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UNIVERSITAT‘ PROBLEM STATEMENT

TODAY > IN THE FUTURE

1. What impacts are being experienced? 2. What responses are 3. What future risks are of greatest concern?
| being undertaken?

= The long-term development of coastal megacities in Pry—

Southeast Asia faces deep uncertainty from:
* increasing risks

e dynamic socioeconomic conditions @ Koy ko

Reasons
for concern

Realised risks
Hazard (Observed impacts) .

e rapid urbanisation
= Scenarios are helpful in outlining future adaptation

Exposure

conditions by engaging with future uncertainty and 4. What o the it

to adaptation?

establishing plausible development narratives. @ iresaae
» Local scenarios reduce uncertainty with context-rich future

socioeconomic narratives. How will the future socioeconomic and urban
= Urban development leads to path dependent conditions of development pathways impact the adaptation
future adaptation conditions in the Jakarta Metropolitan region in 20507

07.05.2026 EGU 2026 NH9.4, Urban Risk in a Changing World: Dynamics, Disruption & Resilience in Cities 2



u CASE STUDY CITIES

= Jakarta and Mumbai, Southeast Asian megacities

UNIVERSITAT

= High exposure to current and future hazards.

= Strong growth, economic change, and social
fragmentation.

= Climate change adaptation is a strong political goal.

= First adaptation measures conceived, but more is needed
in the future (especially at metropolitan scale).

= Regional knowledge hubs.

> Uncertain risk trajectories and high adaptation pressure

Jakarta residents evacuated as floods hit
low-lying areas

pror e SR Wy

THE|DIPLOMAT

ASTAN DEAT | EXVIRDMMINT | SGCIETY | SOUTHEAST ASE

— p— Jakarta Floods: Yet

------ ] Another Reminder of
; Indonesia’s Capital
Woes?
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a) AR6 integrated assessment framework on future climate, impacts and mitigation
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Mitigation Policy
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Adaptation Policy

Temperature for SSP-based scenarios over the Risks

21 century and C1-C8 at 2100 can be
represented as
"burning embers”

CO; emissions for SSP-based scenarios
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Increasing challenges to mitigation

THE SSP FRAMEWORK

SSP5 SSP3
Fossil-fueled Development Regional Rivalry
Taking the Highway A Rocky Road

Policy focused on free
markets

Policy focused on security

Barriers to international trade
High consumption
High inequality
Effective international
cooperation Slow economic growth
Reduced inequality Low population growth in rich
countries, high in other

High economic growth countries
Low population grwoth

Sustainability Inequality
Taking the Green Road A Road Divided

Policy focused on sustainable
development

Policy focused on elite

High consumption
Effective international cooperation
High inequality
Reduced inequality within and
across countries Low to medium economic growth
Low consumption Low population growth in rich
countries, high in other countries
Low population growth

>

Increasing challenges to adaptation

07.05.2026

EGU 2026 NH9.4, Urban Risk in a Changing World: Dynamics, Disruption & Resilience in Cities



e

UNIVERSITAT AGENT BASED SIMULATION
— Agents: autonomous &

heterogeneous

Agents

- Environment: A representation of

space and time. May be discrete

(usually a grid with time steps) or

non-explicit
— Interactions Environment—><

Agent-agent

Individual,
heterogeneous
agents. Often
grouped in
types.

Urbanisation

Natural
environment

Policies and

Age nt-environment Herems
Environment-environment
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— We held a participatory mapping exercise during
the 21.03.2024 workshop, assessing ongoing and
future development hot spots.

— Expert interviews (n=7) provided in-depth
discussion on urban and economic development,
demographics (incl. regional migration),
environmental protection, and policymaking.

— We cross-analysed the evidence from the
interviews and mapping with descriptive
statistics of high-resolution global data on
population, urbanisation, and land use.

Group discussion

STAKEHOLDER & EXPERT PARTICIPATION

Map of current state

Current

Group:

00000089
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— We held a part|c|patory mapp|ng exercise du”ng Group discussion Map of future trends (2050)
the 21.03.2024 workshop, assessing ongoing and

Future (2050) Group:

future development hot spots.

— Expert interviews (n=7) provided in-depth

discussion on urban and economic development,

demographics (incl. regional migration),

environmental protection, and policymaking.

— We cross-analysed the evidence from the

interviews and mapping with descriptive

statistics of high-resolution global data on

population, urbanisation, and land use.
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MUMBAI METRO: PARTICIPATORY SSP NARRATIVE DOWNSCALING
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SSP2
Following current trends and partial

exploitation of existing potential

SSP3
Increasing barriers through

S5P1
Wider sustainability transitions

DOWNSCALED SSP NARRATIVES
FOR THE JAKARTA METRO REGION

e
fr

and

Demographics

The population growth and positive
net migration fuel urban expansion
and densification, especially in BODE-
TABEK. Social services keep up with the
ageing population. Economic develop-
ment cvercomes the "middle-income
trap,” benefiting from investments in
planning, infrastructure, and the natu-
ral and built environments.

