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ABSTRACT 
 
The present paper approaches the concept of urban resilience facing extreme precipitation events, performing 
an initial analysis to preponderant factors that must be considered when evaluating this type of events, namely 
the urban drainage systems as being the main regulatory service of the impact of this type of events, urban floods 
as the main consequence and the effects of climate change as a potential aggravator of the operating conditions 
of drainage systems. 
 
Since extreme precipitation events have an impact on urban services and infrastructures in many sectors, 
disrupting the city's functionality and citizens' well-being and resulting in economic damage, not only due to 
assets damage but also to loss of touristic value, the approach to the concept of resilience makes it possible to 
perform a critical analysis of the cities’ capacity to maintain its functions. 
 
Through the analysis of existing resilience quantification methodologies and indicators, a methodology for 
evaluating urban resilience to extreme precipitation events based on performance indicators is proposed. This 
methodology is applied to the area of the drainage basins of Avenida da Liberdade (J) and Avenida Almirante 
Reis (L), in Lisbon, with the application of the services’ diagnostic Hazur® tool, under the scope of the European 
project RESCCUE, as well as of the hydraulic modeling tools SWMM and BASEMENT. In this way, the necessary 
data for the quantification of the proposed indicators is obtained, allowing to evaluate the resilience state of the 
study area.  
 
Keywords: Urban resilience, Extreme precipitation, Urban drainage, 1D/2D Hydraulic Modeling, Urban Resilience 
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1. INTRODUCTION 
 
1.1 Contextualization 
 
Society has become more aware of the risks associated with climate change, in part, by experiencing extreme 
events. This way, government agencies have become aware of the need to better understand the local 
implications of this phenomenon, particularly at city level, in combination with the adoption of measures that 
aim to increase urban resilience, reflecting a better response capacity when facing extreme events. 
 
1.2. Urban Resilience Concept 
 
The urban resilience concept has gained great emphasis since the beginning of the 21st century, both among 
management and decision-makers and at the level of business community, largely due to the joint interest of 
ensuring the continuity and quality of the services provided, which have suffered various threats, both natural 
and anthropic, such as rapid urban occupation or terrorism. 
 
According to UN-HABITAT (2017), the concept of resilience has been used for a long time in a variety of fields 
such as engineering, psychology and risk management, although the resilience of ecological systems is often cited 
as being in the origin of the modern theory of resilience, in the 60s.  
 
Socio-Ecological Resilience has gained ground in this area by admitting that cities do not just transit their state 
in the face of a given shock but also adapt progressively or rapidly to a given continuous stress. Thus, 
understanding that cities function as complex, interdependent and integrated socio-ecological systems, i.e. as a 
system of systems, becomes fundamental to understand how planning, development and management of 
resilience can protect lives and goods and keep the continuity of the cities’ functions. The programs that study 
resilience of health services, resilience of water supply, or resilience of enterprises do not contribute to increase 
the city's overall resilience when operated separately. Only by looking at the system in its fullness, with links both 
inside and outside its borders, will cities be able to respond successfully to economic, social, political or natural 
impacts to avoid displacement, inequality, service overload or managerial incapacity of the city. 
This way, the following definition of urban resilience is established by ARUP and THE ROCKEFELLER 
FOUNDATION (2016) within the framework of the 100 Resilient Cities project: “Urban resilience is the capacity 
of individuals, communities, institutions, businesses, and systems within a city to survive, adapt, and grow no 
matter what kinds of chronic stresses and acute shocks they experience, as well to transform when required”, 
adding that “city resilience describes the capacity of cities to function, so that the people living and working in 
cities – particularly the poor and vulnerable – survive and thrive no matter what stresses or shocks they 
encounter”. 
 
