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SUMMARY 
The overall aim of the CORFU project is to assess flood impacts and possible responses in urban 

areas by envisaging different scenarios of relevant drivers: urban development, socio-economic 

trends, and climate changes. In accordance with terminology from the 5th IPCC Assessment Report 

ό!wрύΣ ǿƘƛŎƘ ƛǎ ŎǳǊǊŜƴǘƭȅ ǳƴŘŜǊǿŀȅΣ ǿŜ ŘŜŦƛƴŜ ŀ ǎŎŜƴŀǊƛƻ ŀǎ ŀ άŎƻƳǇǊŜƘŜƴǎƛǾŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ 

future of the human-ŎƭƛƳŀǘŜ ǎȅǎǘŜƳΣ ƛƴŎƭǳŘƛƴƎ ǉǳŀƴǘƛǘŀǘƛǾŜ ŀƴŘ ǉǳŀƭƛǘŀǘƛǾŜ ƛƴŦƻǊƳŀǘƛƻƴέΦ 9ŀŎƘ 

scenario is one alternative image of how the future might unfold. Scenario components constitute 

the socio-economic reference conditions for urban development and projections of the future 

climate. This document summarises all coupled climate and socio-economic scenarios from the case 

study cities. 

CORFU distinguishes socio-economic pathways, including components such as demographics, 

economy, and policies, and climate futures, including changes in precipitation and sea level. A 

scenario in CORFU is the combination of a regional socio-economic pathway and a climate future. 

The regional socio-economic pathways of case study cities are, on the one hand, subject to regional 

socio-economic drivers and, on the other hand, channelled by local urban planning and flood risk 

management policies. Regional growth is framed by shared socio-economic pathways, which provide 

the boundary conditions for global and national growth across case study cities.  

The socio-economic pathways to be developed determine the possible urban configurations of the 

case study cities in the future. A range of possible future urban configurations can be generated by 

the application of a spatially distributed urban growth model. The above regional drivers and policies 

will act as input parameters to the urban growth model in the form of spatial requirements and 

constraints. A no-ǇƻƭƛŎȅ ǎŎŜƴŀǊƛƻ όάōǳǎƛƴŜǎǎ-as-ǳǎǳŀƭέύ ǎƘŀƭƭ ǇǊƻǾƛŘŜ ǘƘŜ ōŀǎŜƭƛƴŜ ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ 

different socio-economic pathways including different urban planning and flood risk management 

policies. Typical examples of planning policies are the development of new centres of economic 

activity, expansion of the public transport system, and planned land use (e.g. green zones, 

protection of agriculture around the city). Flood risk management policies include 

incentives/disincentives, and capacity building (e.g. informing about flood prone areas). 

Related deliverables 

This deliverable requires inputs from:  

¶ Deliverable 1.3 ς economic and urban growth model results 

This deliverable provides inputs for:  

¶ Deliverable 2.4 ς to assess the impacts of scenarios on flood hazard probability 

¶ Deliverable 3.8 ς to assess the impacts of scenarios on flood damage 

¶ Deliverable 4.5 ς to assess the flood resilience index under future scenarios 
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1 Introduction 

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 that looks at advanced strategies and measures for improved flood management in cities.  

The overall aim of CORFU is to enable European and Asian partners to learn from each other through 

joint investigation, development, implementation and dissemination of short to medium term 

strategies that can enable more scientifically sound management of the consequences of urban 

flooding in the future. Flood impacts in urban areas ς potential deaths, damage to infrastructure and 

health problems in the first place and consequent effects on individuals and on communities ς and 

possible responses are assessed by envisaging different scenarios of relevant drivers: urban 

development, socio-economic trends and climate changes.  

The project builds upon the Drivers-Pressures-States-Impacts-Response (DPSIR) methodology, 

initially developed by the Organisation for Economic Co-operation and Development (OECD 1994) 

and used by the United Nations (e.g. UNEP 2007) and European Environmental Agency e.g. EEA 

1999) to relate society and human activities to the environment. 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.  

Drivers-Pressures-States-Impacts-Response elements in the context of CORFU are defined as follows: 

5ƧƻǊŘƧŜǾƛŏ Ŝǘ ŀƭΦΣ нлммύΦ  

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

corresponding changes in life styles, overall levels of consumption and production patterns. 

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

¶ Environmental pressures lead to changes in environmental state (S). 

¶ Changes in environmental state are reflected in environmental and socio-economic impacts 

(I). 

¶ 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 0). 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.  
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Figure 0 The CORFU DPSIR Framework  

The advancements of the project have been demonstrated in several case studies: Barcelona, 

Beijing, Dhaka, Hamburg, Mumbai, Nice, Taipei and Incheon/Seoul.  

Within CORFU the WP1 has been devoted to:  

1. the development of a DPSIR (drivers-pressures-state-impact-response) framework, and 

2. determining the external driving forces on urban flood risk and the resulting pressures on 

the system. 

This report describes the developed shared socio-economic pathways (SSPs) used to define the 

potential futures. Here, the socio-economic scenarios have been 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. In order to make the CORFU case study cities comparable, these 

SSPs form the basis for developing regional socio-economic scenarios in each city.  
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2 Socio-Economic Pathways 
The socio-economic pathways of CORFU scenarios are related to the regional population, economic, 

and urban growth. In order to make the CORFU case study cities comparable, shared global and 

national socio-economic pathways shall be used in the regional scenarios. However, the influence of 

these shared pathways is expected to be rather small compared to the local drivers of economic 

growth and the urban planning policies in each city. 

2.1 Shared Socio-Economic Pathways  
The socio-economic scenarios in the CORFU project are based on a set of three shared socio-

economic pathways, i.e. different plausible developments of the future states in selected case study 

areas in 2050. The future state of a city is affected by socio-economic developments on the global, 

the national, and the local level. Because a city shares the same institutional framework as all other 

regions within the same country, the socio-economic environment on the national level is of utmost 

importance for the future state of the city. Despite the importance of national factors the socio-

economic development within a country is usually marked by significant spatial disparities. In 

particular, large cities exhibit frequently a more dynamic economic development than less densely 

populated areas. General urbanization processes as well as idiosyncratic characteristics of a city 

allow for significant deviations from the national socio-economic development. Thus, on the one 

hand, these regional pathways vary by assuming different growth paths on the national level. In 

particular, these assumptions concern population growth and economic growth by different 

industrial sectors as well as corresponding shifts towards a knowledge-based and service-oriented 

economy. On the other hand, the socio-economic pathways for the case study areas in the CORFU 

project account for region-specific drivers leading to a deviation from the socio-economic 

development on the national level. 

