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1. Introduction 
 

The present deliverable is the follow-up of the deliverable D441.6.1.1 - UrbanSIS: Use case 

urban flooding Bologna - Status report.  

As stated in the previous document, during the last century the frequency of extreme events in 

Europe has significantly changed. An increase in the frequency of extreme events associated to 

higher temperature and a decrease of the frequency of events associated with lower 

temperature have been observed. Concerning precipitation, an increase of intense precipitation 

and of dry events has been registered. 

In general terms, as regards observed climate variability at Bologna over the period 1951-2011,  

relevant changes had been detected in minimum and maximum temperature associated to 

positive and significant trends at seasonal and annual level. The precipitation presents a slightly 

negative trend. Moreover, an increase in dry days and intense precipitation has been detected 

in summer, especially during the last decade. This increase in extreme events of precipitation 

stresses the necessity of detailed studies at urban scales, both for surface and underground 

water management.  

In the D441.6.1.1 we have described the baseline of Ravone creek and the drainage system 

study cases in the city of Bologna and the possible application of ECVs from UrbanSIS to these 

study cases. In this document, we describe the way Urban SIS data have been applied as input 

data to both study cases and present the subsequent outcomes and results. For the Ravone 

case, the comparison between local observed weather series with UrbanSIS historical period 

data and the comparison between local analysis data and UrbanSIS future and present scenario 

data are presented. Moreover, the evaluation of maximum water levels at the closure section 

of the catchment, corresponding to the entry of the urban culvert, in present and future 

scenarios are shown. 

 

For the urban drainage network the analysis focused on the Western portion of the network, 

being the one that exhibited flooding problems in the past, as suggested by the local multi-

utility HERA. The analysis performs an event-based comparison between different forms of 

rainfall input to the model: spatially variable data, mean and maximum vales computed from 

the UrbanSIS data and uniformly distributed over the catchment, as well as traditional 

constant-intensity and Chicago rainfall events derived from the historical data series recorded 

in Bologna. The analysis has been carried out both for present and future scenarios. The side 

effects of water stage in the Reno river (known to be affecting the performance of the network) 

have also been considered. 

 

Final remarks about the applicability of the UrbanSIS data and an evaluation about the portal 

usability are also included. 
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2. Findings and outcomes by making use of UrbanSIS data 

2.1 Fluvial flooding: Ravone test case 

2.1.1 Further features of the study area 

As described in deliverable D441.6.1.1, the Ravone catchment is the largest hill river basin in 

the Bologna municipality, together with the Aposa catchment. The upper part of the catchment 

is characterized by hills and steep slopes, with a prevalent vegetation cover (grass, shrubs, and 

forest) and partial urbanization in the stream valley. The lower portion, on the contrary, is flat 

and densely urbanized, the drainage network is mainly artificial, and the main water course is 

connected with the urban drainage system in a critical spillway crosspoint, flowing in a culvert 

underneath the city’s urban area before joining the Reno River. The natural part of the river 

path has a length of approximately 4 km and the whole catchment area covers about 7 km
2
. 

 
Figure 1 - Existing monitoring infrastructure on the Ravone basin. 

The historical monitoring infrastructure includes a meteorological station located close to the 

catchment area equipped by a non-heated rain gauge: the weather station of S. Luca, as shown 

in figure 1, where data have been collected since the early ‘30. To integrate the available 

dataset, in 2013 a second rain gauge was installed at the catchment upstream in mount 

Paderno. Moreover in 2013, a water level gauge was installed at the culvert entry of Ravone 
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creek, the critical crosspoint mentioned above. The Figure 1 shows the location of the existing 

monitoring stations. 

Each hydraulic section of the Emilia-Romagna catchments has 3 specific threshold/levels of 

alarm: warning (red alarm), pre-alarm (orange alarm) and alarm (yellow alarm). The water level 

gauge of Ravone is located at the culvert, where the 3 alarm thresholds have been set as: 

warning at 0.40 m, pre-alarm at 1.4 m and alarm at 2.0 m (see Figure 2); in order to classify the 

hydrological events, the number of exceedings of the thresholds is used to evaluate the events 

in a statistical way, so that in the next paragraphs we will use this variable to analyze the 

performance and the impacts of the UrbanSIS data. 

 
Figure 2 -The three alarm thresholds of Ravone creek at the entry of the culvert. 

 

2.1.2 Materials and methods 

 

Three softwares, developed at Arpae, have been used and integrated with new functions to 

evaluate the UrbanSIS data on the study area and to evaluate the applicability and the impact 

of the UrbanSIS scenarios on the flows of the Ravone creek: PRAGA, CRITERIA-3D e CRITERIA-

1D. 

PRAGA (PRogram for AGro-meteorological Analysis) is the software developed and used by 

Arpae for the analysis of agrometeorological data and for the management of these data as 

input for the models (Antolini et al., 2016). It has been integrated with the new function of 

reading NetCDF files, in order to import the grids of UrbanSIS data (see figure 3) and through it 

the comparison with data collected by monitoring stations in the area has been performed, as 

shown in the following paragraphs. 
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Figure 3 - UrbanSIS grid, Ravone catchment (DTM) and Emilia-Romagna Arpae monitoring stations 

(circles) on Bologna area, as visualized by the PRAGA interface. 

 

CRITERIA-3D is a physically-based model developed by Arpae that works at catchment-scale and 

solves equations of surface and subsurface water flow in a three-dimensional domain (Bittelli et 

al., 2010). The hydrologic component is a dynamic link library integrated in the PRAGA 

software, implemented within a comprehensive model which simulates all the physical 

processes occurring in the catchment: surface energy, radiation budget, snow accumulation 

and melt, potential evapotranspiration, plant development and plant water uptake. 

The use of CRITERIA-3D with UrbanSIS data was initially tested on the historical data, in more 

details on the data of the snow event occurred on February 2012, passed to the model by 

means of the PRAGA software (see Figure 4).  
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Figure 4 - Criteria 3D surface water flow on Ravone catchment,  

during the snowmelt event on February 2012. 

The following aim was the assessment of the main hydrological events for the present and 

future scenarios, by feeding CRITERIA-3D with the UrbanSIS soil moisture as initial condition. 

The soil moisture data in NetCDF format are unavailable in the UrbanSIS portal (see chapter 3), 

but a version of these data in txt format were provided at the beginning of November. 

Unfortunately the development of the code to manage and assimilate these data in the 3D 

model was not possible in due time. It is worthy to mention that, once assimilated these data, 

the computational cost, in terms of time, for the 3D simulation of the main scenarios events 

would be several days. Furthermore the 1D analysis of the hydrologic events in present and 

future scenarios  (see 2.1.5 paragraphs) haven’t highlighted significant events that need to be 

simulated in more detail. 

The computational cost of the 3D physically based water balance model makes necessary the 

development of a simplified approach for the analysis of the effects of long weather series on 

the Ravone catchment. This approach is based on the mono-dimensional restriction of the soil 

water balance model CRITERIA-1D (Marletto et al., 2017). 

