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Modelling Methodologies and 
Limitations I – Global Climate Models
• General Climate Models (GCM) - Global
• Coupled Atmospheric Ocean General 

Climate Models (AOGCM) – Global
• Models used in the Program for Climate 

Model Diagnosis and Intercomparison 
(PCMDI) www-pcmdi .llnl.gov/ 

• What are they?
• Limitations



Computer Models

Solves for/calculates and steps forward in time

• Equations of motion

• First law of thermodynamics

• Physics of water vapor and clouds

• Biogeochemistry

• Land - atmosphere interactions

• Land - ocean interactions



Limitations

• Need supercomputers due to 
Computational and storage burden

• Gross scale
• ~ 2º Lat x 2º Long (~222 km x ~214km) or more

• Sub-grid processes are assumed or 
parameterized, e.g.,

• Clouds
• Precipitation
• Radiation
• Land – surface processes



Modelling Methodologies and 
Limitations II 

Regional  Climate Models
• RCM’s
• Smaller area 

• 25 km or more

• Uses AOGCM/GCM for boundary 
conditions

• Can be run on PC’s
• Looks at time slices, not continuous



Limitations of Regional Climate 
Modelling  

• Modeling results are very dependent on input of 
boundary conditions from AOGCM/GCM (poor 
results can result).

• Limited observations to compare to model 
results.

• Computer storage facilities



Modelling Methodologies and 
Limitations III - Statistical Downscaling

• Use predictors from AOGCM (Smallest area 
seen ~ 2ºlat x 2ºlong) and downscale to a 
smaller area

• Statistics
• Obtain regression equation relating predictants (such 

precip) and predictors (such as wind, humidity), e.g., 
more wind can be related to more humidity

• Equations can apply to predictants at varying 
size scale 
• kilometers, e.g. Carib island, or to a point, e.g. 

Norman Manley Airport

�����
Statistical downscaling

Small scale



Limitations

• Based on AOCGM projection
– Including uncertainties in AOGCm’s

• Assumes that regression equations which 
currently hold will hold in the future
– This is expected but there could be surprises

• Requires long time series of daily data
• Statistics for handling precipitation are 

more complex than for temperature



Emission Scenarios

• IPCC Special Report on Emissions Scenarios (SRES)
• Scenarios are images of the future, or alternative futures. 
• Neither predictions nor forecasts. 
• Each scenario is one alternative image of how the future 

might unfold. 
• A set of scenarios assists in understanding possible 

future developments of complex systems. 
• Many physical and social systems are poorly 

understood, information on the relevant variables is 
incomplete
– Prediction is not possible in such cases  



Some SRES



CO2 and CH4 have long atmospheric lifetimes

100 yrs or more





Caption for 3 slides above
• Figure 10.26. Fossil CO2, CH4 and SO2 emissions for six 

illustrative SRES non-mitigation emission scenarios, their 
corresponding CO2, CH4 and N2O concentrations, radiative forcing 
and global mean temperature projections based on an SCM tuned to 
19 AOGCMs. The dark shaded areas in the bottom temperature 
panel represent the mean ±1 standard deviation for the 19 model 
tunings. The lighter shaded areas depict the change in this 
uncertainty range, if carbon cycle feedbacks are assumed to be 
lower or higher than in the medium setting. Mean projections for 
mid-range carbon cycle assumptions for the six illustrative SRES 
scenarios are shown as thick coloured lines. Historical emissions 
(black lines) are shown for fossil and industrial CO2 (Marland et al., 
2005), for SO2 (van Aardenne et al., 2001) and for CH4 (van 
Aardenne et al., 2001, adjusted to Olivier and Berdowski, 2001). 
Observed CO2, CH4 and N2O concentrations (black lines) are as 
presented in Chapter 6. Global mean temperature results from the 
SCM for anthropogenic and natural forcing compare favourably with 
20th-century observations (black line) as shown in the lower left 
panel (Folland et al., 2001; Jones et al., 2001; Jones and Moberg, 
2003).



