directive 

Bathing Waters Identification of Bathing Areas according to the Bathing Water Directive 

C
u

lt
u

ra
l 

h
er

it
ag

e
 Monuments of 

cultural heritage 
Location of prehistoric temples 

World Heritage 
sites 

World Heritage sites are places of importance to cultural or natural heritage as 
described in the UNESCO World Heritage Convention 

Ec
o

n
o

m
ic

 a
ct

iv
it

y 
an

d
 In

fr
as

tr
u

ct
u

re
 

Industrial and 
commercial areas -  

Data from the Corine land cover dataset were used (121 – industrial or 
commercial units) and also the data on industrial Estates and Heavy Industry 
areas. 

Agricultural land of 
considerable 
economic value 

Corine land cover dataset  

211 – Non-irrigated arable land 

221 – Vineyards 

242 – Complex cultivation patterns 

243 – Land principally occupied by agriculture with significant areas of natural 
vegetation 

Road network 

Primary Network 

Secondary Network 

Ports area Corine land cover (123 – Port Areas) and port facilities. 

Airport area Corine land cover dataset (124 – Airports)  

Hospital Public and Private Hospitals 

Dams and small 
reservoirs. 

Dams and small reservoirs that have been constructed along roads aiming to 
collect storm runoff water for storage and reuse. These structures have little 
effect on flood relief since once they are full of water, they do not act as flood 
preventing measures and their capacity (estimated at 250.000m3) is normally 
negligible with respect to the runoff volume produced by an extreme rainfall. 

Table 4.5 Dataset and data source information 

Source: EWA 
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4.6 Identification of Areas of Potentially Significant Flood Risk 

Areas of Potentially Significant Flood Risk (APSFR) are parts of the catchment where the 

risk of flooding is likely to occur and is significant for people, the economy, the 

environment and cultural heritage. Thus, risk does not only include the chance that 

flooding will occur but comprises the adverse consequences that can result from an 

extreme event.  

In order to improve the accuracy of flood discharge rates shown in table 4.2, the effect 

of the existing flood defences structures on the water runoff within each catchment was 

also taken into consideration.  Therefore, new control points and new sub-catchments 

have been defined for each catchment based on expert judgment. The location of the 

control points was determined by the intersection of the natural conveyance route of 

the watercourses with areas which potentially are subject to the negative impacts of 

flooding and also by giving due consideration to the topography, the hydrological and 

geomorphological characteristics of the watercourses and the effectiveness of existing 

storm drainage infrastructures.  

In those catchments where the control points overlap the outlet nodes, a comparison of 

flood discharge rates between NRCS and SWMM has been performed and the highest 

rates were considered as a precautionary value to take into account the worst possible 

scenario. APSFRs have been assessed and mapped for each catchment/sub-catchment 

based on the highest flood discharge rates for each catchment at the control points. In 

the identification of the APSFRs, the elevation of the coastal zone within each 

catchment/sub-catchment was also analysed to determine the potential flood risk 

arising from coastal flooding and projected sea level rise within each catchment/sub-

catchment. 
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4.6.1 New control points and sub-catchments 

New control points have been set for the calculation of the flood discharge with EPA 

SWMM by considering the presence of flood mitigation infrastructure or any other 

infrastructure as part of the NFRP and described in section 3 that might affect the flow 

rate values. Table 4.6 describes the new control point and sub-catchments considered 

and the reason why the introduction of these control points was considered as 

fundamental. 

Catchments 
Sub-Catchment 

division 
Reasons / Control points 

Birkirkara-
Msida 

no 
Storm drainage infrastructure is present. Downwards of this measure the possible 
flood area is limited and negligible.  

Birzebbugia 

Birzebbugia 1 
Birzebbugia 1 extends in the northern part of the catchment and drains directly into 
the catchment's bay. The main stream of this sub catchment passes under a bridge in 
the coastal road. At this bridge, CP1 is set. 

Birzebbugia 2 
Birzebugia 2 extends in the southern part of the catchment and drains into the road 
network that leads into the catchment's bay. CP2 is identified as the end of the 
natural channel that meets the road network.  