1.3. Urban drainage, flooding and climate changes 
 
According to RAMOS (2013), floods can be defined as a hydrological phenomenon, variable in frequency, natural 
or induced by human action, consisting of the submersion of a usually dry area. As result, urban floods are often 
caused by precipitation events, which are responsible for the drainage systems surcharge, the rising of the 
groundwater tables and river floods. The same author mentions two types of urban floods, generally associated, 
respectively, with two types of precipitation events: 

• Continuous and extended rainfall events - generally characterized by a lower precipitation intensity, are 
generalized to large areas and, given their duration of weeks or months, lead to soil saturation, recharge 
of groundwater reserves and, consequently, an increase in river flow which can lead to slow floods in 
urban areas unduly built in floodplains; 

• Events of intense precipitation - concentrated in time and space, lasting for some minutes or a few 
hours, have much higher intensities, causing overloads in the urban drainage systems, consequent 
extravasations to the public road which increase the surface flow. 

 
When the drainage systems are confronted with high intensity rainfall events, also called extreme precipitation 
events, although of inferior duration the rainfall generated at a smaller time is larger, flowing to the drainage 
system in shorter times, evidencing in many situations its lack of capacity to accommodate these flows, resulting 
in the surcharge of the collectors and consequent extravasation of the associated manholes. Additionally, this 
effect is aggravated in combined drainage systems given its smaller capacity to accommodate the rapid affluence 
of larger flows. The basins located at downstream of larger drainage basins are the most susceptible, given the 
affluence of both surface and drained flows from the upstream basins. 
 



A considerable spectrum of causes is at the origin of urban floods. Regarding drainage systems, a set of factors 
commonly found in places where urban flooding is frequent can be defined: 

• Lack of rainwater drainage infrastructures in built-up areas - in these areas, the runoff generated by 
precipitation occurs on the surface, leading to the accumulation of water in low-lying areas; 

• Insufficient capacity of interception devices - either due to lack of gutters and sinks, or due to the 
incapacity of existing devices, as in the previous case, this factor leads to the occurrence of high superficial 
flows and consequent accumulation in low areas; 

• Limitations of the hydraulic capacity of infrastructures – reflected by the inability to withstand the 
generated rainfalls, resulting in the surcharge of collectors and consequent extravasation, a situation that 
is aggravated in the low zones where energetic availability to guarantee the flow is reduced; 

• Energetic restrictions on the discharge - the discharge is strongly influenced by the level of the receiving 
waters and the state of conservation of the discharge sites and emissaries. When the discharge locations 
are at low levels and the receiving water level arises, the discharge may be compromised. In the case of 
discharges to the sea, usually on beaches, tides and sea agitation can cause damage and entrainment of 
sediments in emissaries and collectors, inhibiting their correct functioning; 

 
Regarding to climate change, Table 1 shows the main direct impacts of its effects on drainage systems. However, 
the importance of the increase in intensity and frequency of extreme precipitation events and the increase in 
the average sea level is particularly important in relation to the worsening of urban floods. 
 
Table 1 - Summary of the direct impacts of Climate Change on Drainage Systems. Source: USAID (2012) 

Climate change effect Impact on drainage system 

Increase of the intensity and 
frequency of extreme precipitation 

events 
 

Receiving waters rise, reducing the effectiveness of the discharge and enhancing 
the sedimentation on conduits and manholes. 
 
Overloading of WWTPs, especially with upstream combined networks, reducing 
the effectiveness of treatment and enhancing untreated discharges. 
 
Damage on the equipment of the drainage system and treatment facilities. 

Sea level rise 

Receiving waters rise, reducing the effectiveness of the discharge. 
 
Enhancement of saline intrusion, decreasing the efficiency of conventional 
biological treatment and promoting the corrosion of equipment in the WWTP. 

Increase of drought periods 
Decreased absorption and dilution capacity of the receiver waters. 
 
Reduction of treatment efficiency due to lower flows affluent to WWTP. 

Increase of the air temperature 

Decreased wastewater quality due to the increase of algae efflorescence and 
pathogens occurrences, decreasing dissolved oxygen, causing odors, septicity, 
toxicity and corrosion of infrastructures. 
 
Need to reinforce the treatment in the WWTP, increasing energic and in chemical 
products financial expenses. 

 
 
2. METHODOLOGY TO EVALUATE URBAN RESILIENCE BASED ON PERFORMANCE INDICATORS 
 
2.1. METHODOLOGY STEPS 
 
The methodology proposed herein follows five main steps: 

1. Definition of boundaries of the area to be assessed - aiming at the study of resilience to extreme events 
of precipitation, it is proposed to define areas at the level of urban drainage basins. The complexity of 
the analysis will be proportional to the size of the area to be diagnosed.  