The population growth rate plateaus
due to reduced birth rates and a drop
in migration, most notably in Jakarta.
Dependency rates increase with the
ageing population, pressuring family
income. Moderate economic growth,
centred on trade and industry, attains
little international integration.

The population growth rate decreases
sharply in Jakarta and slows in BODE-
TABEK, as migration and fertility rates
drop. The ageing population over-
comes the working-age one, increasing
dependency and pressuring social
support systems. An economic reces-
sion restricts resources and funding.

Land Use Transitions

The urban development pattern is
generally compact, with controlled
expansion in the periphery and
increased compactness in the core
regions supported by a hybrid work
model and broad digitalisation. The
former offices freed by the relocation of
the capital support redevelopment. The
layered phase-in and out between IKN
and Jakarta is successful.

The general urban development is
partially fragmented, with interspersed
compact and sprawling development
supported by unequal digitalisation.
Jakarta's carrying capacity peaks, lead-
ing to a surge in real estate prices that
pressures middle- and low-income
households into seeking alternatives at
BODETABEK or informal settlements.
The IKN competes with Jakarta for
investments, especially green ones.

Fragmentation increases in all regions,
especially in BODETABEK, where spraw|
becomes the norm. Housing supply
drops, and the gap increases with
demand. Prices surge, built quality
decreases, and households are pres-
sured into accepting substandard and
flood-prone housing options. The move
to IKN is a missed opportunity to
relieve the pressure and leaves large
vacant and unused areas.

Infrastructure

There are sufficient public infrastruc-
ture investments that target environ-
mental and social equity. Innovative
and participatory urban development
policies integrate the expansion of blue
and green infrastructure (e.g., the
"Green Zone" project), leading to a
significant increase in urban green and
blue space on public and privately
owned land.

Continued investments in public infra-
structure are insufficient to address all
needs across sectors, including soil
sealing and degradation of environ-
mentally sensitive sites, Due to exten-
sive urban development and land con-
version in Jakarta, JABODETABEK expe-
riences decreased green and blue
spaces, including urban lakes.

Investments in public infrastructure
decrease. Green and blue spaces
decrease, degrade, or lose their quali-
ties in biodiversity and buffering
climate impacts. Informal settlements
grow, including encroachments on
protected areas and other forms of
land use that are neither sustainable
nor equitable.

Housing

Densification and resettlement into
vertical and multi-purpose buildings
prevent most land-use conflicts. Strong
housing policies in high-rise provide
affordable living space. Informal areas
receive legal status and access to social
protection. Poverty alleviation sup-
ports housing and settlement self-help
initiatives complemented by public
and private investment in improved
conditions.

Spatial inequality and land use con-
flicts intensify, and low-income groups
struggle to access affordable housing.
There is a surge in slum formation in
BODETABEK. Affordable housing
investment is limited to renovating
existing stock, pressuring middle- and
low-income households to relocate to
BODETABEK. Informal settlements
receive sporadic tenure rights; a few
resettlements are participatory. Many
deprived neighbourhood pockets
remain.

There are low investments in main-
taining and expanding the affordable
housing supply—existing stock decays,
especially in flood-prone areas. Jakarta
is more exclusive, leading to a sharp
increase in peripheral informal settle-
ments that threaten natural reserves.
Informal settlements do not advance
their tenure rights and are preyed
upon by eviction campaigns from
governmental or private actors. Pro-
gress in expanding social protection
programs stagnates.

Poverty and inclusion

The poverty rate drops, and income
inequality decreases. The right to the
city is recognised for all inhabitants.
Awareness raising, capacity building,
and institutional change facilitate the
unprejudiced inclusion of farmerly
neglected or marginalised groups.
Political participation increases follow-
ing tenure security policies.

Poverty rates stagnate, and income
inequality remains high. The right to
the city exists in legislation only.
Strong biases characterise the integra-
tion of vulnerable groups, and
migrants are still not included in
public services, despite efforts like
awareness-raising and capacity-build-
ing. Political participation still
depends on formalisation, but there is
growing awareness of the migrants’
situation.

Poverty rates, income inequality and
segregation increase. Marginalised
groups have less access to social pro-
tection, hence the socio-economic and
living conditions in vulnerable neigh-
bourhoods deteriorate. There are no
advances in providing land titles and
legal citizenship status to informal
settlers or migrants, restricting politi-
cal participation.

