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ABSTRACT: Floods, considered major hazardous processes due to the rising number of events with
high socio-economic impacts causing widespread disturbance, are frequent in the Arunca River drainage
basin (Central Portugal) as a result of climatic, morphological, geological, hydrological and anthropogenic factors. The vulnerability of the area has increased in recent decades, mainly due to the disturbances
introduced by man (e.g., channel artificialisation and a reduction in the infiltration capacity of the floodplain and cover in urban areas). This paper describes how the 1-D hydraulic model HEC-RAS, using a
higher resolution topographic surface including hydrogeomorphological details and other features influencing hydraulics, was applied to four reaches/sections spanning the upper, middle and lower basin of the
Arunca River as well as urban and rural areas, in order to determine the flood prone areas for a return
period of 100 years. The HEC-RAS results were then compared with the existing flood prone areas.
The analysis made possible a new cartographic representation of the flood prone areas in four sections,
which represent the most hazardous areas of the basin due to urban occupation (the large concentration of residential, industrial and commercial areas) and communications infrastructures (national and
regional roads and national railway). The comparison of the previous flood prone areas represented in
the River Mondego Hydrological Basin Plan maps with the new cartographic representation stresses the
great variations in the upstream sections (over 20%), due to more significant anthropogenic changes, in
contrast with the downstream sections (under 4%). The results of the water height maps emphasise that
in the downstream sections measurements of over 2 meters are dominant; 93 ha of Section D, the section
furthest downstream, has a water column height of over 4 meters. An analysis of the elements exposed to
flooding reveals a total of 391 residential buildings, essentially located in the two major towns (Pombal
and Soure). In the downstream sections, the flooded area affects mainly farmland and its corresponding
infrastructures. It is also significant to note that in all the modelled sections it is not possible to cross the
floodplain area in the event of flooding. These disruptions would have a serious effect on regional and
municipal socio-economic flows and connections. The hydrologic-hydraulic modeling, with new relevant
data and a detailed DTM, in association with the incorporation of hydraulic and block structures, and
anthropogenic morphological and land use changes, has enabled new flood prone areas to be defined and
the water height to be mapped for a 100-year return period. This study can serve as a support element in
plan-ning updates, including the Master Plans for the Soure and Pombal municipalities and the Mondego
Hydrographical Basin Plan.
1

InTroduction

Floods are considered major hazardous processes,
given the rising number of events, the large number
of people affected, the associated damage and
losses and the growing socio-economic impacts
which cause widespread disturbance. This is the
perspective adopted by the UNISDR (2009),
which emphasises the growing risk, driven by the
increased exposure of people and assets.
The relevance of mapping flood prone areas is
increasing and it is an essential tool for territorial

planning policies as well as for risk management.
The European Union (EU) has strengthened its
approach to policies for the prevention and reduction of flood risks and vulnerability (EC-DGE
2008). In line with policies being developed for
water and land use, the EU has approved a Directive (Parliament and Council Decision 2007/60/
EC) establishing a framework for the assessment
and management of flood risks, with the aim of
reducing the adverse consequences. The EU Flood
Directive (op. cit.) outlines the scenarios and elements that should inform the preparation of flood
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hazard maps and flood risk maps on the scale
most appropriate for the areas identified. The
development of models for the calculation and
expression mapping of inundation areas, as well as
the evaluation of flow conditions and their severity, are fundamental to the implementation of prevention, reduction and risk mitigation tools and
also the implementation of early warning systems.
Barroca et al. (2006) and Luino et al. (2009) have
also pointed out the relevance of vulnerability or
territorial impact analysis within the context of
floodplain and flood management planning, which
can make an important contribution towards
reducing and controlling land damage, especially
in an urban context.
The scale of risk analysis and the complexity
of the models applied can be adjusted in order to
produce reasonable results, and are more dependent on the available resources and data than on
quantitative tailored methods (Apel et al., 2009).
Different methods of river flow analysis exist,
using one-dimensional (1D), two-dimensional
(2D) or three-dimensional (3D) models. Examples
of applications of these models show that they are
always dependent on data quality, both in terms of
flow geometry or dynamics, and all models emphasise the importance of good elevation data accuracy, especially with regard to artificialized areas
(e.g., Bates and De Roo 2000; Papperberger et al.,
2005; Shieh et al., 2007; Fewtrell et al., 2008; Cook
and Merwade 2009).
However, recent studies demonstrate that the
application of complex models based on high resolution grids does not necessarily result in improvements to flooding analysis, as would be expected
but, on the contrary, requires more complex and
expensive parameterisation (Horritt and Bates
2002; Aggett and Wilson 2009). 1D models which
are able to adjust to modifications in channel geometry and flow data, and allow for flow distribution
segmentation based on geometric, hydraulic and
roughness characteristics are frequently cited as
adequate hazard modelling approaches.
Simulation of water surface profiles for steady
flow conditions has been used by several authors
(e.g., Correia et al., 1998; Benito et al., 2003; Casas
et al., 2006; Vijay et al., 2007; Cook and Merwade
2009), taking into account channel geometry, floodplain conditions, structural controls, bed roughness and peak discharge conditions, specifically
through the application of the one-dimensional
model HEC-RAS proposed by the Hydraulic
Engineering Center’s River Analysis System from
the US Army Corps of Engineers (HEC 2002a).
In the study area (the Arunca River drainage basin), there is a historical flood record
of the different overall flood risks, and the
disturbances in urban areas are of particular

