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THE SHOCK
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Total coastal cities: 204 Europe: 24
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South America: 14 Oceania: 2
Africa: 15

Stockholm  Saint Petersburg

Asia
avg. VLM:
-1.6 mm/year

Kuwait City Dhaka Tokyo

@ %/Mersin
Alexandria

(hennal F

Djibouti Bangkok = — Manila

Luanda O ODar es Salaam

90°N

Vladlvostnk 4>°N
Tianjin

hlttagong —~Shanghai
Yangon =L Hong Kong
Zhuhal
Halphong

“"*Davao City
0 Chi Minh

Kuchlng
Jakarta% Denpasar
Semarang .
Oceania

avg. VLM:
-1.5 mm/year

EQ

Perth O

Adelaide
45°S

180°W 90°W

0° 90°E

180°E 075 Shirzaei et al 2026 Annual Reviews

In many coastal cities, land is sinking faster than the ocean is rising.



THE REVOLUTION
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We Can Now Measure Millimeters at City Scale



GAP 1: DETECTION # UNDERSTANDING
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Often, signals from various sources overlap.

We Detect Motion. We Don’t Fully Attribute It.

Ohenhen et al (2024, Nature Cities)



GAP 2: STATIC PLANNING VS DYNAMIC REALITY

a Aquifer compaction in Shanghai, China
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Urban Planning Assumes Stationarity. Subsidence Is Not.



GAP 3: INFRASTRUCTURE BLIND SPOT

Hjort et al. 2022 Nature Reviews

We Lack Deformation-to-Damage Thresholds



GAP 4: COUPLED VS ISOLATED PROCESSES
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Subsidence Does Not Act Alone.



GAP 5:

GOVERNANCE FRAGMENTATION
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Monitoring Exists. Governance Does Not Scale.



GAP 6: ECONOMIC & LEGAL VACUUM

Climate Losses Subsidence Losses

The Soaring Cost
of Climate Change

Global reported economic losses attributed to weather,
climate and water extremes (in billion U.S. dollars)

1990-99 2000-09 2010-19

1980-89

1970-79

Figures adjusted for inflation.
Economic losses were reported for only 37 percent of all weather-,

climate- and water-related disasters.
Source: World Meteorological Organization

- it A

Subsidence Has No Standardized Cost Accounting.




HOW TO DEAL WITH LAND SUBSIDENCE

ASSESSMENT ACTION ENGAGEMENT
VLM RSLR Mitigation Adaptation COMMUNITY
ENGAGEMENT

INFRASTRUCTURE RESILIENCE

Reinforce and elevate
critical infrastructure within or
relocation from high-risk zones

REGULATORY MEASURES

Restricting development in
high-risk low-lying areas

COASTAL RISK ASSESSMENT

Data collection and mapping

InSAR subsidenc RSLR hazard
hotspot map map

Stakeholder meetings

Held to discuss
subsidence issues
and RSLR risks

RESOURCE MANAGEMENT

Artificial recharge and
sustainable extraction

¥ AR ; Managed aquifer recharge

COMMUNITY PREPAREDNESS

Emergency plans and
early warning systems

e
‘g oo

FISCAL MECHANISMS

Infrastructure improvement
grants and subsidies

Insurance funding programs

Surveys and interviews

<

—

Funding for infrastructure
health and safety monitoring

ENGINEERING SOLUTIONS
Combining levees, seawalls,

and pumping stations

with green infrastructure

KEY CAUSATIVE FACTORS/DRIVERS

Human drivers

Global drivers

Education and awareness

Groundwater Thermal :
withdrawal expansion Residual 5“-} Presentation of
Hydrocarbon Land ice melt workshpps and
extraction and discharge seminars
Mining Regional and
activities, etc. |og-',|d,ive,s IMPLEMENTATION AND MONITORING . —
Natural drivers Ocealj m
Tectonic dynamics IMPLEMENTING ACTION PLANS
activity Atmospheric Prioritize implementing solutions based on
ElEdE EemEite variability community needs and available resources [
adjustment Wind and tides MONITOR AND EVALUATE O
Compaction Bathymetry . L 900" 0
) Define key performance effectiveness indicators
Faulting Storm surge and regular periodic reviews
Peat oxidation VLM

Shirzaei et al 2026 Annual Reviews



FROM HAZARD TO DECISION MAKING

Data Vulnerability
Data Processing & Decision

Reporting
&

Acquisition & Risk Support Visualization

Integration Assessment

¢

oéc

= Satellite Dataset * InSAR processing  ® Al models = Automated * Dashboards
for deformation to detect vertical analyze data to alerts notify display risk maps,
monitoring. and horizontal identify stakeholders of trend analyses,

= Ground Sensors ground motion. vulnerabilities to critical risks. projectio.ns and
monitor site- » Ground-based hazards. = The system ISR
specific sensor data is * The system proposes " Reports is
conditions such integrated to assesses critical adaptation and tailored for
as structural satellite risks. mitigation decision and
integrity. observations. actions. policy makers.

Dasho and Shirzaei 2025

We Must Move Beyond Mapping.



DIGITAL TWIN FRAMEWORK

STRATEGIES
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What if we
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L]

pass this law

to protect
wetlands?

opulation
doubles?

protect
this hospital

from flooding.

What if we build
a seawall here?

STAKEHOLDERS

J\

How much will
this adaptation
cost?

by 20507

What if we double
the injection volume

Shirzaei et al 2026 Annual Reviews



Thresholds
Link deformation to functional failure

Coupling
Integrate climate, groundwater, and infrastructure dynamics

Equity
Map who sinks with the ground

Nonlinearity
Capture acceleration and regime shifts

Scenario-based projections
Generate SSP-based projections of subsidence similar to SLR projections

Multi-hazards risk models
Risk models that account for compounding and cascading hazards

Operationalization
Move from maps to decision systems

What the Next Decade Must Deliver



Subsidence is local — and therefore governable.
But only if we integrate it into risk systems.
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