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Climate Change i1s Global
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Changes in the atmospheric abundance of greenhouse gases and aerosols. in solar radiation and in land
surface properties affect the absorption, scattering and emission of radiation within the atmosphere and
at the Earth’s surface. The resulting positive or negative changes in energy balance due to these factors
are expressed as radiative forcing”, which is used to compare warming or cooling influences on global
climate.
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FIGURE SPM-1.

Atmospheric concentrations of carbon dioxide,
methane and nitrous oxide over the last 10,000
years (large panels) and since 1750 (inset
panels). Measurements are shown from ice
cores (symbols with different colours for
different studies) and atmospheric samples
(lines). The corresponding radiative forcings are
shown on the right hand axes of the large
panels. {Figure 6.4}
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Current atmospheric concentrations of carbon dioxide and methane far exceed pre-industrial values
determined from ice cores spanning the last 650,000 years. The increases in these greenhouse gases
since 1750 (see Figure SPM-1) are due primarily to emissions from fossil fuel use, agriculture, and
land-use changes. {2.3, 6.4, 7.3}
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RADIATIVE FORCING COMPONENTS

Radiative Forcing (W m2)
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CHANGES IN TEMPERATURE, SEA LEVEL AND NORTHERN HEMISPHERE SNOW COVER
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FIGURE SPM-3. Observaed changes in (a) global average surface temperature; (b) global average sea level
rise from tide gauge (blue) and satellite (red) data and (c) Northern Hemisphere snow cover for March-April
All changes are relative to corresponding averages for the period 1961-1990. Smoothed curves and shaded
areas represent decadal averaged values and their assessed uncertamty imtervals, while circles show vearly
values. {Question 3.1, Figure 1, Figure 4 2 and Figure 5.13}




Warming of the climate system is unequivocal, as is now evident from increases in global average air

and ocean temperatures, melting of snow and ice, and rising sea level (see Figure SPM-3). {3.2, 4.2,
5.5}

Numerous changes in climate have been observed at the scales of continents or ocean basins. These
include wind patterns, precipitation, ocean salinity, sea ice, ice sheets, and aspects of extreme weather.

£3.2,3.3,3.4,3.5,3.6,52)

It is very likely that anthropogenic greenhouse gas increases caused most of the observed increase in
globally averaged temperatures since the mid-20th century. Discernible human influences now extend
to other aspects of climate, including continental-average temperatures, atmospheric circulation
patterns, and some types of extremes (see Figure SPM-4 and Table SPM-1). {9.4, 9.5}




Table SPM-1. Recent trends, assessment of human influence on the trend, and projections for extreme weather
and climate events for which there 1s an observed late 20th century trend. {Tables 3.7, 3.8, 9.4, Sections 3.8,
5.5.9.7.11.2-11.9}

Likelihood of
continuation of trend
based on projections
for 21st century using

SRES scenarios.

Likelihood that trend Likelihood of
Phenomenon® and direction occurred in late 20th discernible human

of trend century (typically post influence on cbhserved
1960) trend

Warmer/fewer cold
days/nights over most land Very n'kefyb L:’ke!yd Virtually certain®
areas.

Warmer/more hot days/nights
over most land areas.

Very likely® Likely (mgms)d Virtually certain®

Warm spells / heat waves.
Frequency increases over Likely More likely than not Very likely
most land areas.

Heavy precipitation events.

Frequency (or proportion of
total rainfall from heavy falls)
increases over most areas.

Likely More likely than not Very likely

Area affected by droughts Likely in many regions

increases. since 1970s el s il

Number of intense tropical

cyclones increases. Likely, since 1970 More likely than not

Increased incidence of
extreme high sea level Likely Maore likely than not
(excludes tsunamis).
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FIGURE SPM-4. Changes i continental- and global-scale decadal surface awr temperature for 19062005,
relative to the corresponding average for the 1901-1950 period, compared with model simulations. Black lines
indicate observed changes and are dashed where spatial coverage 1s less than 50%. Blue bands show the 5-
95% range for 19 sumulations from 5 climate models using only natural forcings, and red bands show the 5—
95% range for 58 model simulations from 14 climate models using both natural and anthropogenic forcings.