relevance. One of the oldest recorded occurrences
of flooding appears in the 18th century parish
records of Soure, and refers to the death of a man
washed away by the river flow. Recently, major
floods occurred in 2001 and 2006, the latter event
causing a large amount of damage and losses,
especially in urban areas.
In the last two decades, certain anthropogenic
transformations in the area have resulted in the
partial channelisation of the river and riverbed
dressing, with the consequent modification of
floodplain conditions, and the imposition of structural controls. The changes in hydrodynamic conditions are felt especially in the urban and outer
urban areas of the two major towns located in the
drainage basin area (Pombal and Soure).
The Arunca River drainage basin is covered by
a management plan known as the Hydrographical Basin Plan (PBH) for the Mondego River,
which contains flood prone area mapping dating
from the 1990s. This data was compared with the
flood prone areas defined in this paper, which were
obtained through the application of hydrologicalhydraulic methods.
In order to obtain a better understanding of
flow conditions and define flood prone areas over
a 100-year period, the study used a 1D hydraulic
model, focussing on flow conditions in urban areas
for which new data on a scale of 1/2000 to 1/5000
is available.
In the present study, hydrodynamic simulations
for flood scenarios were conducted in four distinct
areas of the basin with the aim of: a) defining the
flood prone areas for a return period of 100 years
in sections where data is available for hydraulic
simulation; b) evaluating the effect on the flood
prone area of the relevant land use changes and
imposed control structures introduced into the
area in recent years, modifying hydrodynamic
conditions; c) identifying the key elements predictable exposed to flooding in urban areas through
hydraulic modelling of the flood prone areas on
the basis of more reliable data.
2 study area
The study area is located in Central Portugal and
corresponds to the Arunca River drainage basin
(Figure 1). It is part of the Mondego River drainage basin and lies within the parallels 40º 09' 14"
N and 39º 46' 33" N and the meridians 8º 43' 06"
W and 8º 28' 18" W. The drainage basin has an area
of 550 km2 and a perimeter of 140 km and its main
tributaries, in terms of extent and constancy of
flow, are the Anços River and the Valmar Stream
on the right-hand bank, and the Cabrunca River
on the left-hand bank (Table 1).
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Figure 1. Location and general overview of the drainage basin of the Arunca River (Central Portugal).
Table 1. Physiographical parameters of the Arunca
river basin and its main sub-basins.

Area (km2)
River length (km)
Mean altitude (m)
Mean slope (%)
Drainage density
(km/km2)

Arunca

Anços

Vamar

Cabr.

550.1
55.8
151.0
11.0
   3.4

112.8
15.0
212.9
13.4
   3.1

49.0
15.7
182.5
12.4
3.2

35.3
13.5
192.4
12.4
   3.8

In geological terms, the basin area includes
sedimentary rocks—detritic rocks mainly from the
Tertiary and limestones from the Jurassic. In the
northern and western areas the outcropping rocks
are predominantly detritic, whilst in the eastern
area and part of the southern area of the basin
limestone predominates.
The altitudes in the Arunca drainage basin
range from 553 meters in the eastern area (the
geodesic vertex of Sicó) to almost 3 meters at the
confluence with the River Mondego (the Arunca
River mouth). The basin has a mean slope of about
11% (Table 1), with a maximum value of 125% in
the area of the Sicó Calcareous Massif in the eastern part of the basin. The main morphostructural
units that can be identified in the basin area are,
according to Almeida et al. (1990), the calcareous
mountains and plateaus, the sandstones hills, the
Soure diapir and the alluvial plain.
From a hydrogeomorphological point of view
the basin is contrasted: a) the upstream valley
presents moderate hills and a stream incision,
b) in the intermediate section, which is the most
populated and urbanised area, the valley widens,

