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Climate Change is Global









Globally averaged warming effect of human 
activities since 1750 (1.6 Wm-2), at least 5 

times larger than that of solar output changes



0.74 0C during 1906-2005

0.17 m during 20th century









Schematic Illustration of SRES Scenarios

Factors especially:
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Expected greenhouse effect concentration gases
A1B, A1T and A1FI are variations of main A1 SRES: fossil intensive (A1FI), 

non-fossil energy sources (A1T), or a balance across all sources (A1B)





Which tool ?  
Climate Simulation Models (AOGCM)



The Climate System and InfluencesThe Climate System and Influences







Climate Change is Global, but …



Climate Change Impacts are Local



Regional Nature of Climate Change

• Water Resources
• Ecosystem Vulnerability
• Agriculture
• Coastal Systems
• Human Health
• Energy

Precipitation, Winds,
and Temperature

Impacts Primary Drivers



TemperatureTemperature andand PrecipitationPrecipitation
in in thethe BalearicBalearic IslandsIslands::

RecentRecent trendstrends



IPCC IPCC FourthFourth AssessmentAssessment ReportReport

-- TheThe MediterraneanMediterranean regionregion is a very sensitive area to the
human-induced climate change

-- TemperatureTemperature increaseincrease duringduring thethe periodperiod 19791979--2005 2005 layslays
betweenbetween 2.5 2.5 –– 3.5 3.5 ooCC//centurycentury

-- PrecipitationPrecipitation decreasedecrease estimated at 5 5 –– 20 % 20 % during the
period 1901-2005 (although changes less than 3% are 
obtained for the period 1979-2005)

-- But … large spatial variability: subsub--regional regional tendenciestendencies
are needed

-- Great concern for a tourist pole as the BalearicBalearic IslandsIslands



AvailableAvailable observationsobservations (INM)(INM)

--TemperatureTemperature (1976(1976--2006)2006)
3 stations

-- PrecipitationPrecipitation (1951(1951--2006)2006)
20 stations





TemperatureTemperature



TEMPERATURAS MEDIAS ANUALES EN LAS ISLAS BALEARES



AnnualAnnual--mean Max. Temp. (Islands)mean Max. Temp. (Islands)
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Station Trend 
(OC / 100 yr)

Statistical 
Confidence in  
“Temperature 

Increase”

Extremely likely                  
range of the trend

(OC / 100 yr)

Lower limit Higher limit

Mallorca 
Airport +4.99 Virtually certain +3.43 +6.92

Menorca 
Airport +5.03 Virtually certain +2.99 +7.07

Ibiza  
Airport +4.47 Virtually certain +2.71 +6.23

Mean +4.83 Virtually certain +2.98 +6.68

AnnualAnnual--mean Max. Temp. (Islands)mean Max. Temp. (Islands)



SeasonalSeasonal--mean Max. Temp.mean Max. Temp.

y = 0,0673x + 27,873
R2 = 0,3603

y = 0,0299x + 22,466
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Season Trend 
(OC / 100 yr)

Statistical 
Confidence in  
“Temperature 

Increase”

Extremely likely                  
range of the trend

(OC / 100 yr)

Lower limit Higher limit

Winter +1.59 Likely -1.79 +4.97

Spring +7.99 Virtually certain +4.98 +11.00

Summer +6.73 Virtually certain +3.32 +10.14

Fall +2.99 Very likely -0.48 +6.46

SeasonalSeasonal--mean Max. Temp.mean Max. Temp.



AnnualAnnual--mean Min. Temp. (Islands)mean Min. Temp. (Islands)

y = 0,0652x + 9,335
R2 = 0,6111

y = 0,0615x + 12,56
R2 = 0,4861

y = 0,0276x + 13,852
R2 = 0,2474

y = 0,0514x + 11,916
R2 = 0,5154
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Station Trend 
(OC / 100 yr)

Statistical 
Confidence in  
“Temperature 

Increase”

Extremely likely                  
range of the trend

(OC / 100 yr)

Lower limit Higher limit

Mallorca 
Airport +6.52 Virtually certain +4.54 +8.50

Menorca 
Airport +6.15 Virtually certain +3.75 +8.55

Ibiza  
Airport +2.76 Virtually certain +0.93 +4.59

Mean +5.14 Virtually certain +3.25 +7.03

AnnualAnnual--mean Min. Temp. (Islands)mean Min. Temp. (Islands)