Burmarrad no CP1 is identified in order to simulate the flood at the basin outlet of the catchment.  

Gzira no 
T=50 Storm water drainage present. Downwards this measure the possible flood area 
is limited and negligible.  

Kalkara no Flooding events may occur at the outlet due to high slopes of the catchment 

Marsascala 

Marsascala 1 

Marsascala 1 is located in the bottom part of the catchment. The flood generated 
from the rural area and the urban area adjacent to the main street (Triq San Gwakkin) 
drains into the lower zone of the road network in front of the bay. This low zone is 
identified as control point for the simulation of Marsascala 1 flooding. 

Marsascala 2 
Marsascala 2 is extends for the 85% of the catchment. Storm water drainage system 
is present and no floods occur. 

Qormi-Marsa 

Qormi-Marsa 1 

Qormi-Marsa 1 is located in the bottom part of the catchment. CP1 is set in the 
junction between two streams coming from south- west which collect and drain 
stormwater runoff from Qormi-Marsa 1 sub catchment (about 50% of the total Qormi 
catchment). 

Qormi-Marsa 2 

Qormi-Marsa 2 is located in the upper part of the catchment. Junction between two 
streams: the west stream collects stormwater from the upper Qormi sub-catchment 
(33% of the total catchment) and the second is downstream Qormi CP1. New control 
point CP2 is set. 

Marsalforn 

Marsalforn 1 
Marsalforn 1 is located in the bottom part of the catchment. The main watercourse 
flows almost parallel the main road network and crosses it. CP1 is set at this point. 

Marsalforn 2 
Marsalforn 2 is located in the central part of the catchment. Marsalforn’s main 
watercourse abovementioned crosses again the main road network. Therefore, CP2 is 
set at this point. 

Marsalforn 3 
Marsalforn 3 considers all the catchment. CP3 is the same as the outlet used to 
compute flood discharge with NCRS. 

Mgarr ix-Xini no CP1 is set at the outfall into the beach for flood simulation. 
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Catchments 
Sub-Catchment 

division 
Reasons / Control points 

Ramla no Flooding events may occur at the outlet. CP1 is set there. 

Xlendi 

Xlendi 1 
Xlendi 1 is located in the upper part of the catchment. CP1 is set in the intersection of 
the primary road network and the main water course where a bridge exists. 

Xlendi 2 
Xlendi 2 considers all the catchment. CP2 is the same as the outlet used to compute 
flood discharge with NCRS. 

Table 4.6 New sub-catchments and control points 

Source: EWA 

Table 4.7 reports the new flood discharge values computed at the new  control points 

by using SWMM. Each control point represents the basin outlet of each new sub-

catchment identified. 

Catchments Sub-catchment 
Flood discharge Q (m3/sec) 

T5 T50 T200 

Birkirkara-Msida Birkirkara-Msida 13.54 28.68 39.07 

Birzebbugia 
Birzebbugia 1 3.67 8.09 11.17 

Birzebbugia 2 4.52 9.7 13.28 

Burmarrad Burmarrad 21.64 47.25 65.04 

Gzira Gzira 1.86 5.15 8.02 

Kalkara Kalkara 1.62 3.88 5.46 

Marsascala 
Marsascala 1 1.38 3.19 4.42 

Marsascala 2 1.50 3.89 6.53 

Qormi-Marsa 
Qormi-Marsa 1 16.65 35.48 48.43 

Qormi-Marsa 2 13.21 28.26 38.66 

Marsalforn 

Marsalforn 1 8.71 18.77 25.7 

Marsalforn 2 9.49 20.31 27.91 

Marsalforn 3 10.25 21.95 29.98 

Mgarr ix-Xini Mgarr ix-Xini 4.98 10.79 14.77 

Ramla Ramla 6.51 14.12 19.46 

Xlendi 
Xlendi 1 5.67 12.53 17.42 

Xlendi 2 7.48 16.23 22.23 

Table 4.7 SWMM’s Flood Discharge in Malta RBD 

Source: EWA 

Figures 4.15 and 4.16 locates the position of the 19 control points and sub-catchments 

in Malta and Gozo. 
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Figure 4.15 New sub-catchments and control points in Malta 