CRITERIA-1D is a one dimensional model simulating the soil water balance (Tomei et al., 2007), 

the soil nitrogen balance and the crop development. The model requires as input soil texture, 

crop parameters and daily data of temperature and precipitation. 

Figure 5 shows an example of output of the soil water balance on the one dimensional 

conceptual description of the Ravone catchment. The model uses the prevailing soil texture in 

the area (silty-clay) the prevailing crop cover (sparse fallow) and the observed meteorological 

data of Paderno weather station. 

As described in the next paragraph, a heuristic algorithm to estimate the maximum water level 

at the closure section of the catchment has been developed and calibrated on the Ravone 

catchment using the output of CRITERIA-1D model.  
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Figure 5 - Criteria1D water balance output on Ravone catchment: soil moisture (blue: saturation, green: 

field capacity, red: wilting point; left axis: soil depth, horizontal axis: time), precipitation (purple bars, 

right axis) and actual transpiration (green line, left axis). 

 

Assessment of maximum water level at the closure section of the catchment 

The study, based on four years of observed data on the catchment (rain gauge at Mount 

Paderno and the water level gauge at the closure section of the catchment, corresponding to 

the entry of the culvert), together with the assessment of the most extreme events, simulated 

by means of CRITERIA-3D model, has led to the development of a heuristic algorithm to 

estimate the water level peaks (m) at the  closure section of the catchment,  based on two key 

information: 

 

1. soil water holding capacity, estimated by means of the one dimensional restriction of 

the model (CRITERIA-1D) fed by daily data of temperature and precipitation; 
2. hourly precipitation series. 

 

In more details, the assessment of surface runoff (mm) on the whole catchment for a rainfall 

event e is defined as:  

������� � 		�
��∗ ∗ 	���� 

 

where WHCe (mm) is the Water Holding Capacity at the beginning of the event, which is the 

precipitation amount the soil can retain, and Prece is the total precipitation involved in the 

rainfall event. 

 

The Water Holding Capacity is estimated, at daily step, by the 1D water balance model as: 
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where fieldCapacity and waterContent are expressed in millimeters of water per soil centimeter 

whereas σ [-] is a reduction parameter linked to the soil permeability, that is set to 0.5 for the 

Ravone study case. 

 

This index is calculated on the first 75 cm of soil depth, because the typical soil in the area has a 

rocky and semi-impermeable layer beyond that depth. The index can be negative when water 

content exceeds the field capacity and water cannot be retained, in this case it is set to zero: 

���� 	� #�$	(���, 0) 
The total precipitation Prece is calculated as the sum of the hourly precipitation ph during the n 

hours of the rainfall event: 

	�
�� � ��&
'

&(1

 

 where a rainfall event e is defined by the following rules: 

● minimum cumulated  amount Prece  equal to 2 mm; 

● minimum intensity occurred at least in one hour of the event sequence equal to 1 

mm/h; 

● minimum time without precipitation between independent rainfall events equal to 3 

hours; 

● the hourly precipitation 	& 	less or equal to 0.2 mm are considered null. 

In some cases these rules can identify a sequence of rainfall events (with as a consequence, two 

or more peaks of water level) as a single precipitation event. In these cases, the use of the sum 

of precipitation of the whole event leads to an overestimation of the surface runoff and, as a 

consequence, of the water level. 

 

The analysis of the observed data on the catchment shows that an effective empirical method 

to avoid this overestimation is to set a threshold of seven times the maximum hourly  observed 

intensity: 

	�
��∗ � #��(	�
�� , 7	�&)*+) 
The comparison between the estimated runoff (mm) and the corresponding maximum water 

level (m) for all the significant events (i.e. water level > 0.1), shows that there is a significant 

and non-linear correlation between the two variables  (see Figure 6).  

Therefore, the maximum water level wmax (m) at the culvert is defined as: 

!�,- � .	������ 	/ 
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where, for the test case, we set . ≅ 0.005 and 1 ≅ 1.5. 

 

 
Figure 6 - Ravone creek: correlation between estimated runoff (mm) and observed maximum water 

level at the closure section of the catchment (m). 

 

Table 1 shows the assessment of the maximum water level at the closure section of the 

catchment, compared with the observed values from water level gauge, starting from the first 

observation on March 2014.  The values that exceed the warning threshold are highlighted in 

yellow, while values exceeding the pre-alarm threshold are in orange. See figure 2 for a more 

detailed description of the thresholds. 

 

This heuristic model produces only two false alarms on about 200 events of the dataset: on the 

06/02/2015, when the only significant overestimation of the series occurs and on 28/02/2016, 

when the model simulates the exceeding of the pre-alarm threshold (1.28 m), whereas the 

observed data reach only 1.16 m. 

The overestimation during the event of the 06/02/2015 is due to the snow melting in the not-

heated Paderno rain gauge, that is the input for the hourly precipitation series. Inside the metal 

bucket of the sensor the snow has melted faster than the snow on the soil, generating thus a 

not correct input. 

Taking into account all the data, the model shows a Pearson coefficient of determination R
2
=0.9 

and a root mean square error RMSE=0.13 m. If the unrealistic input of February 2016 is 

removed from the sample, the previous statistic parameters become R
2
=0.94 and RMSE=0.1 m.  

The good performance of the model, in order to monitor the hydraulic risk of the creek, is 

confirmed because there are no lacks of warning. 
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Table 1 - Ravone creek: estimated and observed values of maximum water level at the entry of the 

culvert. Yellow background: values exceeding the warning threshold, orange background: values 

exceeding the pre-alarm threshold 

Date 

 

WHC 

(mm) 

prec sum 

(mm) 

prec max 

(mm/h) 

adj. prec 

sum (mm) 

runoff 

(mm) 

est. water level 

(m) 

obs. water level 

(m) 

04/03/2014 15.6 58.6 6.4 44.8 29.2 0.79 0.67 

04/04/2014 10.2 18.6 4.6 18.6 8.4 0.12 0.12 

02/05/2014 9.4 31.7 10.3 31.7 22.3 0.53 0.57 

04/02/2015 12.6 48.8 6.4 44.8 32.2 0.91 0.96 

06/02/2015 0 28 5 28 28 0.74 0.33 

07/02/2015 0 12.6 2.4 12.6 12.6 0.22 0.12 

16/02/2015 0 8.4 2 8.4 8.4 0.12 0.25 

21/02/2015 0 14.4 1.6 11.2 11.2 0.19 0.23 

24/02/2015 0 35.8 4.6 32.2 32.2 0.91 0.74 

04/03/2015 0 25.6 4.8 25.6 25.6 0.65 0.68 

16/03/2015 0 22.6 2.4 16.8 16.8 0.34 0.25 

25/03/2015 2.6 53.2 7.4 51.8 49.2 1.73 1.64 

04/04/2015 2.3 45.8 4.6 32.2 29.9 0.82 0.6 

21/11/2015 40.8 66 8 56 15.2 0.3 0.26 

16/02/2016 9.8 53.4 4.6 32.2 22.4 0.53 0.52 

28/02/2016 0 40.3 7.8 40.3 40.3 1.28 1.16 

03/03/2016 0 15 2.8 15 15 0.29 0.3 

05/03/2016 0 11.2 8.2 11.2 11.2 0.19 0.24 

08/03/2016 0 16.6 3 16.6 16.6 0.34 0.25 

09/03/2016 0 22.4 5.2 22.4 22.4 0.53 0.47 

06/02/2017 9.9 22 3.2 22 12.1 0.21 0.38 

07/11/2017 54.6 75.7 10.4 72.8 18.2 0.39 0.2 

13/11/2017 13 31 5.6 31 18 0.38 0.35 

. 
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2.1.3 Precipitation data: comparison between observed series and UrbanSIS historical 

period 

 

