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1. Proposito del Estudio

2. ¢Qué es el Cambio
Climatico?

3. ¢Por qué es
importante estudiar el
Cambio Climatico? Y
¢Como se puede
estudiar?

4. Metodologia

5. Tendencias Hidro-
climaticas en San Juan
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and Adaptstion to Climate

Change

Climate Change Adaptation in Europe ot v
« Find case studies on
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in adapting to climate change. It is an initiative of the European Commission and
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€ es importante estudiar el

Cambio Climatico?

El CAMBIO CLIMATICO afectara a la
sociedad a través de impactos a las

necesidades y comodidades de la vida. '
Eventos extremos pueden causar c I-I MATE
inundaciones y olas de calor con impacto = ¥ SUMMIT 2014 N

directo a: \ CATALYZING ACTION

UN HEADQUARTERS
NEW YORK
. a 23 SEPTEMBER 2014

— la salud, incidencia de enfermedades
relacionadas a recursos hidricos (heridas y
pérdidas de vidas humanas)

— danos estructurales a edificios

— viviendas y bienes

— pérdida de ingreso en Comercios e
industrias

— pérdida de empleo

— interrupcion de sistema de
transporte

— Compaiias de Segurp



uede estudiar el Cambio
Climatico?

— Atmosféricos

* Temperaturas
— 25 indicadores
* Precipitaciones (inundaciones
y sequias)
— 25 indicadores
* Ciclones
— Mares y océanos

* Temperaturas

 Acidificacion PR o S |

» Salinidad

» Ascenso del nivel del mar
— Biodiversidad

» Pérdida de habitat

+ Explotacion Recursos vivos
— Humanos

» Salud

« Alimentos




¢Como se puede estudiar el Cambio Climatico?

* Departure From
Normal

 CLIVAR

« Expert Team (ET) on
Climate Change
Detection and Indices
(ETCCDI)

WORKSHOP ON ANALYSES, DYNAMICS, AND
MODELING OF LARGE-SCALE METEOROLOGICAL
PATTERNS ASSOCIATED WITH EXTREME
TEMPERATURE AND PRECIPITATION EVENTS

August 20-22, 2013

Lawrence Berkeley National Laboratory

Berkeley, California

Probability of occurrence

Probability of occurrence

What is an extreme?

(a) Temperature

Cold
temperature
extremes

N

Cold Average Hot

Hot
temperature
extremes

<

(b) Precipitation

| |

Heavy
precipitation
extremes

|

I I
Light Average

Heavy



¢Como se puede estudiar el Cambio Climatico?

Table 2. The Extreme Temperature and Precipitation Indices.

ID Indicator Name Indicator Dentitions Units

Percentage of time when daily

TNI10 Cool night . . y
P 007 Tghts min temperature < 10th percentile /o
TX10p Cool days Percentage of time when dally‘ %
max temperature < 10th percentile
. Percentage of time when daily 0
TN90p Warm nights min temperature > 90th Percentile o
TX90p Warm days Percentage of time when daily‘ %
max temperature > 90th percentile
WSDI Warm spell duration Annual count when at least six consecutive days of days
indicator max temperature > 90th percentile
CSDIN Cold spell duration indicator Annual c01.1nt when at least six consecut¥ve days of days
min temperature < 10th percentile
CSDIX Cold spell duration indicator Annual count when at least six consecutive days of days

max temperature < 10th percentile

A 1 total N
PRCPTOT fua .0 _a . Annual total precipitation from days > | mm mm
wet-day precipitation

Number of h o
R10 HITDET OF Aeavy Annual count when precipitation > 10 mm days
precipitation days
Number of very heavy o
R20 o Annual count when precipitation > 20 mm days
precipitation days
CDD Consecutive dry days Maximum numb.er. of‘consecutlve days when days
precipitation < 1 mm
CWD Consecutive wet days Maximum numb.er‘ of‘consecutive days when days
precipitation > 1 mm
R95p Very wet days Annual total precipitation from days > 95th percentile mm

R99p Extremely wet days Annual total precipitation from days > 99th percentile mm




e Datos diarios en 6

¢Como se puede estudiar el Cambio Climatico?

estaciones
meteorologicas
— San Juan

— Canodvanas

— Rio Piedras

— Gurabo

— Trujillo Alto

— Toa Baja

<10 % de datos
austentes

Se analizaron las
tendencias mensuales,
anuales y estacionales
(verano, otono,
invierno y prlmavera)

Analisis de Tendencias

Se construyeron
algunos indices
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INUNDABLES DE PUERTO RICO 2010
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POBLACION TOTAL QUE VIVE EN ZONAS
INUNDABLES DE SAN JUAN 2010