Source: EWA 
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Figure 4.16 New sub-catchments and control points in Gozo 

Source: EWA 
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4.6.2 Classification of flood risk 

The flood risk classification is a combination of three factors: 

• Return period time of the considered rainfall event 

• Exposure of the affected receptors at risk  

• Potential consequences on receptors at risk 

In order to qualitatively estimate the flood risk, a weight factor was assigned for the 

receptors which are at risk; these being human loss, human health - pollution, economic 

activity, cultural heritage and environment. The weight factor assigned to each receptor 

at risk is based on the potential adverse consequences that an extreme event can have 

on that particular receptor within the catchments considered for this PFRA. For example, 

most of the catchments are characterised by dense urban development located in the 

most flood prone areas. The detrimental consequences of flooding impacting an IPPC 

installation and causing a risk to human health through pollution was also taken into 

consideration. Therefore, the risk receptors linked to Human Loss and Human Health 

are given more importance when compared to other risk receptors. Similarly, the 

receptor at risk “Environment” presents the lowest weight factor due to the limited 

number of naturally vegetated areas or Natura 2000 sites in these catchments. 

Subsequently, for each receptor, a scale factor was assigned to quantify the exposure of 

the receptors to the consequences of a flood event. Table 4.8 summarizes the risk 

assessment procedure for each catchment/sub-catchment under study. 

S/N Receptors At-Risk  
Weight 
factor 

Exposure 

Negligible Low Medium High 

1 Human loss 5 0 1 2 3 

2 Human Health 4 0 1 2 3 

3 Economic activity 3 0 1 2 3 

4 Cultural Heritage 2 0 1 2 3 

5 Environment 1 0 1 2 3 

Table 4.8 Prioritization of flood risk 

Source: EWA 

The risk for each sub-catchment was therefore calculated by multiplying the weight 

factor (WF) that identifies the receptors at risk by the exposure (EX) for each receptor. 
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The following formula shows the general calculation applied to each catchment or sub 

catchment: 

𝑅𝑖𝑠𝑘 = 𝑊𝐹1 ∙ 𝐸𝑋1 + 𝑊𝐹2 ∙ 𝐸𝑋2 + 𝑊𝐹3 ∙ 𝐸𝑋3 + 𝑊𝐹4 ∙ 𝐸𝑋4 + 𝑊𝐹5 ∙ 𝐸𝑋5 

The resulting values of risk are categorized by using the normal distribution. Considering 

all the values of risk estimated for different return period times, the mean µ and the 

standard deviation σ of this observed distribution have been computed. Subsequently, 

the equation for the normal density function have been implemented: 

𝑓(𝑥| 𝜇, 𝜎) =
1

√2𝜋𝜎2
∙ 𝑒

−
(𝑥−𝜇)2

2𝜎2  

and all the process normalized by using a normal dataset of three standard deviations, 

because even for non-normally distributed variables, at least 88.8% of all the cases fall 

within the calculated three-sigma intervals. Therefore, the Gauss distribution have been 

calculated, as shown in figure 4.17.  

 

Figure 4.17 Gauss distribution for the evaluation of risk 

Source: EWA 

-4 -3 -2 -1 0 1 2 3 4

Correspondence by using µ and σ of the data

Gauss distribution
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By dividing the area of the Gaussian curve in 5 intervals of 20% probability that the data 

falls within that interval, the risk categories were classified as shown in table 4.9 below: 

Risk magnitude Probability Range 

Significant 𝑃(𝑋 ≥ 80%) >19 

High 𝑃(60% ≤ 𝑋 < 80%) 16-19 

Normal 𝑃(40% ≤ 𝑋 < 60%) 12-15 

Low 𝑃(20% ≤ 𝑋 < 40%) 7-11 

Insignificant 𝑃(𝑋 < 20%) 1-6 

Table 4.9 Categorization of the flood risk 

Source: EWA 

The above procedure classified the risk for the three return period time of 𝑇 = 5 years, 

𝑇 = 50 years and 𝑇 = 200 years. The flood discharges are strictly related to the return 

period, and therefore three different tables, one for each return period have been 

developed.  

