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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;esnciomic

trends, and climate changes. In accordance with terminology fitwerbth IPCC Assessment Report

0! wp0X HKAOK Aa OdzZNNByifé dzyRSNBlL ez 6S RSTFAYS
future of the humarOf A Yl GS &deaiGSYys AyOfdzRRAY3I ljdza yaAGE G
scenario is one alternative imagé leow the future might unfold. Scenario components constitute

the socieeconomic reference conditions for urban development and projections of the future
climate. This document summarises all coupled climate and secoamomic scenarios from the case
studycities.

CORFUdistinguistes socioeconomic 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 ®@cinomc pathway and a climate future.

The regional socieconomic pathways of case study cities are, on the one hand, subject to regional
sociceconomic drivers and, on the other hanchannelledby local urban planning and flood risk
management policies. Regial growth is framed by shared so@oonomic pathways, which provide

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

The socieeconomic pathways to be developed determine the possible urban configurations of the
case stug 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 fioem of spatial requirements and
constraints. And.J2 f A O8 & OSydstih @zt D6 dAKYSBALINRGARS (KS
different socieeconomic pathways including different urban planning and flood risk management
policies. Typical exanmgs of planning policies are the development of neantresof 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
incentivegdisincentives, and capacity building (e.g. informing about flood prone areas).

Related deliverables
This deliverable requires inputs from

9 Deliverable 1.& economic and urban growth model results

This deliverable provides inputs for

9 Deliverable 2.4 to assess the impacts of scenarios on flood hazard probability
9 Deliverable 3.& to assess the impacts of scenarios on flood damage
9 Deliverable 4.5 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 chand®IPC, 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
proceses 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 overalbim 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 coesegs of urban
flooding in the future. Flood impacts in urban aregsotential deaths, damage to infrastructure and
health problems in the first place and consequent effects on individuals and on commuéties
possible responses are assessed by agug different scenarios of relevant drivers: urban
development, socieeconomic trends and climate changes.

The project builds upon the DrivePyessuresStatesimpactsResponse (DPSIR) methodology,
initially developed by the Organisation for Economicoperation 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 ofé causes of the factors and processes contributing to the
formation of flood risk and its mitigation.

DriversPressuresStatesimpactsResponse elements in the context of CORFU are defined as follows:
522NR2S@PA06 SiG IfdX HAMMO O

9 Drivers (D) ¢ The socialdemographic and economic developments in societies and the
corresponding changes in life styles, overall levels of consumption and production patterns.

1 Socieeconomic drivers lead to environmenfalessureqP)

Environmental pressures lead to changes in environmestéaé (S).

1 Changes in environmental state are reflected in environmental and -®mtnomicimpacts
.

9 Stakeholder gains/losses from impacts lead to pofiegponses(R) which affect one or
severalof the components mentioned before.

=

The DPSIR framework can be expressed 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 Figre 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 OrThe 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 thé/P1 has been devoted to:

1. the development of a DPSIR (driv@ressuresstate-impact-response) framework, and

2. determining the externatlriving forceson urban flood risk and the resultimgressureson

the system.

This reportdescribes the developedhared socieeconomic pathways (SSPs) used to define the
potential futures. Here, the sameconomic 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 precipgaton
level rise, and storm surge levels. In order to make the CORFU case study cities comparable, these

SSPs form the basis for developing regional secamomic scenarios in each city.
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2 SocieEconomic Pathways

The socieeconomic pathways of CORFU sc@mare related to the regional population, economic,

and urban growth. In order to make the CORFU case study cities comparable, shared global and
national socieeconomic 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 socieeconomic 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 ayci$ affected by socieconomic 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 so@oonomic environment on the national level is dfmost
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 dynamconomic development than less densely
populated areas. General urbanization processes as well as idiosyncratic characteristics of a city
allow for significant deviations from the national soe€iconomic development. Thus, on the one
hand, these regionabathways 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 knowlbdged and serviceriented
economy. On the other hand, the so@geonomic pathways for the case study areas in the CORFU
project account for regiospecific drivers leading to a deviation from the see@mnomic
development on the national level

In all scenarios we associaterelatively 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 {thlesbhome

market effect). This and a relatively large supply of (skilled)uakaise the attractiveness of a city

for firms. Simultaneously, relatively high incomes and good job opportunities attract workers to
migrate to the city. Cities usually attita@ large proportion of young and skilled people. At the same
time, their economies are often marked by a high share of knowlddged and servieeriented
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 opportunitesQsof t SR a a2 Fi
FIOU2NR¢Z adzOK & (KS I dzor akdickild @ik, the Hudlity ofyhdubidga G NJ
GKS OAGeQa OdzZ GdzNIF f 2FFSNAYI&S YR 2LILIRNIdzyAd
OAGeQa FTGONXYOlAOSYySaa F2NJ YAINryhtad LT &adzOK L
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, tlere 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 areadai relatively weak
institutions and extremely high social inequalities. Thus, the creation of -segoiomic scenarios
requires individual consideration of each case study area. However, in the following we summarize
general narrative storylines that peesent a qualitative assessment of the assumptions shared by
the scenarios in all case studies cities.

