POTENTIAL IMPACTS
OF GLOBAL CLIMATE CHANGE
ON THE WATER RESOURCES OF
PUERTO RICO

Ferdinand Quifiones, PE




Objetives

Briefly review current issues on Global
Climate Change

Describe the simplified Thornthwaite
climatic index used to evaluate potential
climate changes in Puerto Rico

Present perspective of the water resources
of Puerto Rico in the climate change
environment

Results of the evaluations and conclusions
Questions and Answers
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HISTORIC AND RECENT
TEMPERATURE DATA
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HISTORIC CO2 CONCENTRATIONS IN

THE ATMOSPHERE
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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 £ 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 £ [(P)/(T-10)], from n=1,12




THORNTHWAITE IPET INDEX APPLIED TO
PUERTO RICO

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

VEGETATION
LIFE ZONE CHARACTERISTICS IPET VALUE

AWED
C (HUMID) SUB-TROPICAL 64-127
RAINFOREST
D (SUB-HUMID) HUMID FOREST 32-63

E (SEMI-ARID) SUBTROPICAL FOREST 16-31
F (ARID) DRY SUBTROPICAL FOREST <16




LIFE ZONES IN PUERTO RICO

Life zones

- Lower montane rain forest Subtropical dry forest - Subtropical rain forest

Lower montane wet forest Subtropical moist forest [ Subtropical wet forest




AVERAGE PRECIPITATION IN
PUERTO RICO, 1971-2000
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COMPOSITE OF PRECIPITATION AND
LIFE ZONES IN PUERTO RICO




AVERAGE TEMPERATURES IN
PUERTO RICO

LEYENDA
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Linea de igual temperatura promedic anual, en grados (") Farenheit
Intervalo es vaniable o 20 Milas
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CORRELATIONS USED TO CALCULATE

THE PE INDEX

140

® Potencial
120 ©
ET potencial = 0.0025P * - 0.9295P + 114.96 ® Actual

100 r

()
o

1N
o

N
o
T

ET actual = -0.0064P 2 + 1.1212P

o

0 50 100 150 200
PRECIPITATION, INCHES

Modificado de Giusti, 1978.

EVAPOTRANSPIRATION, IN INCHES
D
o



AVERAGE EVAPOTRANSPIRATION IN
PUERTO RICO




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

LEYENDA
Longs do wids ratural de Holddrige on Puerio Rico
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Fuenta: Zarnsn Forewal Federsl, 1073




WATER USE IN PUERTO RICO 1960-2005
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Surface and Ground Water Use
in Puerto Rico

Surface Water,
Ground Water, 576 mgd, 80 %

147 mgd, 20 %

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




BASINS AND STREAMS IN
PUERTO RICO

LEYENDA
Rios principales <=7, Cuencao drea costanera. Nimero indica
- £ nimero de identificacion; refenr a Tabla 6.2
e =~ pafa oblener dalos adicionales
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Tineles Regidn carstica - El area de la cuenca L y :
en zona tica, es aproximada debido 20 Kilomatros
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oe las rocas calizas

Superficie y nombre
de los embalses
Superficie y nombre




STATIONS OPERATED BY THE USGS
TO MEASURE STREAMFLOW
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RUNOFF, MINIMUM FLOWS AND
WITHDRAWALS OF WATER IN PUERTO RICO
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POTENTIAL IMPACTS
OF CLIMATE CHANGE
ON THE

GROUND WATER RESOURCES
OF PUERTO RICO




AQUIFERS IN PUERTO RICO

Océano Atléntico

Mar Caribe

Vi

LEYENDA
| Acuifero Superior de la caliza de la costa norte

[T77] Acuiferos aluviales

Acuiferos calizos con baja permeabilidad o agua salobre

| Acuiferos de rocas volcaniclasticas, igneas y sedimentarias
.~ Area no confinada del Acuifero Inferior 19 2.0 Millas
18°8 %
Confinamiento local, depositos marinos y orgénicos