is asymmetrical in its margins and the main stream
begins to drain to the north and c) in the lower
course, still framed by asymmetrical margins, the
valley is characterised by a wide flat plain extending to the confluence further downstream. The area
has a Mediterranean climate with hot summers
and mild winters and a high orographical influence on rainfall (oceanic influences are revealed by
the rainfall mainly in winter). The mean monthly
temperature ranges from 9ºC in January to 21ºC in
August and the average annual rainfall is 964.6 mm
(figures from the series 1978/79-2005/06).
The mean monthly rainfall data shows the contrast between the eastern area of the basin, with
over 1200 mm/year, and the western area, with
less than 900 mm/year, mainly between October
and January. Almost 20% of the rainfall occurs in
spring. The main soil occupations are agricultural,
with annual crops and forest land occupying 42.9%
and 33.9% of the total basin area, respectively. The
areas with a lower infiltration capacity correspond
to only 2.5% of the basin area and include urban,
industrial/commercial and infrastructure areas.
Wet zones, including areas used for growing rice,
occupy a very similar area (2.1%).
3 methodology / data
and methods
The 1-D hydraulic model (HEC-RAS—HEC
2002a and 2002b) was applied to four sections
of the Arunca River: a) Section A—Ponte de
Vermoil/Pinhete; b) Section B—Pombal; c) Section
C—Soure and d) Section D—Ponte Mocate/Vila
Nova de Anços (Figure 2). These sections were
selected with the aim of covering the upper, middle and lower basin of the Arunca River, as well
as urban and rural areas, although the choice was
strongly influenced by the availability of detailed
cartography with data on a scale of 1/10000 to
1/2000.
The application of the hydraulic model was
preceded by the calculation, for each of the four
sections, of the physiographic parameters, concentration time data and peak flow discharge for the
100-year return period. In generating the model,
several sub-basins were considered in each section
(Figure 4), contributing towards flow discharge
in the modelled area. Section A corresponds to
the smallest reach modelled, located in the upper
course of Arunca River, and is characterized by
physiographic anthropogenic changes associated with a bridge and a landfill construction.
In Sections B and C the fluvial stream modelled
corresponds mainly to the urban areas of Pombal
and Soure, respectively. These two reaches cover
the areas with the highest anthropogenic changes
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Figure 2. Sub-basins contributing to drainage in the
(modelled fluvial sections).

in the channel stream and margins. In Section C,
as two main rivers (the Arunca and the Anços—
Arunca tributary) converge in the urban area, the
modelling was carried out in three separate reaches,
two upstream of the confluence and the third after
the confluence (Arunca upstream, Anços upstream
and Arunca downstream). Finally, Section D
corresponds to an area of the Arunca alluvial plain
where morphological alterations are less evident
and are related to specific changes due to road and
railway infrastructures.
3.1

Data preparation

The Soil Conservation Service method was applied
to estimate the 100-year return period peak flow.
The values for the parameters of the IntensityDuration-Frequency (IDF) curve used in the calculations are from the Pombal rain gauge station, for
precipitation of up to 24 hours for a return period
of 100 years, as presented in the Hydrographical
Basin Plan (PBH) for the Mondego River (INAG
2000a). The concentration time (Tc) calculated
corresponds to the arithmetical mean of the values
obtained by the Temez (1978), Chow (1964) and
Soil Conservation Service (SCS, 1973) formulae.
Tc values range from 4.16 hours in the upstream
area (section A) to 10.41 hours in the alluvial plain
(section D).
A 1:2000 scale map of the municipality of
Pombal (Sections A and B) and a 1:10000 scale

map of the municipality of Soure (Sections C and
D) were used to define the stream network channel. The original Digital Terrain Model (DTM)
needed some corrections in terms of river bed
geometry (the stream bed) to improve the morphological representation, particularly with regard
to bridges and channel wall geometry. This was
achieved through the use of aerial photographs,
transversal sections and bridge geometric data
obtained from municipal offices, as well field survey measurements.
After the DTM preparation in Triangulated
Irregular Network (TIN) format, the ArcGIS extension HEC-GeoRAS version 4.2.92 (HEC 2005) was
used to extract the geometric and hydraulic elements
required for subsequent hydraulic modelling, including the stream centreline and bank lines (Table 2).
For each of the HEC-GeoRAS layers created it
was necessary to associate an attribute table containing information about their positioning along
the cross-section. Finally, the geodatabase was
exported to Extensible Markup Language (XML)
format and subsequently to Spatial Data File
(SDF) format so that it was readable in an HECRAS environment.
Table 2. Geometric and hydraulic elements for hydraulic modelling.
Flow path
centrelines
Cross-sectional
cut lines

