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Coastal Subsidence, Vulnerability to Sea Level Rise
and Environmental Forecasting System
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The geographical context of the Cartagena region
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Estuaries and ecosystems in these Caribbean waters are impacted
by continental runoff, sediment-nutrient loads, and pollution
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Sentinel 1 Data:

Coastal Subsidence
and Sea Level Rise

LOS Velocity
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’La tasa de ascenso del
nivel del mar en Cartagena
os la segunda mds alta de

todo el Caribe. Cada aflo el
nivel aumenta 7 milimetros.
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En 2050 el nivel del mar serd 35 centimetros més alto que ahora

Cartagena se estd hundiendo

Un grupo de cientificos encontré que, debido a varios fendmenos naturales, 1 ciudad poco a poco se
hunde, lo cual hard que el aumento del nivel del mar sea més alto de lo esperado. Sus resultados se
publican en la revista “Scientific Reports”. Sugieren que se prohiba el crecimiento en algunos puntos.
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que oo burrancs puedas detener
o hundimiento en Cartagena,
peeden desempetiar un pagel im-
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mo, comercio, indestria™»




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.
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PROCESSES OF SUBSIDENCE

Some background about

Causes of Sea Level Change

the Forces that control S

e Eustacy (Steric processes)
* Isostacy (Crust processes)
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Diapirism: Gas and Mud Volcanoes

mud volcanoes
overlying a diapir

diatreme

S T e S fluid sources for overpressuring and mud extrusion:

8 e S 8 —_— 8 — (1) pore fluid expulsion from compaction

(@) tcn, 0ot o ks @ o P S (2) biogenic methane from degradation of organic matter
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D) st R T T T p—— @) e (6) fluids from mineral dehydration (opal, smectite)

8 e g o s e < 8 S (7) hydrothermal fluids, alteration of crustal rock
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Geologic Setting of Cartagena

Caribbean
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Tide Gauge and Subsidence Estimations
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Relative Sea Level-Tide Gauge (mm)

Relative Sea Level Rise
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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.

Sea Level (mm)

CARTAGENA
-
@0 4 =

] TOL GALCE ® bl

oK | =

i
- [ ] .9
TERAA BOMBA o
A .

&

CARTAGENA
B8a

Seca Level (mm)

o 8 o
. .
® soERaL n- o 3
oo .° ®e
“ .o °
8 s
o B}
0 I B e
% o
BARU IS . e -v.n 5 & e
e e 2% wa ”o 290 e pages
c
00 PRESSURE SENSOR AT VARADERO - 7d PRESSURE SENSOR AT BARU ISLAND
€ ®* o
o >
= o .
".-I g
1 i 0 — ”
00 =) '... ® ® '.’. o
f { ‘e J‘.l. o E ®e ,Jfo. e
— fot0 £ Con
] . 000 S
H .00 & .00
-
3 1 .‘\’C. - ._\,.c
00— ..,.' a 3 ..-. o
P "
| ~C
- =
00 T 5 00 —t 1
"% 19 J "o 0o 2000 8] "0 0 80 " Pl
TREND N RELATIVE
RELATIVE SEA LEVEL AT INTERNAL BAY STATION 1952-2000 SEA LEVEL
‘[ t I
"
850
o0
750
700
(22
£00

“1‘52 1957 1962 1967 1972 1977 1982 1987 1" 1997 2002



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

Altimetry Data - Caribbean Colombia - Station Offshore Cartagena Atimetry Data- Caribbean Colombia - Staion Urabé
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GPS Subsidence Rates

* Baru =-3.81 mm/aio
e CIOH = -2.85 mm/aiho

c - RSL 2000-2019
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e Tha subsidence rates of 2.85 mm represents
41% of the increasing relative sea level.

Restrepo et al. 2021
(Nature Sc.Rep.)
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Subsidence Estimations with Sentinel 1 (2014-2020)
and TerraSAR X (2017-2020)

a) Sentinel-1 2014-2020
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Sentinel 1 Displacements

a) Sentinel-1 (2014-2020)
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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 !!

b) TerraSAR-X (2017-2020)

Quasivertical displacement velocity field
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Flooding Scenarios in 2100

* High LIDAR precision DEMs show that flooding sites in Cartagena coincide with the
observed subsidence trends in many coastal regions.

Areas below water level by 2100 according to Coastal DEM
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https://climatecentral.org/pdfs/2019CoastalDEMReport

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

Coastal flooding in Castillogrande during the stonm surges
in November 2020
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Durante siete afos un grupo de cientificos

P Y A

)

o a®

N

monitorearon y
midieron el agua de este ecosistema y la salud de sus
habitantes. Encontraron que los niveles de contaminantes

curio, plomo y niquel, estan por encima de lo

s una calamidad ambiental y un riesgo para la

salud publica, dicen los investigadores. / Vivir p. 24

mitido.

En la investigacién participaron las universidades Eafit, Cartagena y los Andes, con apoyo de entidades como Cardique. Financié el Centro de Investigaciones para el Desarrolio.
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Cartagena Bay Observatory and Copernicus Data

- B@SIC
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» Real-time forecasts of coastal water conditions
» Online & public: http://bahiacartagena.omega.eafit.edu.co
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www.basic-cartagena.org

B@SIC

CARTAGENA Early Warning
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2014 - 2022

Monitoring waters and

sediments of Cartagena Bay
Unique program in Colomr

er and sediment

of monthly monitoring.

sults statistically robust.

3D Model calibration (75m resolution)
« Inversion: SUSD 1.2 million.

«  More than 1600 hours of sampling.
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Building the Cartagena Bay Observatory: Data Bases

e 2014-2017 - 3D modeling B g C
e 2018-2020 - Developing the platform @, I
* 2021-2023 — Launching the platform on the web o %3%?5‘%‘ L

storm surge

Meteorological forecasts
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Open ocean forecasts from E.U.
Copernicus Marine Service

~ Regional and
L Local Models

currents

Observations from E.U. Copemicus
Marine Service
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Cartagena Bay Observatory B@SK:

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



B@BIC

Cartagena Bay Observatory ™~ Zo=u™

o Prondstico del tiempo @ Calouladons de dermames

‘!' 3 dnas tiempo amenot y 3 dias de pronostico
A @ (75.53W, 10.34N)

$0janpoid

9 g4 21

" B

{ ! :
H i ’ y
{ i !
( )0 87 8 18 e ? 9

» Weather forecast and tidal levels
» Data from 3 previous days and 3 day forecast
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Cartagena Bay Observatory B@SK:
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» Global level data from Copernicus Data Service of the
European Union



Cartagena Bay Observatory B@GIC

CARTAGENA

» Qil Spill Tool — forecasts trajectory of a potential spill



Cartagena Bay Observatory B@SIC

CARTAGENA
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» Mobile-navigator compatible!



Cartagena Bay Observatory
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» Coming soon: Real-time forecasts of sediment dispersion
» Importance for Sustainable Tourism:
» Coral Reef Conservation

» Beach Management B@SIC

CARTAGENA

BASIN SEA INTERACTIONS WITH COMMUNITIES

UNIVERSIDAD

Co-funded by the
Erasmus+ Programme EAF' I
of the European Union ®



You are welcome to use the Cartagena Bay Observatory

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