IPCC 4th Assessment

• IPCC, 2007: Climate Change 2007: The 
Physical Science Basis, S. Solomon et al., 
eds., Cambridge University Press, 2007

• http://ipcc-wg1.ucar.edu/wg1/wg1-
report.html



Working Group I assesses the scientific aspects of climate 
change. 
Working Group II assesses impacts, vulnerability and 
adaptation 

Working Group III assesses options for mitigating climate 
change. 

Founded 1988 by the World Meteorological Organization 
(WMO) and the United Nations Environment Programme 
(UNEP)



IPCC Working Group I Fourth 
Assessment (AR4) Methodology 

and Conclusions

• Assessment based on peer reviewed papers 
and publications up to March 2006
– Observed trends in climate
– General Circulation Models of Climate
– Downscaling of global models

• Regional climate models (dynamic)
• Statistical downscaling

• Strong Physical basis or explanation 
• Greater degree of certainty when more of the 

above agree



Assessed Likelihood based on 
expert judgement

• Virtually certain > 99% probability
• Extremely likely > 95% probability
• Very likely > 90% probability
• Likely > 66% probability
• More likely than not > 50%
• Analogous statements re unlikely



AR4 Assessment of 
Observed Caribbean Temperature 

Change
• Peterson and Taylor, et al, 

2002:Journal of Geophysical 
Research
–Significant warming trend 

from1950’s to 2000
–Based on UWI Climate Data 

workshop in 2001 



All models 
give 
temperature 
rises for all 
months

AR4 Assessment of temperature Change
•21Global Models using SRES A1B Scenario:
•Monthly Increases projected to 2090
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• Global model results Supported by the work of Angeles et al, 
2007, at U. of Puerto Rico, Mayaguez (Angeles, M.E., J.E. 
Gonzalez, D.J. Erickson, and J.L. Hernández, 2007: 
Predictions of future climate change in the Caribbean region 
using global general circulation models, Int. J. Climatol., 27, 
555-569, doi:10.1002/joc.1416.



AR4: Statistical Downscaling: Piarco Airport 
(T&T) Temperature projected statistically from 

1960-1990 to 2080’s using A2
(Cassandra Rhoden, MPhil thesis, UWI, Mona)

Global and downscaled projected changes 
agree. Similarly for Worthy Park, Jamaica and 
Grantley Adam, Barbados

1960-90                          2080

Tem
p ºC

2ºC
Global Statistical



Strong Physical Basis for temperature 
increases: Man made greenhouse 

gases increases the amount of heat 
trapped by the atmosphere:



Very likely that Caribbean 
temperatures will increase

• Extent will depend on actual 
green house gas emissions

•Even if emissions ceased today 
temperatures will rise at the end of the 
century due to long lifetimes of CO2 and 
methane and long ‘memory’ of the oceans

•Agreement of observation, global models, 
statistical downscaling, good physical basis

~ slightly below global average ~ 3.4ºC 
by end of century based on A1B
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AR4 Assessment: Monthly Precipitation 
Change over the Caribbean from 21 models 
using AIB from 1980’s to 2080’s
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Precipitation Summary
• Likely drying in the Greater Antilles in JJA

– General Agreement between Global Models
– A Global model run for the Caribbean show 

decrease in JJA (Angeles et al, 2007)
– Some statistical runs show decreases in JJA
– Drying trend in observed data (Neelin et al., 

2006) 
– Theoretically, drying is probable in Greater 

Antilles (Chou and Neelin,2004) **



Other Results Supporting drying:

• North Atlantic Oscillation (NAO)
– In multimodel analysis, NAO increases

• El Niño 
– Model consensus gives El Niño like pattern 

with higher temperatures in the eastern 
Pacific.

• These conditions are associated with 
drying in the Caribbean. 



North Atlantic Hurricanes

• Observations

– an increasing trend in the frequency and 
duration of North Atlantic hurricane 
significant at the 99% confidence level 
(Webster et al., 2005: Science, 309: 1844-
1846).