  



Preliminary Flood Risk Assessment 

 

 
80 

4.6.3 Results 

The exposure of the receptors to flood risk was evaluated by considering the 

characteristics of the control/outlet point with respect to its surrounding area, the 

existence of flood mitigation infrastructures within each catchment and the location of 

the receptors within each catchment. For instance, if the control point of a catchment is 

located in the junction between a road and a waterway, with the latter being suitable 

for conveying stormwater runoff flows with return period time of 𝑇 = 5 years, the 

exposure of the receptors at risk in case of a 𝑇 = 5 years rainfall event is negligible, 

because no flooding will occur. 

Each sub-catchment is identified through the identification code (S/C) as listed on table 

4.10 below. 

S/C Catchments 

1 Birkirkara-Msida 

2.1 Birzebbugia 1 

2.2 Birzebbugia 2 

3 Burmarrad 

4 Gzira 

5 Kalkara 

6 Marsascala 

7.1 Qormi-Marsa 1 

7.2 Qormi-Marsa 2 

8.1 Marsalforn 1 

8.2 Marsalforn 2 

8.3 Marsalforn 3 

9 Mgarr ix-Xini 

10 Ramla 

11.1 Xlendi 1 

11.2 Xlendi 2 

Table 4.10 Identification code of the sub-catchments 

Source: EWA 
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The following tables assesses the flood risk of each catchment and sub-catchment for 

rainfall events with 𝑇 = 5 years, 𝑇 = 50 years and 𝑇 = 200 years return period time.  
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S/N Catchments 

