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The Espluga de Francoli bridge just after the flood
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INTRODUCTION On the 22" and 23" of October 2019 a severe rainfall produced floods in the basins of
the Catalan Coastal Range-Ebro Depression border (Francoli, Gorg, Set, and Femosa rivers) affecting
various towns such as Espluga de Francoli, Montblanc, I'Albi, and Vinaixa, among others, causing 6
deaths and material damages that exceeded 100 million euros (Figure 1). According to the instrumental
records, the return period for the rainfall episode would exceed 500 years in this region and the
maximum heights reached by the water are comparable, or exceed, those of the well studied Santa
Tecla flash flood on September 1874, which would have a recurrence period of more than 250 years.



OBJECTIVE
To assess the spatial and temporal distribution of rain and runoff generated by the flash flood in the
most affected basins and to evaluate the influence of factors involved in the hydrological response.

METHODOLOGY

Delimitation of affected basins and subcatchments

Measurement of morphometric variables (surface, basin slope, channel slope) and soil uses in the
subcatchments

Rainfall map distribution by radar measurement and rain gauges validation

Peak discharges obtained in water discharge gauges and reconstruction from water paleostage
indicators (mud, vegetation) using Manning formula and HEC-RAS hydraulic modelling

Runoff volume reconstruction from synthetic unit hydrographs for each subcatchment following the
Témez formulas

Spatial and temporal comparison of rainfall and runoff distribution

THE RAIN The precipitation was caused by a S-SE warm and wet Mediterranean air mass affecting
the Catalan Coastal System (Prades and Llena Ranges). The area of maximum rainfall depth was
located at the headwaters of the rivers Set, Francoli and Montsant (> 200 mm) (Figure 2). The hourly
distribution at El Vilosell and Prades rain gauges shows 50 mm from 6 to 14 UTC and maximum
intensities of 10 to 15 mm-h-%, followed by a second pulse of 180-220 mm from 16 to 01 UTC and
maximum intensity of 65 mm-h (maximum 3.1 mm-min-t)(Figure 3).
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Figure 2. Total rainfall depth distribution (24 h) on the catchments and location of rain gauges
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I'Espluga de Francoli (22/23-10-2019)
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The highest rainfall intensity occurred
around 18-19 UTC (Figure 3) and the
peak flow response was immediate,
around an hour later in the smallest
basins, and four hours in the largest
ones.

Early precipitation saturated the
topsoil. Consequently, the second
rainfall event generated a hortonian
overland flow.

Figure 3. Rainfall hietographs in several points of the catchments. Intensities corresponds to c

intervals of 30 minutes
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Figure 4. Peak flow and unit peak discharge distribution

HYDROLOGICAL RESPONSE (I): PEAK FLOWS AND UNIT PEAK DISCHARGES

Despite the similar characteristics of the rainfall in the headwaters and the initial soil moisture conditions, the
hydrological response in the analyzed basins was markedly different. Table 1 and Figure 4 show the results of the
hydraulic and hydrological analysis. The flows generated in the Set, Gorg and Femosa basins have unit peak discharges
between 10 to 24 m3-s'1-km-2 for the smallest basins (size: 1-10 km?) and values between 0.5-1.8 m3-s'1-km-2 for the
largest (size > 100 km?). In contrast, in the Francoli basin the unit peak discharges were higher than 30 m3-s'1-km2for

small basins (1-10 km2) and reached 13.7 m3-s1-km2 for the Espluga de Francoli basin (100 km?2).
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Table 1. Morphometric and hydrological variables of the catchments. Tc is the Time of concentration

- Peak Unit peak Runoff Rain Rain Runoff
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Figure 5. Runoff ratios distribution in the catchments

HYDROLOGICAL RESPONSE (l1): RUNOFF RATIOS

The runoff ratio or relation between runoff and rainfall for a catchment also shows contrasted behaviour (Table 1 and
Figure 5). In the Set, Gorg and Femosa basins the runoff ratio oscillates between 0.05 in the lower reaches and 0.43 in
headwaters. Low runoff ratios are related with runoff losses by retention and infiltration in the floodplain of the lower
courses by an old agricultural croplands transformation. The runoff ratios in the Francoli river catchments were very
elevated ranging between 0.51-0.85. The low ratio in Riu Sec is provoked by karstic losses and this water yields the

Espluga springs and the Ermita dels Torrents creek. 8



ROLE OF THE LAND USE The Set, Femosa and Gorg river basins are basically agricultural with old
terraced slopes that retained much of the precipitation and only releasing it after the flood has
occurred, as baseflow. The Francoli river basin is dominated by an extensive forest cover but very
poorer soils that caused little water retention, giving rise to a major hydrological response, an order of
magnitude larger than that of the Set, Gorg and Femosa rivers in the case of maximum peak discharges.

CONCLUSIONS

During the flash floods of October 22, 2019 in Catalonia, intense precipitation over an already
saturated soil generated a very sudden and rapid response with huge and destructive peak flows.
Although the characteristics of the rainfall and the morphology of the basins and rivers were similar
throughout the affected area, the western basins of the rivers Set, Femosa and Gorg had a lower
hydrological response than that of Francoli due to water retention and delay produced by the
agricultural terraces, much more frequent in the first sector.

The specific peak flows of these flash floods in the headwaters (S <10 km?), especially those in the
Francoli river are among the highest of the available records with values of up to 36,7 m3-s1-km2. In
the NE of the Iberian Peninsula only similar values are found in the events of Vallés (1962), Biescas
(1996) or Montserrat (2000). Historically, these values are similar to the ones estimated during the
Santa Tecla flash flood of 1874.

Much of the transverse structures (bridges) of the headwaters were overgrown or destroyed, a
symptom of a clearly insufficient hydraulic design.
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