The changes shown are unadjusted model output i regions where observations are available. {FAQ 9.2,
Figure 1}




Schematic Illustration of SRES Scenarios

SRES Scenarios
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Expected greenhouse effect concentration gases
Al1B, A1T and Al1FI are variations of main A1 SRES: fossil intensive (A1Fl),
non-fossil energy sources (AL1T), or a balance across all sources (A1B)
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Figura 6.3. La concentracio de CO2 a I'atmosfera, com a resultat de les emissions presentades en
la figura anterior. Noteu que malgrat en alguns escenaris les emissions comencen a disminuir cap
a mitjan de segle, la concentracié segueix augmentant, atés que l'escala de temps caracteristica
per assolir un nou equilibri en la concentracié de CO2 és d'uns 200 anys. [Figura extreta de
Houghton et al., 2001]




Which tool ?
Climate Simulation Models (AOGCM)

HOMEBEE DEL CENTRO (P AIS) RESDLUC;I@N RESOI:,UCIGN ESCENARIOS SEES
MODELO ATMOSFERICA QCEATICA SITLADOS

CCSEMIES 2 CCSEMIES (Tapdén) 5.6 % 06 (20} 28x 28170 ATATFLAIT AZB1 B2
CGECH 1,2 CCC (Canada) 35 = 377 010) 1.8 x 1.8 (2% A2 B2
CSIRO-Ik: CEIEO (Australia) 5.6x 329 5.6x 3221 A1A2B1EZ
ECHAMA/OPYCS MEINM (Alermania) 28x 28(18) 28x 28011 A2 B2
GFDL E30 ¢ GEFDL (EETIT) 225 % 375 (14) 1875 = 2.25(18) A2 B2
HadChiz UEMO (Eeine Unide) 25 = 375019 125 1.25 (200 ALATFLAZEBLEZ

Tabla 1. Caracteristicas de los AQDGCM, v escenarios de emisiones SRES simulados por éstos, cuyos resultados se pueden obtener del DDC-
IPCC: hitp: ffipocc-dde cru uea.ac. uk/dkrzfdkrz_index html. El tarafio horizontal de las celdillas atmosféricas v ocednicas se expresa en
grados de latitud-longitud, v entre paréntesis se indica el nimeto de niveles en la verical.




The Climate System and Influences

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar
Radiation
Atmosphere

Changes in the Ocean: Changes infon the Land Surface:
Circulation, Biogeochemistry Land Use, Vegetation, Ecosystems
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AOGCM PROJECTIONS OF SURFACE TEMPERATURES
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FIGURE SPM-5. Projected global average temperature changes for the early and late 21st century relative to
the period 1980-1999. The central and right panels show the AOGCM multi-model average projections for the
Bl (top). A1B (muddle) and A2 (bottom) SRES scenarios averaged over decades 2020-2029 (center) and
2090-2099 (right). The left panel shows corresponding uncertainties as the relative probabilities of estimated
global average warming from several different studies for the same periods. {Figures 10.8 and 10.28}




PROJECTED PATTERNS OF PRECIPITATION CHANGES
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FIGURE SPM-6. Relative changes in precipitation (in percent) for the period 2090-2099, relative to 1980—
1999. Values are multi-model averages based on the SRES A1B scenario for December to February (left) and
June to August (right). White areas are where less than 66% of the models agree in the sign of the change and
stippled areas are where more than 90% of the models agree in the sign of the change. {Figure 10.9}




Climate Change 1s Global, but ...




Climate Change Impacts are Local




Regional Nature of Climate Change

Impacts Primary Drivers
e Water Resources N
e Ecosystem Vulnerability
* Agriculture \ Precipitation, Winds,

e Coastal Systems
« Human Health
 Energy J

and Temperature




Temperature and Precipitation
In the Balearic Islands:;

Recent trends




IPCC FourthdAssessmentJ2eport

"he oo ierranean fo0 0 is a very sensitive area to the
human-induced climate change

- Temperature increase during the period 1979-2005 lays
between 2.5 — 3.5 °C/century

- Precipitation decrease estimated at 5 — 20 % during the
period 1901-2005 (although changes less than 3% are
obtained for the period 1979-2005)
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- Great concern for a tourist pole as the Balearic Islands
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TEMPERATURAS MEDIAS ANUALES EN LAS ISLAS BALEARES
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Annual-mean Max. llemp. (Islands)
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Annual-mean Max. llemp. (Islands)

Station

Mallorca
Airport

Trend
(°C /100 yr)

Statistical
Confidence in
“Temperature

Increase”

Virtually certain

Extremely likely
range of the trend
(°C /100 yr)

Lower limit

Higher limit

Menorca
Airport

Virtually certain

Ibiza
Airport

Virtually certain

Mean

Virtually certain




Seasonal-mean Max. llemp.
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Seasonal-mean Max. liemj.