Consequences for T=5 years RPT 

Human Loss Human Health Economic Activity Cultural Heritage Environment 

Risk 
W.F. = 5 W.F. = 4 W.F. = 3 W.F. = 2 W.F. = 1 

Exposure Total Exposure Total Exposure Total Exposure Total Exposure Total 

1 Birkirkara-Msida 0 0 0 0 1 3 0 0 0 0 Insignificant 

2.1 Birzebbugia 1 0 0 0 0 0 0 0 0 1 1 Insignificant 

2.2 Birzebbugia 2 0 0 0 0 0 0 0 0 1 1 Insignificant 

3 Burmarrad 0 0 0 0 1 3 1 2 1 1 Insignificant 

4 Gzira 0 0 0 0 1 3 0 0 0 0 Insignificant 

5 Kalkara 0 0 0 0 1 3 0 0 0 0 Insignificant 

6 Marsascala 0 0 0 0 1 3 0 0 0 0 Insignificant 

7.1 Qormi-Marsa 1 0 0 0 0 1 3 0 0 0 0 Insignificant 

7.2 Qormi-Marsa 2 0 0 0 0 1 3 0 0 0 0 Insignificant 

8.1 Marsalforn 1 0 0 0 0 1 3 0 0 1 1 Insignificant 

8.2 Marsalforn 2 0 0 0 0 1 3 0 0 0 0 Insignificant 

8.3 Marsalforn 3 0 0 0 0 1 3 0 0 0 0 Insignificant 

9 Mgarr ix-Xini 0 0 0 0 1 3 0 0 1 1 Insignificant 

10 Ramla 0 0 0 0 1 3 1 2 1 1 Insignificant 

11.1 Xlendi 1 0 0 0 0 1 3 0 0 1 1 Insignificant 

11.2 Xlendi 2 0 0 0 0 1 3 0 0 1 1 Insignificant 

Table 4.11 Receptors at risk consequences for T=5 years RPT 

Source: EWA 
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S/N Catchments 

Consequences for T=50 years RPT 

Human Loss Human Health Economic Activity Cultural Heritage Environment 

Risk 
W.F. = 5 W.F. = 4 W.F. = 3 W.F. = 2 W.F. = 1 

Exposure Total Exposure Total Exposure Total Exposure Total Exposure Total 

1 Birkirkara-Msida 1 5 0 0 3 9 0 0 0 0 Normal 

2.1 Birzebbugia 1 1 5 1 4 1 3 0 0 1 1 Normal 

2.2 Birzebbugia 2 1 5 0 0 1 3 0 0 1 1 Low 

3.1 Burmarrad 1 1 5 1 4 2 6 1 2 1 1 High 

4 Gzira 0 0 0 0 2 6 1 2 1 1 Low 

5 Kalkara 1 5 0 0 2 6 1 2 0 0 Normal 

6 Marsascala 1 5 0 0 2 6 1 2 0 0 Normal 

7.1 Qormi-Marsa 1 1 5 1 4 1 3 0 0 1 1 Normal 

7.2 Qormi-Marsa 2 1 5 1 4 2 6 1 2 1 1 High 

8.1 Marsalforn 1 1 5 0 0 2 6 0 0 1 1 Normal 

8.2 Marsalforn 2 0 0 0 0 1 3 0 0 1 1 Insignificant 

8.3 Marsalforn 3 0 0 0 0 1 3 1 2 1 1 Insignificant 

9 Mgarr ix-Xini 1 5 0 0 1 3 1 2 2 2 Normal 

10 Ramla 1 5 0 0 1 3 1 2 2 2 Normal 

11.1 Xlendi 1 1 5 0 0 1 3 0 0 2 2 Low 

11.2 Xlendi 2 1 5 0 0 3 9 0 0 3 3 High 

Table 4.12 Receptors at risk consequences for T=50 years RPT 

Source: EWA 
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S/N Catchments 

Consequences for T=200 years RPT 

Human Loss Human Health Economic Activity Cultural Heritage Environment 

Risk 
W.F. = 5 W.F. = 4 W.F. = 3 W.F. = 2 W.F. = 1 

Exposure Total Exposure Total Exposure Total Exposure Total Exposure Total 

1 Birkirkara-Msida 5 25 1 4 4 12 0 0 0 0 Significant 

2.1 Birzebbugia 1 1 5 1 4 2 6 0 0 1 1 High 

2.2 Birzebbugia 2 1 5 0 0 2 6 0 0 1 1 Normal 

3.1 Burmarrad 1 1 5 1 4 3 9 1 2 2 2 Significant 

4 Gzira 3 15 1 4 3 9 0 0 1 1 Significant 

5 Kalkara 1 5 0 0 3 9 2 4 0 0 High 

6 Marsascala 1 2 10 0 0 3 9 0 0 1 1 Significant 

7.1 Qormi-Marsa 1 2 10 2 8 2 6 1 2 2 2 Significant 

7.2 Qormi-Marsa 2 5 25 2 8 4 12 1 2 1 1 Significant 

8.1 Marsalforn 1 3 15 1 4 3 9 0 0 1 1 Significant 

8.2 Marsalforn 2 1 5 1 4 2 6 0 0 1 1 High 

8.3 Marsalforn 3 1 5 1 4 2 6 1 2 1 1 High 

9 Mgarr ix-Xini 1 5 0 0 1 3 2 4 3 3 Normal 

10 Ramla 1 5 0 0 2 6 1 2 4 4 High 

11.1 Xlendi 1 1 5 0 0 2 6 0 0 2 2 Normal 

11.2 Xlendi 2 3 15 0 0 4 12 0 0 4 4 Significant 

Table 4.13 Receptors at risk consequences for T=200 years RPT 

Source: EWA 
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Based on the classification methodology outlined above, the risk attributed to each sub-

catchment per return period time is presented and summarised in the table 4.14 below. 