As first work stage, we have compared observed hourly data of precipitation from local 

weather stations with UrbanSIS historical period data. As described in D441.6.1.1, where we 

had just started to analyze a sample of precipitation data, UrbanSIS hourly precipitation data 

were compared with observed data from January 30
th

 to February 2
nd

 2012. 

In the present analysis, we have extended it on a longer period. We have compared the 

UrbanSIS data extracted on the cells corresponding to San Luca location and Casalecchio 

location with the data of San Luca and Casalecchio Canonica weather stations. Casalecchio 

Canonica has a heated rain gauge, while San Luca has a not-heated rain gauge. 

In Figure 7a and 7b, the comparisons from January 30
th

 to February 2
nd

, 2012 (a snow event) 

are shown. From these plots, it is clear that UrbanSIS precipitation data have a good agreement 

with actual precipitation recorded in Casalecchio Canonica, whereas San Luca is not comparable 

to UrbanSIS data because the snow melting in the not-heated rain gauge doesn’t fit with the 

actual precipitation. 

 

  
Figure 7a) - UrbanSIS data (blue) VS San Luca 

weather station (red). Hourly precipitation [mm], 

30/01/2012-02/02/2012.  

Figure 7b) - UrbanSIS data (blue) VS Casalecchio 

Canonica weather station (red). Hourly precipitation 

[mm], 30/01/2012-02/02/2012. 
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Figure 8 - Comparison between UrbanSIS data (blue) and San Luca weather station data (red). Hourly 

precipitation [mm] from 21/04/2012 to 18/10/2012. 

 

Focusing on another time period, we analyzed the series from April to November 2012 (Figure 

8) on San Luca. In this time interval, with no snow events, we identified two cases where issues 

of both overestimation (Figure 9a) and underestimation (Figure 9b) of UrbanSIS data with 

respect to observed data are present. These issues are most probably due to convective 

showers that usually happen in this period. A perfect time-space agreement with observed data 

for these events is not possible to reach. 

Figure 9a) - UrbanSIS (blue) overestimation of 

summer precipitation events with respect to San 

Luca weather station (red). Hourly precipitation 

[mm] from 21/07/2012 to 26/07/2012 

Figure 9b) - UrbanSIS (blue) underestimation of 

spring rainfall event with respect to San Luca 

weather station (red).  Hourly precipitation [mm] 

from 20/05/2012 to 24/05/2012 
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Finally, it is important to point out that for the historical period data of UrbanSIS the 

mismatches shown above (underestimation and overestimation) with observed data are not 

due to a systematic error. Nonetheless, we can say that UrbanSIS data, during snow melting 

events, could be a reliable source of data, in order to solve the problem of data coming from 

not-heated rain gauges. 

 

2.1.4 Precipitation data: comparison between local climate analysis and UrbanSIS 

future and present scenario 

In order to have a general overview of the UrbanSIS scenarios for hydrological purpose, we 

performed a preliminary climatological analysis on precipitation series. Thus, we have 

compared the climatology of precipitation for UrbanSIS present scenario, UrbanSIS future 

scenario and observed data for the area. 

The observed data for the area have been extracted from the meteorological analysis grid of 

Emilia-Romagna region (ERG5: 5x5 km grid) on the most significant cell for the Ravone 

catchment (Rastignano cell). To be more coherent with present climatological conditions, the 

data used to compute the climatology cover the period from 2001 to 2016. 

Regarding UrbanSIS scenarios, we extracted the series referred to all the grid cells on Ravone 

catchment, averaged for the covered area, obtaining a mean series. In order to obtain a 

continuous series of data, useful also for the soil water balance analysis, the UrbanSIS data have 

been combined in a series where the data referred to ‘normal’ year precedes each other year 

different from the ‘normal’ one.  

The continuous sequence composed for the two scenarios is: 

normal - cold/wet - normal - cold/dry - normal - warm/wet - normal - warm/dry 

 

In the future scenario the precipitation data for cold/dry year was missing, so this year was 

removed from the sequence. 

The figure 10 shows the comparison of the monthly climatology, between the three types of 

data. The main outcome of this comparison is the systematic underestimation of precipitation 

for both the UrbanSIS scenarios.  
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Figure 10 - UrbanSIS present/future scenario (blue/red line) and ERG5 data (green line) for monthly 

climatology of precipitation (x axis: months, y axis: average precipitation in mm/day) 

The climatology of the observed data (green line) fits quite well with the future scenario (red 

line) in the warm season, but there strong underestimations in spring precipitation and winter 

precipitation in the Urban SIS data.  

As far as present scenario (blue line), in addition to the underestimation, it represents poorly 

the monthly distribution of observed data. We expect that these issues may provide 

underestimated simulated water level simulations using UrbanSIS scenarios. 

 

2.1.5 Maximum water level at at the closure section of the catchment: UrbanSIS 

present and future scenarios 

 

The heuristic algorithm to estimate maximum water level at the closure section of the 

catchment (see paragraph on materials and methods) has been used to evaluate the impacts on 

the outflow of the Ravone creek, applying the UrbanSIS data scenarios (present and future). 

In more detail, the UrbanSIS daily series of temperature and precipitation on the catchment 

area have been used as input for the monodimensional restriction of the water balance model 

(Criteria1D) in order to produce the corresponding series of water holding capacity (mm). This 

series, along with the UrbanSIS hourly series of precipitation, allowed the simulation of the 

foreseen values of maximum water level (m) at the entry of the culvert (Table 2). 

To take into account the setup effects of the water balance model, the UrbanSIS scenario data 

have been organized in a continuous series, where the data of a normal year precedes each 

other year different from the normal one.  
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In more detail the sequence of data used as input for the model is: 

normal - cold/wet - normal - cold/dry - normal - warm/wet - normal - warm/dry. 

In the future scenario the precipitation data for cold/dry year was missing, so this year was 

removed from the sequence. 

 

Table 2 - Ravone creek: estimated values of maximum water level at the culvert using UrbanSIS present 

and future scenario. The values exceeding the warning threshold are highlighted in yellow. 

