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SUMMARY 

 

The currently perceived massive urban expansion witnessed in developing economies in Asia 
as well as the substantial redevelopment currently taking place in cities all over Europe (e.g. 
UN, 2005) and the anticipated impacts of climate change (IPPC, 2007), urge for an 
assessment of the consequences of urban (re)development and capacity building within the 
domain of flood risk. In order to perform this assessment, sound conceptual models are 
required that can facilitate mapping of the key processes and factors shaping this 
redevelopment.  
 
Collaborative research on flood resilience in urban areas (CORFU) is an interdisciplinary 
international project looked at advanced strategies and measures for improved flood 
management in cities. Through a four-year collaborative research programme, the latest 
technological advances have been cross-fertilised with traditional and emerging approaches 
to living with floods.  
 
CORFU built upon the DPSIR framework (Drivers-Pressures-State-Impact-Response), which 
provided basis to map the interactions between the driver and pressures of future 
development (such as urban or economic growth), flood hazard (state) and risk (impact). 
Based on those interactions, a set of response strategies has been defined. The developed 
methodologies and tools have been grounded on reality by making use of seven case study 
cities from Europe and Asia- Barcelona (Spain), Beijing (China), Dhaka (Bangladesh), 
Hamburg (Germany), Mumbai (India), Nice (France) and Taipei (Taiwan). 
Application to case studies involved variations in focus and level of detail, depending on 
specific flooding problems, data availability, envisaged development scenarios and local 
ǇŀǊǘƴŜǊǎΩ ŎŀǇŀŎƛǘȅΦ 
 
In addition, CORFU aimed at the evaluation of the existing national and supranational 
policies and practices (mainly EC Floods Directive (2007/60/EC)) as strategic tools to support 
the mitigation and adaptation process on a local level. As a result, the main obstacles have 
been detected and addressed within the research community and in the discussions with the 
policy makers. 
This report sumarises the main research outcomes that should support the local and national 
decision makers on how to integrate flood resilience strategies into the decision making 
process. The main steps, methods and tools have been defined and suggested supported by 
the examples from the case study cities.   
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1 THE CORFU APPROACH TO ENHANCE FLOOD 
RESILIENCE IN URBAN AREAS 

Collaborative research on flood resilience in urban areas (CORFU) is an interdisciplinary 

international project looked at advanced strategies and measures for improved flood 

management in cities. Through a four-year collaborative research programme, the latest 

technological advances have been cross-fertilised with traditional and emerging approaches 

to living with floods 

CORFU aimed at the evaluation of the existing national and supranational policies and 

practices (mainly the EC Floods Directive (2007/60/EC)) as strategic tools to support the 

mitigation and adaptation process on a local level. As a result, the main obstacles have been 

detected and addressed within the research community and in the discussions with the 

policy makers. 

In order to plan for future, the assessment of the present flood hazard and risk should be 

extended to the analysis of the potential socio economic and climate futures and their 

impact on the flood risk.  

For that purpose, CORFU adopted and implemented the DPSIR conceptual framework. 

1.1 The DPSIR Conceptual Framework  

The DPSIR (Drivers-Pressures-State-Impact-Response) is a causal framework for mapping the 

interactions between the environment and society. DPSIR was initially developed by the 

Organisation for Economic Co-operation and Development (OECD) and has been used by the 

United Nations (e.g. UNEP 2002) and European Environmental Agency e.g. EEA 1999) to 

relate society and human activities to the environment. Through the use of a DPSIR 

modelling framework, it is possible to gauge the effects of drivers, pressures, impacts and 

responses and as such can assist decision-makers in many steps of the decision process. As a 

generic concept, it is applicable to the assessment of the causes of the factors and processes 

contributing to the formation of flood risk and its mitigation.  

CORFU Applying the DPSIR Model to the flood risk management domain within this work 

the following DPSIR factors have been considered:  

The flood risk drivers: relate to economic growth and climate trends. They lead to the main 

pressures ς urban growth and an increasing flood hazard (state) ς acting on the physical and 

social environment- ǳǊōŀƴ ǎǘǊǳŎǘǳǊŜ όǎǘŀǘŜύ ŀƴŘ ƛƴŦƭǳŜƴŎƛƴƎ ǘƘŜ ŎƛǘȅΩǎ ŀƴŘ ǇŜƻǇƭŜΩǎ 

vulnerability (impact). The system responds with instruments, such as urban planning 
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policies and flood resilience measures (response) that feed back into the framework. The 

main elements of DPSIR are summarized in Table 1.  

Table 1 The summary of the DPSIR elements considered in CORFU 

Drivers (D) The social, demographic and economic developments in societies and the 

corresponding changes in life styles, overall levels of consumption and 

production patterns. 

Pressures (P) Socio-economic drivers lead to environmental pressures 

State (S) Environmental pressures lead to changes in environmental state 

Impacts (I) Changes in environmental state are reflected in environmental and socio-

economic impacts 

Responses 

(R)  

Stakeholder gains/losses from impacts lead to policy responses (R) which 

affect one or several of the components mentioned before 

 

The DPSIR framework can be expressed as a chain of models, which are interconnected and 

applied to assess the potential of different resilient strategies to mitigate the present and 

future flood risks (see also Figure 1). Within CORFU, different methods and models have 

been developed and applied ranging from the urban and economic growth models, flood 

models to impact assessment and response models.  

An example on how to connect the models to assess the impact of the drivers (urban and 

economic growth) to flood hazard and risk situation in a case study is given in Figure 2.  