- Unidad confinante
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20 Kilémetros




SALINITY INTRUSION IN COASTAL AQUIFERS

Land surfacsa

Sea leve
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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
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ELEVATION OF THE WATER TABLE FROM THE SHORELINE
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VERTICAL DISPLACEMENT OF SALINE
INTERFACE WITH 5 FEET OF SEA LEVEL RISE

Sea level




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




Conclusions
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POTENTIAL IMPACTS
OF GLOBAL CLIMATE CHANGE
ON THE WATER RESOURCES OF
PUERTO RICO

Ferdinand Quifiones, PE




Objetives

Briefly review current issues on Global
Climate Change

Describe the simplified Thornthwaite
climatic index used to evaluate potential
climate changes in Puerto Rico

Present perspective of the water resources
of Puerto Rico in the climate change
environment

Results of the evaluations and conclusions
Questions and Answers
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HISTORIC CO2 CONCENTRATIONS IN

THE ATMOSPHERE
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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 £ 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 £ [(P)/(T-10)], from n=1,12




THORNTHWAITE IPET INDEX APPLIED TO
PUERTO RICO

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

VEGETATION
LIFE ZONE CHARACTERISTICS IPET VALUE

AWED
C (HUMID) SUB-TROPICAL 64-127
RAINFOREST
D (SUB-HUMID) HUMID FOREST 32-63

E (SEMI-ARID) SUBTROPICAL FOREST 16-31
F (ARID) DRY SUBTROPICAL FOREST <16




LIFE ZONES IN PUERTO RICO

Life zones

- Lower montane rain forest Subtropical dry forest - Subtropical rain forest

Lower montane wet forest Subtropical moist forest [ Subtropical wet forest




AVERAGE PRECIPITATION IN
PUERTO RICO, 1971-2000
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COMPOSITE OF PRECIPITATION AND
LIFE ZONES IN PUERTO RICO




AVERAGE TEMPERATURES IN
PUERTO RICO
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Linea de igual temperatura promedic anual, en grados (") Farenheit
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CORRELATIONS USED TO CALCULATE

THE PE INDEX
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AVERAGE EVAPOTRANSPIRATION IN
PUERTO RICO
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POTENTIAL CHANGES IN THE LIFE ZONES OF
PUERTO RICO DUE TO TEMPERATURE INCREASES
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WATER USE IN PUERTO RICO 1960-2005
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Surface and Ground Water Use
in Puerto Rico

Surface Water,
Ground Water, 576 mgd, 80 %

147 mgd, 20 %

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




BASINS AND STREAMS IN
PUERTO RICO

LEYENDA
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STATIONS OPERATED BY THE USGS
TO MEASURE STREAMFLOW
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RUNOFF, MINIMUM FLOWS AND
WITHDRAWALS OF WATER IN PUERTO RICO
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POTENTIAL IMPACTS
OF CLIMATE CHANGE
ON THE

GROUND WATER RESOURCES
OF PUERTO RICO




AQUIFERS IN PUERTO RICO

Océano Atléntico

Mar Caribe

Vi

LEYENDA
| Acuifero Superior de la caliza de la costa norte

[T77] Acuiferos aluviales

Acuiferos calizos con baja permeabilidad o agua salobre

| Acuiferos de rocas volcaniclasticas, igneas y sedimentarias
.~ Area no confinada del Acuifero Inferior 19 2.0 Millas
18°8 %
Confinamiento local, depositos marinos y orgénicos

- Unidad confinante
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SALINITY INTRUSION IN COASTAL AQUIFERS

Land surfacsa

Sea leve
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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
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ELEVATION OF THE WATER TABLE FROM THE SHORELINE
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VERTICAL DISPLACEMENT OF SALINE
INTERFACE WITH 5 FEET OF SEA LEVEL RISE

Sea level




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
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