20 Km 
Japanese 
model 
result of 
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tracks 
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200)

Actual 
(observed) 
tracks 1979-
1988

Simulated 
Present day 
tracks

Simulated 
Future tracks 
(2080-2099)

Greater density



Not Enough
• Not enough results to make statement 

about the Caribbean and other hurricanes
• Human contribution to observed trend 

more likely than not (> 50% probability)
• Likely that intense tropical cyclone will 

increase in some regions (>66%).
• NOAA, 2006: Observed increases can 

also be explained by natural variability (as 
opposed to anthropogenic induced 
variability)



Sea Level Rise• Observation
– The rise in the Caribbean appears to be near the 

global mean (Church et al, 2004: J. Clim., 17, 2609-
2625). 

– 1.8 �f 0.3 mm per year or 0.18m per 100year over the 
period 1950– 2000.

• Modelling
– Large deviation among models
– No regional modelling
– Global mean rise expected: 0.2 to 0.5 m up to 2090’s

• General statement: Sea level rise are likely to 
continue to rise on average around the small islands 
of the CAR, IND, NPA, SPA



Projected average global sea level rise (m) due to THERMAL 
EXPANSION during the 21st century relative to 1980 to 1999 under 
SRES 
A1B scenario



Local sea level change (m) due to ocean density and circulation 
change relative to the global average (2080 to 2099 minus 1980 to 
1999) for A1B (See Fig. 10.32 IPCC AR4)





Caption for above figure

• Figure 10.33. Projections and uncertainties (5 to 95% 
ranges) of global average sea level rise and its 
components in 2090 to 2099 (relative to 1980 to 1999) 
for the six SRES marker scenarios. The projected sea 
level rise assumes that the part of the present-day ice 
sheet mass imbalance that is due to recent ice flow 
acceleration will persist unchanged. It does not include 
the contribution shown from scaled-up ice sheet 
discharge, which is an alternative possibility. It is also 
possible that the present imbalance might be transient, 
in which case the projected sea level rise is reduced by 
0.02 m. It must be emphasized that we cannot assess 
the likelihood of any of these three alternatives, which 
are presented as illustrative. The state of understanding 
prevents a best estimate from being made.



Limitations to knowledge of Caribbean 
Climate Change

• Global models do not see islands, except …
• Little dynamic and statistical downscaling.
• Many Caribbean climatic processes not well 

understood.
• Insufficient model runs to determine regional 

distribution of cyclone changes.
• Uncertainty about future El Niño. 
• Large deviations among models make 

regional distribution of sea level rise 
uncertain.

• Limited number of storm surge models.



Climate Studies Group Mona 
(CSGM) Results for AOGCM’s

• Periods
– 2015’s – 2010 to 2019
– 2030’s – 2020 to 2034
– 2050’s – 2045 to 2054

• Scenarios
– A2
– A1B
– B1



Which Model?

• Conventional wisdom – use ensemble 
mean

• However time consuming



Models

• HAD – Hadley Centre, UK Met Office
– Used in PRECIS, a RCM used by CSGM

• MRI – Meteorological Research Institute of 
Japan Met Agency

• ECH – Max Planck Inst. For Meteorology, 
Germany
– Data available in desired format

• Used grid box(es) closest to Jamaica
– GrADS software 



Table showing mean annual temperature change 
for Jamaica 2015's, 2030's & 2050's

HAD MRI ECH

A2 A1B B1 A2 A1B B1 A2 A1B B1

2015s 0.50 0.50 0.59 0.48 0.47 0.57 0.68 0.56 0.48

2030's 0.85 0.97 0.93 0.88 0.82 0.82 0.94 1.03 0.69

2050's 1.46 1.56 1.00 1.17 1.49 1.07 1.51 1.51 1.35

Numbers in red indicate changes outside of 
the standard deviation



Table showing mean annual precipitation change (%) for 
Jamaica 2015's, 2030's & 2050's