SeasonalSeasonal--mean Min. Temp.mean Min. Temp.

y = 0,0801x + 17,929
R2 = 0,4948

y = 0,0512x + 13,601
R2 = 0,2715

y = 0,0668x + 9,1222
R2 = 0,544

y = 0,0106x + 6,813
R2 = 0,0077
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Season Trend 
(OC / 100 yr)

Statistical 
Confidence in  
“Temperature 

Increase”

Extremely likely                  
range of the trend

(OC / 100 yr)

Lower limit Higher limit

Winter +1.06 About as likely as 
not -3.51 +5.63

Spring +6.68 Virtually certain +4.36 +9.00

Summer +8.01 Virtually certain +4.94 +11.08

Fall +5.12 Virtually certain +1.95 +8.30

SeasonalSeasonal--mean Min. Temp.mean Min. Temp.



PrecipitationPrecipitation



PRECIPITACION ANUAL MEDIA EN LAS ISLAS BALEARES



y = -1,6579x + 631,77
R2 = 0,0423
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AnnualAnnual--mean mean PrecipPrecip. . (30(30--yryr filterfilter))

y = -1,9182x + 612,45
R2 = 0,8092
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SeasonalSeasonal--mean mean PrecipPrecip. . (30(30--yryr filterfilter))

y = -0,8602x + 191,55
R2 = 0,8168

y = -0,1132x + 136,79
R2 = 0,0255

y = -0,0714x + 49,321
R2 = 0,1078

y = -0,8631x + 235
R2 = 0,3482
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Season Trend 
(mm / 100 yr)

Statistical 
Confidence in  
“Precipitation 

Decrease”

Extremely likely                  
range of the trend

(mm / 100 yr)

Lower limit Higher limit

Winter -86 Virtually certain -102 -69

Spring -11 About as likely as 
not -40 +18

Summer -16 Very likely -16 +1

Fall -86 Virtually certain -135 -38

SeasonalSeasonal--mean mean PrecipPrecip. . (30(30--yryr filterfilter))



The Problem of Scale
• Spatial Scales of Importance

– Global
– Regional
– State/Province
– Watershed
– Municipality/Metropolitan

• Temporal Scales of Importance
– Long-term climate
– Annual
– Seasonal
– Monthly
– Daily



Local climate is strongly influenced by local 
features such as mountains, sea-land transition and 

surface characteristics, which are not well 
represented in global models because of their 

coarse resolution.

However …



An example: HadCM3 model
HadCM3 model is the last Hadley centre’s coupled ocean-atmosphere 

GCM  with a horizontal resolution of 2.5 x 3.75 degrees and 19 vertical levels, 
equivalent to a spatial resolution of 278 x 417 km in the equator, and a 278 km 
x 295 km  in the mid latitudes (~ 45º). 



Land-sea HadCM3 mask for Europe



Mediterranean islands in the HadCM3 model



What is Downscaling?
• Downscaling:

– Direct prediction of surface variables from GCMs is 
difficult at sub-continental scales and at high temporal 
resolutions 

– Downscaling tools combine various output from GCMs
with observational data to improve spatial and 
temporal accuracy of climate change scenarios

• Types:
– Statistical Downscaling
– Dynamical Downscaling
– Hybrid Statistical/Dynamical Downscaling



Dynamical Downscaling 
Assumptions/Methods

• GCM output at large aggregate scales is useful for 
providing boundary conditions for nested models. These 
nested, higher-resolution models are called RCM, and 
include complex physical parameterizations

• Nesting is usually one-way with no feedback from  
mesoscale to GCM scale

• Transient run simulations can be accomplished, but are 
cumbersome





Mediterranean islands in the HadRM3 (~ 50 km) model



Statistical Downscaling 
Assumptions and Observations

• Surface parameters are not well-modeled by GCMs. 
• High resolution spatial and temporal scales are not 

well-represented by GCM grid cell output

• Large-scale parameters are well-modeled by GCMs
• Strong physical relationships exist between large-

scale forcing parameters and high spatial/temporal 
resolution surface variables. 