S/N Catchments 
T = 5 T = 50 T = 200 

Risk Total Risk Total Risk Total 

1 Birkirkara-Msida Insignificant 3 Normal 14 Significant 41 

2.1 Birzebbugia 1 Insignificant 1 Normal 13 High 16 

2.2 Birzebbugia 2 Insignificant 1 Low 9 Normal 12 

3 Burmarrad Insignificant 6 High 18 Significant 22 

4 Gzira Insignificant 3 Low 9 Significant 29 

5 Kalkara Insignificant 3 Normal 13 High 18 

6 Marsascala 1 Insignificant 3 Normal 13 Significant 20 

7.1 Qormi-Marsa 1 Insignificant 3 Normal 13 Significant 28 

7.2 Qormi-Marsa 2 Insignificant 3 High 18 Significant 48 

8.1 Marsalforn 1 Insignificant 4 Normal 12 Significant 29 

8.2 Marsalforn 2 Insignificant 3 Insignificant 4 High 16 

8.3 Marsalforn 3 Insignificant 3 Insignificant 6 High 18 

9 Mgarr ix-Xini Insignificant 4 Normal 12 Normal 15 

10 Ramla Insignificant 6 Normal 12 High 17 

11.1 Xlendi 1 Insignificant 4 Low 10 Normal 13 

11.2 Xlendi 2 Insignificant 4 High 17 Significant 31 

Table 4.14 Likelihood of flood risk for the three different return periods 

Source: EWA 
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4.6.4 Identification of Areas with Potentially Significant Flood Risk  

According to the Floods Directive (2007/60/EC), member states shall work on the 

development of 3 different reports during the 6-year implementation cycle:  

- Preliminary Flood Risk Assessments (PFRA) 

- Flood Hazard & Risk Maps (FHRMs) 

- Flood Risk Management Plan (FRMP) 

The nature of this PFRA is to identify areas within the country where the risk of flooding 

is considered as potentially significant. These areas are also known as areas with 

potential significant flood risk (APSFRs). Following the identification, at catchment level, 

of the APSFRs within the Malta River Basin District, the competent authority will 

accordingly proceed to outline the floodable areas around the main 

valleys/watercourses of the catchments. This shall be carried through the production of 

flood hazard and risk maps in preparation for the development of the 2nd Flood Risk 

Management Plan  

APSFRs’ in Malta have been investigated by using SWMM’s flood discharge rates, as 

shown in table 4.7. The maps generated as part of the exercise to identify the areas with 

potential significant flood risk considered the flood discharge volumes that could 

potentially be generated for low, medium and high return periods and the impact that 

these discharge volumes could have on the risk receptors present within each sub-

catchment. Therefore, all the sub-catchments which are exhibiting a significant risk level 

should not be considered having their entire area as being at significant risk from 

flooding. The actual location and outline of specific areas where the flood hazard and 

risk will occur for the low, medium and high return periods will be identified through the 

development of the respective Flood Hazard and Risk Maps.  

When developing the maps showing the areas with potential significant flood risk the 

following points were taken into consideration for each sub-catchment: 
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- The presence/absence of flood mitigation infrastructure 

- The location, extent and population density of urbanised areas in low lying areas 

and coastal areas which are susceptible to coastal flooding 

- The location of industrial installations which could potentially become a source 

of pollution to human health and the environment in the event of a flood  

- The location, seasonality and type of economic activities  

- The presence of cultural heritage sites   

The APSFRs’ location within Malta RBD for different return periods are shown and 

described in further detail in the figures below. 

Malta  

The potential significant flood risk assessment for T=5 years in the island of Malta can 

be generally described as being insignificant, whereas the potential significant flood risk 

investigation for a return period of T=50 years presents a different scenario. The risk 

level in the sub-catchments of Gzira and the southern part of Birzebbugia increased to 

low; Birkirkara, the northern sub-catchment of Birzebbugia, Kalkara, Marsascala and the 

lower part of Qormi increased their level of risk to receptors to normal and the sub-

catchments of Burmarrad and the upper part of Qormi shows high risk level. 

Finally, the potential significant flood risk investigation for T=200 years shows a normal 

risk for the southern part of Birzebbugia’s sub-catchments, high risk for the sub-

catchments of Kalkara and the upper part of Birzebbugia and significant risk for the 

remaining catchments, namely Birkirkara, Burmarrad, Marsascala and the both sub-

catchments of Qormi-Marsa. 

