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Sistema climatico

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs ¢
Clouds
Atmosphere — 7T
f2 7 40 07
l 2 7 7
N, O, Ar Volcanic Activi /// // 08
H,0, CO,, CH, N,0, 0,, etc. o i
Aerosols , Atmosphere=Biosphere
Atmosphere= Interaction
lee Precipitation
Interaction Evaporation
Terrestrial
Heat  Wind Radiation Fiuman Influences Ice Sheet
Exchange Stress
Sealce otemmemtemten.  BMRMETURTT

Hydrosphere:
Ocean

Ice-Ocean Coupling

Land Surface

Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Hydrosphere:
Rivers & Lakes

Changes in the Ocean:

Changes in/on the Land Surface:
Circulation, Sea Level, Biogeochemistry

Orography, Land Use, Vegetation, Ecosystems
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Paositive feedbacks intensify the original process.
Megative feedbacks lead to a compensating process. Source: Hugo Ahlenius/ GRID-Arendal, Global Outiook for Ice and Snow, 2008.




El calentamiento del
sistema climatico es

Inequivoco ,

tal y como se evidencia
de las observaciones
del incremento de las
temperaturas
globales medias del
aire y del océano, de
la fusion de las nieves
y hielos y de la
elevacion global del
nivel medio del mar

(IPCC-AR4 dixit)

Greenland Ice
t

eel
0.2+ 0.1 mmiyr

Antarctic lce
Sheet

e
0.2+ 0.4 mmiyr

Glaciers and

ice caps
0.8 +0.2 mm/yr

Ocean thermal
ex| i

pansion
1.6+ 0.5 mm/yr

Estimated contributions
| to sea-level rise

Satellite and

tide gauge
observations
3.1 0.7 mmlyr

Observed
sea-level rise

Difference from 1961-1990
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Los 12 afios mas calidos:
1998, 2005, 2003,2002, 2004, 2006,
2001,1997,1995 1999 1990, 2000
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® Annual mean
#” Smoothed series
. 15-95% decadal error bé

Period Rate
50 0.128%+0.026

100 0.074+0.0187
Years °/decade

|

1880 1900 1920 1940 1960 1980 2000



% norden

g Obs (HadCRUTS) Physical Clmte Science since PCC ARG
s Obs (GISS)
T A Obs (NCDC)
) ] L] . .
T Mean of model simulations
i D 5-85% range of simulations
2 D4
o
0.2
=
¥
E

0
E
g
k] —'I'.'I.E
(%]
[ 5
o
a»
:"E _u-l#
|

1980 1985 1990 19495 2000 2005 2009

Yedr

Figure 2. Recenichanges in global mean temperaiure according fothree analyses of obser-
vations (HadCRUT3, GISS and NCDC) and the 21 dimate model simulations without climate
policies used in IPCC AR4"_ The mean of the model results is given by the solid black line.
The shading indicates a 3—93% mnge of vaniability according to the same model simulaiions.
The temperatures are given as deviations from the mean value over the period 1980-1999



Temperatura superficie terrestre suben mas deprisa que SST

Land surface air temperature
sea surface temperatur
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Anomalias de temperatura anual Artica vs Global 9

Calentamiento en el
Artico es doble que para
el globo desde el s. XIX
al XXIy desde los
ultimos 1960s hasta la
actualidad.

Einm pale o
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Calentamiento entre

|||II: l""ll ||"|||| |||i||llll i -i:. i‘ r ' 1925 y 1950 in el ArthO

oo QAT el W |' et no fue tan generalizado
' como el reciente

calentamiento global.

Difference ("C) from 1961-90

Escalas diferentes!



Cambio de temperaturas en Espana ()

INVIERNO

PRIMAVERA

1901-2005 | 1973-2005
Anual 0.13 0.48
Invierno 0.14 0.27
Primavera 0.12 0.77
Verano 0.13 0.67
Otono 0.12 0.29

Brunet et al. 2006







OBSERVACION DEL CLIMA (lI)

TABLE 2. Major Paleoclimatic Data Sources y lﬁﬁﬁﬁiﬁﬁ
N Minimum Usual '
Periodopen sampling  dating 'm
Variable Continuity Potentialgeographical tostudy interval accuracy Climate-related
Data sources measured ofevidence coverage (years) (years) (years) inferences “.l -.
. i