The drivers and pressures determine the state of the city as a system (or urban structure) 

and the impacts of a flood event in terms of flood damage. A closer look at the models in 

the DPSIR framework used in CORFU reveals that the urban structure is determined by 

social factors and urban growth, while a flood model simulates the flood hazard due to 

predefined flood events that are inherent to this structure. The state components of the 

framework are thus strongly tied, even though only aspects of this interdependency can be 

expressed in models.  
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Figure 1The CORFU DPSIR Framework  

 

Figure 2 Chain of models applied to assess the impact of the drivers (urban and economic growth) to flood 
hazard and risk situation in Hamburg study area 
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In order to make this modelling framework operational, the interfaces between models of 

the DPSIR framework are to be defined. It mainly influences the exchange of the relevant 

data prepared in a way that can be used by the subsequent model. Table 2 outlines the 

main data that is to be exchanged between the models in order to assess the influence of 

drivers to the state and impact variables in the case study cities. 

 

Table 2  Model connectivity matrix. The columns indicate the outputs of the models that are fed into different 
DPSIR models indicated in rows 

Model 

Output Social 
Economic 

Growth 

Urban 

Growth 
Flood Damage 

Response 

Model  

Social 
   

Flood 

intensity   

Economic 

Growth       

Urban 

Growth      

Adaptive 

measures 

Flood 
  

Land cover 

distribution   

Adaptive 

measures 

Damage 
Coping 

capacity 

Exposed 

assets 

Land use 

distribution 

Flood 

intensity  

Adaptive 

measures 

Response 
Protection 

motivation 

Access/ 

availability of 

resources 
 

Flood 

intensity 

Direct / 

indirect, 

tangible 

/intangible 

damage 

Adaptive 

measures 

 

The conclusions and the guidelines presented in this document are based on the experience 

of the DPSIR implementation in the case study cities from Europe and Asia- Barcelona 

(Spain), Beijing (China), Dhaka (Bangladesh), Hamburg (Germany), Mumbai (India), Nice 

(France) and Taipei (Taiwan). They represent a heterogeneous set of conditions reflecting 

both European and Asian situations as such can contribute to the generic nature of the 

recommendations and guidelines developed. Their geographic locations are shown in Figure 

3.  
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Figure 3: Location of CORFU project case studies 

 

 

 

 

1.2 The key principles of the CORFU approach  

CORFU aimed at the development of a generic approach and the corresponding modeling 

toolkit, which are applicable to both European and Asian cities. However, such an approach 

faces a range of challenges such as the scales, data availability, local infrastructure, 

dominating flood typologies or the main factors shaping the flood risk. In order to approach 

a heterogeneous set of conditions, CORFU developed the main principles that governed the 

overall approach:  

ü Consideration of real-world examples from Europe and Asiaς developing generic 

methodology, but considering the local conditions and context to a great extent  

ü Consideration of present and future states- in order to develop resilient strategies 

for urban areas, CORFU looked at both, present and possible future scenarios of 

socio economic development and climate futures. In that way CORFU took into 

account both, the spatial and temporal component of resilience.  

CORFU approach: The DPSIR framework (Drivers-Pressures-State-Impact-Response) 
provided basis to map the interactions between the driver and pressures of future 
development (such as urban or economic growth), flood hazard (state) and risk 
(impact). Based on those interactions, a set of response strategies has been defined.  
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ü Interdisciplinarity ς The DPSIR Framework addresses different aspects of urban 

flood resilience from physical/natural, institutional, economic, technologic or social. 

Therefore, CORFU research involved a broad range of disciplines relevant to dealing 

with urban flooding, such as hydrology and hydraulics, urban planning, economics 

and social sciences, technology and management, and this has been clearly reflected 

in the composition of research team. The results and recommendations presented in 

this report, reflect this interdisciplinary nature of  CORFU 

ü Bringing together the research-policy-consultancy sectors ς the joint actions are 

required to cover all aspects of DPISR: CORFU counts a number of research 

institutions and industrial partners who developed the ready-to-use tools. The 

involvement of the policy representatives (end-users) has been required to assess 

the utility and the potential to adopt the developed tools into their day-to-day 

activities and has been provided in all case study cities.   

ü Taking into account the existing policies and legal frameworks- The flood issue in 

urban areas have already been to a greater or lesser extent addressed by different 

legal frameworks. In Europe, the EC Floods Directive (2007/60/EC) is the ultimate 

legal document for all member states. CORFU implements and builds upon the 

Directive and aligns the steps to be performed with the requirements stated in the 

Directive. However, CORFU explores the possibilities to go beyond those 

requirements.  

 

 

 

 

CORFU based its research on the main principles that reflect its real-world focus, 
consideration of present and future conditions, interdisciplinary nature and alligmentt 
with the existing policies and legislations. For Europe, the main document considered is 
the EC Floods Directive (2007/60/EC) 



Project Report    
Contract no. 244047    
 
 
_________________________________________________________________________________________________________________  

13 
 

2 IMPLEMENTING THE DPSIR FRAMEWORK 

The DPSIR framework has been placed in practice by the development and implementation 

of the models, which have been connected as of the order of DPSIR.  

Following the diagram of the DPSIR model and the corresponding actions required in the 

Floods Directive presented in Figure 20, the following steps are defined to develop flood 

resilient strategies for urban areas, describing the CORFU approach:  

1. Development of socio economic and climate scenarios for present and future 

conditions  

2. Assessment of drivers and pressures ς performing urban growth and economic 

growth modelling for the defined scenarios 

3. Assessment of flood hazard for present and future scenarios 

4. Assessment of flood impacts and risk for present and future scenarios 

5. Development of flood response strategies  

6. Evaluation of the resilience performance of the developed strategies 

7. Reassessment of flood hazard and risk 

 

The individual steps are described in the following chapters and supported by the examples 
from the case study areas.  
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3 STEP1: DEFINITION OF PRESENT AND FUTURE 
SOCIO ECONOMIC AND CLIMATE SCENARIOS  

One of the key principles of CPRFU is the consideration of both, present and future states 

for the development of flood response strategies. By making use of the socio economic 

pathways, the possible futures can be explored and considered for the analysis. It is 

required to define a time horizon, for which the scenarios are to be developed. Also, in 

order to make the case study cities comparable, shared global and national socio-economic 

pathways shall be used in the regional scenarios.  