 Present scenario  Future scenario 

 Month Year type Water level (m)  Month Year type Water level (m) 

1 Dec warm-wet 1.12  Jan cold/wet 0.98 

2 Nov warm-dry 0.54  Jan cold/wet 0.28 

3 Nov warm-dry 0.34  Jan cold/wet 0.25 

4 Nov warm-dry 0.25  Mar normal 0.24 

5 Apr Normal 0.24  Mar cold/wet 0.19 

6 Apr Normal 0.2  Feb cold/wet 0.15 

7 Nov warm-dry 0.14  Feb normal 0.14 

8 Nov warm-dry 0.11  Feb cold/wet 0.13 

9     Feb warm/wet 0.13 

 

The significant outflow events (i.e. water level > 0.1) estimated by the model using the present 

scenario data seems underestimated. In more detail, using the observed data of the last four 

years (see table 1 in materials and methods paragraph) the model estimates 9 exceedings of 

the warning threshold (0.4 meters) and two exceeding of pre-alarm threshold (1.2 meters), 

while using the data of UrbanSIS present scenario the model estimates only 2 exceedings of 

warning threshold, where the higher forecasted event occurs during the warm/wet year.  

As supposed (see the previous paragraph on precipitation data), this is a consequence of the 

underestimation in the precipitation data of UrbanSIS present scenario with respect to the 

observed data in the area. 

Also the timing of the events in the present scenario is unrealistic, because the simulated 

events are concentrated in November, December and April, while in the observed data the 

events typically occur in February and March. The future scenario fits better with the 

seasonality of the observed events, but shows a deficiency in the estimation of frequency and 

quantity of the events, as the present scenario, with respect to observed dataset. Even the 

exceedings of warning threshold decrease to only one, occurred in a cold/wet year. 
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The UrbanSIS scenarios data doesn’t show an increase in the hydraulic risk of the Ravone creek, 

connected with an intensification of the extreme events of precipitation. But the systematic 

underestimation of the precipitation data is a strong source of uncertainty that may affect the 

reliability of these conclusions. 

 

2.2 Urban drainage network: Test case 

 

The Bologna municipal urban drainage system is a combined type system, as it collects both 

wastewater and storm water and delivers the first to a single/centralized wastewater treatment 

plant (WWTP) located on the Navile channel, at the northern boundaries of the municipal 

territory. There are also separated storm/sanitary sewer portions, but their extension is very 

limited. The basin drained from the sewerage system in Bologna is predominantly urban. 

However, moving to more peripheral areas, green areas, commercial or industrial, as well as rail 

or airport use areas are included. The urban drainage system consists of a dense network (800 

km) of pipes and collectors. The operation of the sewers is predominantly by gravity taking 

advantage of the natural slope of the drained area that slopes down from the hills (about 120 m 

asl) to the plain (WWTP at about 30 m asl). When rainfall exceed certain thresholds, a series of 

combined sewer overflows (60 on the main water bodies) come into operation, acting as relief 

structures for the network as well as a protection for the WWTP, diverting the excess flow to 

the three main receiving water bodies: Reno (West), Savena (East) and Navile (central).  

 

In summary: Catchment area =4700 ha; Population = 350,000; Percentage of impervious area = 

47%; Total network length = 800 km; Several intersection with natural/artificial open channel 

streams; Nearly 60 Combined Sewer Overflows on the main receiving water bodies. 

 

An extensive and comprehensive numerical model of the whole network was developed for 

HERA (water utility in charge of managing the system) by the University of Bologna, in 2007. 

The model was calibrated on a number of measuring points (rain gages, flow meters, etc.) also 

including water quality sampling. 
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Figure 11 - Urban drainage network and UrbanSIS grid 

 

As pointed out in the introduction, the analysis here reported is focused on the Western 

portion of the network, i.e. the one draining into the Reno river. This part of the network is the 

one that exhibited flooding problems in the past, also due to backwater effects caused by high 

water stage conditions in river Reno. The hint for concentrating on this specific sector of the 

network comes from the local multi-utility HERA, responsible for running and managing the 

whole drainage system. 

 

 
Figure 12 - Flood Risk Map of Reno River (Autorità di Bacino del Reno, 2002) 
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The flood risk map by the Reno Basin Authority shown above (Figure 12) illustrates the flood 

area with certain return periods stated. This flood risk map only considers the impact of 

flooding from the riverbed and doesn’t consider the effects of surcharging from the urban 

drainage coupled with different types of rain events. 

 

The main combined conduits that run under the city centre of Bologna are quite deep and 

precipitation events that start in the hills above Bologna; result in a low flooding risk because it 

would require large volumes of water to surcharge the conduits and for water to flow out of 

the street manholes. To the west of Bologna city centre runs the River Reno and this river has a 

history of flooding the banks around the river. If a high-water stage was couple with an intense 

and local precipitation events then there may be surcharging and flooding in that urban area. 

Given the size of the network, any subcatchments or conduits that are not associated with the 

urban drainage system around the Reno will be removed. Figure 13 shows the portion of the 

network that has been considered for this study, including also the related UrbanSIS cells. 

 

 
Figure 13 – Urban drainage network analyzed within this study (Western portion of the drainage 

network draining into Reno river) 

 

Quantitative information regarding the network (as represented in the numerical model) are 

reported in the following table. 

 Complete Network Reduced (Reno) Network 

Conduit Links 18711 4121 

Junction Nodes 18586 4070 

Outfall Nodes 119 30 

Subcatchments 17211 4065 
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2.2.1 Materials and methods 

 

Once defined the 9x8 km grid (72 cells) shown above, a precipitation trend analysis has been 

carried out on the present scenario and on the future scenario, in order to determine the 

rainfall events that had the characteristics of greatest magnitude in terms of depth and 

duration and events common throughout the grids. Three events were identified for each 

climate scenario and are shown below under two different perspectives. For the present 

scenario (Events 1, 2 and 3) the most critical grid cell in each critical event is graphically 

illustrated in the following figures by means of a hyetograph bar chart, whereas for the future 

scenario (Events 1F, 2F and 3F) the mean value is shown for each of the three events, together 

with the confidence interval of ± one standard deviation, calculated over the 72 cells domain. 

 

 

 

 
Figure 14 – Max intensity value for the critical events selected in the present scenario 
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Figure 15 – Mean rainfall intensity computed over the 72 cells domain and confidence interval for the 

critical events selected in the future scenario 
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Each of the above shown critical events is then compared against the IDF curves derived from 

the data recorded at Bologna city rain gage (Bologna Urbana). The IDF curves are based on the 

annual data gathered at the rain gauge station in Bologna from 1934. 

 

From the six critical events that were identified, two comparisons will be made for a series of 

different intensities that are relevant for the study. 

- Average of Spatial Data (rainfall depth/intensity averaged over the 72 cells domain) 

- Max Spatial Grid (maximum single-cell value detected) 

 

From the comparison between IDF Curves and the average of the spatial data it can be derived 

that the critical events 1,2,3 for all the durations are included within return periods between 1-

10 years. At a duration of 1 hour the storm, critical events 1 & 2 have a return period between 5 

and 10 years. In general terms, the lower the duration, the lower the return period. Again, in 

general terms, events from the future scenario exhibits return periods lower than the present 

one. Overall there is not a lot of variability between the critical events. 