Ineffective flow
areas
Blocked
obstructions
Roughness
Manning
n values

Levee
alignments
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drawn in the middle of areas
with less than 2% slope
placed at regularly spaced intervals
except near bridges, where they
were set immediately upstream
and downstream of the decks
at a distance of one metre
from the bridge
inserted immediately upstream
and downstream of bridges
placed where large buildings
and elevations existed
and were not represented
in the DTM
extracted from land use interpreted
from aerial photographs—the
correspondence between classes
of land use and n values was
effected by using the tables
published in Matos (1987),
Chow (1959) and HEC
(2002a, 2002b and 2005)
placed whenever DTM data could
not represent them accurately.
However, due to the existing
HEC-RAS restriction of
entering more than one levee
on each side of the channel,
whenever possible these levees
were represented through the DTM

Table 3. Flow and geometric data of the modelled sections.
Section C

100-year flow (m /s)
Reach length (m)
Upstream elevation (m)
Downstream elevation (m)
Reach slope (m/m)
Number of cross-sections
Distance between crosssections (m)
Number of bridges
3

Section A

Section B

Arunca
(upstr.)

Anços
(upstr.)

Arunca
(downstr.)

Section D

135.9
202.0
104.8
103.6
0.0059
30
6.7

418.5*
2515.0
61.0
52.5
0.0034
393
6.4

448.1
1078.7
11.09
9.70
0.0013
106
10.2

238.6
1203.9
10.64
9.70
0.0008
166
7.3

686.7
883.4
9.70
8.15
0.0018
194
4.6

818.8*
3517.7
6.95
3.00
0.0011
187
18.8

1

9

0

2

3

2

value corresponding to the sum of the flow of all contributing tributaries

*

Table 3 shows the flow and geometric data characteristics calculated for the four fluvial sections.
The estimated 100-year flow reveals a huge increase
from Section A to Section D due to the important
flow contribution of some of the Arunca tributaries, namely the Vale Stream in Section B and the
Anços River in Section C.
3.2

Hydraulic modeling

The hydraulic modelling considered a steady and
unidirectional flow. Computation from one crosssection to the next was based on the solution of the
one-dimensional energy equation (HEC 2002b), as
follows:
(1)
where Y1 and Y2 are the height of water (m) at
cross sections, Z1 and Z2 are the elevation of the
main channel inverts (m), V1 and V2 are average
velocities (m/s), α1 and α2 are the velocity weighing
coefficients, g is the gravitational acceleration and
he is the energy head loss. The results of this equation are the flow height and velocity in each cross
section. The energy head loss estimation is given
by the Manning’s equation:
(2)
where L is the discharge weighted reach length
between cross sections (m), Sf is the representative
friction slope between two sections (m/m) and C is
the expansion or contraction loss coefficient.
The use of HEC-RAS tools can be subdivided
into four phases:
- Correcting and adding in geometric data in cross
sections and hydraulic structures—after importing

the HEC-GeoRAS created layers, some geometric
elements had to be corrected or completed, such
as the removal of duplicate points in cross sections and the completion of bridge details (piers,
side walls, modelling approach, etc.);
- Input of estimated peak flow data for the main
channel and its tributaries and definition of the
boundary conditions which establish the initial
height of water—the normal depth slope was
adopted and represents the slope of energy to
be used in the Manning’s equation (as a simplification, this value was derived from the mean
slope of the channel, as accepted and proposed
in the HEC-RAS user manual—HEC 2002a).
In Section D, observed flow data was available
for the Ponte Mocate gauge station (measured
heights and corresponding discharges) and was
inserted in order to help calibrate the boundary
flow conditions.
- General model plan definition—the geometry
and flow data files previously prepared were
assigned and a mixed flow regime was chosen
in order to allow the program itself to select to
which cross sections a subcritical or a supercritical flow type should be applied.
- Execution and validation of the hydraulic
computations.
3.3