The socieeconomic scenarios developed in the CORFU project constitute a low, a medium and a
high growth pathway. The medium growth pathway in the CORIE 2 S O NB LINBa&Sy (i &
dzadzl £t ¢ &OSYFNA2 GAGK Y2RSNYIGS 3t26F € LJ2LIz | G A
pathways allow for deviation, taking other possible courgpgcific developments into account.
Thus, these pathways constitutéiree shared socieconomic pathways in the spirit of the AR5
scenario process.

Tablel 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: IIASASHDatabase, 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 growthpathway applies national growth paths as provided by the Oxford Global
Economic Modéléi 2 3SGKSN) gAGK LRLMzZ FGA2y 3INRSOKthadl §Sa
w 2 |-Reénario (SSP@eeTablel).

At the global level, it assumes a more or less linear growth path of population, while the economic
growth rate resembles the lontgrm average annual growth rate since 1980. At the national level,
country-specific longerm 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 progreseages 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 islilled lalor is reduced through skitliased 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 comesong 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 countridgglomeration 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 predonantly 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 P athway

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 stronghift toward knowledgebased and serviceriented 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 shiisfied
rise in the level of education and by additionatniigration of young and highly skilled people.
Output growth positively affects employment, thus displacement effects from increased labor
efficiency are at least partly compensated through risingragate demand. In particular, it is
assumed that different skills are complementary to each other and the shift to knowlealged
industries does not lead to a decline in the demand for-gkiled labor. Especially, the demand for
simple local servicemay rise.

! By Oxford Economichtfp://www.oef.com)
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2.2 Regionalized Growth

The shared socieconomic 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 regionacenomic 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
inf2 NI dA2y OFly 6S SEGNIOGSR GKIG A&a y2i NBLNBa
Y2RSt gAff y20 LINBRAOG AG Ay GKS FdzidzZNB¢ @

Some soci@conomic trends are channeled (or enforced) by urban planning policies and are thus
subject to futurevariation. 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 floaavare policy framework, people wouldgfer 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)nstrains (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 narrgtiantitative
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 maitirstory
about the direction the city is expected to move towards as a result of changes and constraints in
the physical, soci@conomic, governance and cultural domain. Physical constraints can for instance
express major concerns about the influence of limit®ater resources and their effect on future
urban growth. Socikeconomic factors could indicate trends changes in housing preference of
residence because citizens become more affluent. Changes in governance could for instance indicate
a stronger enforcemm@t 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 trandsexisting policies

and plans.

Examples

1 Future importance of central urban core in relation to periphery and neighboring
towns/cities

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

1 Level of government control on land use/zoning

13
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1 Development market: large urban expansion plans or small rdercelopment of single
plots

1 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 semiquantitative factors (e.g. preferences in housing types) that express major future urban
development trends. All these factors are influencing tat, distribution and patterns (e.g. cluster
sizes) of future urban land development.

Examples
1 Growth limiting factors (e.g. water/energy consumption, available resources)
1 Ground prices (centeperipheral)
1 Availability of services (centgeripheral)
1 Transportresidential interaction
o Importance of public transport for residential settlements
o Importance of car in relation to ribbon/strip development
9 Household trends
0 Space per household (m?)
o Size of household
1 Housing trends (general)
o Concentration vs. sprel
o0 Apartment buildings vs. detached/semétached housing
1 Housing trends (slums)
o Proximity of natural resources (i.e. water)
o0 Proximity of roads
o Volatility (stable settlements vs. changing locations)

0 Tendency to live in risk zones/excluded areas (e.g. 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:

1 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, railimgs, metro network, bridges)

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

=A =4 =4 =4 =4 =4

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

Coping and Adaptive Capacity

We definecapacityas the combination of all resources daale 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 technalgy necessary to assess and deal with flood haz@ulsingrefers to ex post
actions (i.e. with respect to the impacts of an ongoing or past flood event), \&Hé@tation is
associated with ex ante actions (i.e. in anticipation of future flood impatts}. implies thatoping
capacityrefers to the ability to react to and reduce flood impacts during and after a flood event,
whereasadaptive capacityrefers to the ability to anticipate and adapt to future flood hazards.
Coping and adaptive capacity isgegded 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 respececmoionic
parameterson 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:

9 Flood inundation and risk maps

1 Evacuation and emergency plans
9 Forecasting and warning services
1 Recovery plans, reserve funds
9 Insurance of residual risk
1 Policies that favor private adaptation through incentives (e.g. financial support) or
disincertives
Local Scale

On the local scale, three soed@onomic parameters of coping and adaptive capacity have been
identified for the CORFU case study scenario developragrgrenessrelationships andlivelihoods
Their application is reviewed relative tochl 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 pdeessas

well as experience and legacy of flooding.

