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The geographical context of the Cartagena region



Estuaries and ecosystems in these Caribbean waters are impacted 
by continental runoff, sediment-nutrient loads, and pollution 



Sentinel 1 Data:
Coastal Subsidence 
and Sea Level Rise



The Main Problem…..
In a country with high tectonic activity, most 
scenarios of sea level rise are extrapolations 
from global sea level trends or local tide 
gauge data, but without exploring the 
geologic contribution.

Restrepo, ed. 2008



Some background about 
the Forces that control 

Sea Level rise

Minderhoud et al. 2015.

Horton et al. 2017.

• Eustacy (Steric processes)
• Isostacy (Crust processes)



Diapirism: Gas and Mud Volcanoes

Kopf, 2002



Geologic Setting of Cartagena



Tide Gauge and Subsidence Estimations

Restrepo et al. 2021
(Nature Sc.Rep.)



Relative Sea Level Rise

Restrepo et al. 2021
(Nature Sc.Rep.)



Pressure Sensor 
Data

• Rise of RSL of 4.46 
mm/yr (1952-2020) is 
of the same magnitude 
as that observed in 
previous sea level 
studies.



The Eustatic Component of Relative Sea Level 
Offshore of Cartagena – Satellite Data

3.18 mm/yr

Restrepo et al. 2021
(Nature Sc.Rep.)



GPS Subsidence Rates
• Barú = -3.81 mm/año
• CIOH =  -2.85 mm/año

• Tha subsidence rates of 2.85 mm represents 
41% of the increasing relative sea level. 

Restrepo et al. 2021
(Nature Sc.Rep.)



Subsidence Estimations with Sentinel 1 (2014-2020) 
and TerraSAR X (2017-2020)



Sentinel 1 Displacements



Subsidence Estimations with Sentinel 1 (2014-2020) and TerraSAR X 
2017-2020

Similar magnitudes to other places like al Gulf of Mexico, Miami and Asian cities !!

Bay site Cumulative 
vertical 
movement 
(mm)

Boca Grande -32.5

Laguito -21.2

Castillo Grande -20.9

Manga -10.9

CIOH-GPS -16.4

Ciénaga Virgen -72.3

Mamonal -16.7

Pasacaballos -42.1

Puerto Bahía -23.9

Boquilla -11.8

Restrepo et al. 2021
(Nature Sc.Rep.)



Flooding Scenarios in 2100  
• High LIDAR precision DEMs show that flooding sites in Cartagena coincide with the 

observed subsidence trends in many coastal regions. 

Restrepo et al. 2021
(Nature Sc.Rep.)

https://climatecentral.org/pdfs/2019CoastalDEMReport

https://climatecentral.org/pdfs/2019CoastalDEMReport


Scenarios of Sea Level Rise 2050 and 2100 once including Sentinel 1 Data  

2050 = 26 cm

2100 = 76 cm
2100 = 99 cm
2050 = 35 cm

Climate Change

Climate Change + 
Subsidence

Restrepo et al. 2021 (Nature Sc.Rep.)



Research available at Open Access in 
Nature Scientific Reports







Cartagena Bay Observatory and Copernicus Data

Ø Real-time forecasts of coastal water conditions
Ø Online & public: http://bahiacartagena.omega.eafit.edu.co



Watersheds

Socio-EconomicsEcotoxicology Public 
Health

www.basic-cartagena.org

Coastal Waters

Sea Level Rise

Early Warning 
Systems



Monitoring waters and 
sediments of Cartagena Bay
Unique program in Colombia
• 28 sites.

• 23 Variables of water and sediment 

quality.

• 8 years of monthly monitoring.
• Results statistically robust. 
• 3D Model calibration (75m resolution)
• Inversión: $USD 1.2 million. 
• More than 1600 hours of sampling.

2014 - 2022



The 3D Water 
Dispersion Model 
with 8 years of in-

situ calibration
• MOHID Model with high 

spatial resolution (75 m).
• Calibrated with 8-year water 

and sediment sampling.
• Built with our partners at 

CIMA, University of Algarve, 
Portugal.



Building the Cartagena Bay Observatory: Data Bases

Regional and 
Local Models

• 2014-2017 - 3D modeling
• 2018-2020 - Developing the platform
• 2021-2023 – Launching the platform on the web 



Cartagena Bay Observatory

Ø Real-time data of currents, temperature and salinity
Ø Data from 30 previous days and 3 day forecast



Cartagena Bay Observatory

Ø Weather forecast and tidal levels
Ø Data from 3 previous days and 3 day forecast



Cartagena Bay Observatory

Ø Global level data from Copernicus Data Service of the 
European Union



Cartagena Bay Observatory

Ø Oil Spill Tool – forecasts trajectory of a potential spill



Cartagena Bay Observatory

Ø Mobile-navigator compatible!



Cartagena Bay Observatory

Ø Coming soon: Real-time forecasts of sediment dispersion
Ø Importance for Sustainable Tourism:

Ø Coral Reef Conservation
Ø Beach Management



You are welcome to use the Cartagena Bay Observatory

http://bahiacartagena.omega.eafit.edu.co/

http://bahiacartagena.omega.eafit.edu.co/

