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Presentation Outline

Brief personal background

Overview of some major IPCC conclusions 

Specific climate change concerns of greatest relevance for the 
Caribbean and their physical causes

Can use of a regional atmospheric model improve climate 
change projections

Improvement of real-time environmental monitoring.
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Professional Background
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B.S. in Meteorology, Penn State

Research areas include: Climate variability and 
change, land-atmosphere interactions, regional 
atmospheric models, and the North American 
Monsoon



I trace my roots back to this part of the world, 
so it has a special significance for me…

JUNCOS, PUERTO RICOJUNCOS, PUERTO RICO
GrandparentGrandparent’’s birthplace s birthplace 
and where theyand where they’’re buriedre buried



Intergovernmental Panel on Climate Change 
(Still) the best available assessment that 

reflects scientific consensus

In spite of scientific consensus, the reality of climate change in the 
United States is still a controversial matter politically.   This 
presentation does not reflect any official position of the United 
States government on this issue.



Message from GCM attribution studies:  
Climate change is happening NOW

Anthropogenic climate change 
signal starts to become 
apparent after about 1980.

Find lots of abrupt transitions 
in a wide variety of climate-
related data that occur about 
this time.

Suggests a philosophical 
question to think about later: 
Do we need to shift the 
paradigm from how to improve 
climate projections to how to 
improve monitoring for better 
real time hazard mitigation?





IPCC Model Scenarios for future global 
mean temperature

We are committed to more warming NO MATTER WHAT WE DO.

“Business as usual” IPCC scenario (A2) is probably the most 
preferable one for climate change projection.

PROJECTED 
GLOBAL MEAN 
TEMPERATURE 
INCREASE OF 
ABOUT 1.5 - 4°C 
FROM TODAY.



Big picture, condensed message on 
IPCC-projected precipitation changes…

Whatever the current climate is gets more extreme.

Wet regions and seasons generally get wetter

Dry regions and seasons generally get drier and hotter.



Subtropical zones, including Caribbean, are projected to become drier.  
Most severe drying centered on the rainy season (JJA).

Reflects coherent changes in the general circulation:
Poleward retreat and weakening of mid-latitude jet stream
Expansion of subtropical highs 
More intense rainfall in intertropical convergence zone

Wildcard: How do tropical cyclones change in frequency and intensity?



Climate change questions for 
Caribbean Region

1. Should we believe that global climate models have an adequate 
enough treatment of physical mechanisms of convective rainfall in 
the tropics and subtropics?

2. Are climate change projections consistent with what is already 
happening, if we accept that the global climate of our planet has 
been significantly altered by human beings for the last thirty years?

3. What can be done to improve climate change projections? Do we 
already have enough information to take societal action to confront 
climate change?

4. What is the most effective response that Caribbean nations can take, 
given limited economic resources: drastically altering their 
economies to reduce greenhouse gases and/or better environmental
monitoring and mitigation? 
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Sea-level rise in Puerto Rico
Consistent with range of IPCC projections

Even a sea level rise 
of about one meter or 
less would put 
virtually all the major 
urban areas on the 
island in jeopardy.

Topography and 
urbanization  in 
Jamaica is nearly 
identical. 



Increase in number of Atlantic hurricanes?

Vecchi and Knutson (2008)

Accounting for the uncertainties in the observations, there has been 
a long-term increase but it is not statistically significant.



Wang & Enfield 
(2001, GRL) named 

the Western 
Hemisphere warm 

pool (WHWP)

SST ≥ 28.5°C



Meteorological Factors Necessary to 
Generate an Intense Hurricane

Warm SSTs

Low-vertical Wind Shear

Conditional Instability

Pre-existing disturbance

How climate change 
affects the 
atmospheric 
precondition factors is 
not so clear…



Results of high resolution mesoscale model 
simulations for Atlantic: control vs. warming (A1B)

Overall number of simulated storms in warming scenario decreases but 
storms that do occur tend to be more intense, with higher rainfall rates 
and increased maximum winds.

Knutson et al. (2008)



Change in Intense Storm Tracks
simulated with mesoscale models

Bender et al. (2010)



Observed Caribbean Drying in Summer (JJA)

Yes, there is observed 
drying in summer.
Yes, there is observed 
drying in summer.