Examples:
91 Availability of information related to flood risk, policies, and plans
1 Education
o Formal education in local schools

o Other methods of making information available/possibilities in whictlividuals
may obtain this information

1 Experiencel/legacy of flooding
o0 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 interactiorest txist between individuals, communities

and government agents; these linkages create avenues of cooperation and communication, and are
essential support systems in emergencies.

Examples:

1 Definition/delineation/separation of local communities relativetteeir wealth, social status,
and labor activities

9 Local institutions that actively promote flood awareness and/or coping strategies (e.g. dike
watch, relief organization, NGOs)

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

9 Laocal 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:
1 Financial, human, and physical resow¢e local communities

1 Opportunities and programs that assist individuals in creating an income, improving
employment opportunities, or building basic skills that improve livelihood opportunities

1 Health care system

1 National or international welfare support
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1 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 changevariables 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 th& #.PCC Special Report on EmissiGcenarios (SRES
following the agreed steps given as:

9 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 annuallamages.

T G/ tAYFGS GFNRAFOtSaédy LINBOALMAGEGAZ2Y OKIy3S
1 Climate future is associated with a certain level of radiative forcing.

1 Deployment of theglobaland regional climate models; Downscaling (regionalisatidithe
results from climate models and their interpretation

1 Making use of the existing studies on climate change and/or climate futures available for the
case study areas

9 Goal: Design a scale factor/future rainfall time series/future sea level for each domnut
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 méyrinfluenced 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)

Table2 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 givdreicorresponding
chapters, where the scenarios for each case study are descrifiesl.actual application of the
climate futures for urban flood modelling is given in reports D2.4 and D2.5.

Table2 Overview of the main climatemodeling approaches and outcomes
relevant for the DPSIR modeling

Study area | Parameters/ Method deployed The main outcome relevant for thg
DPSIR modeling

Barcelona | precipitation change with regards to retur| - The future rainfall scenarios will b
period obtained by multiplying the desig
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Different scenarios considered:

1. worst case (extreme{ by applying the
highest uplift factors obtained from th
climate data assessment

2. optimistic scenario(in order to be able
to determine the minimum adaptatior
measures that will be required).

- three return periods(T=1, 10,10D are
used to represent each scenario ( wi
three different uplift factors)

storms with its corresponding uplif
factor.

- the shape of design storm w
remain the same, and the uplift factc
will be used as a scale parameter th
proportionally modifies each fiv
minute block of thenyetograph

Dhaka

precipitation change with regards to retur
period

- A1FI and Bhavebeen selected for the

analysis Specifically it will be on focused
on AlFlI as its gives more adverse impac
climate change as it uses more fossil fue

- The 1987 JICA study has establis
that the duration of heavy rainfalls ¢
high frequency is abdusix hours.
These design rainfall patternwere
combined with the defined climat
change factorso developl0-year and
30year design storms for 2030 ar
2050

Beijing

precipitation change with regards to retur
period

- based on the study done biatioral
Climate Center "China climate chan
projections dataset (Version 1.0) with th
model data of the IPCC Four{ssessmen
Report

Extreme precipitation events alg
experience an upward trend fror
2003

- For Beijing, the24 hour maximum
rainfall andintensity will increase by
the factor of 1.3 compared to th
present state

Hamburg

precipitation change with regards to retur
period (the Wandse catchment)

- 8 different realizations of the IPCC A
scenario have been simulated in tf
regional climate model for central Eurof
(REMO). The respective rainfall time ser
have been used as an input to the rainfg
runoff model for the Wandse catchmer
(KalypsoHydilogy). The resulting
discharge patterns at different statior|
have been statistically analysed.

- sea level rise (the island of Wilhelmsbu
The Storm surge scenarios have previol
been developed in the German XtremR

Uplift factor 1.2: hie worst case o
+20% discharge for all flood ever
and at all stations along the rive
Wandse has been agted.

The resultant extreme storm surg
curve atthe relevant tidal gaugds
approximately 200 cm higheFor an
analysis of the development of stor
surges  under  future climat
conditions a relative mean sea lev
rise of 80cm is considered for th
scendio.
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project based on the physicallgossible
largest extreme storm surges for the pil
site.