Shared socio-economic pathways (SSPs) enable making common assumptions across the 

different case study cities. In order to make the CORFU case study cities comparable, these 

SSPs have been taken to form the basis for developing regional socio-economic scenarios in 

each city.  

In CORFU, in all scenarios we associated a relatively strong growth of the regional 

population with a relatively high growth rate of total GDP in the corresponding region. First, 

we assumed positive effects of an increasing population on the local aggregate demand for 

goods and services (the so-called home-market effect). This and a relatively large supply of 

(skilled) labour raise the attractiveness of a city for firms. Simultaneously, relatively high 

incomes and good job opportunities attract workers to migrate to the city. Cities usually 

attract a large proportion of young and skilled people. At the same time, their economies 

are often marked by a high share of knowledge-based and service-oriented businesses. 

Therefore, the economic success of a city is frequently associated with its relative 

attractiveness for skilled workers, which helps maintaining a high level of competitiveness. 

Beside the possibility of receiving a high income and good job opportunities, so-ŎŀƭƭŜŘ άǎƻŦǘ 

ƭƻŎŀǘƛƻƴ ŦŀŎǘƻǊǎέΣ ǎǳŎƘ ŀǎ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ of education and child care, the 

ǉǳŀƭƛǘȅ ƻŦ ƘƻǳǎƛƴƎΣ ǘƘŜ ŎƛǘȅΩǎ ŎǳƭǘǳǊŀƭ ƻŦŦŜǊƛƴƎǎΣ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ƭŜƛǎǳǊŜ ǘƛƳŜ ŀŎǘƛǾƛǘƛŜǎΣ 

Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ ŎƛǘȅΩǎ ŀǘǘǊŀŎǘƛǾŜƴŜǎǎ ŦƻǊ ƳƛƎǊŀƴǘǎΦ LŦ ǎǳŎƘ ǇƻǎƛǘƛǾŜ 

agglomeration effects outweigh possible negative effects, such as pollution, crowding, or 

high land prices, the city will exhibit above average growth resulting in increasing level of 

urbanization. 

The socio-economic scenarios developed in the CORFU project constitute a low, a medium 

and a high growth pathway. The medium growth pathway in the CORFU project represents 

ŀ άōǳǎƛƴŜǎǎ-as-ǳǎǳŀƭέ ǎŎŜƴŀǊƛƻ ǿƛǘƘ ƳƻŘŜǊŀǘŜ Ǝƭƻōŀƭ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ D5t ƎǊƻǿǘƘ. The high 

and the low growth pathways allow for deviation, taking other possible country-specific 

developments into account. Thus, these pathways constitute three shared socio-economic 

pathways in the spirit of the AR5 scenario process 
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The socio-economic scenarios are combined with plausible climate futures. Climate futures 

describe the impact of increasing greenhouse gas emissions on climate variables that have a 

direct influence on the flood hazard, e.g. changes in extreme precipitation, sea level rise, 

and storm surge levels. Projections of climate change variables have been conducted using 

Global Climate Models. Climate impact results for the AR5 Representative Concentration 

Pathways are not yet available. For this reason, climate futures are based on the results of 

the 4th IPCC SRES (Nakicenovic et al., 2000). As the SSPs are mostly driven by regional 

factors, they can easily be combined with a wide range of possible climate futures. Several 

key challenges remain. The most important of these will be to downscale the results of 

global and regional climate models to the relevant city scale. However, the definition of 

climate futures is not in the scope of this paper. Reference will be made to guidance on the 

use of climate inputs to urban flood models.  

For each case study city, a minimum of three scenarios has been developed, which take 

into account the future land use, socio-economic pathways, adaptive capacity and the 

climate futures.  

¢ƘŜǎŜ ǎŎŜƴŀǊƛƻǎ ŎƻǾŜǊ άƛƴǘŜǊŜǎǘƛƴƎέ ŀǎǇŜŎǘǎ ƛƴ ǘƘŜ ǎǇŀŎŜ ƻŦ ǇƻǎǎƛōƭŜ ǳǊōŀƴ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ 

and future climates. An interesting scenario is either very plausible (i.e. likely) or it has a 

high impact. One of the scenarios is an extreme scenario based on the high growth pathway. 

The scenarios did not take into account different climate mitigation policies directly. A 

certain level of climate mitigation is instead assumed indirectly in the socio-economic 

pathways by a combination with a specific climate future.  

The general framework for the definition of scenarios within CORFU is given in Figure 4 and 

a more detailed structure of the developed CORFU scenarios addressing different aspects 

considered such as future landuse patterns, socio economic developments, adaptive 

capacities and climate futures is given in Figure 5.  

 

Figure 4 The general approach to scenarios in CORFU considered for all case study cities 

 

Baseline 
scenario 

2010 

Adaptive 
capacity 

Business as 
usual 

2050 
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Figure 5 The structure of the developed CORFU scenarios: it combines different future land use patterns, socio 
economic developments, adaptive capacities and climate futures 

 

The case study areas in the CORFU project comprise a mixture of very heterogeneous cities. 

On the one hand, there are cities in highly developed countries, exhibiting a high level of 

wealth and relatively low dynamics in terms of population and GDP growth. On the other 

hand, there are very rapidly growing cities in developing and emerging countries, which are 

marked by relatively weak institutions and extremely high social inequalities. Thus, the 

creation of socio-economic scenarios requires individual consideration of each case study 

area. However, in the following we summarize general narrative storylines that represent a 

qualitative assessment of the assumptions shared by the scenarios in all case studies cities. 

