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PETM – Paleocene-Eocene Thermal Maximum (hace 56 millones de años) 

PETM: T 6°C 
en 10 a 20 
milenios = 5 
GtC/año 
 
Presente: 9 
GtC/año = T 3-
5°C en 0.1 a 0.2 
milenios  (de 4 a 
160 veces mas 
rápido) 
 

Scientific 
American 
 
Nov 2012 



Stanford Report, August 1, 2013 
Climate change on pace to occur 10 
times faster than any change recorded 
in past 65 million years, Stanford 
scientists say 
 
The top map shows global 
temperatures in the late 21st century, 
based on current warming trends. The 
bottom map illustrates the velocity of 
climate change, or how far species in 
any given area will need to migrate 
(up mountains or poleward) by the 
end of the 21st century to experience 
climate similar to present. 

HOW FAST IS FAST? 



Si el océano se enfriara por 0.1°C (0.18°F) el calor 

traspasado a la atmósfera seria suficiente para 

aumentar su temperatura por 100°C (180°F). 

 

Aun cuando la concentración de gases de invernadero 

se mantuvieran constante con los valores de hoy día, el 

calor guardado en los océanos aumentaría la 

temperatura promedio global por aproximadamente 0.5° 

C (1° F) durante las próximas décadas. 

PAPEL QUE 

JUEGAN LOS 

OCEANOS Unidades 1022 

julios  ~ 95 

trillones de 

BTU 



Robin E. Bell – The Unquiet Ice – 

Scientific American, February 2008 

Das, S.B., I. Joughin, M. D. Behn, I. M. Howat, M. A. King, D. Lizarralde, and M. P. Bhatia 

(2008), Fracture Propagation to the Base of the Greenland Ice Sheet During Supraglacial 

Lake Drainage. Science doi 10.1126/science.1153360 

“Instruments placed around the lake, which covered an area of 2.2sq miles and was up to 

40ft deep, found that a huge crack or "moulin" (from the French for mill) opened up in the ice 

which allowed about 11.6 billion gallons of water to flow down to the bedrock in under 24 

hours. 

The pressure of the liquid water flowing between the ice sheet and the bedrock lifted the 

surface of the ice sheet by up to 20 feet at the point where the lake had formed in the 

summer of 2006, according to the findings of the study published in the journal Science. 



Deslizamiento de los “ice sheets” 

Causaría un aumento mucho más rápido 







Greenland Ice Sheet Loses Its Last Grip  
By Becky Oskin, Senior Writer   |   March 16, 2014 02:02pm ET  
Nature Climate Change, March 16  2014 

Major ice drainages in Greenland overlain on a 
map of measured ice surface velocities. The 
northeast Greenland ice stream (NEGIS), 
Jakobshavn Isbræ (JI), Helheim Glacier (HG) and 
Kangerdlugssuaq (KG) catchments are shown. 

Until now, researchers thought northeast 
Greenland's glaciers weren't kicking in to 
the increase in melting. "This suggests 
that Greenland's contribution to global 
sea level rise may be even higher in the 
future."  
The northeast Greenland ice sheet lost 
more than 10 billion tons of ice per year 
since 2003. 

http://www.livescience.com/20082-greenland-glaciers-velocity.html


Five-meter sea level change in 21st century under assumption 
of linear change and exponential change (Hansen, 2007), the 
latter with a 10-year doubling time.  
Hansen, J.E., and M. Sato, 2012: Paleoclimate implications for 
human-made climate change. In Climate Change: Inferences 
from Paleoclimate and Regional Aspects. A. Berger, F. 
Mesinger, and D. Šijački, Eds. Springer, pp. 21-48, 
doi:10.1007/978-3-7091-0973-1_2.  
The problem is, by the time the data record is long enough to 
be convincing, it may be exceedingly difficult or impossible to 
prevent sea level rise of many meters.  

Annual mass change of Greenland ice 
sheet based on the input-output method, 
an analysis of gravity measurements, and 
a best-estimate composite (Shepherd et 
al., 2012). 
 The increasing Greenland mass loss in Fig. 
1 can be fit just as well by exponentially 
increasing annual mass loss, a behavior 
that Hansen (2005, 2007) argues could 
occur because of multiple amplifying 
feedbacks as an ice sheet begins to 
disintegrate. A 10-year doubling time 
would lead to 1 meter sea level rise by 
2067 and 5 meters by 2090. The dates are 
2045 and 2057 for 5-year doubling time 
and 2055 and 2071 for a 7-year doubling 
time.  

Tipping points? 