Following the risk evaluation carried out in chapter 4 paragraph 6.3 for the 7 catchments 

located in the island of Malta concerning the five receptors at risk and depicted above, 

figure 4.18, 4.19 and 4.20 shows the APSFRs for 5 years, 50 years and 200 years return 

period time rainfall events. In the identification of these APSFRs consideration was also 
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given to the projected impacts of increases in mean sea level on the receptors over the 

same time periods. 

 

Figure 4.18 Areas with potential significant flood risk arising from a return period time of 5 years in Malta 

Source: EWA 
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Figure 4.19 Areas with potential significant flood risk arising from a return period time of 50 years in Malta 

 Source: EWA 
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Figure 4.20 Areas with potential significant flood risk arising from a return period time of 200 years in Malta 

Source: EWA 

Gozo  

As its sister island, the potential significant flood risk assessment for T=5 years in the 

island of Gozo is insignificant.  

However, the potential significant flood risk investigation of the 4 catchments in Gozo 

for T=50 years brings an overall increase of the risk for the receptors at risk compared 

to the previous case, except for the upper and the central part of Marsalforn. The upper 

part of Xlendi is at low risk: the risk is normal in the downstream part of the sub-
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catchment of Marsalforn, Mgarr ix-Xini, Ramla; the risk in the southern part of Xlendi is 

already high this return period time. 

Finally, the potential significant flood risk investigation for T=200 years shows a normal 

risk for Mgarr Ix-Xini sub-catchment and the upper part of Xlendi. A high risk is shown 

for the upstream part and the central part of Marsalforn and Ramla, whereas the risk 

for the receptors in the downstream parts of the sub-catchments of both Marsalforn 

and Xlendi is significant. 

Figure 4.21, 4.22 and 4.23 shows the ASPFRs for 5 years, 50 years and 200 years return 

period time rainfall events. In the identification of these APSFRs consideration was also 

given to the projected impacts of increases in mean sea level on the receptors over the 

same time periods. 
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Figure 4.21 Areas with potential significant flood risk arising from a return period time of 5 years in Gozo 

Source: EWA 
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Figure 4.22 Areas with potential significant flood risk arising from a return period time of 50 years in Gozo 

Source: EWA 
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Figure 4.23 Areas with potential significant flood risk arising from a return period time of 200 years in Gozo 

Source: EWA 
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5 Next steps in implement the provision of the Floods Directive 

5.1 Flood Hazard Maps and Flood Risk Maps 

Malta is currently working on the development of the Flood Hazard Maps (FHM) and 

Flood Risk Maps (FRM).  

Flood hazard mapping will consider different rainfall patterns to assess the risk of 

flooding in all the APSFRs within this PFRA. The FHM will be prepared by evaluating three 

different scenarios:  

- floods with high probability of occurrence 

- floods with a medium probability of occurrence, namely events with more the 

100 years return period time  

- an extreme event scenario with low probability of occurrence  

Furthermore, for each scenario, the flood hazard maps will consider the flood extent 

and water levels and indicate the geographical area which could be flooded under the 

three scenarios. Water flow volumes and velocities shall also be considered where 

appropriate and relevant.  

The FRM will subsequently identify the consequences of flooding on the environment, 

human health, cultural heritage and economic activity within the identified areas. The 

FRM will assess and show: 

- the indicative number of inhabitants potentially affected;  

- the economic activity within the area which might be potentially affected; 

- the risk to industrial installations, where applicable; which might cause 

accidental pollution in case of flooding 

- risk arising from flooding in environmentally sensitive areas 
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5.2 Flood Risk Management Plan 

Following the conclusions of the PFRA and preparation of FHMs and FRMs, the Flood 

Risk Management Plan (FRMP) for the Malta RBD will be issued with a view to avoiding 

and reducing the adverse impacts of floods within its river basin district. The FRMP will 

take into account the results of the FHM and FRM to develop the appropriate measures 

for achieving the objectives of flood risk management, whilst also ensuring the 

achievement of environmental objectives laid down in Community legislation. The 

development of the FRMP will primarily focus on the achievement of the following three 

objectives: 

- Prevention;  

- Protection; and 

- Preparedness.  