In all scenarios we associate a relatively strong growth of the regional population with a relatively 

high growth rate of total GDP in the corresponding region. First, we assume 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 ƻŦ ŜŘǳŎŀǘƛon and child care, the quality of housing, 

ǘƘŜ ŎƛǘȅΩǎ ŎǳƭǘǳǊŀƭ ƻŦŦŜǊƛƴƎǎΣ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ƭŜƛǎǳǊŜ ǘƛƳŜ ŀŎǘƛǾƛǘƛŜǎΣ Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘƘŜ 

ŎƛǘȅΩǎ ŀǘǘǊŀŎǘƛǾŜƴŜǎǎ ŦƻǊ ƳƛƎǊŀƴǘǎΦ LŦ ǎǳŎƘ ǇƻǎƛǘƛǾŜ ŀƎƎƭƻƳŜǊŀǘƛƻƴ ŜŦŦŜŎǘǎ ƻǳǘǿŜƛƎƘ ǇƻǎǎƛōƭŜ ƴŜƎŀǘƛǾŜ 

effects, such as pollution, crowding, or high land prices, the city will exhibit above average growth 

resulting in increasing level of urbanization. 

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 
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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. 

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 ǇǊƻƧŜŎǘ ǊŜǇǊŜǎŜƴǘǎ ŀ άōǳǎƛƴŜǎǎ-as-

ǳǎǳŀƭέ ǎŎŜƴŀǊƛƻ ǿƛǘƘ ƳƻŘŜǊŀǘŜ Ǝƭƻōŀƭ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ D5t ƎǊƻǿǘƘΦ ¢ƘŜ ƘƛƎƘ ŀƴŘ ǘƘŜ ƭƻǿ ƎǊƻǿǘƘ 

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. 

Table 1 Medium growth pathway population and GDP growth 

Population (Millions) 

  2010 2050 overall growth rate 

Bangladesh 148.9 194.4 31% 

China 1360.0 1300.7 -4% 

Germany 82.7 74.6 -10% 

France 62.8 68.7 9% 

India 1228.2 1624.1 32% 

Korea 48.9 47.1* -4% 

Spain 46.1 51.1 11% 

Taiwan 16.9 13.7 -19% 

World 6869.9 9285.3 35% 

*Year 2040. Source: Oxford Economics. Global Economic Model, 2012.  

Source: IIASA, SSP-Database, SSP2, 2012.    

GDP, constant prices and exchange rates (US$, Billions, 2005 prices) 

  2010 2040 annual growth rate 

China 960.1 6440.8 6.6% 

France 550.9 869.1 1.5% 

Germany 735.7 1069.3 1.3% 

India 303.3 2156.3 6.8% 

Korea 254.8 673.5 3.3% 

Spain 295.7 442.8 1.4% 

Taiwan 111.6 277.4 3.1% 

World 12708.1 33112.2 3.2% 

Data for Bangladesh are not provided individually by Oxford Economics.  

Source: Oxford Economics. Global Economic Model, 2012.  
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Medium Growth Pathway  

The medium growth pathway applies national growth paths as provided by the Oxford Global 

Economic Model1 ǘƻƎŜǘƘŜǊ ǿƛǘƘ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘ ǊŀǘŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ LL!{! άaƛŘŘƭŜ ƻf the 

wƻŀŘέ-Scenario (SSP2) (see Table 1).  

At the global level, it assumes a more or less linear growth path of population, while the economic 

growth rate resembles the long-term average annual growth rate since 1980. At the national level, 

country-specific long-term trends are taken into account. Urbanization processes allow cities to grow 

even in an environment of a population decline or to boost in case of moderate population growth 

at the national level. In the highly developed world, technological progress increases the efficiency 

of labor and tends to substitute manpower. There are hardly any compensation effects from the 

increasing aggregate demand counteracting the displacement effects through technological 

progress. Especially, the demand for low-skilled labor is reduced through skill-biased technological 

and organizational change. By contrast, in the emerging countries in Asia, GDP growth is 

accompanied by increasing levels of productivity and employment likewise. Relatively fast 

technological progress comes along with modest compensation effects though rising aggregate 

demand.  

Low Growth Pathway  

The macroeconomic environment in this pathway is marked by a slowly growing population or even 

a declining population in some highly developed countries. Agglomeration areas exhibit slightly 

above average population growth rates. A slow output growth is accompanied by moderate 

increases in the level of productivity. As in the medium growth pathway, the output gains in highly 

developed countries are predominantly driven by increases in productivity, displacing employment. 

In contrast to the medium growth path, technological progress, increasing labor costs, and a 

persistently low education level also dampen employment growth in the emerging markets of Asia. 

Low-skill manufacturing industries, for instance, relocate to developing countries with lower labor 

costs. Thus, employment levels will not keep up with productivity growth in the emerging markets 

and may stall or even shrink in the highly developed world. 

High Growth Pathway  

The high growth pathway is based on national population scenarios that depict correspondingly high 

levels of future population. Furthermore, this scenario is characterized by a rapidly increasing output 

growth and a particularly strong shift toward knowledge-based and service-oriented economies. In 

particular, the urbanized areas exhibit dynamic economic growth and continuously attract more 

workers and firms. It is assumed that the increasing demand of skills in the city can be satisfied by a 

rise in the level of education and by additional in-migration of young and highly skilled people. 

Output growth positively affects employment, thus displacement effects from increased labor 

efficiency are at least partly compensated through rising aggregate demand. In particular, it is 

assumed that different skills are complementary to each other and the shift to knowledge-based 

industries does not lead to a decline in the demand for low-skilled labor. Especially, the demand for 

simple local services may rise. 

                                                           
1
 By Oxford Economics (http://www.oef.com) 

http://www.oef.com/
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2.2 Regionalized Growth  
The shared socio-economic pathways have to be regionalized in each case study city. Deviations 

from the shared pathways can be obtained by variation of driving parameters in a model for regional 

economic growth. The regional economic growth model has already been described in D1.1. The 

parameters to be modified incorporate the regional population growth, the education level, as well 

as deviations from national trends in GDP and sector structure. Case study results from regional 

growth models will be disseminated separately. 