CPSPR UPR

CENTRO DE PREPARACION
EN SALUD PUBLICA

[ os Region Metro Hospitales @ Cuartel Policia Estatal === Autopistas
’— Buffer (1km) Servicios de Salud Hospitales de Salud Mental &L Escuelas Publicas s Carr. Principal
[ Buffer 500m Servicios de Salud  +  Centros de Salud Familiar-CDT ]  Subestaciones AEE === Carr. Secundaria
Zonas Inundables % Centros de Salud Primaria - 330  +% Cementerio Carr. Caminos
3¢ Puentes

5
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[ os Region Metro Hospitales == Autopistas
Areas de Impacto de Tsunami 5 Hospitales de Salud Mental === Carr. Principal
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POBLACION TOTAL QUE VIVE EN ZONAS
INUNDABLES DE SAN JUAN 2010
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155,339 personas afectadas
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POBLACION TOTAL QUE VIVE EN ZONAS
INUNDABLES DE SAN JUAN 2010

* 155,339 habitantes en
zonas inundables

* 39% de la poblacion en el
Municipio de San Juan
reside en zonas
inundables

* San Juan representa
9.8% de la poblacion que
vive en zonas inundables
de todo Puerto Rico.

Poblacion afectada

<5 anos

6%

<21 anos

28%

>65 anos

16%

......

Ovganication

: ‘WW ‘
e 5 " Cities and Flooding

A Guide to Integrated Urban
4 Flood Risk Management for 1
' ' the 21st Century

Abhas K Jha | Robin Bloch
SSSSSSSSSSSSS




POBLACION TOTAL QUE VIVE EN ZONAS
INUNDABLES DE SAN JUAN 2010

Urb. University Garden
— C /Clemson
— C /Columbia
— C /Georgetown
— C /Sorbona
— C/Fordham
Urb. Floral Park
— C /Salvador Brau
— C /Luis Llorens Torres
— C /Ruiz Belvis
— C /Matienzo Cintron
Urb. Reparto Metropolitano
- C/54yC/19
- C/52yC/
— C /45y C /Tegucigalpa
— C /43 final
Urb. Villa Nevares
— C/1-inundacién
— C/5-inundaciéon
— C/10 -inundacion
— C/5yC /18 - inundacion
— C /11 — inundaci6n
Urb. San Francisco

Urb. El Vedado, entre otras.

Comunidad San José

en esta comunidad estos se afectan
por diferentes motivos:

pasa la quebrada Juan Méndez
(sale de su cauce inundan varias
calles,)

tienes otra calle que se inunda por
que el nivel de la laguna sube y al
estas estar mas o menos a la altura
de su nivel normal la misma se sale
causando inundaciones y

inundaciones por calles con basura
o que las alcantarillas, no tienen la
capacidad de recolectar la cantidad
de lluvia caida en el momento.

Matadero, Cupey, La Colectora, entre
otras

Solucién: que los residentes tomen
conciencia y limpien las alcantarillas para
asi ayudar a las brigadas del municipio.
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Resultados del Estudio
Tendencias Hidroclimaticas

250
A SanJuan 250 B RioPiedras 2°° C TrujilloAlto
200 - 200 -
150 150
£ £
£ £
100 - 100 -
50 50
0 0
EFMAMUJJ EFMAMJJASOND EFMAMJJASOND

Leyenda

E Cuenca Rio Piedras
0 3 6 \:] Zona Metropolitana San Juan

Precipitacion
Precipitacion Media Anual (mm)

1872

1390
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Resultados del Estudio
Tendencias Hidroclimaticas

Tendencia total mensual de la precipitacion 1955-2009

(3] 6
5 5
£ 4 I £ 4
g 3 — E 3
g 1 2 g 2
14 = 1
0 0
Ene Feb Mar  Abr  May  Jun Jul Ago Sep Oct Nov Dic Ene Feb Mar Abr May  Jun Jul Ago Sep Oct Nov Dic
estaciones Rs estgriones MK ( M 6 estaciones Rs (-) W 6 estaciones MK (-}
- -30 -232 -153 -4 -121
Gurabe N | 160 169 | 246 19 -83  -125 131 127 77 243 116 -70
- 196 -67 220 136 3 -45 -245 -17 203 37 204 -314
PSaniuant | 113 86 |-251 189 195 67 69  -146 29 32 274 81
_ -44 107 -2 -1 69 -160 93 -70 -1 21 2 -112
_ 191 129 225 -64 -265 112 -123 -289 -205 -201 -243 -59




Resultados del Estudio
Tendencias Hidroclimaticas

Ecological Assessment of Generalized Littoral Environments Decision-Support System (EAGLE/OS). Extreme Event Impacts on Air
uality and Water Quality with a Changing Global Climate (2011). University of South Florida-College of Marine Sciences and San
Juan Bay Estuary Program