The FRMP shall also take into account relevant aspects such as costs and benefits of the 

various approaches to flood risk management, flood extent and flood conveyance routes 

and areas which have the potential to retain flood water, such as natural floodplains. 

Since the Malta RBD has not significant surface waterbodies or floodplains to restore or 

maintain due to its small extent, the FRMP will focus on measures on the reduction of 

the likelihood of flooding to prevent and/or reduce damage to human health, the 

environment, cultural heritage and economic activity. In the process to the development 

of the 3rd RBMP, Malta, is currently working the design and implementation of an 

upgraded hydrological monitoring framework for the Maltese islands. The monitoring 

framework will: 

- Improve the identification of rainfall-runoff relationships in different catchment 

typologies, thereby enabling the better planning of future rainwater harvesting 

projects, and the development of improved flood risk mitigation strategies, 

- Lead to the installation of flood monitoring equipment in areas which are 

identified to be considered prone to flooding, 

- Better estimate the natural water balance of the islands hydrological systems, 

thereby supporting the sustainability of water resources through the protection 

of its national water resources.  
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This monitoring framework will support the achievement of the objectives of the EU’s 

Water Framework, Groundwater and Floods Directive, as well as the implementation of 

measures under national water management plans and protection programmes. 

The National Competent Authority for the implementation of the EU Floods Directive is 

the EWA. The development of the FRMP for the Malta River Basin District is therefore 

being coordinated by EWA in close collaboration with the other governments entities 

who directly or indirectly involved in the implementation of the various aspects of the 

directive, as shown in Figure 1.1 earlier on.  

5.3 Public Consultation Process 

The implementation of the Floods Directive is coupled with a continuous process of 

public consultation which has been integrated with that of the WFD. The PFRA shall be 

made publicly available on the website of the Energy and Water Agency and the results 

of which shall also be presented in the inter-ministerial committee on the 

implementation of the WFD and FD. Moreover, the results of the PFRA shall be 

communicated to both public and private stakeholders (including environmental NGOs) 

through the multi-stakeholder Water Table platform. This platform will provide an 

opportunity for these stakeholders to voice their concerns and assist in the 

implementation of the Floods Directive.  
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6. Summary and Conclusions 

This report has been prepared to meet the requirements of the Floods Directive 

(2007/60/EC), which requires all member states to undertake a Preliminary Flood Risk 

Assessment (PFRA) and assess potential significant risks based on existing or readily 

derivable information. 

This PFRA identifies Areas of Potentially Significant Flood Risk (APSFRs) in the Malta River 

Basin District for which the potential significant flood risk already exists or might be 

considered likely to occur. 

Five receptors have been chosen to assess the APSFRs in the Malta RBD:  human loss, 

human health, economic activity, cultural heritage and environment. The assessment of 

the risk of these receptors within the 11 sub-catchments under the scope, 7 in Malta 

and 4 in Gozo, has shown an insignificant risk when considering a flood with high 

probability of occurrence, namely a low return period time. Conversely, the exposure of 

the affected receptors at risk increases when a higher return period time rainfall event 

is considered. By taking into account a 50 years return period time rainfall event, the 

catchments under the scope in both islands show an overall normal to high risk for its 

receptors. Finally, for a 200 years return period time rainfall event, namely a rainfall 

event with low probability of occurrence, which is the extreme event scenario 

considered according to the extents of the Maltese archipelago, the majority of sub-

catchments in the island of Malta show significant risk whereas high to significant risk is 

shown for the majority of the sub-catchments in the sister island of Gozo..    

Summarising, the APSFRs designated for the 2nd cycle of the EU Floods Directive are: 

Malta 

- Birkirkara (sub-catchment #1) 

- Burmarrad (sub-catchment #3) 

- Gzira (sub-catchment #4) 

- Kalkara (sub-catchment #6) 
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- Qormi (sub-catchment #7.1 and #7.2) 

Gozo 

- Marsalforn (sub-catchment #8.1) 

- Xlendi (sub-catchment #11.2) 
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