2. Characterization of the defined area - the characterization of the study area, in the present context, 
should be developed with a special focus on the drainage system given its extreme importance with 
respect to urban flooding. At the same time, the main services and critical infrastructures of the city 
must be identified and exploited in such a way that their operating procedures must be understood. In 
addition, the process of selecting the infrastructures to be considered requires some attention: the 
number of infrastructures should not be too extensive, increasing the complexity of the analysis without 
a proportional reflection on the quality of the results, neither too short, running the risk of making an 
unfeasible analysis of the system.  



3. Application of hydraulic models of 1D / 2D simulation - through the modeling and simulation of both 
the drainage system and surface runoff generated by precipitation events with different return periods, 
it is possible to identify floodable areas and, if possible, heights of water, in order to better define the 
possible impacts on the services and infrastructures under analysis. It is suggested the use of the SWMM 
tool to simulate the hydraulic behavior of the drainage system and the BASEMENT tool to simulate the 
surface runoff. 

4. Identification of interdependencies, impacts and cascading effects – i.e. how services or infrastructures 
are dependent or affected by others. Likewise, the impact of the event considered in the services and 
infrastructures is analyzed. The objective of this phase is to establish a cascade effect profile of the area 
under analysis, that is, the development of the state of operation of the services and infrastructures 
from the impacts generated by a given event. 

5. Urban Resilience Evaluation - from the data collected and its use in the previous phases, information 
that allows the quantification of the performance indicators is obtained. From this quantification, an 
Integrated Indicator of Urban Resilience (IIUR) is calculated so that Urban Resilience can be classified. 

 
2.2. PERFORMANCE INDICATORS, IIUR AND THE CLASSIFICATION OF URBAN RESILIENCE  
 
It is proposed that the indicators are to be quantified in relation to two operating states: a normal operating 
state, corresponding to a precipitation event with a return period of 1 year, and an operating state under stress, 
corresponding to the occurrence of an extreme precipitation event with a return period of 10 years. Thus, the 
following list of indicators, listed in the Table 2, is proposed. 
 
Table 2 – Performance indicators to evaluate urban resilience facing extreme precipitation events with the IIUR. 

I1 – Percentage of Volume Overflowed by the drainage system: measures the degree of affectation of the drainage system 
and its contribution to the aggravation of the urban flood through overflows. 

𝐼1 =
𝑇𝑜𝑡𝑎𝑙 𝑜𝑣𝑒𝑟𝑓𝑙𝑜𝑤 𝑣𝑜𝑙𝑢𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑓𝑙𝑜𝑤 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛𝑡𝑜 𝑡ℎ𝑒 𝑑𝑟𝑎𝑖𝑛𝑎𝑔𝑒 𝑠𝑦𝑠𝑡𝑒𝑚
× 100 

I2 – Percentage of Flooded Area: measures the fraction of affected area by flooding. 

𝐼2 =
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑓𝑙𝑜𝑜𝑑𝑒𝑑 𝑎𝑟𝑒𝑎

𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 𝑠𝑢𝑠𝑐𝑒𝑝𝑡𝑖𝑏𝑙𝑒 𝑡𝑜 𝑓𝑙𝑜𝑜𝑑𝑖𝑛𝑔
× 100 

I3 – Flood Duration Percentage: measures the fraction of the flooding duration in relation to the duration of the 
precipitation event. 

𝐼3 =
𝐹𝑙𝑜𝑜𝑑𝑖𝑛𝑔 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛

𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑒𝑣𝑒𝑛𝑡 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛
× 100 

I4 – Percentage of Affected Buildings: measures the fraction of affected buildings by flooding. 

𝐼4 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔𝑠
× 100 

I5 – Percentage of Affected Directly Services: measures the fraction of services affected directly or due to 
interdependencies. 

𝐼5 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠 𝑎𝑓𝑓𝑒𝑐𝑡𝑒𝑑

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠 
× 100 

IIUR – Integrated Indicator of Urban Resilience: aims to reflect the global resilience state to extreme precipitation events 
through a weighting of the performance indicators. 

