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Objetives
�� BrieflyBriefly reviewreview currentcurrent issues issues onon Global Global 

ClimateClimate ChangeChange
�� Describe Describe thethe simplifiedsimplified ThornthwaiteThornthwaite

climaticclimatic indexindex usedused toto evaluateevaluate potentialpotential
climateclimate changeschanges in Puerto Ricoin Puerto Rico

�� Present perspective of the water resources Present perspective of the water resources 
of Puerto Rico in the climate change of Puerto Rico in the climate change 
environmentenvironment

�� ResultsResults of of thethe evaluationsevaluations and and conclusionsconclusions
�� QuestionsQuestions and and AnswersAnswers



HISTORIC AND RECENT 
TEMPERATURE DATA



HISTORIC CO2 CONCENTRATIONS IN 
THE ATMOSPHERE



TYPICAL GRIDS OF CLIMATE MODELS



SIMPLIFIED EMPIRICAL MODEL 

TO ESTIMATE THE POTENTIAL EFFECTS 

OF CLIMATE CHANGE ON THE LIFE ZONES 

OF PUERTO RICO



THORNTHWAITE PRECIPITATION-
EVAPORATION INDEX (IPET)

IPET= 10 Σ P/E, from n=1,12 

where P – Average monthly Precipitation, in inches
E – Average monthly Evaporation, in inches 

Since values of Evaporation are not readily available, 
Thornthwaite developed an equation to estimate 
the IPET index using Precipitation (P) and 
Temperature values (T), readily available from NWS:

IPET = 115 Σ [(P)/(T-10)], from n=1,12



THORNTHWAITE IPET INDEX APPLIED TO 
PUERTO RICO

LIFE ZONE
VEGETATION 

CHARACTERISTICS
IPET VALUE

A (WET) RAINFOREST >127

C (HUMID) SUB-TROPICAL 
RAINFOREST

64-127

D (SUB-HUMID) HUMID FOREST 32-63

E (SEMI-ARID) SUBTROPICAL FOREST 16-31

F (ARID) DRY SUBTROPICAL FOREST <16

Natural life zones for Puerto Rico based on Holdridge
Classification System, which is correlated to 

Thornthwaite IPET values:



LIFE ZONES IN PUERTO RICO



AVERAGE PRECIPITATION  IN 
PUERTO RICO, 1971-2000



COMPOSITE OF PRECIPITATION AND              COMPOSITE OF PRECIPITATION AND              
LIFE ZONES IN PUERTO RICOLIFE ZONES IN PUERTO RICO



AVERAGE TEMPERATURES IN 
PUERTO RICO



CORRELATIONS USED TO CALCULATE 
THE PE INDEX

Modificado de Giusti, 1978.

ET actual = -0.0064P 2 + 1.1212P

ET potencial = 0.0025P 2 - 0.9295P + 114.96
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AVERAGE EVAPOTRANSPIRATION IN 
PUERTO RICO



GRID USED IN CALCULATIONS 
OF PE INDEX



POTENTIAL CHANGES IN THE LIFE ZONES OF 
PUERTO RICO DUE TO TEMPERATURE INCREASES





Surface and Ground Water Use 
in Puerto Rico 

Surface Water, 
576 mgd, 80 %Ground Water, 

147 mgd, 20 %

Total Water Use in 2005
723 million gallons per day (mgd)



BASINS AND STREAMS IN 
PUERTO RICO



STATIONS OPERATED BY THE USGS 
TO MEASURE STREAMFLOW









POTENTIAL IMPACTS 
OF CLIMATE CHANGE 

ON THE 
GROUND WATER RESOURCES 

OF PUERTO RICO



AQUIFERS IN PUERTO RICO



SALINITY INTRUSION IN COASTAL  AQUIFERS



SALINITY INTRUSION IN 
PUERTO RICO



SALINE INTRUSION AND IMPACT TO THE 
COASTAL AQUIFERS  OF PUERTO RICO



GROUND WATER LEVELS IN THE COASTAL AQUIFER OF 
JUANA DIAZ, SOUTHERN PUERTO RICO



ELEVATION OF THE WATER TABLE FROM THE SHORELINE





VERTICAL DISPLACEMENT OF SALINE 
INTERFACE WITH 5 FEET OF SEA LEVEL RISE



EFFECT OF SEA LEVEL RISE OF 5 FEET ON THE 
SALINE WATER INTERPHASE ON THE 

AQUIFERS OF PUERTO RICO



SALINITY INTRUSION INTO COASTAL REACHES OF 
RIVERS ALONG THE NORTH COAST OF PUERTO RICO



SALINITY INTRUSION INTO THE RIO 
GRANDE DE MANATI NEAR MANATI



SALINITY WEDGE IN THE MANATI RIVER AND PROJECTED 
CHANGE (PURPLE) WITH A 5-FOOT INCREASE IN SEA LEVEL



�� IncreasesIncreases in in temperaturetemperature and and reducedreduced
precipitationprecipitation willwill induce induce moderatemoderate changeschanges in in thethe
natural natural lifelife zoneszones of Puerto Rico, of Puerto Rico, withwith thethe more more 
severesevere effectseffects onon thethe drydry--forestforest areasareas in in thethe
southwestsouthwest regionregion

�� PotentialPotential climateclimate changechange effectseffects onon thethe Island’sIsland’s
water water resourcesresources are are projectedprojected toto bebe minimalminimal duedue
toto abundaceabundace of waterof water

� Ground water resources could be impacted by
salinity intrusion induced by raising sea levels.

Conclusions



ANY WATERY QUESTIONS?????
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