Urban Configuration  

The current urban growth scenarios and subsequent land use distributions are based on 

extrapolation of past urban development trends. One of the main issues in this approach is that no 

infƻǊƳŀǘƛƻƴ Ŏŀƴ ōŜ ŜȄǘǊŀŎǘŜŘ ǘƘŀǘ ƛǎ ƴƻǘ ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ǇŀǎǘΤ άƛŦ ƛǘ ŘƛŘƴΩǘ ƘŀǇǇŜƴ ƛƴ ǘƘŜ ǇŀǎǘΣ ǘƘŜ 

ƳƻŘŜƭ ǿƛƭƭ ƴƻǘ ǇǊŜŘƛŎǘ ƛǘ ƛƴ ǘƘŜ ŦǳǘǳǊŜέΦ 

Some socio-economic trends are channeled (or enforced) by urban planning policies and are thus 

subject to future variation. For example, initially, people are not aware of flood prone areas and 

there is a large housing demand. As a result, the placement of residential areas in the urban 

configuration is unconstrained. In a flood-aware policy framework, people would prefer areas that 

are not flood prone even if they are not the most suitable areas in other respects (e.g. proximity to 

centers of economic activity). To adjust the outcomes for (different sets) of trend changes (e.g. 

future changes in housing preferences), constrains (e.g. growth limiting factors like water scarcity) or 

policies (e.g. land use plans, incentives), it is vital to include such factors to both adjust and expand 

future urban configurations. The scenarios consist of 3 main ingredients: a narrative, quantitative 

trends, and policies and plans. 

Main Narrative  

The main narrative contains the main future urban trends that will influence the geographic 

distribution of urban settlements. It truly is a narrative since it consists of a coherent main storyline 

about the direction the city is expected to move towards as a result of changes and constraints in 

the physical, socio-economic, governance and cultural domain. Physical constraints can for instance 

express major concerns about the influence of limited water resources and their effect on future 

urban growth. Socio-economic factors could indicate trends changes in housing preference of 

residence because citizens become more affluent. Changes in governance could for instance indicate 

a stronger enforcement of zoning laws or include incentives to reduce resource consumption per 

capita. Cultural trends finally could include specific local aspects like social segregation, etc. The 

main narrative acts primarily as a coherent summary of the qualitative trends and existing policies 

and plans. 

Examples:   

¶ Future importance of central urban core in relation to periphery and neighboring 

towns/cities 

¶ Future importance of green/blue zones in relation to quality of life 

¶ Level of government control on land use/zoning 
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¶ Development market: large urban expansion plans or small micro-development of single 

plots 

¶ Redevelopment vs. expansion: is redevelopment of (parts of the) existing city feasible or is it 

cheaper/preferable to develop new land into urban areas? 

Quantitative Trends 

As the name implies, these trends are changing quantitative (e.g. changes in average household size) 

or semi-quantitative factors (e.g. preferences in housing types) that express major future urban 

development trends. All these factors are influencing the rate, distribution and patterns (e.g. cluster 

sizes) of future urban land development.  

Examples: 

¶ Growth limiting factors (e.g. water/energy consumption, available resources) 

¶ Ground prices (center-peripheral) 

¶ Availability of services (center-peripheral) 

¶ Transportςresidential interaction 

o Importance of public transport for residential settlements 

o Importance of car in relation to ribbon/strip development 

¶ Household trends 

o Space per household (m²) 

o Size of household 

¶ Housing trends (general) 

o Concentration vs. sprawl 

o Apartment buildings vs. detached/semi-detached housing 

¶ Housing trends (slums) 

o Proximity of natural resources (i.e. water) 

o Proximity of roads 

o Volatility (stable settlements vs. changing locations) 

o Tendency to live in risk zones/excluded areas (e.g. river beds, railway lines)  

Policies and Plans 

These consist of actual plans that accommodate, direct or limit current and future trends. For 

instance, zoning plans facilitate future urban growth by assigning specific areas for residential 

development.  

Examples: 

¶ Excluded areas (e.g. natural conservation sites, green zones) 
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¶ Zoning plans 

¶ Urban and regional development plans 

¶ Long term spatial strategies (e.g. development of satellite cities) 

¶ Infrastructural plans (e.g. airports, regional roads, railway lines, metro network, bridges) 

¶ Land development plans (e.g. land reclamation of wetlands) 

¶ Protection plans (e.g. plans to protect cultural heritage against development) 

Coping and Adaptive Capacity  

We define capacity as the combination of all resources available to individuals, communities, and 

governmental organizations and their abilities that can be used to take actions with the goal of 

mitigating flood impacts. This includes social and economic resources, as well as access to the 

information and technology necessary to assess and deal with flood hazards. Coping refers to ex post 

actions (i.e. with respect to the impacts of an ongoing or past flood event), while adaptation is 

associated with ex ante actions (i.e. in anticipation of future flood impacts). This implies that coping 

capacity refers to the ability to react to and reduce flood impacts during and after a flood event, 

whereas adaptive capacity refers to the ability to anticipate and adapt to future flood hazards. 

Coping and adaptive capacity is regarded to be one dimension of overall resilience and will be 

assessed on the regional scale (city government) and on the local scale (communities and 

individuals). The creation of flood management strategies in CORFU will respect socio-economic 

parameters on both scales. 

Regional Scale 

On the regional scale, coping and adaptive capacity is influenced by the establishment of mitigation 

goals and their enforcement through policies and plans. Setting a mitigation goal includes accepting 

a residual flood risk. 

Examples: 

¶ Flood inundation and risk maps 

¶ Evacuation and emergency plans 

¶ Forecasting and warning services 

¶ Recovery plans, reserve funds 

¶ Insurance of residual risk 

¶ Policies that favor private adaptation through incentives (e.g. financial support) or 

disincentives 

Local Scale 

On the local scale, three socio-economic parameters of coping and adaptive capacity have been 

identified for the CORFU case study scenario development: awareness, relationships, and livelihoods. 

Their application is reviewed relative to local communities present in flood vulnerable areas. 
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Awareness 

Awareness is the collective social perception that a community has of the flood risk they are exposed 

to. Factors that influence the awareness include education on current flood risk and preparedness as 

well as experience and legacy of flooding. 

Examples: 

¶ Availability of information related to flood risk, policies, and plans 

¶ Education 

o Formal education in local schools 

o Other methods of making information available/possibilities in which individuals 

may obtain this information 

¶ Experience/legacy of flooding 

o Frequency of (extreme) flood events, time of the last flood event 

o Evidence of past events (memorials, flood marks) 

Relationships 

Relationships represent the key links and interactions that exist between individuals, communities 

and government agents; these linkages create avenues of cooperation and communication, and are 

essential support systems in emergencies. 