In CORFU for the case study cities, climate change scenarios were derived from existing 

studies or reports or are based on the nationally adopted practices, and typically through 

ǘƘŜ ǳǎŜ ƻŦ ΨǳǇƭƛŦǘΩ ŦŀŎǘƻǊǎ ǘƻ ǇǊŜǎŜƴǘ Řŀȅ ŘŜǎƛƎƴ ǊŀƛƴŦŀƭƭ ǎŎŜƴŀǊƛƻǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ ǘƘŜ ŎŀǎŜ ƻŦ 
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Barcelona, rainfall intensities were scaled by a factor of 1.12 for the 10 year return period 

event, and 1.15 for the 100 year event, for the 2050 event, relative to the current design 

rainfall intensities.  
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Example: Developed scenarios for the Barcelona case study 

For the Raval district in Barcelona, we developed in total, 7 scenarios, out of which 5 have been 
considered due to their plausibility. The parameters considered are given in the Table below, and 
the way they have been combined into a scenario is in Figure below.  

Combined scenario Climate scenario Socioeconomic scenario Adaptive capacity 

Business as usual Pessimistic Medium None 

Adaptation 1 Optimistic Low Low 

Adaptation 2 Optimistic Medium Medium 

Adaptation 3 Optimistic High High 

Adaptation 4 Pessimistic Low Low 

Adaptation 5 Pessimistic Medium Medium 

Adaptation 6 Pessimistic High High 

Developed scenarios for the Raval district  
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CORFU Approach- STEP 1: Development of socio economic scenarios:  

1. Define the  time horizon in the future the scenarios should be developed for  
2. Develop (shared) socio economic pathways (SSPs) 
3. Define the plausible climate futures (usually by making use of the uplift 

factors)  
4. Define scenarios as plausible combinations of anticipated future landuse, 

socioeconomic pathway, adaptive capacity and plausible climate futures  
o one of the scenarios should describe the present state (baseline 

scenario)  
o ƻƴŜ ƻŦ ǘƘŜ ǎŎŜƴŀǊƛƻǎ ǎƘƻǳƭŘ ǊŜŦƭŜŎǘ ǘƘŜ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭ ά ŦǳǘǳǊŜ 

scenario (e.g. based on the medium growth pathway) 
o at least on e scenario should describe the conditions with measures 
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4 STEP2: ASSESSMENT OF DRIVERS AND PRESSURES ɀ 
URBAN GROWTH AND ECONOMIC GROWTH 
MODELLING 

For the developed scenarios, the defined pathways are to be quantified and expressed in 

terms that are useful for the flood hazard and risk modelling.  

For that purpose, models for the drivers and pressures have to capture the regional 

economic growth, the ǇŜƻǇƭŜΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ŦƭƻƻŘ ǾǳƭƴŜǊŀōƛƭƛǘȅΣ ŀƴŘ ǳǊōŀƴ ƎǊƻǿǘƘΦ hƴ ǘƘŜ 

data side, qualitative information from local stakeholders and researchers on regional 

perspectives and limitations is needed. This is required to design scenarios of different 

growth paths in cities according to differing assumptions about the relevant parameters. 

4.1 Economic Growth Modelling  

The overall approach taken in producing future economic growth scenarios was to 

regionalise national economic development paths. This means starting with high level 

projections or scenarios of future national economic and population growth paths as a 

aŜŘƛǳƳ DǊƻǿǘƘ tŀǘƘΣ ƻǊ ŀ ά.ǳǎƛƴŜǎǎ-As-¦ǎǳŀƭέ ŎŀǎŜΦ !ǘ ǘƘŜ Ǝƭƻōŀƭ ƭŜǾŜƭΣ ƛǘ ŀǎǎǳƳŜǎ ŀ ƳƻǊŜ 

or less linear growth path of population, while the economic growth rate resembles the 

long-term average annual growth rate since 1980. Low and High Growth paths were also 

ǎŜƭŜŎǘŜŘ ǿƘƛŎƘ ŘŜǾƛŀǘŜŘ ŦǊƻƳ ǘƘƛǎ ƳŜŘƛǳƳ ά.ǳǎƛƴŜǎǎ-as-ǳǎǳŀƭέ ŎŀǎŜΦ  

The economic and population projections were prepared in two steps: 

¶ Ex-post regression analysis was undertaken to estimate and identify drivers and 

trends of past regional growth relative to the national growth.   

¶ Projections ς these past region trends (identified from ex-post analysis) were applied 

to projected national trends to produce future regional projections.  

The ex-post analysis aims at identifying key drivers and long-term growth trends in order to 

extrapolate regional growth deviations from the national level. Therefore, a regression 

analysis applying panel data structure, thus comprising time-series observations for a cross-

section of regions within a country has been conducted.  At this point, the importance of the 

local sector composition in regional growth processes by estimating regional employment 

growth and productivity for each sector separately is to be emphasised.  

Thus, the outcome of the future scenarios for the case study areas depends crucially on 

the local sector structure.  
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Furthermore, in order to account unobserved local characteristics we estimate region-

specific fixed effects controlling idiosyncratic regional characteristics that are invariant over 

the observed time period. In Step 2, we built scenarios for regional employment, 

productivity and output (by economic sector) until 2050. Starting point is the most recent 

ex-post observation in our data set. In order to simulate the development of employment 

and productivity by sector and the development of working age population, we extrapolate 

the ex-post development by applying the estimates received in Step 1 in combination with 

different scenarios for the socio-economic development at the national level. The product 

of employment and productivity yields the projected level of output in each sector. 
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Example: Economic growth for Dhaka, Bangladesh 

In Bangladesh, high growth is associated with less population growth, but a greater share of 
urban population living in cities. In 2050, although the total population for the high growth 
situation is less than for the low growth scenario (195m compared to 214m), its urban 
population is significantly larger (131m compared to 81m). Under the high growth scenario, one 
would expect greater pressure on Dhaka and its land (Table below).  