8-16mm/yr 
IPCC AR5 
report 2013 



PROYECIONES PARA 2090 - 2099 



Estimados que tenia la Junta de Planificación para el PUT 



Sea Level Rise measured at San Juan Bay 

Oct 2012 
(0.19 m) 

“Just a small amount of sea level rise, including what we may well see within the next 
20 years, can turn yesterday’s manageable flood into tomorrow’s potential disaster.” 



Sea Level Rise measured at Magueyes Island, La Parguera, Lajas 



A survey of sea-level scientists published last month found that most experts believe the 
IPCC’s worst-case estimate is actually about the best we can expect if we aggressively cut 
greenhouse gas emissions starting now. Failing that (and we’re failing!), they said, we can 
expect 2.3 to 4 feet of rise by 2100, and 6.5 to 9.8 feet by 2300. 
 
Some scientists believe that we could get even wetter. Climate crusader (and former head 
of the NASA Goddard Institute for Space Studies) James Hansen has been warning for 
several years about feedback loops such as methane released from melting permafrost; 
these feedback loops could cause ice melt — and sea-level rise — to dramatically speed up 
over time, conceivably raising the oceans by 16 feet by the end of the century. 

http://www.sciencedirect.com/science/article/pii/S0277379113004381
http://www.sciencedirect.com/science/article/pii/S0277379113004381
http://www.sciencedirect.com/science/article/pii/S0277379113004381
http://www.rollingstone.com/politics/news/obama-and-climate-change-the-real-story-20131217
http://grist.org/climate-energy/another-reason-to-worry-about-methane-its-leaking-out-of-the-arctic-ocean-hella-fast/
http://www.columbia.edu/~jeh1/mailings/2012/20121226_GreenlandIceSheetUpdate.pdf
http://www.columbia.edu/~jeh1/mailings/2012/20121226_GreenlandIceSheetUpdate.pdf


Sea level rise is an important factor in historical shoreline change in Hawaii and that 
historical shoreline change are about two orders of magnitude greater than SLR. 

Vol 108:149-157, 2013 



23 de diciembre de 2013  
5:27 p.m.Ciencia y Tecnología 

Unas 413 playas se erosionan al perderse hasta casi cuatro pies de costa al año  
Por Agencia EFE 
La Habana - El balneario de Varadero, primer polo turístico de sol y playas en Cuba, pierde entre 70 centímetros y un 
metro de línea costera al año debido a la erosión provocada por la elevación del nivel del mar, informó hoy un medio 
oficial. 
"Varadero tiene pérdidas anuales de entre 40,000 y 50,000 metros cúbicos de arena, debido a la erosión intensa 
asociada a la elevación del nivel medio del mar", precisó el jefe de la oficina de manejo costero del Centro de 
Servicios Ambientales de Cuba, Oscar García. 
En declaraciones a la estatal Agencia de Información Nacional (AIN), García explicó que la línea costera en la 
península de Hicacos, donde está asentado el balneario en la provincia de Matanzas, retrocede a un ritmo de entre 
70 centímetros y un metro por año (de dos pies con tres pulgadas a tres pies con tres pulgadas). 
Según el experto, el país desarrolla programas específicos para conocer la vulnerabilidad de riesgo de esas áreas y 
adoptar medidas concretas, como la prohibición de construcciones sobre las dunas de arena. 
El reporte aseguró que instituciones de los ministerios de Ciencia, Tecnología y Medio Ambiente y del Turismo 
trabajan de conjunto en el programa de manejo sostenible del balneario. 
"Varadero es objeto constante de investigaciones, lo cual permite desarrollar programas de manejo y gestión a largo 
plazo para garantizar que continúe como principal polo turístico del país", indicó por su parte el experto en Ciencias 
Geográficas, Alfredo Cabrera. 
Datos oficiales del año pasado señalan que la erosión está presente en alrededor del 84% de las playas repartidas a 
lo largo del archipiélago cubano, que tiene unos 4,000 kilómetros de costas. 
En total se estima que unas 413 playas cubanas muestran algún indicio de erosión, con un ritmo de retroceso de la 
línea de costa estimado en 1.2 metros por año (casi 4 pies). 
Entre las soluciones aplicadas por las autoridades para proteger las playas está el suministro artificial de arena. 
En Varadero, adonde llegan más de un millón de turistas al año, se han depositado desde 1987 casi 2.9 millones de 
metros cúbicos de arena en diversos tramos a lo largo de sus 20 kilómetros. 
http://www.elnuevodia.com/elmarsetragalasplayasencuba-1674397.html  

http://www.elnuevodia.com/elmarsetragalasplayasencuba-1674397.html
http://www.elnuevodia.com/elmarsetragalasplayasencuba-1674397.html
http://www.elnuevodia.com/elmarsetragalasplayasencuba-1674397.html