Extremely likely
range of the trend

Statistical (°C / 100 yr)

Trend Confidence in
(°C /100 yr) “Temperature
Increase”

Season

Lower limit Higher limit

Winter Likely

Spring Virtually certain

Summer Virtually certain

Fall Very likely




Annual-mean Min. llemp. (Islands)
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Annual-mean Min. Ilemp. (Islands)

Station

Mallorca
Airport

Trend
(°C /100 yr)

Statistical
Confidence in
“Temperature

Increase”

Virtually certain

Extremely likely
range of the trend
(°C /100 yr)

Lower limit

Higher limit

Menorca
Airport

Virtually certain

Ibiza
Airport

Virtually certain

Mean

Virtually certain
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Seasonal-mean Min. llemp.

Season

Winter

Trend
(°C /100 yr)

Statistical
Confidence in
“Temperature

Increase”

About as likely as
not

Extremely likely
range of the trend
(°C /100 yr)

Lower limit Higher limit

Spring

Virtually certain

Summer

Virtually certain

Fall

Virtually certain
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Seasonal-mean, Precip. (30-yx filter)
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Seasonal-mean, Precip. (30-yx filter)

Season

Winter

Trend
(mm / 100 yr)

Statistical
Confidence in
“Precipitation

Decrease”

Virtually certain

Extremely likely
range of the trend
(mm /100 yr)

Lower limit Higher limit

Spring

About as likely as
not

Summer

Very likely

Fall

Virtually certain




The Problem of Scale

o Spatial Scales of Importance
— Global
P

— Regional | N Q
— State/Province

— Watershed @

— Municipality/Metropolitan

o Temporal Scales of Importance
— Long-term climate
— Annual
— Seasonal
— Monthly
— Daily




However ...

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.




An example: HadCM3 model

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 (~ 45°).

BOh

EQ

BOS

HadZh2 and HadThs Cregraphse

BOY

HEE

HadCM3 model is the last Hadley centre’s coupled ocean-atmosphere
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What I1s Downscaling?

« Downscaling:

— Direct prediction of surface variables from GCMSs 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

e 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

e Transient run simulations can be accomplished, but are
cumbersome




Figura 9. Ejemplo del dominio de aplicacian de
uh EChl zobre Euroba con una rejilla de 50 kg,
La techica de anidarmiento [“hesting’] corsizte
en proporcionar al ROW informacion de la
ewnlucion de 13z varisles atmoeféticas en los
purtos  del contoma  del  dominio.  Dicha
informacian ge obliene presiamente de 3
zirmilacion con un OGS que uliliza una
rejilla con rezolucion maz baja [celdilas con

rayor famania)







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

MOS-style

Large Scale

Variables from GCM

Control Run

Surface Variables
Observations

A

PP-style

Large Scale
Variables from
observations

Train model

Transfer
Function

Apply model

Large Scale
Variables from
GCM Perturbed Run

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

Apply model

Predict changes in surface variables and
add to Current Climate Observations to
get Downscaled Surface Predictions




Transfer Function Options

e Multiple Linear Regressions

— works well for continuous variables such as temperature
— simple and relatively easy to interpret

e 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)
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Takla IT- Proyecciones regionalizadas basadas en modelos regionales del clima
procedentes del provecte PEUTDENCE. Las simulaciones realizadas por cada modelo
regional se identifican por el centro o instituto donde se ha desarrollads.
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Cambio temp. max. anual (°C) (2071-2100) con SRES A2

CGCM2_A2_FIC HadAM3_A2_FIC ECHAM4_A2_FIC
2071-2100 2071-2100 2071-2100
AMNUAL AMNUAL AMUAL

Fig. 1.- Comparacion del cambio de
temperatura maxima anual para el
periodo (2070-2100) respecto al
periodo de control (1961-90)

CGCM2_A2 INM HadAM3 A2 INM ECHAM4_A2 INM proporcu)nado por las proyeCC|0neS
regionalizadas utilizando diferentes
modelos globales (HadCM3,

2071_2100 2071 _2100 2071_2100

HadAM3H, HadCM2SUL,
CGCM2, ECHAM4-OPYC), el
escenario de emision A2 del SRES-
| @ | ] IPCC y diferentes técnicas de
HadCM3 A2 SDSM 9RCMS de PRUDENCE_HadAM3 regionalizacién estadisticas
i soranon (Anal_FIC, Anal_INM, SDSM) y

; dindmicas (promedio de los 9

RCMs de PRUDENCE).