𝐼𝐼𝑈𝑅 =  
∑ 100 −  ( 𝑤𝑖  ×  𝐼𝑖 )

𝑛
𝑖=1

𝑛
 

where n represents the total number of indicators, wi represents the weight of the indicator i and Ii represents the value 
of the indicator i. 

 
The proposed indicators were based on the following rationale: 

a) As few as possible - to succinctly represent the performance of the study area in relation to the events 
under consideration; 

b) Simple to interpret - so that any decision maker or common citizen understands the values and meaning 
of each of the indicators; 

c) With physical meaning - reflecting in a practical and measurable way the urban resilience to extreme 
events of precipitation; 

d) Simple to estimate with the available instruments - so that the application of the proposed methodology 
and the quantification of its indicators can be easily executed. 

 



From the calculation of the IIUR, urban resilience is classified according to five categories, showed in Figure 1. 
 

 
Figure 1 - Classification ranges of urban resilience according to the IIUR calculation. 

 
 
3. APLICATION OF THE METHODOLOGY TO A STUDY AREA 
 
3.1. DEFINITION AND CHARACTERIZATION OF THE STUDY AREA  
 
The proposed study area consists on the drainage basins J (Avenida da Liberdade) and L (Avenida Almirante Reis), 
contemplated in the Lisbon Drainage Plan, due to its importance for the dynamics of the city of Lisbon and the 
high frequency of occurrence of floods. In addition, the study area is at the center of the expansion of the city of 
Lisbon, from the Castle of S. Jorge, through the main avenues, between 1750 and 1950. Furthermore, this area 
has a high population density, commercial activities, buildings and tourist accommodation. There is also a high 
proportion of buildings built up to the first half of the 20th century. 
 
The analysis of critical services and infrastructures is based on the work developed in the RESCCUE project, co-
financed by the H2020 Program. The services and infrastructures selected by the Portuguese consortium (LNEC, 
CML / SMPC, Hydra, AdP and EDP Distribuição) were considered as the most appropriated taking into account 
the events to be considered in the project scope related to climate change (urban floods, of the sea and heat 
waves), as well as those that allow to represent as faithfully as possible the functioning of the urban system. In 
this way, in Table 3 the analyzed services and respective infrastructures are defined. 
 
Table 3 – Services and Infrastructures analyzed. 

Sector Service Infrastructures Nr 

Water Sector 

Water Supply 
system 

Water Sourcing and Transportation  
Water Intake Tower 1 

Collected Water Pumping 1 

Water Treatment  Water Treatment Plant 1 

Water Storage  Reservoirs 6 

Water Pumping  Water Pumping Stations 4 

Water Distribution  DMAs 37 

Wastewater 
Drainage System 

Urban Drainage  Wastewater Pumping Stations 11 

Wastewater Treatment  Wastewater Treatment Plant 1 

Power Sector 
Primary Power Distribution Switching station 5 

Secondary Power Distribution Power substation 31 

Mobility Sector 

Subway 

Subway stations 15 

METRO Power Substation 3 

Control Room 1 

Bus  
Control Room 1 

Stations  4 

Public Transport Hubs  Hubs 6 

Traffic Management  Traffic Control Room 1 

Waste Sector 

Unselective Municipal Waste Collection Routes 13 

Waste Vehicles Operation and 
Maintenance 

Maintenance Garage 1 

Parking Space 1 

Waste Treatment  MSW Treatment Plant 1 

Telecommunication Sector Mobile Telecom  - - 

Environment Sector Receiver Waters Tagus River 1 

 Total Services = 18 Total infrastructures = 146 

 