Additional dimensions include “Economic growth and transitions”, “Migration, labour, and education”, “Social wellbeing, security, and protection”, and “Health”.
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SEMI-QUANTIFICATION OF
SSP NARRATIVES

* share of inhabitants not in employment, education, and training (NEET)
A Strong increase

A Increase

O No significant change

v Decrease

v Strong decrease

Socioeconomic
dimensions

Demographics

Economic growth
and transitions

Migration, labour,
and education

Land Use
Transitions

Infrastructure

Housing

Social wellbeing,
security, and
protection

Poverty and
inclusion

Health

Dimension
components

Pop. growth & migration
Dependency rate

Economic growth

Jakarta's economic integration
Digital transition

Negative impacts of capital move

Share of informal work

Share of NEET*

Digitalisation (work/educ.)

Social inclusion

Negative impacts of capital move

Urban expansion
Densification
Environmental losses
Land use conflicts

Water, sanitation, and hygiene
Drainage

Green investments

Public transp. & sust. mobility

Sustainable and fair housing
Informal settlement upgrade
Flood-prone settlement protection
Flood preventive zoning

Per capita expenditure vs. income
Social protection systems
Accessibility to welfare

Social cohesion & mutual support

Poverty rate

Inclusion measures

GINI coefficient

Tenure & settlement upgrade

Health insurance coverage
Health services quality
Impacts from urbanisation
Precautionary measures

SSP
narratives

AP <A< PP DR PR 4<pP D dd APy 4> -

><40O0 PPOO P04 OP<40 OpOO PP BPBPEPED BPBPEP PO

PP>Od OpOPb d4<P A4 404 PO pOOPP pP>O0O pdq -«
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Socioeconomic Dimension SSP

SEMI-QUANTIFICATION OF S T e

Demographics Pop. growth & migration

Social wellbein ) .
9 Social protection systems

P04 OPd

population of almost equal shares in each security, and
age group rotecé'on Accessibility to welfare
' P : Social cohesion & mutual support
* share of inhabitants not in employment, education, and training (NEET) Poverty rate
A stongincrease Povertyand  Inclusion measures
inclusion GINI coefficient A
A PIELCHEE Tenure & settlement upgrade A

No significant change :
Health insurance coverage

7
A
SSP NARRATIVES -
U N IV E R S I TAT Economic growth A A
Economic growth Jakarta's economic integration A A
and transitions  Digital transition A A
Negative impacts of capital move v A
SSP1 — Wider sustainability transitions SSP 2 — Following current trends and partial SSP 3 — Increasing barriers through inequality and Share of informal work v A
exploitation of existing potential fragmentation . . Share of NEET* Vv A
Migration, labour, _. . . .
1.The JABODETABEK lati wth 1.JABODETABEK lati wth rat 1.JABODETABEK’ lati wth rat and education Dlgftal-lsatloh i - A
. population gro . population growth rate . s population growth rate SerE] L A A
rate increases, fostering further decreases due to reduced birth rates and decreases moderately. Jakarta’s growth rate Negative impacts of capital move A A
urbanization. Jakarta’'s growth rate decreased in-migration. Jakarta growth rate is significantly decreases due to lower birth rates, )
stagnates due to negative net migration, stagnant, and the absolute population reduced migration (fuelled by regional rivalry), Urbap.exp.ansmn A A
. . o . . Land Use Densification A A
low fertility, and population loss as the reduces as the capital is transferred. and the population loss after the capital move. - .

o . : . L ) Transitions Environmental losses \74 A
capital is transferred. BODETABEK hasa = BODETABEK still attracts many migrants, The population growth rate still increases slightly T v A
high growth rate, as it attracts scores of keeping growth rate moderate. in BODETABEK.

Indonesian migrants. 2.Indonesia surpasses the height of its 2.Increasing life expectancy and the city’s aging Ll (e e A
2.Indonesia is at the peak of the second demographic dividend between 2020 and population result in a high dependency ratio. Infrastructure 2:::?nevestments : A
demographic transition; the share of the 2030 when the share of the working-age 3.The comparably large share of the elderly R e A
working-age population is at its highest population was at its highest level; the share outweighs the working-age inhabitants.
level (low dependency ratio), and the of the dependent population increases (higher Sustainable and fair housing A
potential for increased output per capita dependency ratio). Housing tnfaroal secleimentupgiate A
is at its peak. 3.The share of the elderly increases and Hobd.piene S,ememe,nt protection A
. . . . . . . . Flood preventive zoning A
3.The aging trend, higher life expectancies, outweighs the working-age inhabitants.
and lower birth rates result in an urban Per capita expenditure vs. income v
A
A
A
v
A
v
A
A
§/ Decrease Hiateh Health services quality A .
‘v Strong decrease Impacts from urbanisation vV vV
Precautionary measures A A

> <

> D

BPBOd OpOPb d4<P d<<4d 4044 P10 p
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UNIVERSITAT EOLTTIN PATH DEPENDENCE: PAST URBANISATION TRENDS

Urbanisation expanded intensely from 1980 to the 1990s, and expansion and densification are still ongoing.