HAD MRI ECH

A2 A1B B1 A2 A1B B1 A2 A1B B1

2015s -1.60 -5.98 6.93 4.17 12.45 -7.40 -3.71 -2.37 2.64

2030's -12.61 -5.48 6.74 -4.90 8.58 -13.23 -2.44 0.67 -4.25

2050's -15.63 -21.87 -28.27 5.51 7.33 9.43 -10.20 2.44 -3.76



Scatter 2015s
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Scatter 2030s
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Scatter 2050s
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Seasonal Temperature Change (oC)

HAD

A2

NDJ FMA MJJ ASO

2015 0.559479 0.488525 0.541412 0.44305

2030 0.912964 0.827667 0.92354 0.756317

2050 1.55566 1.41345 1.4234 1.41724

A1B

NDJ FMA MJJ ASO

2015 0.606873 0.381744 0.55777 0.496887

2030 1.09781 0.921509 0.856232 0.95755

2050 1.48996 1.51608 1.64487 1.56821

B1

NDJ FMA MJJ ASO

2015 0.630707 0.502716 0.580811 0.676147

2030 0.977936 0.95105 0.905334 0.877472

2050 1.03656 1.03595 0.986816 0.87796



Seasonal Precipitation Change (%)

A2

NDJ FMA MJJ ASO

-12.9582 -0.57782 -11.4179 12.8907

-16.5435 4.72975 -20.7933 -6.78298

-31.302 -13.2819 1.82694 -23.7665

A1B

NDJ FMA MJJ ASO

-5.561 24.5622 -8.67056 -15.8727

-0.69306 16.3566 -5.5912 -16.6355

-14.9032 4.48019 -33.2233 -22.6526

B1

NDJ FMA MJJ ASO

-10.1541 48.1219 -0.35203 18.0357

-18.941 -0.24779 38.881 -10.6833

-26.2717 -19.2998 -30.2168 -31.1017

HAD



JJA Temperature 
changes

% change in JJA 
precipitation

B1 A1B A2 B1 A1B A2

ECH

2015 0.434418 0.486938 0.715881 1.2079 -2.99186 -10.072

2030 0.676025 0.992218 0.883362 -13.9606 -9.17605 -4.65522

2050 1.37399 1.54013 1.46567 -1.75241 -9.1067 -11.4077

HAD

2015 0.617096 0.540405 0.491608 2.67773 -16.0161 -5.28316

2030 0.878235 0.901489 0.897003 31.4859 -7.58472 -17.3625

2050 0.941162 1.63989 1.44382 -26.2366 -24.2631 -16.5514

MRI

2015 0.578339 0.704681 0.578339 -19.9164 -2.91347 15.5441

2030 0.968719 1.01697 1.19974 -20.6812 -3.14757 -16.5348

2050 1.18378 1.69427 1.35318 -2.08475 -2.27157 5.84816



Scatter JJA 2015s
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Scatter JJA 2030s
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Scatter JJA 2050s
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Available Also

• Climatology: how models simulate current 
climate

• Seasonal changes for MRI and ECH
• Scatter plots for other seasons
• Available on CD



Regional Climate Model 
PRECIS Results

• PRECIS (Providing Regional Climates for 
Impacts Studies) http://precis.metoffice.com/

• Domain 
– Entire Caribbean including coastal regions of Central, 

N and S America

• Resolution
– 50 km

• Results for Jamaica
– Area average for lon 78.6ºW -76.2ºW and lat 17.7ºN 

to18.6ºN (Just encloses all of Jamaica).



Table showing mean annual temperature change for 
Jamaica 2015's, 2030's & 2050's

HAD PRECIS

A2 A1B B1 A2 B2

2015s 0.50 0.50 0.59 0.7422 0.5817

2030's 0.85 0.97 0.93 0.8934 0.6445

2050's 1.46 1.56 1.00 1.4521 1.1276

Numbers in red indicate changes outside of the 
standard deviation



Table showing mean annual precipitation change (%) for 
Jamaica 2015's, 2030's & 2050's