Table: National scenarios for Bangladesh 

 low growth Medium growth High growth 

2050 Growth rate 
2012-2050 

2050 Growth rate 
2012-2050 

2050 Growth 
rate 
2012-
2050 

GDP (billion US$ 2005 
prices) 

153 197% 366 612% 506 886% 

Population (total, million) 214 44% 194 31% 195 31% 

Population (aged 15-64, 
million) 

142 49% 132 39% 131 37% 

Share of population in 
urban areas 

38% 36% 52% 84% 67% 138% 

Regression analysis on Dhaka has been projected into the future to produce scenarios of 
ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΦ /ƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ƴŀǘƛƻƴŀƭ ǇƛŎǘǳǊŜΣ 5ƘŀƪŀΩǎ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ 
(Figure below) is projected to be faster than the national growth. Between 2010 and 2050, 
.ŀƴƎƭŀŘŜǎƘΩǎ ŜŎƻƴƻƳȅ ƛǎ ǇǊƻƧŜŎǘŜŘ ǳƴŘŜǊ ǘƘŜ ƳŜŘƛǳƳ ǎŎŜƴŀǊƛƻ ǘƻ ōŜ смн҈Σ ŀƴŘ ƻǾŜǊ урл҈ ŦƻǊ 
the high growth path. This is in accord with the idea of a growing economy being associated with 
a more rapidly growing urban population.  

 

 

Figure: Gross domestic product- Dhaka 
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A challenge in this modelling has been data limitations, which are more severe in some cities 

than in others. Therefore, the modelling framework was designed to produce good results 

based on a minimum amount of data. In any case, long-term economic projections are 

associated with immense uncertainties. Therefore, it is essential to consider that the 

scenario results are not to be interpreted as predictions, but as a plausible description of the 

future. 

4.2 Urban  Growth Modelling  

Where urban growth is considered to be a significant driver, an urban growth model based 

on a cellular-automata model is to be applied to produce various scenarios. In this way, the 

scenarios are associated with different future urban configurations. Regional drivers of 

urbanization have primarily been determined by the statistical analysis of land use changes 

in the past, and identifying rules that can be applied in the future. Apart from setting the 

overall growth rate, the influence of the shared pathways is expected to be rather small 

compared to the regional drivers of urbanization and the urban planning policies in each 

city. For this reason, the regional drivers and policies are part of the scenario definition and 

act as additional input parameters to the urban growth models in the form of spatial 

requirements and constraints. In CORFU Urban growth modelling has been performed for 

the rapidly growing cities in Asia: Dhaka, Mumbai, Taipei and Beijing. The urban growth in 

ǘƘƻǎŜ ŎƛǘƛŜǎ ƘŀǾŜ ŀ ǊŀǘƘŜǊ ΨƻǊƎŀƴƛŎΩ ŘŜǾŜƭƻǇƳŜƴǘ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ƛƴ aǳƳōŀƛΣ ǿƘƛŎƘ !ƭǎƻ ŀƴ 

urban growth model has been developed for the city for Hamburg, to test the developed 

methodologies for in an urban system, which development is highly shaped by the legal 

document and development plans. The results have been compared with the existing 

planning documents and strategies.  

The urban growth model developed in CORFU is based on the premises that a spatially 

explicit urban growth land use and land cover changes (LUCC) are a manifestation of a 

complex set of drivers, and physical constraints and policies. We aimed at the development 

of consistent projections of urban development scenarios based on the local characteristics, 

conditions and historic development trends of cities.   

The models used in the CORFU are based on Cellular Automata based models. These are 

regular grids, where each cell has a number of potential states (i.e. LULC classes). In an 

urban growth model, these cells can represent rural or natural areas (e.g. forest, barren 

land, etc.) as well as built-up areas containing various levels of densification. Rules need to 

be devised to determine the probabilities of cells changing from one state to another. Once 

these transition rules have been determined, they can be applied to create projections of 

future states.   

The modelling of urban growth therefore required two stages.  
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I) The first stage was to use historic land cover maps, usually derived from satellite data, to 

ŜȄǇƭƻǊŜ ŎƘŀƴƎŜǎ ƛƴ ƭŀƴŘ ŎƻǾŜǊ ŀƴŘ ǳǊōŀƴ ŘŜƴǎƛǘȅΦ ¢ƘŜǎŜ ŀǊŜ ŎƻƳōƛƴŜŘ ǿƛǘƘ ΨǘƘŜƳŀǘƛŎ ƳŀǇǎΩ 

which can include information on factors such as the topography, slopes, distance to main 

roads, and distance to economic hubs such as central business districts. The data sets 

ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ŀƴŀƭȅǎƛǎ ŀǊŜ ŎƘƻǎŜƴ ōȅ ǘƘŜ ƳƻŘŜƭƭŜǊΦ ¢ƘŜǎŜ ƳŀǇǎ ŀǊŜ ǳǎŜŘ ƛƴ ŀ Ψ²ŜƛƎƘǘ ƻŦ 

9ǾƛŘŜƴŎŜΩ ŀǇǇǊƻŀŎƘ ǿƘƛŎƘ ŀǇǇƭƛŜǎ ŀ .ŀȅŜǎƛŀƴ ǇǊƻōŀōƛƭƛǎǘƛŎ ƻǇǘƛƳƛǎŀǘƛƻƴ ŀƭƎƻǊƛǘƘƳ ǘƻ 

determine the importance of different factors and the transition rules. Once these rules are 

obtained, they are then validated by applying the rules to project urban growth from some 