The HH_XR2010A climate scenario
been selected for use in CORFU.

Mumbai precipitation change with regards to retur - the calculatedchanges in the rainfa
period intensity per return period:

Two climate futures are consideredi) | T1: 3% 36 [mm/h]
business as usual a.nd (i) uplift factor T10: 6@ 79 [mm/h]
1.2. Three return periods(1, 10 and 10(
years) araused to represent each scenari T100: 9% 111 [mm/h]

Nice Precipitation patterns - an increase in the precigition could

- based on the statistical analysis stu be abserved for the

performed by theMeteoFrance conducte(
on behalf of the City of Nice

- return periods 10, 50 and 100 year
observation period of 34 years

- The scenarios for future climate chan
are created usinghifting factorsfor return
periods for an optimistic and pessimisi
scenarios],0and1,11resp.)

Taipei precipitation change with regards to retur - an increase in the precipitation cou
period be observed for both, A1B and E
scenarios for 10,25,100 and 2
return periods.

two climate futures are considered for th
year 2039, and four return periods a
used to represent each scenario

- A1B and B1 scenariase applied

- regionalized climate change studies

2.4 Integration of Socio -Economic Pathways and Climate Futures

The AR5 scenario process allows us to combine a climate future with a compatiblecmoomnic
pathway (and urban configuration)n CORFU those scenarios are combined creadirgget of
different potential futures.Although the scenarioare to be developd for rather heterogeneous
cities,there are common aspects applicable for@DRFdase study cities and are given as follows:

- The scenarios are defined for the following time horizons:
0 The present staté2010} baseline scenario
0 The future (2050)
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- 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 cityf dhe
scenarios reflects the extreme conditions and is based on the high growth pathway.

Following those common criterand the parameters selection as described in section@ath case
study city develops a minimum of three and a maximum of four stesg based on the three
shared socieeconomic pathwayg 6§ KA OK 02 GSNJ Ay (i SNBadAy3Ié | aLiSd
configurations and future climates for the studied areds interesting scenario is either very
plausible (i.e. likely) or it hashégh impact in terms of flood riskhe overall idea of CORFU scenarios
is shown inFigurel. The generic structure of the developed scenarios for the case study cities is
given inFigure2. 2

2010 2050

Business ag
usual

Baseline
scenario

E .
1 Adaptive
capacity
Figurel Representation of the current and future scenarias considered in
CORFU

2 Here it is to mention that & do not take into account scenarios of different climate mitigation policies directly. A certain
level of climate mitigation is instead assumed indirectly in our secamomic pathways by the combinatiavith a specific
climate future.
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Figure 2 Generic structure of the CORFU combined climate and smmoomic
scenarios In the followingtext, its application for different case study cities will be
shown
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3 Barcelona

Summary

This section describes several seegmnomic pathways and climate futures for the Barcelona case
study. It contains the narrative descriptions and qualitative as a®lfuantitative soci@conomic
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
chosento 8 LINS&aSy i GKS daodzaAySaa | & dzadzft¢ LI GKgl @
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 dgimclimate 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 adaptiwapacity 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 tleirfipacts.
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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,cambination of different future scenarios of climate, adaptive
capacity and socioeconomic aspects is developed.

In this chapter, the combined soegzonomic, climate and land planning scenarios are described
while a detailed description of the developmeatt separate soci@conomic pathways and climate
futures for Barcelona can be seen in chap2®and?2.3.

C2ft2pgAy3a GKS NBO2YYSYyRIGA2yad 2F (KS -AstiRiRAf Xy
scenario, in which no adaptation strategieslWwi 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
baselinescenario, which represents the nowadays flood risk situation in the Raval diBigatel
displays a schematic representation of the framework of scenarios that will be used in this case.

As will be described in Secti@?2 and 2.3, there will be three socioeconompathways(implying

low, medium and high growth) and two future climate situations (a pessimistic scenario, showing the
most extreme results, and an optimistic on&gaking into account that the studied area (as weltas i
upstream basins) is totally developeahd is not likely to vary essentially until 205different
scenarios forlanduse changes will not be considered. Nevertheless, the planned changes
considered by the district authorities will be includad scenad for 2050 To do so, the shape file
representing the landisetypes in the area is going to be updated. This map will be the sansdl for
future scenarios, representing the 2050 lamske situation.In other words, the unique landse
scenario of the Ravadlistrict considered for 2050 is independent from the different semionomic
pathways or climate futures.