ENERO FEBRERO

Fig.2.- Cambio medio mensual
proyectado para el periodo (2071-
2100) respecto al clima actual (1961-
1990) por el modelo global
HadAMB3H y regionalizado con el
método de analogos (INM) para la
temperatura maximay el escenario
de emision A2.
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Cambio precipitacion anual (%) (2071-2100) con A2

CGCM2_A2_FIC HadAM3_A2 FIC ECHAM4_A2 FIC
ANUAL ANUAL ANUAL
Fig. 3.- Comparacion del cambio de
precipitacion anual para el periodo
(2070-2100) respecto al periodo de
control (1961-90) proporcionado por
CGCM2_A2_INM HadAM3_A2_INM ECHAM4_A2_INM las proyecciones regionalizadas

2071 2100 2071 2100 2071_2100

utilizando diferentes modelos
globales (HadCM3, HadAM3H,

CGCM2, ECHAMA4-OPYC), para el
escenario de emision A2 del SRES-
IPCC y diferentes tecnicas de
regionalizacion estadisticas
(Anal_FIC, Anal_INM, SDSM) y
dindmicas (promedio de los 9 RCMs
de PRUDENCE).

HadCM3_A2 SDSM 9RCMs PRUDENCE_HadAM3
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Fig.4.- Cambio de distribucion mensual de precipitacion (%) 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 analogos (INM) con el escenario de emision A2.
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Fig.7.- Distribucion 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).
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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
AND PRECIPITATION
IN MEDITERRANEAN SPAIN

Trying to find the cause-effect statistical relationship ...
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CLASSIFICATION RAINFALL PATTERNS (RPs)
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Significant rainfalls =——=5 % - 5 mm——= 3941 days (30.0% 29.6% 13.6% 26.8%)
1964-93
T-mode il =p===7==F====7==F=7==p==F == =7 == ===~
(day-by-day)

correlation matrix

l

Principal Components Analysis

[ERN
o
I

Explained variance ( %)

PCA IRV

PN 17(49%)

l 0 |i|||ilililililililililililil

. 1 3 5 7 9 11131517 19 21 23 25 27 29
CA

11 RPs




~

>
F@pé@"\“

% G

y -— qu/
g

Aot

RP8 (385)
Spr-Sum

O J RPY (368) N
Spr-Sum

" RPT7 (296)
Spr-Aut

’g,;
= P//v/
( fg i e 7
(\ N/\/”L) ;
./ RP10 (401) Yy -/ RP11 (296)

Aut Win-Aut




Explained Variance ( % )

CLASSIFICATION ATMOSPHERIC PATTERNS (APs)

ECMWEF analyses on significant days (1984-93) —— 1275 days
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Table II. Percentage frequency of the 11 daily RPs within the 19 APs (in bold, percentages greater than 15%) and seasonal distribution of the APs (in bold,

percentages greater than 30%)

Atmospheric Number RP1 RP2 RP3 RP4 RP5 RP6 RP7 RPO RP9 RPI0 RP11 Winter Spring Summer Autumn
pattern of days