ǘƛƳŜ ƛƴ ǘƘŜ Ǉŀǎǘ ǘƻ ǇǊƻƧŜŎǘ ǘƘŜ ǇǊŜǎŜƴǘ ǎƛǘǳŀǘƛƻƴΣ ŀƴŘ ǘƘŜƴ ǘƘŜǎŜ ΨǇǊƻƧŜŎǘƛƻƴǎ ƻŦ ǘƘŜ ǇǊŜǎŜƴǘΩ 

are compared with the observed changes.  A genetic algorithm driven calibration minimizes 

the differences between projected and observed changes  

II) The second stage in urban growth modelling is to apply these transition rules to project 

future stŀǘŜǎ ŦǊƻƳ ǘƘŜ ǇǊŜǎŜƴǘ ǎƛǘǳŀǘƛƻƴΦ Ψ.ǳǎƛƴŜǎǎ-as-ǳǎǳŀƭΩ ǎŎŜƴŀǊƛƻǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ōȅ 

simply extending the observed rules from the recent history until 2050.  

 

In the CORFU case study cities, simulation of past land cover transitions and comparison to 

observed historic land cover changes resulted in accuracy levels of over 80% at a spatial 

resolution of about 150 metres. The model is relatively robust against classification errors in 

ǘƘŜ ƭŀƴŘ ŎƻǾŜǊ Řŀǘŀ ǳǎŜŘ ŦƻǊ ΨǘǊŀƛƴƛƴƎΩ ǘƘŜ ƳƻŘŜƭ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ŀ ƭƛƳƛǘŜŘ training cycle during 

the automated calibration and validation method. 

The Ψbusiness as usualΩ scenarios have been developed for the cities of Beijing, Dhaka and 

Mumbai and Hamburg until 2050, using 5 year increments. Furthermore, for the Dhaka case 

study alternative scenarios have been developed, by applying low and high population 

growth projections. An example of the results is given in the separate box.  

The outcomes for the different case studies show a variety of spatial trends. Common is that 

all Asian cities are expected to develop rapidly, causing substantial densification (Beijing), 

suburbanization (East of Mumbai) as well as development of neighbouring towns. The 

outcomes have been post-processed to increase the expressiveness and characterisation of 

the different land cover classes and observed spatial patterns.  

Urban expansion can be classified in three categories: infill  where undeveloped land within 

a city is built upon, extension where the city sprawls to neighbouring areas, and 

leapfrogging where urban growth occurs some distance away from the existing urban area. 

Satellite towns are an example of this type of development.  
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Example: Urban growth modelling in CORFU 

In CORFU Urban growth modeling has been conducted for various cities from Asia and Europe 
This urban growth has been converted into figures for the percentage cover of impervious 
areas for the case study cities. The results for Beijing, Dhaka, Mumbai and Hamburg are 
shown in the Figure below. In both Nice and Barcelona, urban growth is not considered to be 
significant driver, and these are therefore omitted from the analysis.  

 

Figure: Proportion of impervious cover for four cities 

 

An example of a business as usual scenario for Dhaka is given in the Figure below:  

 

Figure Business-as-usual urban growth scenario for Dhaka (2005-2060) 
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CORFU Approach- STEP 2: Assessment of drivers and Pressures:  

- Economic and urban growth modelling can quantify the anticipated changes that 

shape future development  

- Economic growth: 

o For future economic growth assessment, the scenarios of national 

economic development paths should be regionalised 

o 2 step approach: 1- ex-post analysis; 2- future projections 

o the outcome of the future scenarios for the case study areas depends 

crucially on the local sector structure 

- Urban growth:  

o based on the premises that a spatially explicit urban growth land use and 

land cover changes (LUCC) are a manifestation of a complex set of drivers, 

physical constraints and policies 

o implements the cellular automata technology 

o 2 stage approach: 1- ex post analysis: 2- applying the transition rules to 

futures states 

o Urban expansion can be classified in three categories: infill, extension and 

leapfrogging  

 

Important: these are not predictions but plausible descriptions of the future  
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5 STEP3: ASSESSMENT OF FLOOD HAZARD FOR 
PRESENT AND FUTURE SCENARIOS  

The purpose of flood modelling in the DPSIR framework is to assess the impact of the main 

factors contributing to the extent and intensity of different types of foods. CORFU puts a 

strong emphasis on the future conditions and in that sense, the modelling toolkits should 

capture the changes in the landuse and land cover (LLUC) which are obtained from the 

urban growth models. It has to be incorporated in the modelling framework. Also, as the 

types of floods to be addressed can vary, the modeling toolkit should cover different flood 

typologies such as pluvial, riverine, coastal or flash floods.  

The philosophy behind the urban flood modelling carried out in CORFU can be formulated 

as: 

άThe flood modelling in all case studies should be based on the same principles i.e. the 

flood modelling should be consistent, suŦŦƛŎƛŜƴǘƭȅ ŀŎŎǳǊŀǘŜ ŀƴŘ ǊƻōǳǎǘΦέ 

It was decided to go for 1D deterministic hydrodynamic model for the description of flows in 

sewer, urban drainage system and rivers; whereas the surface flooding was decided to be 

modelled in 2D deterministic hydrodynamic models. Alternatively, where the models 

already exist, the rainfall runoff modelling can be performed. The full dynamic interaction 

between the sewer/urban drainage system/river and the surface flow is then descried 

through a dynamic coupling between the two modelling systems.  

The CORFU urban flood modelling process is largely based on the framework presented by 

Parkinson and Mark (2005) for conducting model-based analyses and projects. The process 

involves the following steps: 

1. Planning and preparation 

2. Formulate and build the model 

3. Validate the model. Re-formulate the model, if necessary 

4. Apply model and asses output 

The concept is visualized in Figure 6.  
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Figure 6: The modelling procedure presented in Parkinson and Mark (2005). 