Examples: 

¶ Definition/delineation/separation of local communities relative to their wealth, social status, 

and labor activities 

¶ Local institutions that actively promote flood awareness and/or coping strategies (e.g. dike 

watch, relief organization, NGOs) 

¶ Importance of local community and social networks in the information process 

¶ Local family proximity/bonds/support 

Livelihood 

Livelihood is seen as the means by which individuals or communities obtain the resources that 

sustain their daily existences. 

Examples: 

Availability and accessibility of: 

¶ Financial, human, and physical resources to local communities 

¶ Opportunities and programs that assist individuals in creating an income, improving 

employment opportunities, or building basic skills that improve livelihood opportunities 

¶ Health care system 

¶ National or international welfare support 
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¶ Flood insurance 

2.3 Climate Futures  
Climate futures describe the impact of increasing greenhouse gas emissions on climate variables that 

have a direct influence on the flood hazard, i.e. precipitation change and sea level rise. 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 we will 

base our climate futures on results of the 4th IPCC Special Report on Emissions Scenarios (SRES) 

following the agreed steps given as:  

¶ Distinguish flood events (at least 3 different return periods) from events under the 

assumption of a climate future (scaled flood events). This is needed for the calculation of 

expected annual damages. 

¶ ά/ƭƛƳŀǘŜ ǾŀǊƛŀōƭŜǎέΥ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŎƘŀƴƎŜ ǿƛǘƘ ǊŜƎŀǊŘǎ ǘƻ ǊŜǘǳǊƴ ǇŜǊƛƻŘΣ ǎŜŀ ƭŜǾŜƭ ǊƛǎŜ 

¶ Climate future is associated with a certain level of radiative forcing. 

¶ Deployment of the global and regional climate models; Downscaling (regionalisation) of the 

results from climate models and their interpretation  

¶ Making use of the existing studies on climate change and/or climate futures available for the 

case study areas 

¶ Goal: Design a scale factor/future rainfall time series/future sea level for each flood event 

based on climate model results. 

 

Following the steps given above, different approaches and models have been deployed in order to 

define the climate scenarios and deliver the basis for the DPSIR modeling. The selection of the 

approaches has been mainly influenced by the following factors: 

- Availability of the models and previous or complementary research projects relevant for the case 

study areas 

- Relevant process and parameters depending on the flood typology (e.g. rainfall, storm surge)  

Table 2 summarises the main activities in the case study areas related to the development and 

definition of the relevant climate futures within CORFU. More details are given in the corresponding 

chapters, where the scenarios for each case study are described. The actual application of the 

climate futures for urban flood modelling is given in reports D2.4 and D2.5. 

Table 2 Overview of the main climate modeling approaches and outcomes 

relevant for the DPSIR modeling 

Study area Parameters/ Method deployed The main outcome relevant for the 

DPSIR modeling 

Barcelona  precipitation change with regards to return 

period 

- The future rainfall scenarios will be 

obtained by multiplying the design 
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Different scenarios considered: 

1. worst case (extreme) ς by applying the 

highest uplift factors obtained from the 

climate data assessment  

2. optimistic scenario- (in order to be able 

to determine the minimum adaptation 

measures that will be required).  

- three return periods (T=1, 10,100) are 

used to represent each scenario ( with 

three different uplift factors)  

storms with its corresponding uplift 

factor. 

 - the shape of design storm will 

remain the same, and the uplift factor 

will be used as a scale parameter that 

proportionally modifies each five 

minute block of the hyetograph 

Dhaka precipitation change with regards to return 

period 

- A1FI and B1 have been selected for the 

analysis. Specifically it will be on focused 

on A1FI as its gives more adverse impact of 

climate change as it uses more fossil fuel.  

- The 1987 JICA study has established 

that the duration of heavy rainfalls of 

high frequency is about six hours. 

These design rainfall pattern were 

combined with the defined climate 

change factors to develop 10-year and 

30-year design storms for 2030 and 

2050. 

Beijing precipitation change with regards to return 

period 

- based on the study done by National 

Climate Center "China climate change 

projections dataset (Version 1.0) with the 

model data of the IPCC Fourth Assessment 

Report  

Extreme precipitation events also 

experience an upward trend from 

2003. 

- For Beijing, the 24 hour maximum 

rainfall and intensity will increase by 

the factor of 1.3 compared to the 

present state. 

Hamburg precipitation change with regards to return 

period (the Wandse catchment) 

- 8 different realizations of the IPCC A1B 

scenario have been simulated in the 

regional climate model for central Europe 

(REMO). The respective rainfall time series 

have been used as an input to the rainfall-

runoff model for the Wandse catchment 

(KalypsoHydrology). The resulting 

discharge patterns at different stations 

have been statistically analysed.  

- sea level rise (the island of Wilhelmsburg) 

The Storm surge scenarios have previously 

been developed in the German XtremRisK 

Uplift factor 1.2: The worst case of 

+20% discharge for all flood events 

and at all stations along the river 

Wandse has been adopted. 

The resultant extreme storm surge 

curve at the relevant tidal gauge is 

approximately 200 cm higher. For an 

analysis of the development of storm 

surges under future climate 

conditions a relative mean sea level 

rise of 80 cm is considered for the 

scenario.  
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project based on the physically possible 

largest extreme storm surges for the pilot 

site. 

The HH_XR2010A climate scenario has 

been selected for use in CORFU.  

Mumbai precipitation change with regards to return 

period 

Two climate futures are considered (i) 

business as usual and (ii) uplift factor of 

1.2. Three return periods (1, 10 and 100 

years) are used to represent each scenario. 

- the calculated changes in the rainfall 

intensity per return period: 

T1: 30Ą 36 [mm/h] 

T10: 66Ą 79 [mm/h] 

T100: 99Ą 111 [mm/h] 

Nice Precipitation patterns 

- based on the statistical analysis study 

performed by the MeteoFrance conducted 

on behalf of the City of Nice  

- return periods 10, 50 and 100 years, 

observation period of 34 years 

- The scenarios for future climate change 

are created using shifting factors for return 

periods for an optimistic and pessimistic 

scenarios (1,0 and 1,11 resp.)  

- an increase in the precipitation could 

be observed for the  

Taipei precipitation change with regards to return 

period 

two climate futures are considered for the 

year 2039, and four return periods are 

used to represent each scenario 

- A1B and B1 scenarios are applied 

 - regionalized climate change studies 

- an increase in the precipitation could 

be observed for both, A1B and B1 

scenarios for 10,25,100 and 200 

return periods.  