HAD PRECIS

A2 A1B B1 A2 B2

2015s -1.60 -5.98 6.93 5.2231 -26.48

2030's -12.61 -5.48 6.74 -3.425 104.44

2050's -15.63 -21.87 -28.27 11.125 -72.98



Scatter JJA 2015s
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Scatter JJA 2030s
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Scatter JJA 2050s
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Statistical Downscaling Results

• Statistical Downscaling Model (SDSM) 
www.sdsm .org.uk/

• AOGCM used - HadCM3 using A2 and B2 
Greenhouse gases projections

• Gridbox centered at Latitude: 17.5°N and 
Longitude: 75 W (East of Jamaica)

• Main rainfall influenced by waves to the east.
• Apply Regression Eqations to specific years in 

the future (2015, 2030 and 2050) using 
projections of predictor values from HadCM3  



Worthy Park

Sangster
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Available Station Data



Data limitation

• Manley 1961-2000 
• Sangster Precipitation1(961-2000) - 39.9% 

missing data
• Worthy Park Temperature (1961-2000) –

8.9% missing data
• Worthy Park Precipitation (1961-2000) –

75.6% missing data



Baseline Comparison of Worthy Park M ean M AX Temp 19 61-90 
(Had3A2 vs B2)
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Worthy Park M ean M onthly M AX Temp Scenario (Had3A2 vs B2)
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Worthy Park M ean M onthly M AX Temp Scenario (Had3A2 vs B2)
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Worthy P ark M ean M onthly M AX Temp Scenario (Had3A2 vs B2)
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Worthy P ark Annual M ax Temp Scenario (Had3A2 vs B2)
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Changes in Annual Temp Scenario from 1961-90 WP (Ha d3A2)
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Scenario Peaks over 32 deg C WP  (Had3A2)
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Minimum Temperature
Worthy Park M ean M onthly TM IN Scenario (Had3A2 vs B 2)
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Worthy Park M ean M onthly TM IN Scenario (Had3A2 vs B 2)
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Worthy P ark M ean M onthly TM IN Scenario (Had3A2 vs B 2)
with avg monthly std dev in 2050 values
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Worthy Park Annual TM IN Scenario (Had3A2)
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Changes in Annual TM IN Scenario from 1961-90 WP (Ha d3A2 vs B2)
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M onthly Peaks Below 18 deg C for WP TM IN 2050
A2 vs V2
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SANGP RCP  OBS VS WG VS CURRENT CLIM ATE FORCING (CCF)  1961-90
Had3 A2 vs B2 (Box 77)
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Seasonal P recipitation Sangster
Had3 A2 vs B2 (Box 77)
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Seasonal Changes in Sang P recip Relative to 1961-90
Had3 A2 vs B2 (Box77)
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Annual P recipitation Scenarios Sangster
Had3 A2 Box 77
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Annual Sangster Precip Change from 1961-90
Had3 A2 v s B2 (Box 77)
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Wet-days % Sangster Had3 A2
Box 77
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Summary of Results

• See Excel worksheets on CD
• SDSM temp results for Worthy Park
• SDSM precip results for Worthy Park and 

Sangster
• Summary of AOGCM results
• Summary of Precis Results



New Results Basically confirm IPCC 4th

Assessment for temperature and 
upgrades Precipitation Assessment for 
JJA
• Very likely Temperature increases will 

follow global average or just below
~ 1.3º C to 1.6º C rise by 2050’s for scenario 

between A2 and B2, such as AIB scenario

• Rainfall will very likely to decrease in the 
vicinity of the Greater Antilles in JJA, 
rainfall in other seasons uncertain



Others

• Sea level rise are likely to continue to rise 
on average around the small islands of the 
CAR, IND, NPA, SPA

• Likely that intense tropical cyclone will 
increase in some regions (>66%).  Not 
sure which regions



Work to be done

• SDSM for Manley Precip and others (temp 
and precip) if available

• SDSM 2015’s (?-?)
• SDSM 2030’s (?-?)
• SDSM 2050’s (?-?)



Climate Change and Health

• Incubation of dengue parasite directly 
related to temperature

• Expect a 3 fold increase in dengue 
transmission

• CD describing project included 