 

There are various types of models that are used for urban flood analysis. Henonin et al. 
(2013) presents a review of the different types of urban flood models that are generally 
being used today. These include1: 

¶ 1D (Drainage Network) Models 

¶ 1D-1D (Underground-Surface Drainage Network) Models 

¶ 2D (Surface Flow) Models 

¶ 1D-2D (Drainage Network ς Surface Flow) models 

¶ Rainfall runoff models (Hellmers, 2010) 

 

The selection of the models to use has been performed considering several factors and 

constraints. It was however realised that those hydroInformatics models could be too 

difficult to use in developing countries such as Bangladesh and India. There was not made a 

top down decision on which specific software as should be used for each case study, so 

during the CORFU project the case studies have implemented a series of hydraulic models 

for a wide range of applications. The DHI MIKE URBAN and MIKE FLOOD models (Andersen 

                                                      

1 Detailed descriptions of these different types of urban flood models are also presented in Henonin et al. 

(2013). A detailed description of the applied methodologies and models is given in reports D1.1., D.2.1. Their 
application at the case studies is given in reports D2.4 and D2.5 
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et al., 2004) have been applied to flood modelling in Beijing, Dhaka, Hamburg, Nice, Mumbai 

and Taipei, whereas the Innovyze InfoWorks model was adopted for the Barcelona case 

study. The KALYPSO modelling platform has been used for a study area in Hamburg.  

A summary of the various types of flood models used in the case studies is shown in Table 3. 

 

Table 3: Summary of flood models used in the various case studies in the CORFU project 

CORFU Case Study Flood Type(s) Flood Model(s) Software Package 

Barcelona, Spain Urban pluvial 1D-2D (Urban drainage 
network ς surface) 

InfoWorks ICM, MOUSE 

Beijing, China Urban pluvial 1D-2D (Urban drainage 
network ς surface) 

MIKE Flood 

Dhaka, Bangladesh Urban pluvial, Fluvial 1D-2D model 1D-2D (Urban 
drainage network, river ς 

surface) 

MIKE Flood 

Hamburg, Germany Coastal (storm surge) 2D model (Urban surface) 

Rainfall runoff, 1D 

MIKE 21 FM 

Kalypso 

Mumbai, India Fluvial 1D (River network) MIKE 11 

Nice, France Urban pluvial, Fluvial 2D model (Urban surface) MIKE 21 

Incheon, South Korea Urban pluvial 1D-2D (Urban drainage 
network ς surface) 

MIKE Flood 

Taipei, Taiwan Urban pluvial, Fluvial 1D-2D (Urban drainage 
network ς surface) 

MIKE Flood 

 

Although flood modelling is not a novel discipline and there is a range of different models on 

the market, CORFU faced some initial challenges when contemplating to perform flood 

hazard assessment for the case study cities following the DPSIR methodology. 

The-state-of-the art review of urban flood modelling revealed several main limitations of the 

available tools, where further improvements were needed. Those main deficiencies are 

given as:  

1. None of the urban flood models available at the beginning of the CORFU project could 

simulate flooding for a mega city, such as Beijing or Dhaka city.  

The need for simulation of the whole of a mega city stems from, that during floods the 

surface water does not necessarily flow in the same direction as the drainage system i.e. it 

would be wrong to break down the city area down into smaller models, which follow the 

drainage system, as flood water will flow according to the surface topography rather than 

along the drainage system. Hence, in order to describe the flooding correctly all of the city 
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must be simulated in one goς and after such a simulation localized flood areas can be 

identified together with the associated drainage systems. As a response to this need a multi-

cell urban flood model was developed within CORFU (Hénonin et al, 2013). The multi-cell 

model adopts a coarse grid for the global model domain of the whole city and a number of 

refined grids are activated, only when flooding occurs. This kind of simulation provides a 

quick overview assessment for a large region such as a mega city. This allows a more 

efficient use of computing resources in hydraulic modelling. 

The need for an urban flood model simulation of a whole mega city, was highlighted on 21 

July 2012, when large parts of Beijing were seriously flooded which caused 57 casualties.  

The multi-cell model was then setup for Beijing City (area more than 1000 km2) and the 

model demonstrated it applicability as it was set-up and it reproduce the observed flood 

location (Figure 7). 

  

Figure 7: A zoom into the flood map produced for all of Beijing showing flood testimonials (the red spots) and 
flood depths modelled by the multi-cell model 

 

2. Detailed description and documentation of the calibration procedure. 

In the past calibration of urban flood model was not described in details. Calibration 

guidelines existed for urban sewer and drainage systems running with free surface flow ς or 

running pressurized, whereas nothing existed for calibration and validation of such models 

for flood events.  Guidelines for calibration of urban flood models have been produced 

during the CORFU project and applied successfully to the Barcelona case study. If first the 

traditional pipe flow model was calibrated (Figure 8) and secondly the flood model was 

calibrated and compared to real life flood observations (Figure 9).  
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Figure 8: Modelling results for the calibration and validation of the pipe system model 

 

Figure 9: Validation results for the flood model in Barcelona. Location: crossroad between Diagonal Avenue 
and Casanova Street. Comparison between the profile showing surcharged pipes provided by modelling 
software and a photo taken during the event of 30 July 2011 

3. Simulation of impacts from climate change and urban growth on flood hazards 

The impacts from climate change on flood probability in the seven CORFU case study areas 

was computed, i.e. the development scenarios defined for the case cities were used. First, 

the flooding under current conditions has been outlined for the baseline scenarios. Based on 

the climate change analyses, new flood maps were prepared for the cities, in order to 

determine the probability and intensity of flooding. Urban growth and urbanization changes 

and increases the runoff in cities. The main point was that urban growth variables should be 

represented in the flood models. Hence, a new methodology was developed in order to 

model the impacts of urban growth on flooding.  The urban growth variables were identified 

  

  

Manhole P-V65 

Parallel Street 

Pipe P-IV35.1 

Balmes Street ς Diagonal Avenue  

Urgell storage tank 

Manhole BR-CL205 

Parallel Street 
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and represented as conceptual and physically-based components for the flood modeling.  