Statistical Downscaling Methodologies

Large Scale 
Variables from GCM 
Control Run

Surface Variables 
Observations

Large Scale 
Variables from 
GCM Perturbed Run

Transfer 
Function

GCM difference 
(perturbed - current) of 
large-scale variables + 
observations 

Large Scale 
Variables from 
observations

Tr
ai

n 
m

od
el

Apply model

MOSMOS--stylestyle

PPPP--stylestyle
Apply model

Predict changes in surface variables and 
add to Current Climate Observations to 

get Downscaled Surface Predictions



Transfer Function Options

• Multiple Linear Regressions
– works well for continuous variables such as temperature
– simple and relatively easy to interpret

• Neural Networks
– capable of simulating non-linear and unknown functional relationships
– black box in terms of interpretation

• Classification and Regression Trees
– different types of weather patterns are separated
– models are generated within weather patterns
– good for non-continuous variables such as precipitation



Precipitation Downscaling: 
A Challenge

• Precipitation events are
– Discontinuous with skewed distributions
– Spatially and temporally non-homogeneous
– Difficult to model with traditional approaches 

(precipitation generation depends on many 
spatial and temporal scales)







Fig. 1.- Comparación del cambio de 
temperatura máxima anual para el 
período (2070-2100) respecto al 
periodo de control (1961-90) 
proporcionado por las proyecciones 
regionalizadas utilizando diferentes 
modelos globales (HadCM3, 
HadAM3H, HadCM2SUL, 
CGCM2, ECHAM4-OPYC), el 
escenario de emisión A2 del SRES-
IPCC y diferentes técnicas de 
regionalización estadísticas 
(Anal_FIC, Anal_INM, SDSM) y 
dinámicas (promedio de los 9 
RCMs de PRUDENCE).



Fig.2.- Cambio medio mensual 
proyectado para el periodo (2071-
2100) respecto al clima actual (1961-
1990) por el modelo global 
HadAM3H y regionalizado con el 
método de análogos (INM) para la 
temperatura máxima y el escenario 
de emisión A2.



Fig. 3.- Comparación del cambio de 
precipitación anual para el período 
(2070-2100) respecto al periodo de 
control (1961-90) proporcionado por 
las proyecciones regionalizadas 
utilizando diferentes modelos 
globales (HadCM3, HadAM3H, 
CGCM2, ECHAM4-OPYC), para el 
escenario de emisión A2 del SRES-
IPCC y diferentes técnicas de 
regionalización estadísticas 
(Anal_FIC, Anal_INM, SDSM) y 
dinámicas (promedio de los 9 RCMs
de PRUDENCE). 



Fig.4.- Cambio de distribución mensual de precipitación (%) para el periodo (2071-2100) respecto 
al periodo de referencia (1961-1990) para los modelo globales CGCM2 (a) y HadAM3H (b),  
regionalizados ambos con el método de análogos (INM) con el escenario de emisión A2.

a) b)



Fig.5.- Igual que fig.4, pero para el modelo 
ECHAM4-OPYC.

Fig.6.- Igual que fig. 4, pero para el promedio 
de los 10 modelos regionales de clima de 
PRUDENCE (incluido el modelo ARPEGE de 
resolución variable del CNRM).



Fig.7.- Distribución mensual del cambio 
medio porcentual de nubosidad  
proyectado por los diez modelos 
regionales PRUDENCE en el escenario A2 
(2071-2100) respecto al clima actual 
(1961-1990). 



Fig.8.- Distribuciones mensuales del 
cambio medio de humedad relativa  
proyectado por los diez modelos 
regionales PRUDENCE en el escenario A2 
(2071-2100) respecto al clima actual 
(1961-1990).