CMAP precipitation (1979–2003)
(satellite-based)

Climate Prediction Center
Variability Analyses of Surface 
Climate Observations (1951–2000) 
(gauge-based)

Neelin et al. (2006)
Slide courtesy of S. Raucher



20th Century Precipitation (mm/day): 
Observations

Month

Mid-summer drought (MSD)

OBS - Satellite JJA 1979-2002

OBS - Station JJA 1961-1990

CRU STATION OBS

CMAP SAT OBS
WM STATION OBS

Slide courtesy of S. Raucher



Regional Climate Processes over Meso-America

Gamble and Curtis (2008)
6. Eastern Pacific ITCZ

Slide courtesy of S. Raucher



Precipitation Changes in the Annual Cycle

The largest precipitation signal is in June and July, in the early 
rainy season and the beginning of  the MSD.
The largest precipitation signal is in June and July, in the early 
rainy season and the beginning of  the MSD.

model present

model future

model future-present

future-present

Slide courtesy of S. Raucher

As much as 25% 
precipitation 

reduction



Coherent large-scale circulation changes
in the Caribbean in IPCC AR4 simulations

• Stronger sub-tropical high and Caribbean low-level jet: poleward
expansion/intensification of subtropical high pressure cells associated with 
expansion of Hadley Circulation

• Overall drying/southward shift in the ITCZ: changes in tropical convection in a 
warmer world: greater static stability of tropics 

Zonal means of change (A1B-20C) in atmospheric (top) temperatures (°C), shown as cross sections. 
Anomalies are relative to the average of the period 1980 to 1999. (IPCC AR4, Figure 7) 

Slide courtesy of S. Raucher



Regional SST Patterns May Enhance the Drying

1) Warming minimum over tropical North
Atlantic:
(Vecchi and Soden, 2007, Leloup and Clement, 
2008)
+ warm upper troposphere everywhere =  
greater stability over tropical Atlantic                  
(thermodynamic)
- Gill type response to off-equatorial 
heating anomaly (stronger sub-tropical high and 
Caribbean low level jet, reduced precipitation)    
(dynamic)

2) El Niño-like mean state change of
eastern tropical Pacific:
(e.g., Held and Vecchi 2007a,b)
-El Niño can be associated with drying 
over Meso-America (southward position of 
ITCZ, inter-hemispheric SST gradient,
stronger easterlies and shear)

Annual Average SSTs
Future - Present 

Percent of Models where
SST change < Zonal Mean
June (month of max signal)

Slide courtesy of S. Raucher



Can a Regional Climate Model Yield Additional Insight?

Global Model
or 

Atmospheric 
Reanalysis

Grid spacing of
Hundreds of km

Limited area 
regional
model

Grid spacing of
Tens of kmDynamical 

downscaling

Value added by this process:

•Better representation of the land surface and atmospheric 
circulation

•Improved representation of atmospheric processes, like convective 
rainfall



What comprises an regional atmospheric model?

Dynamic core

Descretized fluid 
dynamics 
equations

Precipitation 
processes

Radiation

Land surface 
energy balance

Boundary layer

Turbulent 
diffusion

Boundary 
Conditions

(e.g. a GCM)



Highlights of Regional Climate Model Study by 
Campbell et al. (2010) using PRECIS

Downscale one of the IPCC models (HadCM3) for various 
emission scenarios, climate control period late 20th Century and 
Climate Change period (late 21st century)  

Grid spacing 
50 km

Box used to compute indices



RCM 
Simulation of 
20th Century 

Climate
vs. Observed
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Regional Model Simulated Changes in 
Caribbean under A2 Emission Scenario

Precipitation Temperature

Maximum drying focused mid 
to late summer.  Wetter 
farther north in winter.

Temperature increase of 
3ºC year constant year 

round

Results very consistent with IPCC global model ensemble results shown earlier



Is climate change already impacting an 
agriculturally productive region in Jamaica?

Gamble et al. (2010)



Slight decrease. Statistically significant decrease.  
Affects growth of quick growing 
crops.

Change in Growing Season Precipitation 
in St. Elizabeth Parish (1980 – 2007)

Primary growing season
(August – November)

Early growing season
(April – July)



Anecdotal evidence from Jamaican farmers 
validates climate model projections!