 

 
Figure 16 – Comparison between IDF curves for Bologna and critical events (averaged values) 

 

From the comparison between IDF Curves and the max grid of the spatial rainfall data it can be 

derived that all critical events for all the durations have a return period between 1-10 years, 

with the exception of Event 1. Critical events 2 & 3 don’t vary when comparing the two events 

for all possible durations and the max values are comparable to the average values, determined 

in the previous figure. For critical 1, the max grid has a return period of around 10 years for a 15 

minutes duration event (0.25), 25 years for a 30 minutes duration event (0.5) and between 25 

and 50 years for a 1-hour duration. These are the types of events that a point rain gauge may 
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not record in an urban area and are very important for accurately modelling a storm event to 

determine if the urban drainage system works efficiently. Again, when compared to “historical 

(reanalysis)” and observed data, future events exhibit lower intensities and related return 

periods for all durations considered. 

 

 
Figure 17 – Comparison between IDF curves for Bologna and critical events (maximum values) 

 

2.2.2 Development of Urban Flood Model 

As already said, the model received from HERA was fully calibrated and validated therefore no 

calibration process was required. The HERA 1-D model is implemented in InfoWorks CS code, 

which would be capable of 2D simulations of overland flooding, however with a much greater 

effort both in computational terms and especially in the preparation of a suitable highly-

detailed Digital Surface Model. 

 

The essential climate variable datasets are both spatial and temporal to create actual storm 

events. In order to produce those results in the model, grids were prepared in QGIS to 

represent each 1 km x 1 km cell related to the relevant co-ordinates. Then a visual inspection is 

undertaken to determine between the grids and the urban model: the grids that contain 

subcatchments of the model are relevant for this study and all other cells can be disregarded. 

InfoWorks automatically assigns each subcatchments a grid, based on where the greatest area 

of the subcatchments position. This implies that simulations based on spatially variable rainfall 

will be based on a number of virtual rain gages (one for each cell), each of which producing its 

own precipitation time series. 
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The model provided HERA incorporated the default settings for Flood Type, Floodable Area and 

Flood Depth. These settings were reviewed and simulations undertaken to find the best fit for 

this model. Modelling 1D flow in InfoWorks offers five types of flooding: 

• Inlet 

• Gully 

• Lost 

• Sealed 

• Stored 

 

The two types of flood under consideration are; lost and stored. Lost provides no storage for 

the flood water and any flood water that leaves the system does not re-enter the system. This 

scheme is beneficial for the study because it allows the user to record the amount of flood 

water that leaves the nodes/manholes but realistically it acts as a pump that takes the flood 

water away from the system and reduces the volume. Instead, the stored provides a stored 

area of two levels that defines a relationship between the flood area and flood depth. This 

system is beneficial for the study because it represents the actual volume by act as a sealed 

reservoir at each node that floods but it does not represent overland flow between nodes. For 

this study, the stored flood type was selected to best represent flood water in the model. 

 

The stored flood type requires that the user specifies a relationship between the flood area and 

flood depth. The default values and stored flood are shown below. To describe these values 

accurately, a topographic knowledge of each subcatchments is required. In the urban cases, it is 

very difficult to know the topographic details of the subcatchments as there are numerous with 

varying degrees of topographic data and features. 

 

 
Figure 18 – Stored flood conceptual scheme and parameters (InfoWorks CS manual) 
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The stored flood type acts as a reservoir, by selecting a lower flood depth and higher flood area, 

it makes the cone flatter and better to represent how the flood water would act in reality. A 

default flood depth 2 setting of 100m appeared unrealistic and basically is set high so the 

reservoir acts infinitesimal.  After some pre-simulations, the following parameters were 

selected: 

Flood depth 1 = 0.5 m; Flood area 1 = 20%;  

Flood depth 2 = 20 m; Flood area 2 = 50%  

to offer a more realistic flood water scenario in comparison to the default settings. 

 

2.2.3 Rainfall Input 

The rainfall input to the model will be synthetic/high resolution and observed/traditional. Both 

types of rainfall data will represent a storm with varying durations due to the length of the 

critical events extracted from the Urban SIS project. 

 

As determined earlier, there are three critical rain events occurring from the Essential Climate 

Variable Data. These events are both spatially and temporally varying. For these critical events, 

the study will consider the events as provided by the Urban SIS project, the average spatial 

event, the max spatial event and the event occurring at the location of a known rain gauge. 

 

The rainfall data was used to determine an IDF curve earlier and from the IDF curve, the rainfall 

intensity can be determined from a given return period and duration. For the traditional data, a 

1hr storm with 5 year (29.8mm/hr) and 25 year (41.5mm/hr) period were considered. 

 

In additional to these events, a Chicago Event as provided by HERA has been used. Chicago 

Events are based on the parameters of the IDF curve. A Chicago Event is a synthetic storm event 

made up critical rain events for each duration. 

 

In InfoWorks, if the user is applying a constant rain event over a series of subcatchments then 

the user can assign one rainfall profile to all the subcatchments. It is slightly more difficult for 

the user when the rain event is spatially varying. A rain profile had to be created for each event 

and for each grid. In terms of a critical event for this study, there are 40 grids with a rain profile 

for each. The grids created earlier, allowed all the subcatchments to be selected and the rain 

profile assigned. 

 

2.2.4 Water Stage effects 

The Authority for the Basins of the Reno have provided the water stage levels for a return 

period of 25 years. The urban area under consideration is vulnerable from flooding from both 

the river and as a result of heavy rainfall. The level of the River Reno will act as a boundary 

condition for this study, leading to some critical states in the urban drainage network. The 

water stage level will be set for a series of outfalls based on the return periods. In order to 

avoid useless repetitions, the analysis of water stage effects has been limited to the Present 

scenario. 
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2.2.5 Study Simulations 

Table 3 details the simulations that have been undertaken during this study. The water stage is 

the boundary condition of the urban drainage network, representing the water level in the 

river. Initial simulations are undertaken to determine the effect the water stage has on the 

urban drainage network with no rain events. The results of these simulations are the baseline 

for the study. The high-resolution data encompasses the three critical events already identified 

with varying rain events. The most important is the spatial varying rain event because that is 

the data as is provided by the Urban SIS project. The others are uniformly distributed events, 

where the rainfall input can be:  

- the average of the spatial data,  

- the max rainfall depth event found in one grid of the Urban SIS data  

- the rain event as occurred in the same co-ordinates as the local rain gauge in Bologna 

(Bologna Urbana).  

Each of these events are simulated with the varying water stages in the River Reno. 

 

The three events selected for the traditional data were a rain event lasting 1 hr with a return 

period of 5 years and were a rain event lasting 1 hr with a return period of 25 years. The 

Chicago event is a synthetic event but it is based on observed data with a return period of 10 

years. Each of these events are simulated with the varying water stages in the River Reno. 