In addition, the different levels addaptive capacityhat will bereachedin each case will be related

with the economic trendslt is assumed tat high economic growth will imply high availability of
resourceswvhich facilitates the implementation of adaptation measures and thus the achievement of
a high adaptive capaciton 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 capacityConsidering this, we can see the totalmber of possible combinations, and the
ones that are selectedithin the scope of thistudy (highlighted imable2). The following sections
present a brief description of the scenarios that will be finally modelled, i.e. Business as usual,
Adaptationl, Adaptation 5and Adaptation 6.

Table3 Combinations of the possible scenarios for the Raval district. In grey, the
three scenarios that will be motled 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 achievadd the resilience of th®aval districis increased)lt 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 adaptatioeasures are taken, this fmlicy 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 comimation of no additional adaptive capacity with the pessimistic climate future is
chosen rather independently from the soed@onomic development. Thus these scenarios are
combined with a medium socieconomic growth path to express that even though ecoimm
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 sevee extreme events)and the medium socioeconomipathway but without any kind of
measures reducing the flood impactstire Raval district

Adaptation 1

This scenario represents the minimwadaptive capacityhat will be needed to cope with the most
optimistic climatefuture in the Raval districtor 2050.Since the climate situation is not going to be
very extreme, it is assumed that a low growth pathway is followEaus, it can bevaluated if
dedicating onlylow resourcego the improvement of the adaptive capacity, it is enough to adapt to
this optimisic climate future Therefore, the measures implemented should be sstmctural, and
specially focusing on vulnerability reduction.

Adaptation 4

Here, the same level of adaptive capaditym the previous scenario, usimgpn-structuralmeasures
focusing onvulnerability reduction will be assessed with the pessimistic climate future. This will
Fff26 RSOUSNXYAYAYy3d (GKS STFFSOGa 2F at26 FRFELIGAODS
change scenario. In addition, comparing the BAU scenario wittadaptation 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, &NDPS (Sustainable Urban Drainage
Systems]infiltration trenches and green roofs) will be implementddhe 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 worstcase scenario possible.
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Combined Socio
scenarios for Future Tl Adaptive Climate
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) Y ~ MEDIUM Y ~ PESSIMISTICY
MEDIUM NONE PESSIMISTIC
Increases from No ad . Uplift factors
BAU 2009 to 2050: moegsﬁfégt':rg (2009 to 2050):
GVA 81% implemented T=10 1.08
Employment-6% between 2009 T=100 1.12
. and 2050
\_Population-11%/ \_ T=100° 1.15
— e
( \ N OPTIMISTIC
Uplift factors
i 2009 to 2050):
Adaptation 1 o ( 0 )
| . LOW T=1° 1.00
ncreases irom _
\ ) 2009 to 2050: 3?1'}&';?; T=10° 1.00
A GVA 57% adaptation it 00 -
e
Employment15% measures are |
Planned PozuIZtion e implemented
Adaptation 4 land use
in 2050
\ ) N N/
MEDIUM f 3
Y PESSIMISTIC
Increases from )
2009 to 2050: MEDIUM Uplift factors
. 2009 to 2050):
Adaptation 5 GVA 81% ~ SUDS are ( 0 2050)
implemented T=1° 1.08
Employment-6%
: T=100 1.12
Population-11% \ / o L0
- \—p———/_\ = ;
— e | HIGH
Increases from s |
2009 to 2050: el
o measures as
Employment 7% Baljcelona DMP
\ ) \ ) \_Population 29%) |2 'mp'eme”tedj \_ Y,
Figure3 Combined scenarios for the Raval district in 2050.

Adaptation 6

This case will reflect the highest adaptive capacity that can be achieved in thidtavdlarepresent

the adaptationmeasuresincluded 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, gr ¢ocanalyseif the
strategiesplanned in the DMP have to be updated.

Regarding the different measures of adaptation, the Jstructural ones will only affect the
vulnerability term of the risk equation. On the other hand, stuwal measures will imply dzard
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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 illustratédguare3.

3.2 Socio-Economic Pathways

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 availablen order to provide sound projectiorst the subprovincial level.

The socio economipathwaysfor Barcelona contain growth projections for real gross value added
(GVA) by industries and (working age) population until 2050. In total there are threeeditffe
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
Nonmarket services

=A =4 =4 =4 -4 4
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9 Stepl, BEypost analysis: Application of a regression analysis on thmskdevelopment in
order to identify past trends and drivers. This part of the analysis focuses on identifying
deviations of the Barcelona province from national trends.

1 Step 2, Projections: Applying estimatedpost relationships in combination with the
corresponding scearios at the national level to simulate growth paths for Barcelona.