 

2.4 Integration of Socio -Economic Pathways and Climate Futures  
The AR5 scenario process allows us to combine a climate future with a compatible socio-economic 

pathway (and urban configuration). In CORFU those scenarios are combined creating a set of 

different potential futures. Although the scenarios are to be developed for rather heterogeneous 

cities, there are common aspects applicable for all CORFU case study cities and are given as follows:  

- The scenarios are defined for the following time horizons: 

o The present state (2010)- baseline scenario 

o The future (2050) 
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- One ƻŦ ǘƘŜ ŦǳǘǳǊŜ ǎŎŜƴŀǊƛƻǎ ǊŜŦƭŜŎǘ ǘƘŜ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέ ŎƻƴŘƛǘƛƻƴǎ  

- At least one future scenario considered the possibility of applying the flood risk 

management strategies  

- As the main focus of CORFU is to investigate the flood resilience of a city, one of the 

scenarios reflects the extreme conditions and is based on the high growth pathway. 

Following those common criteria and the parameters selection as described in section 2.1, each case 

study city develops a minimum of three and a maximum of four scenarios ς based on the three 

shared socio-economic pathways ς ǿƘƛŎƘ ŎƻǾŜǊ άƛƴǘŜǊŜǎǘƛƴƎέ ŀǎǇŜŎǘǎ ƛƴ ǘƘŜ ǎǇŀŎŜ ƻŦ ǇƻǎǎƛōƭŜ ǳǊōŀƴ 

configurations and future climates for the studied areas. An interesting scenario is either very 

plausible (i.e. likely) or it has a high impact in terms of flood risk. The overall idea of CORFU scenarios 

is shown in Figure 1. The generic structure of the developed scenarios for the case study cities is 

given in Figure 2. 2 

 

Figure 1 Representation of the current and future scenarios as considered in 

CORFU  

 

                                                           
2
 Here it is to mention that we do not take into account scenarios of different climate mitigation policies directly. A certain 

level of climate mitigation is instead assumed indirectly in our socio-economic pathways by the combination with a specific 

climate future. 
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scenario 

2010 

Adaptive 
capacity 

Business as 
usual 
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Figure 2 Generic structure of the CORFU combined climate and socio-economic 

scenarios. In the following text, its application for different case study cities will be 

shown 
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3 Barcelona 

Summary  
This section describes several socio-economic pathways and climate futures for the Barcelona case 

study. It contains the narrative descriptions and qualitative as well as quantitative socio-economic 

parameters.  

For this case study, four different combinations of climate and socioeconomic scenarios including 

levels of adaptive capacity are considered for the Raval district in year 2050. The first scenario is 

chosen to rŜǇǊŜǎŜƴǘ ǘƘŜ άōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭέ ǇŀǘƘǿŀȅ ōȅ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ ŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅ ƛǎ ƴƻǘ 

increased until 2050 while rainfall events are more extreme than in 2010. The second scenario 

considers the combined effect of a low adaptive capacity with a rather optimistic climate scenario. 

Non-structural strategies will be implemented in this case. The third one considers a pessimistic 

climate future, with a low adaptive capacity level using the same strategies as the second one. The 

fourth considers a medium adaptive capacity level, and consequently, only SUDS and green roofs will 

be implemented. The last scenario constitutes a combination of a pessimistic climate scenario with a 

high adaptive capacity and hence, structural strategies will be used to cope with the flood impacts. 
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3.1 Scenario Narrative s 
As requested by the Scenario Development Guidelines, the future scenarios in which the case 

studies will be assessed are centred in the year 2050. For the case of Barcelona, and more 

specifically for the Raval District, a combination of different future scenarios of climate, adaptive 

capacity and socioeconomic aspects is developed.  

In this chapter, the combined socio-economic, climate and land planning scenarios are described 

while a detailed description of the development of separate socio-economic pathways and climate 

futures for Barcelona can be seen in chapters 2.2 and 2.3.  

CƻƭƭƻǿƛƴƎ ǘƘŜ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ƻŦ ǘƘŜ ƎǳƛŘŜƭƛƴŜǎΣ ƻƴŜ ƻŦ ǘƘŜ ǎŎŜƴŀǊƛƻǎ ǿƛƭƭ ōŜ ŀ άōǳǎƛƴŜǎǎ-as-ǳǎǳŀƭέ 

scenario, in which no adaptation strategies will be implemented and it will be associated to medium 

growth. The other scenarios will cover a wide range of plausible futures, and imply different 

adaptive capacity. Of course, these scenarios must be put into context with the current situation or 

baseline scenario, which represents the nowadays flood risk situation in the Raval district. Figure 1 

displays a schematic representation of the framework of scenarios that will be used in this case. 

As will be described in Section 2.2 and 2.3, there will be three socioeconomic pathways (implying 

low, medium and high growth) and two future climate situations (a pessimistic scenario, showing the 

most extreme results, and an optimistic one). Taking into account that the studied area (as well as its 

upstream basins) is totally developed and is not likely to vary essentially until 2050, different 

scenarios for land-use changes will not be considered. Nevertheless, the planned changes 

considered by the district authorities will be included as scenario for 2050. To do so, the shape file 

representing the land-use types in the area is going to be updated. This map will be the same for all 

future scenarios, representing the 2050 land-use situation. In other words, the unique land-use 

scenario of the Raval district considered for 2050 is independent from the different socio-economic 

pathways or climate futures.  

In addition, the different levels of adaptive capacity that will be reached in each case will be related 

with the economic trends. It is assumed that high economic growth will imply high availability of 

resources which facilitates the implementation of adaptation measures and thus the achievement of 

a high adaptive capacity. On the contrary, it is assumed that within the scope of the low economic 

growth scenario, little or no resources are available for implementing additional adaptive measures 

until 2050. Hence, it is supposed that within the low growth pathway the Raval district has got a low 

adaptive capacity. Considering this, we can see the total number of possible combinations, and the 

ones that are selected within the scope of this study (highlighted in Table 2). The following sections 

present a brief description of the scenarios that will be finally modelled, i.e. Business as usual, 

Adaptation 1, Adaptation 5 and Adaptation 6. 

Table 3 Combinations of the possible scenarios for the Raval district. In grey, the 

three scenarios that will be modelled are presented.  

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 
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Adaptation 4 Pessimistic Low Low 
Adaptation 5 Pessimistic Medium Medium 
Adaptation 6 Pessimistic High High 

Business as usual 

This no-policy scenario provides the baseline for comparison with the other future situations (in 

which higher adaptive capacity is achieved and the resilience of the Raval district is increased). It is 

assumed that no new measures are implemented until 2050 and thus the level of adaptive capacity 

in 2050 is the same as in 2010. In order to evaluate the worst possible impact of climate change on 

flooding in the Raval area if no additional adaptation measures are taken, this no-policy scenario is 

combined with the most pessimistic climate future considered for Raval. This business as usual 

scenario is developed for providing a benchmark for comparison with other possible scenarios. 