 
Table 3: Simulations Undertaken   

   WATER STAGE  

Data Rainfall Event RP 25 RP 5 RP 2.5 RP 1.5 

Water Stage No Rain 1 1 1 1 

 Average Rain 3P 3P 3P 3P + 3F 

High Resolution Data 

Max Rain 3P 3P 3P 3P + 3F 

Spatial Rain 3P 3P 3P 3P + 3F  

 Rain Gauge 3P 3P 3P 3P + 3F 

 1hr Rain RP 5Y 1 1 1 1 

Traditional Data 1hr Rain RP 25Y 1 1 1 1 

 Chicago 10Year 1 1 1 1  
 

In total, there will be 92 simulations undertaken and the results will be extracted from those 

simulations. The results will be present as indices and in graphical form 

 

2.2.6 Model Outputs & Results 

 

Nodes Flooded Indicator 

In order to get an understanding about the magnitude of flooding and it effects, the study must 

quantify the results. The use of indicators such as the percentage of nodes flooded and link 

surcharged as indicators will be implemented and provide vital information. In addition to the 
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indicators, boxplots are used to statistically compare the surcharge state of the links and 

flooded volume of the nodes. 

As previously mentioned in the model development, the flood type selected for this model is 

stored and if a node experiences flooding then it outputs a positive value for Volume Flooded. 

Using an excel sheet, the positive volume flooded values are summed and used to calculate the 

nodes flooded indicator. The severity of the flooding effects has been determined by the sum of 

nodes experiencing flooding in the network divided by the sum of nodes in the network. 

 

N.F.I. = Σ Nodes Flooded /  Σ Total Nodes 

 

The Node Flooded Indicators are shown in the following table where the joint impact of the 

water stage and rainfall events on the nodes is included. 

 

Table 4: N.F.I Rainfall Event & Water Stage   
   WATER STAGE  

Data Rainfall Event RP 1.5 RP 2.5 RP 5 RP 25 

Water Stage No Rain 0.0007 0.0017 0.0024 0.0232 

 Average Rain 0.0059 0.0076 0.0141 0.0373 

Critical Event 1 

Max Rain 0.0517 0.0566 0.0632 0.0858 

Spatial Rain 0.0063 0.0076 0.0107 0.0349  

 Rain Gauge 0.0461 0.0529 0.0583 0.0812 

 Average Rain 0.0056 0.0071 0.0134 0.0356 

Critical Event 2 

Max Rain 0.0056 0.0071 0.0134 0.0366 

Spatial Rain 0.0056 0.0073 0.0127 0.0344  

 Rain Gauge 0.0054 0.0071 0.0124 0.0346 

 Average Rain 0.0027 0.0039 0.0068 0.0237 

Critical Event 3 

Max Rain 0.0054 0.0071 0.0119 0.0241 

Spatial Rain 0.0041 0.0059 0.0088 0.0234  

 Rain Gauge 0.0046 0.0063 0.0110 0.0237 

Traditional Data 

1hr Rain RP 5Year 0.0029 0.0041 0.0068 0.0237 

1hr Rain RP 25Year 0.0063 0.0078 0.0149 0.0256  

Synthetic Data Chicago 10Year 0.0317 0.0373 0.0419 0.0661  
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Table 5 - N.F.I Present and Future scenarios (Water stage RP = 1.5 years)   
Data Rainfall Event PRESENT FUTURE 

 Average Rain 0.0059 0.0036 

Critical Event 1 

Max Rain 0.0517 0.0045 

Spatial Rain 0.0063 0.0038  

 Rain Gauge 0.0461 0.042 

 Average Rain 0.0056 0.0055 

Critical Event 2 

Max Rain 0.0056 0.0058 

Spatial Rain 0.0056 0.0054  

 Rain Gauge 0.0054 0.0052 

 Average Rain 0.0027 0.0018 

Critical Event 3 

Max Rain 0.0054 0.0035 

Spatial Rain 0.0041 0.0029  

 Rain Gauge 0.0046 0.0033  
 
For each simulation the nodes flooded indicator was determined and it is directly related to the 

percentage of nodes flooded. The nodes flooded indicator is plotted against the respective 

water stage levels with associated return periods as shown in the next figure. The joint 

occurrence of a rainfall events associated with rising water stage levels results in the increasing 

amount of nodes flooded. It is important to note that a value of 0.01 of the nodes flooded 

indicator of an area of 15.607 km
2
, should correspond to an area of 0.156 km

2
. 

  
It was important to classify for each simulation the nodes flood indicator relative to the rainfall 

intensities of the rainfall events, as shown in Figure 38. Note that the redlines represent a 1 hr 

storm with a return period of 1 year and 5 years respectively. The three critical events all 

display a distribution similar to each other and similar to the max events. The max event 1 is the 

exception to this statement, this was the max rainfall event based on volume for critical event 1 

in the present scenario and it is applied to all grids for the simulations. It is interesting to note 

the difference in intensity and nodes flood indicator relative to the other simulations. This 

displays an intense and localised event that is contained in the data.  
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Figure 19 - Nodes Flooded- Rainfall Intensity Graph (Forrest, 2017) 

 

In Figure 20, the critical events 2 and 3 are both comparable for both spatial and max events, 

there is a linear relationship between the rainfall depth and nodes flooded indicator. It is 

interesting to see the difference between Critical Event 1 max and Critical Event 1 spatial; the 

amount of variability between them. Also, the change in rainfall depth from Critical 2 max and 

Critical 1 max results in a sharp increase in the nodes flooded indicator with results 3 times the 

size associated with an increase of around 8 mm. 

 



 

 

Copernicus Climate Change Service 
 

 

 

 

C3S_441_UrbanSIS_SMHI_2017SC2 – Use case urban flooding: Bologna

  Page 32 of 44 

 
Figure 20 - Nodes Flooded- Rainfall Depth Graph (Forrest, 2017) 

 

 

Link Surcharged Indicator 

InfoWorks defines a link as surcharged when “the flow rate in the system has exceeded the 

capacity of the drainage network to the extent that levels rise within manholes” (InfoWorks, 

2017). The surcharge state is the ratio of the water depth and pipe height. If a pipe is 

surchargedInfoWorks assigns either one of two values defined and not the magnitude of the 

surcharge, i.e. a discrete (not continuous) and qualitative indicator. 

For a surcharge state equal to 1, the hydraulic gradient is less than or equal to the pipe gradient 

and indicates a surcharge from downstream conditions i.e. rising water stage (Figure 21). 

 
Figure 21 - Surcharge State = 1 (InfoWorks User manual) 

 

For a surcharge state equal to 2, the hydraulic gradient is greater than the pipe gradient and 

indicates a surcharge from above ground i.e. a rainfall event (Figure 22). 
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Figure 22 - Surcharge State = 2 (InfoWorks User manual) 

 

As computed by InfoWorks this “Surcharge State” parameter included discrete values and did 

not allow for a proper analytical assessment of the actual degree of surcharging. For this 

reason, two different indicators have been developed: the first, called (Link Surcharged 

Indicator – L.S.I.) measures the overall severity of the surcharging effects by the length of links 

experiencing surcharging in the network divided by the total length of the network. 