ATMOSPHERIC CIRCULATION  ATMOSPHERIC CIRCULATION  
AND  PRECIPITATIONAND  PRECIPITATION

IN MEDITERRANEAN SPAININ MEDITERRANEAN SPAIN

Trying to find the cause-effect statistical relationship …
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DAILY RAINFALL DATA BASE
- Homogeneous and complete series
- 410 rain gauges
- 30 years (1964-1993)



Win      Spr Sum       Aut

Significant rainfalls           5 % - 5 mm          3941 days (30.0%  29.6%   13.6%   26.8%)
1964-93

T-mode
(day-by-day)                                   

correlation matrix                                   

Principal Components Analysis                                   
PCA   

Cluster Analysis (k-means)                                  
CA 

CLASSIFICATION RAINFALL PATTERNS (RPs)
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ECMWF analyses on significant days (1984-93)           1275 days

Geographical window 33.75N-45.75N  11.25W-6.00E           408 grid points

Classification based on geopotential height at 500 and 925 hPa

T-mode
(day-by-day)

correlation matrix

Principal Components Analysis
PCA

Cluster Analysis (k-means)
CA

CLASSIFICATION ATMOSPHERIC PATTERNS (APs)

500 hPa
6 (96.7%)

925 hPa
8 (95.7%)

19 APs



CLEAR 
ASSOCIATION



RP1

RP2

49.0%

33.3%

Win 43.1%  - Aut 33.4%
Heavy 15.7%
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46.5%

23.9%

15.5%

Win 54.9%
Heavy 11.3%
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Heavy 25.0%
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36.2%

30.5%

Aut 41.0%
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Aut 37.9%  - Spr 36.2%
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21.8%

17.9%

17.9%

15.4%

Spr 33.3%
Heavy 23.1%

AP6



RP3

RP9

25.0%

25.0%

Spr 35.0%  - Aut 35.0%
Heavy 2.0%

AP7



RP3

RP8
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23.7%

21.1%

15.8%

Spr 42.1%
Heavy 7.9%

AP8



RP3
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41.9%

16.3%

Win 45.3%
Heavy 3.5%

AP9



RP8

28.6%

Win 46.4%  - Aut 42.9%
Heavy 10.7%

AP10
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RP6

69.6%

Win 47.8%  - Aut 34.8%
Heavy 21.7%

AP12



RP5

RP6

40.9%

28.8%
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Spr 35.7%  - Sum 33.9%
Heavy 19.6%
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16.4%

Sum 38.4%
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Win 30.8%  - Aut 30.7%
Heavy 13.5%

AP17
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17.4%

Spr 41.9%
Heavy 4.7%
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Heavy 11.5%

AP19



STATISTICAL DOWNSCALING       STATISTICAL DOWNSCALING       
OF RAINFALL INOF RAINFALL IN

MEDITERRANEAN SPAIN BY THE MEDITERRANEAN SPAIN BY THE 
LATE 21st CENTURYLATE 21st CENTURY

Combining an AOGCM with the previous cause-effect links



““DOWNSCALINGDOWNSCALING”” EN BASE A LOS RESULTADOS PREVIOSEN BASE A LOS RESULTADOS PREVIOS

Simulación del clima futuro con un GCM

Modelo ECHAM-OPYC3 aplicado a 1860-2099

- Modelo T42 ECHAM4: 19 niveles verticales / 2.8o de resolución horizontal
- Modelo OPYC3: 11 niveles verticales / mayor resolución en los trópicos
- 1860-1990: Concentraciones históricas de los gases de E.I.                                       
- Tras 1990:  Escenario A (IPCC)

Cambios en la precipitación de la zona mediterránea
a finales del presente siglo ?

MÉTODO DE 
DOWNSCALING
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2080 – 2099

11 décadas
móviles

PRECIPITACIÓN FUTURA

1) Mismas relaciones entre APs y RPs
2) Similar magnitud de la precipitation para cada RP
3) Mismo factor φi=Ri/Si para la obtención de totales





ESTRATEGIA (continuaciESTRATEGIA (continuacióón)n)
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1971 – 1990

11 décadas
móviles

VALIDACIÓN / CALIBRACIÓN DEL MODELO

FUTURO COMPENSADO                 
121 décadas (MEDIA + VARIABILIDAD)



TTÉÉCNICA DEL ANCNICA DEL ANÁÁLOGOLOGO
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rs=0.8750
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Mediterráneos Mediterráneos
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ESTIMACIÓN 
CAMBIOS (media)



ESTIMACIÓN 
CAMBIOS (std)



ALGUNAS OBSERVACIONES DEL PASADO RECIENTE (Guijarro J. A. 2002)



Muchas gracias 
por vuestra atención !!!