Inner suburbs present the highest increases since the 2000s, but even the core still grows.

Population Density (inhab./km?) 1980-2000 2000-2020
24500 e
’ L F R, A
21500 - _ - Yy
- -
18500 4 = South |akarta City
-+ East Jakarta City
= Central Jakarta City
15500 4 w West |akarta City
—e— Morth |akarta City
—=— Bekasi City
12500 4 —a— Bogor City
—w Depok City
s South Tangerang City
9500 1 === Tangerang City
Bekasi Regency
=« Bogor Regency
6500 - « Tangerang Regency
3500 4

500 4

Population density for each city in Jabodetabek

between 1980 and 2030. Source: the authors New urban areas added between 1980-2000 and 2000-2020.
with data from Kemper et al. 2024. Source: the authors with data from Kemper et al. 2024.

07.05.2026 EGU 2026 NH9.4, Urban Risk in a Changing World: Dynamics, Disruption & Resilience in Cities 15



v

PATH DEPENDENCE FROM URBANISATION

The Giant Sea Wall

UNIVERSITAT EIINTYIR

Contingent events:
g ; SN & " ; bk : ll“““““"“""'"e'"um]‘

= giant sea wall
= transit-oriented development
= pational capital transfer to IKN

Lock-in effects:

|
= sprawl

gentrification.

n
@® Land reclamation

= Driver of sub-optimality:
; : ; g i& ” : “®- New major roads
; &) Transit extension

||
7N
spots

gentrification coupled with unequal
: ) %5 X E::\"'g:’é Gentrification hot

=2z Sprawl frontiers

development
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= Contingent events:
= giant sea wall

= transit-oriented development

= pational capital transfer to IKN

= Lock-in effects:
= sprawl
= gentrification.
= Driver of sub-optimality:

= gentrification coupled with unequal

development
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PATH DEPENDENCE FROM URBANISATION

The Giant Sea Wall

P

@ Land reclamation

- “®™: New major roads

& Transit extension
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FUTURE RISK: e
UNIVERSITAT RN SCENARIO COMPARISON ’

e

— SSP1: increased exposure

among high SEP Deprved
600 4 Mid
Potential for individual = tigh
capacity & insurance 500
- SSP3: despite smaller urban .
footprint, exposure is H
concentrated among § 00
deprived and low SEP >
“Wicked” problem of _
exposure & vulnerability 100 |
overlap

urban exposed urban exposed urban exposed urban expose
total STD urban total 55P1 urban total S55P2 urban total S5P3 urban
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* [ntegrated models ask hard questions A TN Y
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= We need granular socioeconomic data

= We need to confront the metropolitan Soeh ey
y
cities beyond Jakarta
= Developing robust assumptions is crucial for »
scenario development oy )
= Matching past trends with plausible future & = = effaes) o 0 - T
- , e s Bogor City ’-4752;, /: %g
exposure and vulnerability modelling under ks I

¥ {f- Figure 5. Change in inundation depth for a return period of
L e ";f' 100 years in the flood hazard maps based on the SOBEK schemati-

. zation of 2013 compared to that of 2007.

scenarios is promising
Budiyono et al. 2015
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Exposure is kept constant and we face a scale
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paradox:
- There are current no metropolitan-scale
flood maps
- Global estimates are too imprecise for the
urban growth dynamics
- Future work could include feedbacks between

urbanisation and flooding

3.0

400

500

600

0 200 400 600

Value

Surge and riverine flood potential estimate. Source: DeltaDTM and OSM Contributors.
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u 1e6 HDI 2015 - Admin Level 2 166 HDI 2015 - Admin Level 3
DISCUSSION ) -
y 82 B ¥ ol ;
9.32 9.32 I {
) . ]
3

The next steps aim at robustness:

= |mproved calibration (e.g., granular HDI

estimates for past SEP distributions)

000000000000000000000000000000000000000000000000000000

= Testing robustness of socioeconomic

HDI 2025 - Admin Level 2 1e6 HDI 2025 - Admin Level 3

results in detail with experts
= Exploring risk-risk trade-offs and policy
options:

= distance to employment

= relocation vs. on-site upgrading

000000000000000000000000000000000000000000000000000000
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