 

L.S.I. = Total Length of Surcharged Links / Total Length of the Network 

 

The second indicator “Surcharge State”, later explained and not to be confused with the 

InfoWorks “Surcharge State” measures instead the degree of surcharging for each individual 

conduit. 

The Link Surcharged Indicators are shown in the following Tables. Table 6 illustrates the joint 

impact of the water stage and rainfall events on the links, while Table 7 illustrates the impact of 

the rainfall events only (all values are normalized with respect to the water stage – no rain 

condition). It should be noted that for the results found in Table 6 water level will still affect the 

results, but it is not the overriding factor. All in all, despite the clear and expected effect due to 

high water stage rainfall events (and their specific features) still play a relevant role in causing 

link surcharge and/or flooding at nodes. 

 

Table 6 - L.S.I. Rainfall Event & Water Stage   
   WATER STAGE  

Data Rainfall Event RP 1.5 RP 2.5 RP 5 RP 25 

Water Stage No Rain 0.08 0.10 0.11 0.20 

 Average Rain 0.32 0.35 0.36 0.44 

Critical Event 1 

Max Rain 0.62 0.64 0.66 0.69 

Spatial Rain 0.29 0.32 0.34 0.43 

 Rain Gauge 0.61 0.63 0.65 0.68 

 Average Rain 0.32 0.34 0.36 0.44 

Critical Event 2 

Max Rain 0.33 0.35 0.37 0.44 

Spatial Rain 0.32 0.34 0.36 0.43 

 Rain Gauge 0.31 0.33 0.35 0.42 

 Average Rain 0.23 0.25 0.27 0.34 

Critcal Event 3 

Max Rain 0.29 0.31 0.33 0.41 

Spatial Rain 0.25 0.27 0.29 0.36 

 Rain Gauge 0.27 0.29 0.31 0.38 

Traditional Data 

1hr Rain RP 5Year 0.24 0.26 0.28 0.35 

1hr Rain RP 25Year 0.35 0.37 0.39 0.46 

Synthetic Data Chicago 10Year 0.57 0.59 0.60 0.66  
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Table 7 - Normalized L.S.I. Rainfall Event Only   
   WATER STAGE  

Data Rainfall Event RP 1.5 RP 2.5 RP 5 RP 25 

Water Stage No Rain 0.08 0.10 0.11 0.20 

 Average Rain 0.25 0.25 0.25 0.23 

Critical Event 1 

Max Rain 0.54 0.54 0.54 0.49 

Spatial Rain 0.21 0.23 0.23 0.22 

 Rain Gauge 0.53 0.53 0.53 0.48 

 Average Rain 0.24 0.25 0.25 0.23 

Critical Event 2 

Max Rain 0.25 0.25 0.26 0.24 

Spatial Rain 0.24 0.25 0.25 0.23 

 Rain Gauge 0.23 0.23 0.23 0.22 

 Average Rain 0.15 0.15 0.16 0.14 

Critcal Event 3 

Max Rain 0.21 0.21 0.22 0.21 

Spatial Rain 0.17 0.17 0.18 0.16 

 Rain Gauge 0.19 0.19 0.20 0.17 

Traditional Data 

1hr Rain RP 5Year 0.16 0.16 0.17 0.15 

1hr Rain RP 25Year 0.27 0.27 0.28 0.25 

Synthetic Data Chicago 10Year 0.49 0.49 0.49 0.45  
 
 

Table 8 - Normalized L.S.I Present and Future scenarios (Water stage RP = 1.5 years)   
Data Rainfall Event PRESENT FUTURE 

 Average Rain 0.25 0.17 

Critical Event 1 

Max Rain 0.54 0.35 

Spatial Rain 0.21 0.16  

 Rain Gauge 0.53 0.34 

 Average Rain 0.24 0.23 

Critical Event 2 

Max Rain 0.25 0.24 

Spatial Rain 0.24 0.22  

 Rain Gauge 0.23 0.21 

 Average Rain 0.15 0.10 

Critical Event 3 

Max Rain 0.21 0.16 

Spatial Rain 0.17 0.12  

 Rain Gauge 0.19 0.13 
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Table 6 indicates that similarly to NFI, LSI increases as the Water Stage return period increases 

and that this is valid for high-resolution data and traditional/synthetic events as well. 

Normalized data in Table 7 allow instead to better assess the effects due of the specific rainfall 

pattern/event considered, showing once again the highest values for Event 1. Again, as 

previously highlighted, selected events from the Future scenario (Table 8) seem to be less 

impacting on the network performance. 

 

 
Figure 23 - Links Surcharged - Rainfall Intensity Graph (Forrest, 2017) 

 

Note that the redlines in Figure 23 represent a 1 hr storm with a return period of 1 year and 5 

years respectively. The intensities of all events can be found within this 1 to 5 year return 

period. If excluding critical event 1 max, the other critical events result in similar results with 

higher intensities but critical event 2 and 3 have a longer duration and this could increase the 

links surcharged depending on the time of concentration. 
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Figure 24 - Links Surcharge Indicator - Rainfall Depth Graph (Forrest,2017) 

 

 

Surcharge State 

When a pipe or conduit is in a surcharge state the pipe is flow fully and gravity is no longer the 

prevails. Given how InfoWorks quantifies the difference between the un-surcharged state and 

the surcharged state, it was imperative to determine the magnitudes of the surcharge state in 

the pipes. The following equation was used to determine the magnitude of the storm surcharge 

and values less than one were removed from consideration (meaning of the equation terms are 

reported in Figure 22). 

 

3���4��5
	3���
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There are 4121 links in the urban network under consideration and table 9 details the amount 

of links surcharged in the system. The numbers between the average and spatial events are 

consistent for each event. Values from the future scenario (not included in the table) were 

considerably lower. 

 

Table 9 - No. of Links Surcharged 
 
 Critical Event 1 Critical Event 2 Critical Event 3 

 Average Spatial Average Spatial Average Spatial 

No. Of Links 

Surcharged 1106 1007 1088 1101 746 801   
 

The box plot in Figure 25 shows that the links surcharged in the urban network for the different 

events for the average and spatial data are consistent and shown no real variability in the 
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quartiles or the median value. The higher the surcharge value, the higher the pressure in the 

pipe and this results in flooding but also damage to the pipes in the network resulting in longer 

term problems. 

 

 
Figure 25 - Network Surcharge State Boxplot 

 

The highest values of surcharge shown in Figure 25, require investigation of the network to 

determine the problems. These severe surcharge rates occur for a few main reasons: 

Relatively small pipes located in the most upstream sections of the network which are draining 

not so small catchments; pipes of different heights for which the top of the pipes should be in 

line and not the bottom as this creates the surcharge effect as shown in the following figure. It 

should be noted that this also may be an error in the construction of the model. 