Therefore, the combination of no additional adaptive capacity with the pessimistic climate future is 

chosen rather independently from the socio-economic development. Thus these scenarios are 

combined with a medium socio-economic growth path to express that even though economic 

resources might be available for increasing adaptive capacity, no such policy is taken.  

That is why this business as usual scenario is the combination of the pessimistic climate future (with 

more severe extreme events) and the medium socioeconomic pathway but without any kind of 

measures reducing the flood impacts in the Raval district.  

Adaptation 1  

This scenario represents the minimum adaptive capacity that will be needed to cope with the most 

optimistic climate future in the Raval district for 2050. Since the climate situation is not going to be 

very extreme, it is assumed that a low growth pathway is followed. Thus, it can be evaluated if 

dedicating only low resources to the improvement of the adaptive capacity, it is enough to adapt to 

this optimistic climate future. Therefore, the measures implemented should be non-structural, and 

specially focusing on vulnerability reduction. 

Adaptation 4 

Here, the same level of adaptive capacity from the previous scenario, using non-structural measures 

focusing on vulnerability reduction, will be assessed with the pessimistic climate future. This will 

ŀƭƭƻǿ ŘŜǘŜǊƳƛƴƛƴƎ ǘƘŜ ŜŦŦŜŎǘǎ ƻŦ άƭƻǿ ŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅέ ƳŜŀǎǳǊŜǎ ŎƻƴǎƛŘŜǊƛƴƎ ŀ ǇŜǎǎƛƳƛǎǘƛŎ ŎƭƛƳŀǘŜ 

change scenario. In addition, comparing the BAU scenario with the adaptation 4, 5 and 6, a cost 

benefit analysis can be undertaken to better understand the performances of the several strategies. 

Adaptation 5 

In this case, since there is a medium economic growth, only SUDS (Sustainable Urban Drainage 

Systems) (infiltration trenches and green roofs) will be implemented. The climate future assigned to 

this situation is the pessimistic one, in order to see if the strategies implemented are able to totally 

cope with the worst-case scenario possible. 
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Figure 3 Combined scenarios for the Raval district in 2050. 

Adaptation 6  

This case will reflect the highest adaptive capacity that can be achieved in this area. It will represent 

the adaptation measures included in the last Drainage Master Plan (DMP) of Barcelona (classical 

structural measures like storage tanks, new pipes, etc.) to reduce flooding problems in the Raval 

District. The climate future assigned to this situation is the pessimistic one, in order to analyse if the 

strategies planned in the DMP have to be updated. 

Regarding the different measures of adaptation, the non-structural ones will only affect the 

vulnerability term of the risk equation. On the other hand, structural measures will imply hazard 
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reduction, which will be achieved by increasing the capacity of sewers or building new retention 

tanks.. The above described combined scenarios are illustrated in Figure 3.  

3.2 Socio-Economic Pathway s 
For developing socio economic scenarios for the Raval district in 2050, we assume that its economic 

development reflects the regional development of the province Barcelona because there is not 

sufficient data available in order to provide sound projections at the sub-provincial level.   

The socio economic pathways for Barcelona contain growth projections for real gross value added 

(GVA) by industries and (working age) population until 2050. In total there are three different 

scenario variants associated with different economic growth paths (high medium and low growth). 

The scenarios contain disaggregated GVA projections for the following economic sectors: 

¶ Agriculture, forestry and fishing 

¶ Industry (excluding construction) 

¶ Construction 

¶ Trade 

¶ Financial & business services 

¶ Non-market services 

¢ƘŜ ƳƻŘŜƭƭƛƴƎ ƻŦ ŦǳǘǳǊŜ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ ƛƴ .ŀǊŎŜƭƻƴŀ ƛǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ŀ άǘǿƻ-ǎǘŜǇέ ǇǊƻŎŜŘǳǊŜ3: 

¶ Step1, Ex-post analysis: Application of a regression analysis on the ex-post development in 

order to identify past trends and drivers. This part of the analysis focuses on identifying 

deviations of the Barcelona province from national trends.  

¶ Step 2, Projections: Applying estimated ex-post relationships in combination with the 

corresponding scenarios at the national level to simulate growth paths for Barcelona.  

Step 1 ɀ Ex-post analysis  

Despite sharing political institutions and a common national macroeconomic environment, regional 

growth rates often differ considerably from the national average. According to economic theory, the 

main drivers of these regional differences include underlying regional variations in aggregate 

demand, the levels of human capital and innovative capacity as well as the local sector structure. 

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 comprising time-series observations from 1998 to 2008 for 49 Spanish provinces 

is conducted in order to estimate regional trends in employment, productivity and working age 

population.4 Regional trends for Barcelona are estimated in terms of deviations from national levels. 

This allows forecasting regional developments in Barcelona until the year 2050 by combining past 

                                                           
3
 The methodology that has been applied to develop these scenarios on future socio-economic pathways is 

described in detail in Deliverable D1.1. within the scope of the CORFU project.  
4
 Not including Ceuta and Melilla. The Canary Islands enter on the level of the autonomous community into the 

analysis. 
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trends in deviations from national levels with projections on the future development of Spain that 

are provided by different institutions (this is undertaken in the second step5).  

In this regression model, the following aspects are considered as determinants of regional deviations 

in employment and productivity: local sector composition at the regional level, the share of local 

high-skilled employment (approximation of human capital), and local working age population (for 

projections on employment growth). Furthermore, the regression specification includes regional 

fixed effects in order to capture region-specific trends that do not arise from the aforementioned 

drivers. In doing so, the impact of unobserved drivers can be estimated (these may include aspects 

such as the quality of institutions, infrastructure, education and further aspects that are difficult to 

measure or regarding which there is a lack of data). Last, past regional trends in working population 

are estimated by a similar regression specification as the aforementioned one (e.g. deviations from 

the national population growth rates are estimated by means of regional fixed effects).  

Step 2 ɀ Projections  

In order to simulate the development of employment and productivity by sector and the 

development of working age population in Barcelona, 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 GVA in each sector. The following national level scenarios are applied (Table 3): 

Table 4 National level scenarios for Spain. Sources: SSP-Database, IIASA, 2012; 

Eurostat, 2012; INE, 2012. 