Farmer’s perceptions in St. Elizabeth Parish from Gamble et al. 
(2010)

“Farmer perceptions of increasing drought might reflect relative 
changes in the early (April–June) and principal (August–
November) growing seasons. Specifically, many farmers 
commented in interviews that drought is becoming more prevalent 
in the early growing season as compared to the primary growing 
season. In particular, the farmers contend that the dry season 
before the early growing season is getting longer and the 
midsummer dry spell is starting sooner, in effect reducing the 
early growing season to one month, May.”



If we accept climate change is happening and 
already affecting the Caribbean, what can be done?

Climate change is here and cannot be stopped: 

It can be potentially mitigated by greenhouse gas reductions, but only with 
very massive and coordinated socioeconomic changes on a global scale.  
This depends heavily on domestic politics within the biggest polluting 
countries—namely the United States, China, and India.  Poorer, smaller 
countries have little or no influence in the process and any emissions 
reductions they make are insignificant.  

Adaptation and preparedness should be the top priority: 

Jamaica needs to quickly adapt infrastructure and economic and 
agricultural policies that adapt to the effects of climate change. Enhanced 
environmental monitoring to predict extreme events on daily and seasonal 
timescales are important.  



The Continuously Operation Caribbean 
Observational Network: COCONet

Meghan Miller(1), Eric Calais(2), Mike Jackson(1), GuoquanWang(3), John Braun(4)

(1) UNAVCO
(2) Purdue University

(3) University of Puerto Rico at Mayaguez
(4) COSMIC/UCAR



Caribbean GPS Installations



Proposed COCONet GPS Stations



GPS Measured Water Vapor can Improve 
Hurricane Intensity Forecasts

Dean - 2007

Assimilation of GPS water vapor into 
a high resolution atmospheric model 
causes a more intense hurricane to 
develop.



IASCLIP = Intra Americas Study of Climate Processes
CLIVAR-VAMOS Monsoon Program (FY09 - FY14)



What is IASCLIP?
• An integrated ocean-atmosphere research program focusing  

on the weather and climate impacts of the warm water pool   
in the Americas (Caribbean and East Pacific).  IASCLIP 
seeks participation of regional governments and researchers.

• The program seeks to enhance the observational network 
across the IASCLIP domain (atmospheric  and oceanic).

• A major goal is the improvement of operational modeling  of 
the warm water pool and associated atmospheric  circulation 
across the IASCLIP domain.



•• The program seeks to improve our understanding The program seeks to improve our understanding 
of the seasonal cycle and movement of the ITCZ of the seasonal cycle and movement of the ITCZ 
across the IASCLIP domain.  Emphasis will be on across the IASCLIP domain.  Emphasis will be on 
the transition of the monsoon systems between the transition of the monsoon systems between 
South and North America and associated South and North America and associated 
teleconnectionsteleconnections between these monsoons.between these monsoons.

•• The program seeks to improve our The program seeks to improve our 
understanding and prediction of major weather and understanding and prediction of major weather and 
climate extremes within the region (e.g. tropical climate extremes within the region (e.g. tropical 
cyclones, flood events and regional drought). cyclones, flood events and regional drought). 
Integrating Societal responses to these Integrating Societal responses to these 
phenomena will be an important component of phenomena will be an important component of 
IASCLIP.IASCLIP.



Dominican Republic Proposed Rainfall Network for 
Precipitation Monitoring and Drought Detection



Summary and Conclusions

Conclusion of the IPCC is that climate change is real and very likely 
happening now.  Most vulnerable sectors of society in Jamaica are 
already being affected, such as the farmers in St. Elizabeth Parish.

The Caribbean is projected to experience the following:
Increase in sea-level
Generally drier conditions, especially in early summer
More intense tropical storms and hurricanes

These are physically explained by a strengthening of the sub-tropical 
high, changes in sea surface temperature, and an increase in the
strength of the Caribbean low-level jet.  Use of a regional atmospheric 
model doesn’t substantially change the climate change projections.

Best course of action Jamaica can take is to adapt to climate change 
through enhanced environmental monitoring and by making the 
necessary infrastructual and socioeconomic changes.  