Validation and comparison of results

The computed 100-year water surface profiles were
exported to a HEC-GeoRAS compatible format.
Cross referencing this data with the DTM data in
an ArcGIS environment enabled the flood extent
and height mapping for the four fluvial sections
modelled to be obtained.
As previously mentioned, the flood prone areas
mapped using this methodology were afterwards
compared with the existing data from the Mondego
River PBH.
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In some cases, PBH flood maps were produced
from existing data on flood prone areas for the
100-year flood period. Where this data did not
exist, the PBH adopted a more expeditious
method based on the existing drainage network in
national mapping on a 1:25000 scale by combining the following polygons, as described in INAG
(2000b):
- a buffer of 100 meters around first and second
order streams;
- the valley bottom areas with slopes of less than
2% adjacent to second order watercourses and
intercepted with alluvial soils.
4

Hydraulic modelling results
and discussion

The results of 1-D model HEC-RAS are presented
in Figures 3 to 6 for Sections A to D, respectively,

Figure 5. Flood prone area and water heights in
Section C.

Figure 3. Flood prone area and water heights in Section A.

Figure 6. Flood prone area and water heights in
Section D.

Figure 4. Flood prone area and water heights in Section B.

and in resumed in Table 4 as classified water height
values for the flood prone areas in the modelled
sections.
From Figure 3 and Table 4 it can be seen that
most of the flooded area (79.71%) in Section
A presents a water height of less than one metre,
whilst the areas with greater heights (>3 metres)
correspond to the Arunca channel bed. The road
that crosses the floodplain on both sides of the
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Table 4. Water height for the flood prone areas in the
sections.
Section A Section B Section C Section D
Total area 4.1 ha
Height

Area (%)

1m
1–2 m
2–3 m
3–4 m
>4

79.81
13.14
5.11
1.70
0.24

102,8 ha

193,4 ha

706,7 ha

66.51
26.48
1.81
0.95
4.25

9.54
17.45
33.58
34.10
5.33

9.37
19.30
26.83
31.32
13.19

Table 5. Exposed elements in the modeled sections.
Section
Exposed element

A

B

C

D

Residential buildings
Commercial/industrial
buildings
Social/health/educational
facilities
Sports and leisure facilities
Transport/sanitation/energy
structures
Bridges
Farm buildings
Regional and municipal roads
Cemetery

8
1

208
67

156
   7

19
3

0

   3

   4

0

0
0

   9
   7

   3
   2

1
0

1
0
1
0

   4
   2
   2
   0

   3
15
   3
   1

1
9
3
1

bridge is clearly an obstacle to the flow, as the
flooded area is confined to the channel banks
immediately downstream of the bridge. From
this figure and Table 5 it can be observed that the
exposed elements comprise some residential buildings and the bridge, which is submerged by an 11
cm water column over the bridge deck.
In Section B (Figure 4), the height of the flooded
area is mainly lower than one metre. On the eastern
side of the area, the railway acts as a longitudinal
embankment preventing some urbanised areas
from becoming flooded. On the western side, the
flood prone area is greater as a result of the larger
dimensions of the Arunca river bank; the exposed
elements are residential buildings, industrial, commercial and transportation units and sports and
leisure facilities (Table 5).
In the central part of the modelled section the
existence of embankments prevents flooding in
some areas. In this section the highest water column is around 5.5 m, and four of the nine existing
bridges may be submerged (with water columns
over the bridge deck of 1.32 m, 1.60 m, 0.60 m
and 0.75 m for bridges B1, B2, B4 and B8, respectively). The most exposed elements are residential
buildings (blocks of flats), industrial plants and

