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PROBLEM STATEMENT

▪ The long-term development of coastal megacities in 

Southeast Asia faces deep uncertainty from:

• increasing risks

• dynamic socioeconomic conditions

• rapid urbanisation

▪ Scenarios are helpful in outlining future adaptation 

conditions by engaging with future uncertainty and 

establishing plausible development narratives.

▪ Local scenarios reduce uncertainty with context-rich future 

socioeconomic narratives.

▪ Urban development leads to path dependent conditions of 

future adaptation.
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How will the future socioeconomic and urban 

development pathways impact the adaptation 

conditions in the Jakarta Metropolitan region in 2050?
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CASE STUDY CITIES

▪ Jakarta and Mumbai, Southeast Asian megacities

▪ 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

307.05.2026 EGU 2026 NH9.4, Urban Risk in a Changing World: Dynamics, Disruption & Resilience in Cities



METHODS



🡺 (Lee et al., 2023, p. 65, ClimateData.ca, 2025)
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THE SSP FRAMEWORK



AGENT BASED SIMULATION
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− Agents: autonomous & 
heterogeneous

− Environment: A representation of 
space and time.  May be discrete 
(usually a grid with time steps) or 
non-explicit

− Interactions
Agent-agent
Agent-environment
Environment-environment



METHODS
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03.03.2026

scenarios & path 
dependence

TODAY

ABM results & 
analysis
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STAKEHOLDER & EXPERT PARTICIPATION 
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Group discussion Map of current state
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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.
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Group discussion Map of future trends (2050)
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RESULTS



PUBLICATIONS

MUMBAI METRO: PARTICIPATORY SSP NARRATIVE DOWNSCALING JAKARTA METRO: SCENARIO DEVELOPMENT & PATH DEPENDENCY



DOWNSCALED SSP NARRATIVES 
FOR THE JAKARTA METRO REGION

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 
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SEMI-QUANTIFICATION OF 
SSP NARRATIVES 
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SSP1 – Wider sustainability transitions SSP 2 – Following current trends and partial 

exploitation of existing potential

SSP 3 – Increasing barriers through inequality and 

fragmentation

1.The JABODETABEK population growth 

rate increases, fostering further 

urbanization. Jakarta’s growth rate 

stagnates due to negative net migration, 

low fertility, and population loss as the 

capital is transferred. BODETABEK has a 

high growth rate, as it attracts scores of 

Indonesian migrants.

2.Indonesia is at the peak of the second 

demographic transition; the share of the 

working-age population is at its highest 

level (low dependency ratio), and the 

potential for increased output per capita 

is at its peak. 

3.The aging trend, higher life expectancies, 

and lower birth rates result in an urban 

population of almost equal shares in each 

age group. 

1.JABODETABEK population growth rate 

decreases due to reduced birth rates and 

decreased in-migration. Jakarta growth rate is 

stagnant, and the absolute population 

reduces as the capital is transferred. 

BODETABEK still attracts many migrants, 

keeping growth rate moderate.

2.Indonesia surpasses the height of its 

demographic dividend between 2020 and 

2030 when the share of the working-age 

population was at its highest level; the share 

of the dependent population increases (higher 

dependency ratio). 

3.The share of the elderly increases and 

outweighs the working-age inhabitants.

1.JABODETABEK’s population growth rate 

decreases moderately. Jakarta’s growth rate 

significantly decreases due to lower birth rates, 

reduced migration (fuelled by regional rivalry), 

and the population loss after the capital move. 

The population growth rate still increases slightly 

in BODETABEK.

2.Increasing life expectancy and the city’s aging 

population result in a high dependency ratio. 

3.The comparably large share of the elderly 

outweighs the working-age inhabitants.



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

Population density for each city in Jabodetabek
between 1980 and 2030. Source: the authors 
with data from Kemper et al. 2024.
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PATH DEPENDENCE FROM URBANISATION
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▪ Contingent events: 

▪ giant sea wall

▪ transit-oriented development

▪ national 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
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FUTURE RISK:
SCENARIO COMPARISON

− SSP1: increased exposure 
among high SEP

Potential for individual 
capacity & insurance

− SSP3: despite smaller urban 
footprint, exposure is 
concentrated among 
deprived and low SEP

“Wicked” problem of 
exposure & vulnerability 
overlap
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DISCUSSION

▪ Integrated models ask hard questions

▪ We need granular socioeconomic data

▪ We need to confront the metropolitan 

cities beyond Jakarta

▪ Developing robust assumptions is crucial for 

scenario development

▪ Matching past trends with plausible future 

exposure and vulnerability modelling under 

scenarios is promising

1907.05.2026 EGU 2026 NH9.4, Urban Risk in a Changing World: Dynamics, Disruption & Resilience in Cities

Budiyono et al. 2015Jakarta DKI Open Data



DISCUSSION

Exposure is kept constant and we face a scale 

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
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Surge and riverine flood potential estimate. Source: DeltaDTM and OSM Contributors.



DISCUSSION

The next steps aim at robustness: 

▪ Improved calibration (e.g., granular HDI 

estimates for past SEP distributions)

▪ Testing robustness of socioeconomic 

results in detail with experts

▪ Exploring risk-risk trade-offs and policy 

options: 

▪ distance to employment

▪ relocation vs. on-site upgrading
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Dr Alexandre Pereira Santos, asantos@uni-bonn.de 

+ EGU session Stakeholders and citizen’s knowledge tomorrow!

New RiskKAN Working Group!
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