Step 17 Ex-post analysis

Despite sharing political institutions and a common national macroeconomic environment, regional
growth rates often differ considerably from the national avera§yecording 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 expost analysis aimst identifying key drivers and loAgrm growth trends in order to
extrapolate regional growth deviations from the national level. Therefore, a regression analysis
applying panel data comprising tinseries observations from 1998 to 2008 for 49 Spaniskipoes

is conducted in order to estimate regional trends in employment, productivity and working age
population® Regional trends for Barcelona are estimated in terms of deviations from national levels.
This allows forecasting regional developments in 8arta until the year 2050 by combining past

® The methodology that has been applied to develop these scenarios on future-esmmimmic pathways is
described in detail in Deliverable D1.1. within the scope of the CORFU project.

4 Notincluding Ceuta and Mekll TheCanary 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 secondstep

In this regression model, thelfowing aspects are considered as determinants of regideaiations

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 papuldor
projections on employment growth). Furthermore, the regression specification includes regional
fixed effects in order to capture regiespecific trends that do not arise from the aforementioned
drivers. In doing so, the impact of unobserved drivean 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 2z Projections

In order to simulate the development of employment and productivity by sector and the
development of working age population in Barcelona, we extrapolate thposk development by
applying the estimates received in Step 1 in combination with different astes for the socie
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 applie®)Table

Table4 National level scenarios for Spain. Sowc8SPDatabase, IIASA, 2012
Eurostat, 2012; INE, 2012.

Baseline High growth Medium growth Low growth
Growth rate Growth rate Growth rate
2008 2050 2009- 2050 2050 2009- 2050 2050 2009- 2050
D! OOAf fpikc&sy € 2 848 1699 101% 1477 74% 1325 56%
Employment (thousands) 17270 19053 10% 17399 1% 16399 -5%
Population (1564 years, thousands 31162 29021 -7% 26749 -14% 25565 -18%
Population (total, thousands) 46073 52501 14% 50274 9% 47884 4%

The baselinescenario for the growth of working age population in Spain is represented by the
population development according to the second shared secimnomic pathways (SSP2) currently
being prepared for the 5 IPCEReport as provided by the SSP Database fromAllA®r the high
growth variant we apply population projections from Eurostat (201National population
projections applied in the low growth variant are taken from the National Statistics Institute of Spain
(INE)®

¢ KS 4dz0 A4Sl dzSy lct NR@BOAW 2§ fE SIO2y G Aya | Y2NB RSO ACS
regional future scenarios.

® https://secure.iiasa.ac.at/wekapps/ene/SSPDR5.09.2012.

" http://appsso.eurostat.ec.europa.eu/nui/show.do?dagtsproj 10c2150p05.10.2012.

8 hitp://Iwww.ine.es/jaxi/menu.do?type=pcaxis&path=%2Ft20/p251&file=inebase&14109.2012.
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The projections of national economjrowth in differentindustries were generated by applying the
Global Economic Model provided by Oxford Econofhasiong other variables, the model provides
macroeconomic forecasts for GVA and employment by sector until 2040.

Forthe national projectionson GVA and employment we apply the predefined scenario as provided

by Oxford Economics. Leaving the rest of the-geéined scenarios unaltered, we implemented the
three different projections for Spanish working age in order to obtain high, medium angrtmmth
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 ssgsmific
productivity trends before 2040.

Results

Following steps 1 ah2, the future scenarios for Catalonia have been obtained. These results are
summarized inTable4, and can also be seen in Figuteand Figure5. Assuming that the socio
economic development of Barcelona and Catalonia is very similar, these results provide insights on
the future development of Barcelona.

300000 3300
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Figure4 Growth trends (1998008) and future scenarios (R9-2050) for GVA

(left) and employment (right) fo€Catalonia
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Tableb Summary of the results obtainddr Catalonia

® 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
Increase Increase Increase
2008 2050 20092050 2050 20092050 2050 20092050
D! OYAftEtA2Y €ZX 122509 267274 118% 222245 81% 191979 57%
Employment (thousands) 2711 2907 7% 2536 -6% 2303 -15%
Population (1564 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/P1, 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 wetase scenario will be obtained by applying the highest
uplift factors oltained from the climate data assessment which is presented in this section.

Besides this worstase scenario, an optimistic scenario must also be developed (in order to be able
to determine the minimum adaptation measures that will be required).

Considemg that as requested by the guidelines, changes in floodatiskexpressedn terms of
expected annual damage, three return pericai® used to represent each scenario. Consequently,
three different uplift factors will b@pplied each of them assigned #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 predomindly designed to cope with a 3ear return period event, this will be the

third return periodused(T=10)

Climate change data

As described, climate change factors for three different return periods will be considered to
represent optimistic and pessimistscenarios 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 CETaanué Clabsa participate®4 daily rainfall series were
simulatedfor the period 200e2099in BarcelonaThese series were obtained for six stations located

in the metropolitan area of Barcelona using the informatimovided by five general circulation
models under four future climate scenarios of greenhouse gas emissions and applying statistical
downscaling methodéRodriguez et al., 206%.