1000

800 Wet period

600 Dry period 2003-2006

1982-1986
400

Dry period
1990-1995

200
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Resultados del Estudio Tendencias
Hidroclimaticas Sea Level Pressure

I l atu I ( : . : - » Advanced search
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ARTICLE PREVIEW
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Editor's summary el

The Intertropical Convergence Zone (ITCZ), a vast

NATURE | REVIEW < = area of high precipitation encircling much of the
tropics, is not stable. It moves north and seuth on
BFREEH seasonal to millennial time scales. This Review ...
A 4

Migrations and dynamics of the intertropical
convergence zone

CIA Insider >
Warns “25-Year
Great Depression
{to Strike America”

4 Many inside the U.S.
intelligence community -
Fear a single flashpoint |
could soon sink America
into The 25-Year Great
Depression...

See Why |

Tapio Schneider, Tobias Bischoff & Gerald H. Haug

Affiliations | Contributions | Corresponding author

Nature 513, 45-53 (04 September 2014) | doi:10.1038/nature 13536
Received 25 November 2013 | Accepted 01 July 2014 | Published cnline 03 September 2014

— -

‘t, Citation rﬁ Reprints 0\ Rights & permissions Article metrics

Rainfall on Earth is most intense in the intertropical convergence zone (ITCZ), a narrow belt of
clouds centred on average around six degrees north of the Equator. The mean position of the
ITCZ north of the Equator arises primarily because the Atlantic Ocean transports energy
northward across the Equator, rendering the Northern Hemisphere warmer than the Southern
Hemisphere. On seasonal and longer timescales, the ITCZ migrates, typically towards a warming
hemisphere but with exceptions, such as during El Nifio events. An emerging framework links the

ITCZ to the atmospheric energy balance and may account for ITCZ variations on timescales from

Image credit: Katia Moskvitch

rears to geological epochs.
y g g P Auger Observatory: Argentina's cosmic ray



Resultados del Estudio Tendencias
Hidroclimaticas Sea Level Pressure

FDSCI

Expansion, cooling,
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Resultados del Estudio
Tendencias Hidroclimaticas

2010 fue uno de los afios mas calidos desde 1899 en San Juan
y en el mar Caribe en general

También fue el ano mas lluvioso desde 1899 (788 mm encima
de la media de 1899-2011)

2010 mostro también el nivel del mar mas alto desde 1978

el segundo ano con temperaturas atmosféricas mas alta desde
1899 (el maximo fue en 2009, 1983, 1981)

SLP mas bajo (1978-2012)



Resultados del Estudio
Tendencias Hidroclimaticas

[7,]
by
L
<
(9]
S~
€
€
(o0]
N~
N
[7,]
>
(]
©
G
(o]
—
Q
L0
€
=
2

jan feb mar apr may jun jul | aug sep oct nov dec

10 heavy rainfall events 17 heavy rainfall events



Resultados del Estudio
Tendencias Hidroclimaticas

=)
i
=)
o
=)
S
S
N
2
Ll
(o]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec




Resultados del Estudio
Tendencias Hidroclimaticas

24hr Rainfall Total July 18,2013 £

Max Amount: 9.71 inches
Source: NOAA NWS SERFC

Declaraciones de desastres
FEMA 1986-2011

o
0_¢

Rainfall Total (inches)

mmO-1mm 5-6
B -2mm6-7
[ 12-3mm 7-8
[ 3-4mm 8-9°
4-5mm9-10

® Summer ®Fall = Winter =Spring
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Average Number of Days with rainfall
totals > 1.5, 2.0 and 3.0 inches.

2 W
T8t oF €O

Although between 2000 and 2009 the only direct hit was TS Jeanne during Sep 2004, several

tropical cyclones left significant rainfall accumulations across Puerto.

Odalys Martinez-Sanchez
Lead Forecaster and Climate Team Leader WFO San Juan

Precursor low to Kyle
Septem1ber 20-24, 2008

97 sites

Hurricane Hanna
August 31-September 4, 2008
111 sites

Maximum: 30.47"
Patillas, PR

Erika (Sep. 2009) Hanna (Aug.-Sep. 2008) Jeanne (Sep. 2004) Kyle (Sep. 2008) Mindy (Oct. 2003)
Noel (Oct. 2007) Odette (Dec. 2003) Olga (Dec. 2007) T.D. #9A (Aug. 2003)

Gaston (Sep. 2010) Otto (Oct. 2010)
Therefore, the increase in number of days cannot be associated completely with an increase in shower

intensity per se. Distant tropical systems still produce significant rainfall accumulation across Puerto Rico.
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New Records