 
Baseline High growth Medium growth Low growth 

 
2008 2050 

Growth rate 
2009 - 2050 

2050 
Growth rate 
2009 - 2050 

2050 
Growth rate 
2009 - 2050 

D±! όōƛƭƭƛƻƴ ϵΣ нллр prices) 848 1699 101% 1477 74% 1325 56% 
Employment (thousands) 17270 19053 10% 17399 1% 16399 -5% 
Population (15-64 years, thousands) 31162 29021 -7% 26749 -14% 25565 -18% 
Population (total, thousands) 46073 52501 14% 50274 9% 47884 4% 

 

The baseline scenario for the growth of working age population in Spain is represented by the 

population development according to the second shared socio-economic pathways (SSP2) currently 

being prepared for the 5th IPCC-Report as provided by the SSP Database from IIASA.6 For the high 

growth variant we apply population projections from Eurostat (2011)7. National population 

projections applied in the low growth variant are taken from the National Statistics Institute of Spain 

(INE).8  

                                                           
5
 ¢ƘŜ ǎǳōǎŜǉǳŜƴǘ ǎŜŎǘƛƻƴ ά{ǘŜǇ н ς tǊƻƧŜŎǘƛƻƴǎέ Ŏƻƴǘŀƛƴǎ ŀ ƳƻǊŜ ŘŜǘŀƛƭŜŘ ŜȄǇƭŀƴŀǘƛƻƴ ƻƴ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ 

regional future scenarios. 
6
 https://secure.iiasa.ac.at/web-apps/ene/SSPDB, 25.09.2012. 

7
 http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=proj_10c2150p, 05.10.2012. 

8
 http://www.ine.es/jaxi/menu.do?type=pcaxis&path=%2Ft20/p251&file=inebase&L=1, 14.09.2012. 

https://secure.iiasa.ac.at/web-apps/ene/SSPDB
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=proj_10c2150p
http://www.ine.es/jaxi/menu.do?type=pcaxis&path=%2Ft20/p251&file=inebase&L=1
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The projections of national economic growth in different industries were generated by applying the 

Global Economic Model provided by Oxford Economics.9 Among other variables, the model provides 

macroeconomic forecasts for GVA and employment by sector until 2040.  

For the national projections on GVA and employment we apply the predefined scenario as provided 

by Oxford Economics. Leaving the rest of the pre-defined scenarios unaltered, we implemented the 

three different projections for Spanish working age in order to obtain high, medium and low growth 

scenarios for sector wise GVA and employment in Spain. GVA and employment levels in 2050 are 

generated by an extrapolation of shifts in the economic sector structure and sector-specific 

productivity trends before 2040.  

Results 

Following steps 1 and 2, the future scenarios for Catalonia have been obtained. These results are 

summarized in Table 4, and can also be seen in Figure 4 and Figure 5. Assuming that the socio 

economic development of Barcelona and Catalonia is very similar, these results provide insights on 

the future development of Barcelona.  

 
Figure 4 Growth trends (1998-2008) and future scenarios (2009-2050) for GVA 

(left) and employment (right) for Catalonia.  

  
Figure 5 Growth trends (1998-2008) and future scenarios (2009-2050) for working 

age population (left) and total population (right) for Catalonia.  

Table 5 Summary of the results obtained for Catalonia 

                                                           
9
 http://www.oef.com/OE_FA_Display_Frm.asp?Pg=GlobMod&Txt=Economic+Models  

http://www.oef.com/OE_FA_Display_Frm.asp?Pg=GlobMod&Txt=Economic+Models
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Baseline High growth Medium growth Low growth 

 
2008 2050 

Increase 
2009-2050 

2050 
Increase 

2009-2050 
2050 

Increase 
2009-2050 

D±! όƳƛƭƭƛƻƴ ϵΣ нллр ǇǊƛŎŜǎύ 122509 267274 118% 222245 81% 191979 57% 
Employment (thousands) 2711 2907 7% 2536 -6% 2303 -15% 
Population (15-64 years, thousands) 5084 5059 0% 4513 -11% 4244 -17% 
Population (total, thousands) 7364 9492 29% 8640 17% 8023 9% 

 

3.3 Climate Futures  
As requested by the scenarios guidelines developed in WP1, several climate futures are considered 

for the year 2050. Since CORFU is dealing with the management of extreme events, one of the 

scenarios will be really extreme. This worst-case scenario will be obtained by applying the highest 

uplift factors obtained from the climate data assessment which is presented in this section. 

Besides this worst-case scenario, an optimistic scenario must also be developed (in order to be able 

to determine the minimum adaptation measures that will be required).  

Considering that as requested by the guidelines, changes in flood risk are expressed in terms of 

expected annual damage, three return periods are used to represent each scenario. Consequently, 

three different uplift factors will be applied, each of them assigned to a different return period.  

The return periods to be used, must represent a really extreme event (T = 100 years), a precipitation 

event that starts to create some damage (T = 1 year) and an intermediate one. Since the Barcelona 

sewer network is predominantly designed to cope with a 10-year return period event, this will be the 

third return period used (T=10).  

Climate change data 

As described, climate change factors for three different return periods will be considered to 

represent optimistic and pessimistic scenarios in terms of future extreme precipitation. These results 

must be obtained from regionalized climate change studies, which provide an accurate description 

of the future trends in the studied area. 

In a previous research project in which CETaqua and Clabsa participated, 84 daily rainfall series were 

simulated for the period 2000-2099 in Barcelona. These series were obtained for six stations located 

in the metropolitan area of Barcelona using the information provided by five general circulation 

models under four future climate scenarios of greenhouse gas emissions and applying statistical 

downscaling methods (Rodríguez et al., 200810). 

In addition, since the design storms that are used to feed the urban drainage model from Barcelona 

are for hourly design storms, the daily precipitation series were downscaled. After verifying that the 

intensities of extreme daily rainfall in Barcelona have scale invariance (by doing a scale analysis of 

the annual maximum 5 minutes rainfall series recorded by the Jardí gauge in the Fabra Observatory 

of Barcelona), scale factors for the several scenarios were obtained and applied to downscale these 

future series. 

                                                           
10

 Rodríguez, R., Navarro, X., Casas, M.C., Ribalaygua, J., Russo, B., Pouget, P. and Redaño, A.: Influence of 
climate change on IDF curves for the metropolitan area of Barcelona (Spain), International Journal of 
Climatology, Accepted, 2013. 
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Table 6 Climate change factors for hourly rainfall intensities of several climate 

futures, and the 2033-2065 period 

 
Since the future scenarios of CORFU are centred in year 2050, the climate change factors obtained 

for the 2033-2065 period will be used. A summary of these results for the four SRES (Special Report 

on Emission Scenarios11) scenarios and several return periods can be seen in Table 5 and Figure 6. 