In addition, since the design storms that are used to feed the urban drainage model from Barcelona
are for hourly dsign storms, the daily precipitation series were downscaled. After verifying that the
intensities of extreme daily rainfall in Barcelona haeale invariancéby doing ascale analysis of

the annual maximun® minutesrainfall series recorded by the Jaghiuge in the Fabra Observatory

of Barcelond, scale factors for the several scenarios were obtained and applied to downscale these
future series.

' Rodriguez, R., Navarro, X., Casas, M.C., Ribalaygua, J., Russo, B., Pouget, P. and Redafio, A.: Influence
climate change on IDF curvdsr the metropolitan area of Barcelona (Spain), International Journal of
Climatology, Accepted, 2013.
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Table6 Climate change factors for hourly rainfall intensitiesseveral climate
futures, and the 2032065 peria

Return periods

Scenario 1 5 10 20 50 100 500
Al1B 1.08 1.11 1.12 1.13 1.14 1.15 1.17
A2 1.09 1.09 1.10 1.10 1.10 1.10 1.11
B1 1.03 1.03 1.04 1.04 1.05 1.06 1.07
B2 0.95 0.96 0.96 0.97 0.97 0.98 0.98

Since the future scenarios of CORFU are centred in year 2050, the climate change factors obtained
for the 20332065 period will be used. A summary of these results for the four SRES (Special Report
on Emission Scenaridsscenarios and several return pet®can be seeim Table5 and Figure6.

Horizon 20332065

1.20
1.15
1.10 *7;é': > * - =
1.05
1.00
0.95
0.90
0.85
0.80

== A1B

e A2

e B2

Climate change coefficient:s

10 20 50

Return period T

100 500

Figure6 Climate change factors for hourly rainfall intensities for several climate
scenarios and the 2033065 peria

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
2LIAYAAGAO aOSyl NR2 Sth
change are uncertain, and some of the scenarios obtained even consider reductions in extreme
precipitation (.e. uplift factors smaller than one), this optimistic scenario has been considered as if
there would beno change in extreme precipitations due to climate change (which means that this
scenario is the same as the baseline).

oA X

Consequently, the two climate futures and its climate change factors are the ones presemtguaen

6. The future rainfall scenarios il 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?).

Table7 Uplift factors of selected scenarios dirsate changefor 2050.

Yhl 1A0Sy20A 63 : Sperih Repdrt or Emisdidhs Scemabibetergovernmental Panel on Climate
Change, Cambridge UniveysRress, CambridgeK, pp. 570, 2000.
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Return periods

Scenario 1 10 100
Pessimistic 1.08 1.12 1.15
Optimistic 1.00 1.00 1.00
Barcelona design storms Barcelona design storms
(Optimistic scenario) (Pessimistic scenario)
250 300
200 250
z < 200
E 150 g
E E 150
2 100 2
@ 2 100
g oo 2 s
0 0
510 15 20 510 15
25 30 20 25 39
35 40 45 50 45 3540 45 50 g5
Time (min) Time (min)
Figure7 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.

3.4 References

Arnell, N., Kram, T., Carter, T., Ebi, K. L., Edmonds, J., Halleg&ttegkr, E., Mathur, R., O'Neill, B.
C., Riahi, K., Winkler, H., van Vuuren, D., Zwickel, T. (2011): A framework for a new generation of
socioeconomic scenarios for climate change impact, adaptation, vulnerability and mitigation
research, URL:

https://www.isp.ucar.edu/sites/default/files/Scenario_FrameworkPaper_15augll O.pdf

YNASIESNE 9d> hQbSAfttZ . @ / ®3RH,WilbanRsIT. RGALD:>The{ ® >
need for and use of socieconomic scenarios for climate change analysis: A new approach based on
shared socieeconomic pathways. Global Environmental Change, Volume 22, Issue 4, {§22807
DOI:10.1016/j.gloenvcha.2012.05.005

IPCC (2000): Special Report on Emissions Scenarios: A special report of Working Group 1l of the
LYGSNH2OSNYYSyYyGrFt tFySt |8 ySwdrtfR\ (éds.i Sambridde YravBraity b | |
Press, URIattp://www.qgrida.no/publications/other/ipcc%5Fsr/?src=/climate/ipcc/emission

https://www.isp.ucar.edu/sites/default/files/Boulder Workshop Report_0.IEC (2011): Meeting