New

Previous

Location Record Type Date/Year Record | Record Date/Year
Luis Muiioz Marin | 24 hr maximum " "
Intl Airport Fainfall July 18th, 2013 | 9.23 2.17 1969
San Juan Metro | 24 hr maximum | ooy 2013 | 9230 | 319" 1950
Area rainfall
. ~ , Wettest day on September 18th,
Luis M““.Dz Marin record for any | July 18th, 2013 | 9.23" 8.84" | 1989 (Hurricane
Intl Airport :
given day Hugo)
2nd wettest day on
San Juan Metro | ™ i forany | July 18th, 2013 | 923" | 967" | ‘AugustL5th,
Area : 1944
given day
Luis Mun.oz Marin | Lowest maximum July 18th, 2013 | 82°F R3°F 1995
Intl Airport temperature
San Juan Metro | Lowest maximum July 18th, 2013 | 82°F R2°F 1950
Area temperature (tied)

Table 3. New official climatology records set for San Juan International Airport.
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Evolucion y cambio en los dias secos
(<0.01mm/24hrs)

Aios con Anos con mas dias | Mediay % de
secos dias secos al
aino

menos dias

Estaciones secos

Ano dias dias secos
secos
2009 1983 143 101 (27.7)
2008 1994 196 148 (41.4)
Pledras
1966 19 1955 179 132 (36.1)
2008 123 1955 253 166 (45.4)
Trujillo 1983 233 1970 99 184 (50.4)
Alto
c One ge did eCco eco A 0S U
San Juan -0.34* -0.15 -0.24
RI'O Piedras _0'41** -0.12 _0.39**
Candvanas -0.25 0.06 -0.30%
Gurabo -0.48%* -0.51%* -0.34*
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Episodios de lluvia >78mm en 24 horas
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Resultados del Estudio
Tendencias Hidroclimaticas

10 GRANDES INUNDACIONES

9 INUNDACIONES MODERADAS

4 INUNDACIONES MENORES

1988-2009 (23)

Major Flood Stage: 19

Moderate Flood Stage: 17

Flood Stage: 15

Action Stage: 9

Rio Piedras San Juan |[Stream-flow| Gage Height
(mm) (mm) (cfs) (ft)

ago-88 14.732 103.632 7,270 19.24
sep-89 224.536 7,970 19.92
oct-89 2.286 0.508 3,610 14.92
feb-91 6.858 16.51 5,560 17.42
abr-92 0 22.606 5,840 17.73
abr-93 25.4 55.626 6,920 18.89
abr-94 0 2.54 2,730 13.55
jun-95 0 26.416 8,350 19.81
sep-96 208.28 105,009 22.11
nov-96 0.508 19.05 6,690 18.66
sep-98 102.616 57,009 17.58
dic-98 0 14.478 3,070 13.59
ago-00 117.602 6,120 18.05
jul-01 1.27 29.464 4,160 15.27
nov-01 1.778 53.848 5,740 17.37
ago-03 4.572 30.226 7,260 19.15
may-04 91.948 9,370 21.17
sep-05 60.96 5,280 16.79
ene-06 68.326 5,910 17.58
jun-07 1.016 6,670 18.48
jul-08 5.08 5,750 17.38
jul-09 26.924 58.674 5,760 17.39

20.828 11,000 22.47
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ABSTRACT. Climate variability is a threat to water resources on a global scale and in tropical regions in particular. Rainfall events
and patterns are associated worldwide with natural disasters like mudslides and landslides, meteorological phenomena like hurricanes,
risks/hazards including severe storms and flooding, and health effects like vector-borne and waterborne diseases. Therefore, in the
context of global change, research on rainfall patterns and their variations presents a challenge to the scientific community. The main
objective of this research was to analyze recent trends in precipitation in the San Juan metropolitan area in Puerto Rico and their
relationship with regional and global climate variations. The statistical trend analysis of precipitation was performed with the
nonparametric Mann-Kendall test. All stations showed positive trends of increasing annual rainfall between 1955 and 2009. The winter
months of January and February had an increase in monthly rainfall, although winter is normally a dry season on theisland. Regarding
dry days, we found an annual decreasing trend, also specifically in winter. In terms of numbers of severe rainfall events described as
more than 78 mm in 24 hours, 63 episodes have occurred in the San Juan area in the last decade, specifically in the 2000-2009 time
frame, with an average of 6 severe events per year. The majority of the episodes occurred in summer, more frequently in August and
September. These results can be seen as a clear example of the complexity of spatial and temporal of rainfall distribution over a tropical
city.

Key Words: climate variability; Puerto Rico; rainfall patterns; San Juan; trend analysis
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