90 < IIUR ≤ 100 : Great Resilience

70 < IIUR ≤ 90 : Good Resilience

50 < IIUR ≤ 70 : Acceptable Resilience

30 < IIUR ≤ 50 : Insufficient Resilience

0 < IIUR ≤ 30 : Totally Unacceptable Resilience



3.2. APPLICATION OF HYDRAULIC MODELS OF 1D/2D SIMULATION – COMBINED MODEL SWMM+BASMENT 

SWMM (Storm Water Management Tool), developed by EPA since 1971, is a dynamic modelling tool that allows 
the simulation of precipitation events and its flows on the drainage systems of urban areas, with large worldwide 
application. BASEMENT (Basic Simulation Environment), developed by the Laboratory of Hydraulics, Hydrology 
and Glaciology (VAW) of the ETH Zürich since 2006, is a modelling tool that aims the simulation of fluvial flows 
that can be used in the context of studying superficial runoff in urban areas, as it is the case. These tools were 
not developed and designed for a simultaneous application, and it is not possible to execute in a single run both 
tools with interaction of results between them. Thus, some simplifying assumptions and conditions were 
established for the application to be coherent, forming a combined model SWMM + BASEMENT, illustrated in 
Figure 2. 
 

 
Figure 2 - Conceptualization and procedure of the application of the combined model SWMM + BASEMENT. 

 
The modeling of the SWMM tool assumes that all the surface flow generated by the precipitation event in each 
sub-basin is conducted to the respective discharge node, resulting in a theoretic drainage efficiency of 100%, 
which is not the reality of drainage systems. This is justified by the objective of this tool, i.e., to conservatively 
test the capacity of drainage systems. Thus, to make the use of this tool compatible with the desired results, a 
parameter of efficiency of the rainfall interception devices, α, was defined which acts on the useful precipitation 
hyetograph, resulting in an attenuated precipitation hyetograph which is introduced on SWMM. On the other 
hand, the remaining of the useful precipitation hyetograph is converted to surface runoff, being introduced on 
BASEMENT. 
 
For the considered study, four scenarios were stablished, being the Scenarios 1 and 2 a diagnostic of the actual 
situation facing a normal situation (precipitation event with a return period of 1 year) and a stressful situation 
(precipitation event with a return period of 10 years), and the Scenarios 3 and 4 a projection of the climate 
change effects: 

• Scenario 1: precipitation event with a return period of 1 year, tide level at 1.95 m and α = 0.95; 

• Scenario 2: precipitation event with a return period of 10 years, tide level 1.95 m and α = 0.90; 

• Scenario 3: precipitation event with a return period of 1 year with precipitation intensity increased by 
5%, tide level at 2.57 m and α = 0.95; 

• Scenario 4: precipitation event with a return period of 10 years with precipitation intensity increased 
by 5%, tide level at 2.57 m and α = 0.90. 

 
The tide considered tide level for the scenarios 1 and 2 are obtained from the Lisbon Drainage Masterplan 2016-
2030 (PGDL, 2015), corresponding to 6/7 of the maximum high tide during storm tides, and the tide level for the 
scenarios 3 and 4 are obtained from the tide level increase projections according to ANTUNES, et al. (2017). 
 
The main results of the application of the combined model SWMM+BASEMENT are shown in Figure 3, focusing 
on the downtown area of the study area. 
 
  



Scenario 1: T=1 year; TL = 1.95; α = 0.95         Scenario 2: T=10 years; TL = 1.95; α = 0.90 
 
 
 
        
 
 
 
 
 
 
 
 
 
 
       Scenario 3: T=1 year + 5%; TL = 1.95; α = 0.95   Scenario 4: T=10 years + 5%; TL = 1.95; α = 0.90 
 
 
 
 

 

 

 

 

 

Legend: 

 

 

 

Figure 3 – Results obtained from the application of the combined model SWMM+BASEMENT. 

 
3.3. IDENTIFICATION OF INTERDEPENDENCIES, IMPACTS AND CASCADING EFFECTS  
 
The identification of interdependencies was conducted through the application of the Hazur® tool, under the 
scope of the RESCCUE project. Thus, an interdependency occurs when the failure of a donor service or 
infrastructure has consequences in the operation of the receiver service or infrastructure. This procedure is made 
by filling the Interdependencies Matrix, a symmetric matrix which columns and rows correspond to the donor 
and receiver, respectively. This matrix is shown in Figure 4. There are three affectation degrees: none, when the 
receiver is not affected by the failure of the donor; minimum service, when the failure of the donor causes a 
change in the normal operation of the receiver; down, when the failure of the donor causes the failure of the 
receiver, immediately or after a certain autonomy time. Moreover, the detail level of the interdependencies can 
be assessed at three different scales, being possible to use four combinations of donor/receiver type as: 
service/service, service/infrastructure, infrastructure/service and infrastructure/infrastructure, being ordered 
from the broadest to the most specific case. 
  