public parks, as well as municipal and regional
communications infrastructures.
In Section C (Figure 5 and Table 4), it can be
seen that most of the flooded area has a water column of over two meters. Almost all of the alluvial
plain is flooded, with part of the historic urban
area of Soure being exposed. The model also
shows that a bridge (B5) obstructs the flow, imposing contrasting water column heights upstream
and downstream of its location. In this section,
some areas show water heights of over six meters,
with the model indicating that three of the five
bridges may be submerged (with water columns
over the bridge deck of 1.55 m, 1.01 m and 3.10 m
for bridges B1, B2 and B4, respectively). As can be
seen from Table 5, the exposed elements are essentially residential areas, farmland areas and roads.
In Section D most of the flooded area involves
water heights of between three and four meters,
corresponding to areas of permanently irrigated
land or rice fields (Figure 6). The results of the
modelling show that some roads crossing the alluvial plain will be submerged by a water column
higher than three meters, the railway embankments serve as conditioning structures and there
is an asymmetric distribution of water column
heights (the areas with the greatest water height are
located on the western side of the river bank, while
the lower heights are contiguous to the Arunca
river bed). The latter is a consequence of the
anthropogenic channelisation of the Arunca River,
which previously flowed along the eastern side of
the floodplain, and this fact also determines the
surge of inundated fields without any overflow at
the banks of the River Arunca. Although the most
exposed areas are farmland, some urban areas are
also exposed, together with some industrial plants.
In this section, only one bridge (B2) may be submerged with a 0.36 m water column above the
bridge deck.
From the information contained in Figures 3
to 6, and in general terms, the flooded areas increase
sharply in an upstream to downstream direction.
Table 5 shows the exposed elements identified in
the modelled sections. These results were obtained
by fieldwork questionnaires, photointerpretation
and city map analysis. Residential buildings are the
most affected in all four of the modelled sections.
The largest number occurs in Section B (Pombal),
totalling 208 buildings including several blocks
of flats. The numbers are also high in Section C
(Soure), although the residential buildings in
question here are mainly detached houses. In Section B, the number of warehouses, commercial and
industrial buildings is very large in comparison
with the other sections; the higher level of urban
occupation explains the presence here of a larger
number of sports and leisure facilities which are
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Table 6. Comparison of flood prone areas from PBH
and the 1-D model (HEC-RAS).
Flood prone area (ha)
Section

PBH
cartography

Modelled
cartography

% variation

A
B
C
D

3.0
129.1
197.4
680.5

4.1
102.8
193.4
706.7

+ 36.7
- 20.4
- 2.0
+ 3.9

also affected, as well as transport, sanitation and
energy infrastructures.
In Sections C and D, the number of farm buildings exposed to floods becomes more significant as
the cultivated floodplain area increases. The most
important road affected is the IC 2 (of regional
importance), which runs through the town of Pombal. The other roadways affected are also important in the context of each modelled section, but
overall are of lesser importance (i.e., are relevant at
municipal level only).
4.1

Comparison with previous mapping
of flood prone areas

Flood prone areas presented in the Mondego PBH,
obtained through alluvial cartographic representation, were compared with the 100 year flood limits
resulting from the HEC-RAS model (Table 6).
There are some differences between the areas but
they are not consistent. A comparison of the previous flood prone areas represented on the PBH
(Hydrographical Basin Plan) map with the new
cartographic representation emphasizes the variations in the upstream sections, with a considerable
amount in Section A (+36.7%) related to changes
in land use occupation and the construction of
embankments and bridges. In Section B (-20.4%)
the area variation is related to topographical
changes and river channelisation. In the downstream areas the variations are under 4% due to the
width of the floodplain and fewer topographical
changes to the margins.
A detailed analysis identifies a greater contribution by river tributaries on the previous maps.
5 conclusions
This study has led to a better understanding of
the hydrodynamic conditions in the Arunca River
basin, thus improving the mapping of flood prone
areas.
The hydrologic-hydraulic modelling, supported
by new relevant data including a more detailed

DTM, in association with the incorporation of
hydraulic structures, block structures and anthropogenic morphological and land use changes,
has enabled new flood prone areas to be defined
and the water height to be mapped for a 100-year
return period.
The analysis made it possible to create a new
cartographic representation of the flood prone
areas in four sections, which represent the most
hazardous areas of the basin due to urban occupation (the large concentration of residential, industrial and commercial areas) and communications
infrastructures (national and regional roads and
national railway).
The comparison of the previous flood prone
areas represented in the PBH map with the new
cartographic representation stresses the great variations in the upstream sections (over 20%), due to
more significant anthropogenic changes, in contrast with the downstream sections (under 4%).
An analysis of the elements exposed to flooding reveals a total of 391 residential buildings,
essentially located in the two major towns (Pombal and Soure). It is also significant to note that
in all the modelled sections it is not possible to
cross the floodplain area in the event of flooding.
These disruptions would have a serious effect on
regional and municipal socio-economic flows and
connections.
This study has made it possible to adopt a more
detailed approach to flood prone areas and can
serve as a support element in planning updates,
including the Master Plans for the Soure and Pombal municipalities and the Mondego Hydrographical Basin Plan.
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