An example of simulated urban growth and subsequent changes in flooding can be seen in 

Figure 10and Figure 11.  

 

Figure 10: An illustration of built-up areas in a catchment for present (Left) and possible future urban growth 
(Right) scenarios 

 

Figure 11 Maps showing examples of simulated maximum flooding for current (Left) and urban growth (Right) 
scenarios using estimated catchment imperviousness values 

4. Necessary advancements in real time forecasting 

Current Scenario: 

17% impervious 

Urban Growth Scenario: 

>>17% impervious 



Project Report    
Contract no. 244047    
 
 
_________________________________________________________________________________________________________________  

32 
 

At the beginning of the CORFU project the state-of-the-art within real-time forecasting of 

urban flooding was analysed The review of the state-of-the-art (Hénonin et al, 2012) gave an 

overview of the current available options for pluvial flood modelling in urban areas, ranging 

from very fast and empirical and simplistic correlations based on rain measurements ς over 

basic estimations with 1D (one-dimensional) urban drainage model to detailed flood process 

representation with 1D-2D hydrodynamic coupled models. Each type of modelling solution 

was described with pros and cons regarding urban flood analysis.  

Further, the potential for real-time urban flood forecasting was explored based on literature 

and the results from an online worldwide survey with 176 participants. The survey analysed 

the use of data in urban flood management as well as the perceived challenges in data 

acquisition and its principal constraints in urban flood modelling (Rene et al., 2014). It was 

originally assumed that the lack of real-time urban flood forecasting systems was related to 

the lack of relevant data. Contrary to this assumption, the study found that a significant 

number of the participants have used some kind of data and that a possible explanation for 

so few cases is that urban flood managers and practitioners may not be aware they have the 

means to make a pluvial flood forecast. This paper highlights that urban flood practitioners 

can make a flood forecast with the resources currently available.  

In CORFU an aim was to setup, test and evaluate state-of-the-art real time urban flood 

forecast systems for a smaller high tech city and for an Asian mega city. Areal time system 

was setup for the city of Barcelona, Spain. The real time system in Barcelona has 

demonstrated that it is possible to develop an early warning support system that combines 

forecasted radar data with a detailed 1D-2D complex model of Barcelona that provides 2 

hour forecasted hazard maps in 15 minutes computational time.   

A real time system a real time system was also setup for Dhaka City, Bangladesh. It turned 

out that the traditional 1D-2D urban flood models are too slow in order to compute flood 

forecasts in real time for urban flooding in mega cities. Hence two modelling frameworks for 

faster urban flood simulation have been developed ς a multicell framework, which was 

tested for the case in Beijing and a diffusive wave modelling approach was developed and 

tested for Dhaka City, Bangladesh. The diffusive model (Hénonin et al. 2014) uses simplified 

shallow water equations to improve modelling efficiency without sacrificing the accuracy 

significantly. Both new modelling approaches have by the end of the projects been setup for 

Dhaka City and at present they both produce flood forecasts for Dhaka City. The real time 

forecasts of rainfall and flooding can be seen at 

http://flooddev.dhigroup.com//DashboardEngine.aspx?DashboardID=FLOOD_Dhaka\\Forec

ast_STORM 

http://flooddev.dhigroup.com//DashboardEngine.aspx?DashboardID=FLOOD_Dhaka\\Forec

ast_Model The setup of the two real time systems for Dhaka has demonstrated that it 

technically it is possible to develop an early warning support system for any city around the 

World based on a numerical weather prediction model, which in real time feeds data to an 
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urban flooding model. Finally, a framework for probabilistic flood forecasts have been 

developed and reported in scientific papers. Next step after the CORFU project will be to 

apply and evaluate the probabilistic flood forecasts in real time urban flood forecast 

systems. 

 Examples of urban flood modelling results in the case study cities- visualisation of results 

Flood assessment studies involve the production of flood maps for presenting results to be used 
as a basis for making decisions ranging from general planning to take action to more detailed 
decisions selecting flood response strategies  to be implemented. Maps are also used for sharing 
information within institutions during project execution. In CORFU flood maps are also essential 
for sharing and providing information for activities such as: flood damage assessment, 
evaluation of flood mitigation measures, etc. Hence, the CORFU flood mapping activities were 
supported and enhanced by having a central site for dissemination and sharing of maps that is 
easily accessible not only to those from within CORFU but also from outside. Thus, a GIS-based 
mapping application was developed to support urban flood assessment activities in the project. 
The aim was to provide, especially for the CORFU partners and stakeholders in the various case 
study areas, a tool that they can use to study and understand urban flooding as well as the 
potential impacts of climate change on flood risk in their areas. The application was put together 
ǳǎƛƴƎ 9{wLΩǎ !ǊŎDL{ hƴƭƛƴŜ ς a cloud- based mapping platform that allows creation, sharing and 
publication of maps and geo-spatial data online (ESRI, 2014) ς 
http://dhigroup.maps.arcgis.com/home/index.html (username = CORFU, password = 
Rhubarb2014). Figure below shows two maps from this data base 

 

Figure: Examples of flood maps created and accessible through the GIS mapping application: Barcelona 
case study (top) and Hamburg case study (bottom) 




















































