 
  

 
Figure 4 – Interdependencies Matrix for the analyzed services. Source: Interdependences Hazur®, project 

Lisbon RESCCUE 
 
The filling of the Interdependencies Matrix results in the Resilience Map, a mesh that connects services according 
to its interdependencies, represented in Figure 5. 
 

 
Figure 5 – Resilience Map for the analyzed services. Source: Resilience Map - Hazur®, project Lisbon RESCCUE 

 
The impacts of floods occur naturally, with great significance, in the flooded areas, affecting very specific services 
and infrastructures, namely those dependent on the public space for operation. However, the affectation of a 
given service or infrastructure is not exclusively dependent on its location within the flooded areas, since a given 
service or infrastructure located outside the flooded area may be affected by interdependencies with others. 
These interdependencies produce cascading effects. From the analyzed services, the largest donor is the power 
distribution service, followed by the mobile telecommunications service.  The direct affectation of the considered 
services in the study area tends to not vary significantly along the scenarios 1 and 3 and the scenarios 2 and 4 
since this affectation is mainly dependent on the flooded area and the flooding duration. The Table 4 shows the 
main direct effects identified on the considered services. 
 
Table 4 – Direct Impacts of flooding events on the analyzed services. 

Service affected Description of the affectation 

Public Transport Hubs 

If the infrastructure is located at the downstream of the basins, it is expected that a 
considerable runoff reaches it. When the infrastructure is almost at the same level as the 
Tagus River, at high tide events, flooding can be aggravated due to the greater difficulties of 
draining the accumulated water. 

Subway 

Most subway stations have retaining walls at their entrances. However, due to the 
configuration of the stations, there is a tendency for the runoff to flow through the entry 
ladders, flooding the atriums and platforms of the station. 

Unselective MSW 
Collection 

When the water level reaches a certain height, waste collection vehicles are not able to 
collect the waste at certain points and must wait for the accumulated water to drain to 
proceed. 

Urban Drainage 

The flows that reach the drainage system are high, causing surcharge of the sewers and 
pumping systems. For this reason, by-pass systems must be activated and the wastewater is 
discharged directly to the Tagus River. 

Wastewater Treatment 
The flows that reach the WWTP exceed its capacity, and may reduce the efficiency of the 
treatment processes, with the possibility of direct discharges to the Tagus River. 



As observed, extreme precipitation events, due to the effect of floods, affect especially "end of the chain” 
services, i.e., services that are mainly receivers of others and whose service is addressed directly to the citizens. 
For this reason, significant cascade effects are not expected when considering the analyzed services. 
 
 
3.4. QUANTIFICATION OF THE PERFORMANCE INDICATORS TO EVALUTE URBAN RESILIENCE 
 
The quantification of the indicators was conducted through the utilization of the GIS tools by defining a minimum 
height of water of 0.10 m to consider a certain area as flooded. Moreover, a maximum water height was 
considered at 0.30 and 0.60 m to return periods of 1 and 10 years, respectively, to not consider potential mesh 
errors. The obtained result  
 
Table 5 – Results obtained on the quantification of the performance indicators, IIUR and the respective 
classification of urban resilience to extreme precipitation events. 

 