AP1 51 49.0 333 0.0 2.0 0.0 0.0 59 5.9 2.0 0.0 1.9 43.1 17.6 5.9 334
AP2 71 46.5 23.9 15.5 0.0 1.4 0.0 0.0 28 1.4 4.2 4.3 54.9 18.3 1.4 25.4
AP3 34 357 369 0.0 1.2 4.8 1.2 8.3 8.3 24 0.0 1.2 20.2 19.0 6.0 54.8
AP4 105 30,5 36.2 4.8 0.0 0.0 1.0 8.6 2.9 12.4 1.9 1.7 25.7 29.5 3.8 41.0
APS 58 224 259 0.0 2.1 15.5 ) 8.6 0.0 6.9 1.7 1.7 259 36.2 0.0 37.9
AP6 78 17.9 154 5.1 7.7 21.8 9.0 17.9 3.8 0.0 0.0 1.4 29.5 33.3 9.0 28.2
AP7 100 13.0 9.0 250 4.0 3.0 2. 20 14.0 25.0 2.0 1.0 22.0 35.0 8.0 35.0
APS8 76 2.6 132 158 1.3 3.9 0.0 10.5 23.7 21.1 6.6 1.3 7.9 42.1 37 26.3
AP9 86 2.3 8.1 41.9 35 0.0 1.2 2.3 16.3 4.7 10.5 92 45.3 29.1 9.3 16.3
AP10 28 36 10.7 0.0 0.0 10.7 14.3 14.3 28.6 3.6 7.1 7.1 46.4 10.7 0.0 42.9
AP1] 70 14 1.4 4.3 29 4.3 11.4 1.4 30.0 20.0 7.1 5.8 57 30.0 41.4 22.9
AP12 23 0.0 0.0 0.0 8.7 4.3 69.6 0.0 4.3 0.0 8.7 4.4 47.8 17.4 0.0 3438
API3 66 I.5 3.0 0.0 3.0 288 40.9 12.:] 4.5 E5 4.5 0.2 53.0 19.7 3.0 243
AP14 56 3.6 3.6 8.9 3.6 17.9 16.1 214 3.6 14.3 54 1.6 8.9 33,7 33.9 2.3
APIS5 25 4.0 8.0 0.0 16.0 20.0 4.0 24.0 0.0 3.0 8.0 8.0 16.0 32.0 12,0 40.0
AP16 73 4.1 4.1 0.0 9.6 16.4 8.2 6.8 20.5 0.0 17.8 12.5 12:3 28.8 38.4 20.5
AP17 52 0.0 38 0.0 5.8 9.6 36.5 0.0 19 0.0 19.2 232 30.8 23.1 15.4 30.7
API3 86 23 23 8.1 0.0 4.7 7.0 23 17.4 23 24.4 20.2 26.7 41.9 8.1 2433
AP19 87 0.0 1.1 1.1 4.6 .1 5.7 1.1 10.3 11 37.9 36.0 34.5 40.2 4.6 20.7
Total 1275 13.7 13.6 8.5 3.8 7.8 9.1 7.9 10.9 7.5 9.1 8.3 28.2 29.9 12.1 29.8
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STATISTICAL DOWNSCALING
OF RAINFALL IN
MEDITERRANEAN SPAIN BY THE
LATE 21st CENTURY

Combining an AOGCM with the previous cause-effect links




“DOWNSCALING” EN BASE A LOS RESULTADOS PREVIOS

Simulacion del clima futuro con un GCM

Cambios en la precipitacion de la zona mediterranea
a finales del presente siglo ?




ESTRATEGIA

Table II. Percentage frequency of the 11 daily RPs within the 19 APs (in bold, percentages greater than 15%) and seasonal distribution of the APs (in bold,
percentages greater than 30%)

Atmospheric Number RP1 RP2 g RP7 RPO RP9 RPIO RP11 Winter Spring Summer Autumn
pattern of days

APl
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AP4
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AP6
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AP8
APY
AP10
API11
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API5
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APIg 41.9
AP19 40.2
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2080 — 2099 : :
1) Mismas relaciones entre APs y RPs

11 décadas 2) Similar magnitud de la precipitation para cada RP
moviles 3) Mismo factor ¢=R./S; para la obtencion de totales

PRECIPITACION FUTURA
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ESTRATEGIA (continuacion)

Table II. Percentage frequency of the 11 daily RPs within the 19 APs (in bold, percentages greater than 15%) and seasonal distribution of the APs (in bold,
percentages greater than 30%)

Atmospheric Number RP1 RP2 g RP6 RP7 RPO RP9 RPIO RP11 Winter Spring Summer Autumn
pattern of days
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VALIDACION / CALIBRACION DEL MODELO
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TECNICA DEL ANALOGO
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ALGUNAS OBSERVACIONES DEL PASADO RECIENTE (Guijarro J. A. 2002

Figura 4: Distribucion espacial de las tendencias (% por década) de la precipitacion en el drea
mediterrdnea espafola (1964-1993).




Muchas gracias
or vuestra atencion !!!