NEGRIL, Jamaica — Tourists from around the world are drawn to a stretch of palm-
fringed shoreline known as “Seven Mile Beach,” a crescent of white sand along the 
turquoise waters of Jamaica’s western coast. But the sands are slipping away and 
Jamaicans fear the beach, someday, will need a new nickname. 
• “The beach could be totally lost within 30 years,” said Anthony McKenzie, a senior 

director at the agency. 
• “We need to be looking 50 years into the future,” he said. “We can’t keep going into 

places with pristine beaches, immediately put in hotels and then end up with the 
same problem in 10 years’ time because those beaches are eroding away.” 

 

Slow loss of famed Jamaica beach points to threats across Caribbean  
By DAVID McFADDEN/Associated Press; cbprdigital@gmail.com (Oct 4, 2014) 

mailto:cbprdigital@gmail.com


• “There’s a lot of silly dreaming about how 
we’re going to handle this,” he told me 
during a recent visit to the walrus cave. 
“We’re going to handle this by relocating.”  
Harold “Hal” Wanless  

• “We are severely altering the atmosphere,” 
Wanless told me. “To think that we are 
going to have a gradual rise in sea level is 
ludicrous.” 

The frequency of nuisance flooding events is 
increasing and accelerating in many locations. The 
annual number of days impacted by nuisance 
flooding is increasing at an accelerated rate along 
much of the U.S. East and Gulf Coasts.  



With the right planning, Miami Beach could become the new Venice, navigable by 
boat and accessed via elevated light rail. 
 
“If there was a silver lining to Hurricane Sandy,” Morales continues, “it’s that areas 
that did not think sea-level rise and resiliency were important — including 
Manhattan, the financial capital of the world — woke up one morning and said, 
‘This is my problem too.’”    Jimmy Morales, Miami Beach Mayor 
 

http://grist.org/cities/miami-vise-rising-seas-
put-the-squeeze-on-a-sun-drenched-beach-
town/ 

We need not be in close proximity to the sea!!!!  



Marshall Islands’ capital 
Majuro submerged by ‘King 
tides’  
Last updated on 5 March 2014, 9:10 am  
Evacuations start as sea pours into 
parts of town, highlighting acute 
dangers of rising sea levels in Pacific - 



Scientific American- June 2013 



2008 



2012 



El Occidental (28 de septiembre al 4 de octubre de 2012) 

Noticias como estas se harán más frecuentes!!!!!! 



http://www.puertoricodaytrips.com/palominito-island/ 

Noticias como estas se harán más frecuentes!!!!!! 

Septiembre 
2012 



Impactante erosión en playa de Ocean Park 
miércoles, 3 de octubre de 2012 
Actualizado hace 6 horas  
(creado 11:55 a.m.)  
Leoncio Pineda Dattari / Inter News Service  
La playa del sector de Ocean Park está siendo tragada por el mar, a la luz de lo que se 
puede ver hoy en esa área turística de la capital, donde la erosión producto del oleaje llega 
ya casi a algunas edificaciones, como es el caso de la Hostería del Mar. 
El impactante fenómeno ha provocado menos espacio con arena en la zona, que los fines 
de semana recibe a miles de bañistas y turistas, y ha originado un “escalón” de cerca de un 
metro para “bajar” al mar. 

Verano 2014 



Córcega, Rincón - agosto 2012 
¿Quién es responsable de sacar los escombros?  



Córcega, Rincón: verano 2014 



Luquillo 



Sandy Beach, Rincón 



Isabela (Jobos) 
El futuro de los puertorriqueños menos pudientes 



Vega Baja 



Punta Arenas, Vieques (1994) 
Oct 2004 

2014 



Bathub model 



Bathub model 



Bathub model 

Bathub model 



Bathub model 

Bathub model 

Bathub model 

Bathub model 



Escenario de 7 metros en subida del nivel del mar 

Topografía: National Geophysical Data Center 

Tamaño de celda: 90 x 90 metros 

Contorno de 7 metros: rojo 



LA ZONA MARITIMO TERRESTRE 
¿Alguien sabe hasta donde se extiende? 



Parque Barbosa (Madeira Apt.) 

Isabela (Jobos): El futuro en Puerto Rico 
Marejadas Semana Sana 
2008 
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SJB 

San 
José 

Torrecillas 

EL PROBLEMA CON EL ESTUARIO DE LA BAHIA DE SAN JUAN 

Red: MHW shoreline; Blue: +0.5 m 

Modelo de Elevación Digital de 10 metros de resolución 
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