 
Figure 26 - Pipes in Surcharged State (Forrest, 2017) 

 

Flooded Volume 

Flooding volume is an indication of the amount of water that will surface and cause concern to 

the surrounding residents. The amount of flooding at the nodes during each event can be 

classified by the flood volume as shown in table 10. 
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Table 10 - Total Volume Flooded at Nodes (m3)   

    
WATER 
STAGE   

Data Rainfall Event RP 1.5 
 

RP 2.5 
 

RP 5 
 

RP 25    
Water Stage No Rain 113.3 

   

 335.7  755.2  9811.2 
 

Average Rain 825.2 

   

  1159.6  2066.8  16000.1 

Critical Event 1 
Max Rain 11077.7  13278.5  16482.3  36240.8 

Spatial Rain 1343.2 
 

1574.6 
 

2201.7 
 

14246.8     

 Rain Gauge 9432.4  11439.9  14421.7  33655.3 
 

Average Rain 822.1 

   

  1154.9  2069.2  16193.0 

Critical Event 2 
Max Rain 924.4  1254.3  2193.5  16924.0 

Spatial Rain 818.3 
 

1143.8 
 

2051.1 
 

16256.4     

 Rain Gauge 741.3  1050.9  1907.0  15653.2 
 

Average Rain 486.4 

   

  714.6  1369.2  13356.9 

Critcal Event 3 
Max Rain 749.6  1039.9  1867.8  15613.9 

Spatial Rain 481.9 
 

731.0 
 

1421.4 
 

13650.9     

 Rain Gauge 560.2  829.6  1575.6  14223.6 

Traditional 
Data 

1hr Rain RP 5Y 504.7 

   

 746.2  1452.8  13909.0 

1hr Rain RP 25Y 1112.2 
 

1490.5 
 

2689.2 
 

18573.5     

Synthetic Data Chicago 10Year 3344.0 

   

 4928.5  7248.7  23940.3  
 

There are 4101 nodes in the urban network and the Table 11 details the amount of nodes flood 

and the total volume in the system. The water stage with a return period of 1.5 years was 

selected for this further research and a box plot was plotted as shown in Figure 49. 

 

 

Table 11 - Volume Flooded Node Breakdown   
 Critical Event 1 Critical Event 2 Critical Event 3 

 Average Spatial Average Spatial Average Spatial 

No. Of Nodes Flooded 24 26 23 23 11 17 
Volume Flooded (m3) 825.2 1343.3 822.1 924.4 486.4 481.9  
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Although critical event 1 has a similar number of nodes flooded, the average volume of floods is 

higher and can be seen both in Table 11 and the median in Figure 27. This is interesting as it 

illustrates the impact of the spatial data on the system and its importance for the research. critical 

event 2 (CE2) has a similar number of nodes flooded and median. While in comparison critical event 

3 (CE3) has a wide variance in the median between the average and spatial results. 

 

 
Figure 27 - Flooded Volume Boxplot – Water Stage 1.5 Year Return Period (Forrest, 2017) 
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3. Evaluation of UrbanSIS portal 
 

For our analysis, we have consulted the UrbanSIS portal and downloaded Essential Climate 

Variables data from this web address http://urbansis.climate.copernicus.eu/access-data/. 

We have downloaded time series of hourly precipitation for different temporal intervals and spatial 

resolution (points or areas) in two ways: we downloaded points data in csv format on ‘Access ECVs 

& indicators’ section and we downloaded grid data in NetCDF format on ‘Access grids’ section on 

the Bologna area. We downloaded data for the 5 years from historical period, present and future 

scenarios. 

The UrbanSIS portal shows a quite satisfactory usability, if addressed to experts: the interface and 

the data can be managed only by a restricted numbers of users. We identified some issues that we 

summarize in the following. 

Concerning hourly precipitation, the data referred to 2053 in future scenarios are not available so 

we couldn't use them for our simulations, as highlighted above (Figure 28).    

 

 
Figure 28 - UrbanSIS portal: precipitation data for 2053 (future scenario) are not available. 

 

Moreover, in the downloading of hourly precipitation in csv format for all the UrbanSIS years, the 

output file shows an error in the data format: the hour (hh) is printed as hh:22:30 whereas the right 

format should be hh:00:00  (Figure 29). 
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Figure 29 - UrbanSIS csv download: error in the hour format. 

 

We detected a problem with hourly Soil Moisture ECV, that in the Access grids section is 

downloadable only for the historical period, while it is not available for the Present/Future 

scenarios (Figure 30). 

 
Figure 30 - UrbanSIS portal: soil moisture is not available for present and future scenarios. 
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4. Conclusions 

4.1 Fluvial flooding 

The analysis carried out on historical period data of UrbanSIS of hourly precipitation has highlighted 

mismatches (underestimation and overestimation) with observed data in the period from April to 

November that are not due to a systematic error. It is worthy to mention that a perfect time-space 

agreement with observed data for the convective events (typically occurring during this period) is 

not possible to reach. 

 
As far as the precipitation data in present and future UrbanSIS scenarios with respect of observed 

climatological values on Ravone catchment, we identified a systematic underestimation of 

precipitation for both the scenarios. Moreover, present scenario represents poorly the temporal 

distribution of observed data. These issues may affect the water level simulations using the 

UrbanSIS scenarios. 

 

Regarding the water level at the closure section of the catchment, the UrbanSIS scenarios data 

don’t show an increase in the hydraulic risk of the Ravone creek, connected with an intensification 

of the extreme events of precipitation; but the systematic underestimation of the precipitation data 

is a strong source of uncertainty that may affect the reliability of these conclusions. 

 

4.2 Urban drainage network 

The work has compared both high resolution and traditional data and analyzed its behavior on a 

portion of the urban drainage network of Bologna. In addition, the analysis has studied the joint 

effect due to rainfall events and an increasing water stage level. From this analysis, a series of 

indicators, tables and graphs have been determined. 

 

As expected, the water stage in the river acts as boundary condition for the urban drainage network 

and dictates the amount of flooding for the area under consideration. In terms of understanding the 

rain events, the water stage could have partially impaired the study, mostly focused on rainfall-

data-input analysis acting as a sort of “dominating background noise“, due to its reliance as a 

dominant factor. But it was very important to consider the joint occurrence of both variables as it 

increased the flooding caused in the urban network providing a realistic overall picture, as 

requested by local stakeholders. 

 

Reference has also been paid in this study to the traditional way observed data are considered, 

because it is long established and maybe habitually used due to its reliability. But this data does not 

take into account for spatial variability which is typical for those events (convective) that are 

challenging for the urban context. The high-resolution data maybe time consuming in terms of 

extraction, handling and inputting the data into the model when considering the spatial and 

temporal variability but as seen from the results, it has the possibility to highlight intense local. 

 

As far as the future scenario is concerned, the time series developed generally exhibited lower 

intensity/depth values compared to the present state (or recent past). This was confirmed by the 

results obtained for the three selected (most impacting) events, which showed quite low values for 
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the network flooding and surcharge indicators, being therefore in contradiction with the commonly 

adopted multipliers, often called “climate factors” used to describe and consider future changes in 

short-term rainfall extremes. 
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