Report of the Workshop on the Nature and Use of New Socioeconomic Pathways for Climate Change
Res¢ NOK® hQbSAftftzZ . & / &3 /I NI SNE -Bemedict, &.0Kkkigglery ® [ ¢
E., Mearns, L., Moss, R. H., Riahi, K., van Ruijven, B., van Vuuren, D. (eds.), NedeBinddar,
Colorado, URL:
https://www.isp.ucar.edu/sites/default/files/Boulder%20Workshop%20Report_Q.pdf

IPCC (2012): Managing the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation. A Special Reparf Working Groups | and Il of the Intergovernmental Panel on Climate
Change. Field, C. B., Barros, V., Stocker, T. F., Qin, D., Dokken, D. J., Ebi, K. L., Mastrandrea, M. D.,

31

Y N



https://www.isp.ucar.edu/sites/default/files/Scenario_FrameworkPaper_15aug11_0.pdf
http://dx.doi.org/10.1016/j.gloenvcha.2012.05.005
http://www.grida.no/publications/other/ipcc_sr/?src=/climate/ipcc/emission
https://www.isp.ucar.edu/sites/default/files/Boulder%20Workshop%20Report_0.pdf
https://www.isp.ucar.edu/sites/default/files/Boulder%20Workshop%20Report_0.pdf

Project Report

Contract no. 244047 CORFU
FP7 Collaborative research on
flood resilience in urban areas

Mach, K. J., Plattner, ®&., Allen, S. K., Tignor, M., Midgley, P. M. (eGambridge University Press,
URLttp://www.ipcc-wg2.gov/ISREX

Whetton, Penny, Hennessy, K., Clarke, J., Mclnnes, K., Kent, D. (2012), Use of Representative Climats
Futures in impact and adaptation assessmentn@ic Change, online first, DQD.1007/s10584
012-0471-z.

32

A1



http://www.ipcc-wg2.gov/SREX
http://dx.doi.org/10.1007/s10584-012-0471-z
http://dx.doi.org/10.1007/s10584-012-0471-z

Project Report

Contract no. 244047 CORF

FP7 Collaborative research on
flood resilienc: n areas

4 Beijing

Summary

This document describes the three seeiconomic pathways (low, medium and high growth paths),
the climate futures, andhe derived coupled socieconomic 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 applicatiothe 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 fou
scenarios to be investigated fthie Beijing case study in total.

The loss curve used isociceconomic scenarios for future developmeist from UK. Sincéhe
economic scenarios for Beijimgpsume constant pricess areal growthadjusted for changes in the
price levelThe curve will nothangeat present and in the future.

The annual rainfalbf Beijing showed a slight downward trend between 1941 and 2008, but
increased year by year after 200Bxtreme precipitation events also experience an upward trend
from 2003 Theannual maximum rainfall with short duratidmasbeenin a transitional period from
decreasing to increasirfigpm last decade It may explain the frequent urban local floodingBeijing

in recent years Moreover,the intensity of storm will be 1.3 timesidrease 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 useW¥ighuag Economic Development Area (YEA)
future development
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4.1 Scenario Narratives

TheYlF Ay dzNBFy RS@GSt2LIVSyid GNBYyRa&A Ay . SA2Ay-3 | NJ
HNnHNné 6. SA2AYy3 adzy AOALI f D2 @SNYYS yfaurdatiomoi allo = |
scenarios and projections in COUFU Beijing case. The core strategies of Beijing were identified as
four items: national capital, worldlass city, historicultural city and livable city.

]
Yizhuang
EDA

Figure8 The landuselan 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 mdernization and primary frames of worldass city at 2015, higlkvel
modernization and emerging featured wortdass city at 2020, as well as harmony sustainable city
and top tier worldclass city at 2050. Iéng with the obvious incensement of total pofation,
economy (goss domestic productGDP) and the urbanization ration in China, the intensity and
density of builtup area in Beijing were growing dramatically during the last 30 years. The trend will
continued. The total population is projected incsirag 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 bufitareas will be
increasng to 1650 square kilometers, while 47% is occupied within the urban center, 40% in new
towns and 13% in the rest village and towns.

I &-belt,2wo axis, pofOSY G SNER € &L GAFf &adNHzOGdzNBE Aa RSaA:
of centralizing andsprawling in the urban center. The eastern belt is indicating high intensity of
development, while the western one along mountain area emphasizing green and ecological
O2yaSNBIGA2yd | & OSy (i 9eNd urbArBsystein i edniplendtsfd furidér 3 S a ¢
the spatial structure. New towns and function cores like Yizhuang EDA and CBD are key stones for
0 K &nti-hmagneti¢ NBX I+ NRAYy3I (G2 GKS KSI @& OS-ypliaaddbjobs S a 2 g
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