Scenario 1 
T = 1 year 

Tide level at 1.95 m 
α = 0.95 

Scenario 2 
T = 10 years 

Tide level at 1.95 m 
α = 0.90 

Scenario 3 
T = 1 year + 5 % 

Tide level at 2.57 m 
α = 0.90 

Scenario 4 
T = 10 years + 5 % 

Tide level at 2.57 m 
α = 0.95 

I1 0.1 4.3 0.3 14.4 

I2 1.2 10.8 2.1 11.9 

I3 50.4 89.6 60.4 91.3 

I4 2.6 17.6 5.0 17.9 

I5 0 33.3 0 33.3 

IIUR 89.1 68.9 86.4 66.2 

Urban Resilience 
Classification 

Good Acceptable Good Acceptable 

 
Considering the obtained results, it can be concluded that the study area presents a good resilience to 
precipitation events with a return period of 1 year, simulated in scenarios 1 and 3. Regarding precipitation events 
with a return period of 10 years, simulated in scenarios 2 and 4, the resilience of the study area is at an acceptable 
level. On the other hand, regarding the effects of climate change, it is observed that these contribute to a slight 
decrease of IIUR in relation to actual scenarios but are not reflected in the change of the urban resilience 
classification. 
 
 
4. METHODOLOGY APPRECIATION AND CONCLUSIONS 
 
By applying the proposed methodology to the basins of Avenida da Liberdade (J) and Avenida Almirante Reis (L), 
in Lisbon, in is intended to evaluate the adequacy of the proposed methodology against the intended objective 
and the utility of the obtained results. Thus, the proposed methodology proved to be effective in evaluating the 
resilience to extreme precipitation events since it comprises a multisectorial approach focused on the urban 
drainage service. Obviously, the simplifications considered in the application of the combined model 
SWMM+BASEMENT are reflected in the obtained results. Nevertheless, it is considered that these results allow 
to draw useful extrapolations regarding the urban resilience of the study area in relation to the scenarios 
considered. 
 
Moreover, the application of the proposed methodology allows to corroborate the importance of the drainage 
systems in the capacity of cities to deal with extreme precipitation events to reduce the impact of floods. It is 
also worth noting that the interception capacity of the generated flow is of extreme importance because it 
reduces the surface runoff to the more susceptible zones located in the downstream basins. However, it is 
necessary to consider the need to ensure that the drainage infrastructures have sufficient hydraulic capacity to 
accommodate these flows. It is also concluded that, as expected from the services and infrastructures analyzed, 
floods generated by extreme precipitation events do not lead to significant cascade effects, mainly affecting 
"end-of-chain" services, i.e., services that are provided directly to citizens. 
 
Thus, it is considered that the proposed and applied methodology constitutes a useful basis for the procedure of 
the study of urban resilience, having met the goals it proposed at the beginning of its development. Nonetheless, 
some improvement needs were identified, namely regarding the tuning of the computational mesh used on 



BASEMENT tool using an appropriated and calibrated DTM and the development of strategies to better simulate 
the real performance of sinks and gutters. Moreover, regarding the performance indicators, it was identified the 
need to go further than those suggested, namely by using indicators that allow to measure the performance and 
effectiveness of the adoption of resilience management measures, such as the number of affected people or the 
recovery time of the affected services. Regarding the considered services, it is suggested the addition of other 
fundamental services to the performance of the city, such as educational services (schools, universities, research 
centers, etc.), health services (hospitals, health centers, etc.) and emergency and security services (police, 
firefighters, civil protection, etc.). Additionally, further efforts must be allocated in the studying of the different 
affection degrees of services and infrastructures depending on the water level and the duration of the flooding. 
 
The study of urban resilience requires knowledge and tools and, above all, willingness and openness from the 
cities’ management and decision-makers to create understandings and generate useful results, moving towards 
"win-win" approaches, in which all the players are benefited. In this sense, as suggested by both the 100 Resilient 
Cities and RESCCUE projects, the creation of the position of Chief Resilient Officer in the local governance 
framework can bring great benefits by integrating the perspective of resilience into the discussions and decision 
makings at the governmental and political levels, as well as facilitate the agreement between all the involved 
stakeholders through a conscious moderator with sight of the different perspectives of each system, sector or 
service. 
 
At last, after the diagnostic and evaluation phases, strategies should be considered to increase resilience. Thus, 
in the context of resilience management, consideration should be given to the implementation of concrete 
measures that reflect a multisectorial response to the city's response as a single system, i.e., as a system of 
systems, demanding a re-evaluation procedure afterwards. Effectively, concept of socio-ecological or 
evolutionary urban resilience requires the management of resilience to be a continuous process, constantly 
monitoring and adapting to the factors that condition the evolution of the urban systems. 
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