 
Figure 6 Climate change factors for hourly rainfall intensities for several climate 

scenarios and the 2033-2065 period 

Clearly, the A1B scenario is the one presenting the highest increases in precipitation extremes. 

Therefore, this will be considered the pessimistic scenario for this case. On the other hand, the 

ƻǇǘƛƳƛǎǘƛŎ ǎŎŜƴŀǊƛƻ ŎŀƴΩǘ ōŜ ǎŜƭŜŎǘŜŘ ŀǎ ǎǘǊŀƛƎƘǘŦƻǊǿŀǊŘ ŀǎ ǘhe other one. Since the effects of climate 

change are uncertain, and some of the scenarios obtained even consider reductions in extreme 

precipitation (i.e. uplift factors smaller than one), this optimistic scenario has been considered as if 

there would be no change in extreme precipitations due to climate change (which means that this 

scenario is the same as the baseline).  

Consequently, the two climate futures and its climate change factors are the ones presented in Table 

6. The future rainfall scenarios will be obtained by multiplying the design storms with its 

corresponding uplift factor. Therefore, the shape of design storm will remain the same, and the 

uplift factor will be used as a scale parameter that proportionally modifies each five minute block of 

the hyetograph (Figure 7). 

Table 7 Uplift factors of selected scenarios of climate change for 2050. 

                                                           
11

 bŀƪƛŏŜƴƻǾƛŏΣ bΦ ŀƴŘ {ǿŀǊǘΣ wΦ: Special Report on Emissions Scenarios, Intergovernmental Panel on Climate 
Change, Cambridge University Press, Cambridge, UK, pp. 570, 2000. 
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Figure 7 Design storms related to return periods of 1, 10 and 100 years for 

optimistic (on the left) and pessimistic (on the right) scenario using the corresponding 

uplift factor. 
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4 Beijing 

Summary  
This document describes the three socio-economic pathways (low, medium and high growth paths), 

the climate futures, and the derived coupled socio-economic and climate scenarios for the Beijing 

case study. It contains the narrative descriptions and qualitative as well as quantitative socio-

economic parameters. 

Three different growth pathways (medium and high) find application in the whole Beijing scale (the 

province of Beijing). Two additional growth pathways (medium and high) applied to the selected 

case study areas, the Yizhuang Economic Development Area (YEDA). This document describes four 

scenarios to be investigated for the Beijing case study in total. 

The loss curve used in socio-economic scenarios for future development is from UK. Since the 

economic scenarios for Beijing assume constant prices as a real growth adjusted for changes in the 

price level. The curve will not change at present and in the future.  

The annual rainfall of Beijing showed a slight downward trend between 1941 and 2008, but 

increased year by year after 2003. Extreme precipitation events also experience an upward trend 

from 2003. The annual maximum rainfall with short duration has been in a transitional period from 

decreasing to increasing from last decade. It may explain the frequent urban local flooding of Beijing 

in recent years. Moreover, the intensity of storm will be 1.3 times increase in 2050 with climate 

change. 180min IDF data is for minor drainage system design and 24 hour design storm is for major 

drainage system design. The modeling scenarios are the same as design. 

The land use data at present and in 2050 is used in Yizhuang Economic Development Area (YEDA) for 

future development. 
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4.1 Scenario Narratives  
The Ƴŀƛƴ ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘ ǘǊŜƴŘǎ ƛƴ .ŜƛƧƛƴƎ ŀǊŜ ŎƻƴǘǊƻƭƭŜŘ ōȅ ǘƘŜ ά.ŜƛƧƛƴƎ /ƛǘȅ aŀǎǘŜǊǇƭŀƴ нллп-

нлнлέ ό.ŜƛƧƛƴƎ aǳƴƛŎƛǇŀƭ DƻǾŜǊƴƳŜƴǘΣ нллпύΣ ŀƪŀ ./atлпΣ ǿƘƛŎƘ ƛǎ ǘŀƪŜƴ ŀǎ ǘƘŜ foundation of all 

scenarios and projections in COUFU Beijing case. The core strategies of Beijing were identified as 

four items: national capital, world-class city, historic-cultural city and livable city.  

 

Figure 8 The landuse plan of the province (L) and the center (R)of Beijing in 2020 

(Beijing Municipal Government, 2004) 

Scenario 1: Medium growth (baseline)  

Beijing is a rapid increasing city of China. The general development objectives at three phases are: 

achieving basic modernization and primary frames of world-class city at 2015, high-level 

modernization and emerging featured world-class city at 2020, as well as harmony sustainable city 

and top tier world-class city at 2050. Along with the obvious incensement of total population, 

economy (gross domestic product, GDP) and the urbanization ration in China, the intensity and 

density of built-up area in Beijing were growing dramatically during the last 30 years. The trend will 

continued. The total population is projected increasing by 20.6% between 2004 and 2020, arriving 

the level of 18 million at 2020. The urbanized ratio will increased up to 90%, meaning the total urban 

population is 16 million. Along with the increment of population, the total built-up areas will be 

increasing to 1650 square kilometers, while 47% is occupied within the urban center, 40% in new 

towns and 13% in the rest village and towns. 

! άǘǿƻ-belt, two axis, poly-ŎŜƴǘŜǊǎέ ǎǇŀǘƛŀƭ ǎǘǊǳŎǘǳǊŜ ƛǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǾŜǊȅ ǎǘǊƻƴƎ ǘǊŜƴŘǎ 

of centralizing and sprawling in the urban center. The eastern belt is indicating high intensity of 

development, while the western one along mountain area emphasizing green and ecological 

ŎƻƴǎŜǊǾŀǘƛƻƴΦ ! άŎŜƴǘŜǊΣ ƴŜǿ ǘƻǿƴǎΣ ǾƛƭƭŀƎŜǎέ ǘƘǊŜŜ-level urban system will be implemented under 

the spatial structure. New towns and function cores like Yizhuang EDA and CBD are key stones for 

ǘƘŜ άanti-magneticέ ǊŜƎŀǊŘƛƴƎ ǘƻ ǘƘŜ ƘŜŀǾȅ ŎŜƴǘŜǊΦ wŜǎƻǳǊŎŜǎ ŀǎ ƴŜǿ ƛƴŎǊŜŀǎŜŘ ōǳƛƭǘ-up land or jobs 
























































































