Ocean sedi Isotopic ition of Conti Global ocean, except Global ice volume;
planktonicand benthic (for carbonate fossils) surface temperature = .1
fossils deepest zones (below and salinity; bottom .
Floral and faunal CaCO;compensation temperature and
assemblages depths) . bottom water flux;
Morphological aridity of adjacentland
characteristics of fossils areas; prevailing wind
Mineralogical composition direction and strength
and abundance

Sedimentation

rates (cm per
1000 years) .
<2 Favored areas 1000000+ 1000+ +5%
2-5 along continental 200000+ 500+ *5%
>10 margins 10000+ 50+ +5%
Ice cores Oxygen isotope Continuous Glaciated regions in 100000+ Variable,  Variable,  Temperature,
. composition polarand alpine areas but but accumulation rates|
Trace chemistry and (optimally indry pti ptimall heri
electrolytic conductivity snow zones) 1-10years  0.05% composition and
Fabric forlast for last turbidity, ice thicl
10'years  10°years  (height),solaroutp
variations
Mountain Terminal positions Episodic 45°Sto 70°N 50000 —_ +5-10% Temperature,
glaciers Glaciation levels and . precipitation (net
equilibrium line accumulation)
altitudes
Closed basin Lakeleve! Episodic Low to mid latitudes 50000 *5% Moisture availabil
lakes (arid and semi-arid (“effective
environments) precipitation”)
Bogorlake Insect Conti All i 10000+ ~50 +5% Temperature,
sediments composition (common) precipitation, soil
Pollen type concentration, 150000 moisture, air mass
geochemical and (rare) frequencies
(varved sedimentological Mid to high 10000+ 1-10 +1-10
sediments), composition latitudes
Treerings Ring widthanomaly, Continuous Mid-and high- 1000 1 1
density, isotopic latitude (common)
composition continents 8000
(rare)
Writtenrecords  Phenology, weatherlogs,  Episodicor Global 1000+ 1 1 Varied

sailing logs, etc. continuous
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Temperature anomaly (°C wrt 1961-1990)

Temperature anomaly (°C wrt 1961-1990)

§ Year

?-: 1750 1800 1850 1900 1950 2000

(v‘—) 10 C T T T T T ] 1.0

=2 L 1

- C Unfiltered HadCRUT2v HadCRUT2v 5%-05% arror range -

s 05K CRUTEM2v 4 European stations /A=05 ' I -

> C ] L I I l
g 0.0_—'-- s —_0.0

8 - 4

@ C ] ~S

L 05 —-0.5

5 = { 4 n
.é : ‘\‘ : a O S
‘é .1,0f_ (a) Instrumental temperatures . . 1410

@

'_

(IPCC-AR4, 2007)

— —— MBH193% MJ2003 B0S..2001 B2000 0.5
-  ——— JBB.1998 £CS2002 RNO..2005 MSH..2005
B DWJ2006 HCA..2006 02005 = PS2004

Instrumental (HadCRUT2v)
f A

A

—0.0

X
od)”
W

i
05 _
E (NAEe
Wi A

¥

" AL | 1o Bl

N _ i .

_ (b) NH temperature reconstructions - n _
1 1 1 1 1 1 L L L 1 L L L 1 L L L 1 L 1 1 1 n L L 1

T

800 1000 1200 1400 1600 1800 2000

0.0

?ﬁlll

=
-
B

=1.0

-lllllllllll

lllllllll

(c) Overlap of reconstructed temperatures

800 1000 1200 1400 1600 1800 2000
Year




e He was the first to

scientifically propose that
the Earth had been

subject to a past ice age.

Ice Age Temperature Changes
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FORZAMIENTO NATURAL DEL SISTEMA
CLIMATICO: ciclos de Milankovitch

Changing shape of the ellipse oo ORBITAL ELEMENTS
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Variations in Earth's orbital elements, eccentricity, tilt (obliquity), and time of
“erihelion (precession of the equinoxes) computed for the last 500,000
Variations in insolation (in watts per square meter) determined from the  gars with a computer program written by Tamara Ledley and Starley
variation in Earth's orbital elements (Barron, 1994, figure 13). "hompson (Barron, 1994, figure 12).
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Temperature change from present, °C
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« He established for the first time that
molecules of WV, CO2, N20, CH4 y
O3 exhibit different absortion
properties when IR radiation travels
through them

 Changes in the amount of any of the
radiatively active constituents of the
atmosphere “could have produced all
the mutations of climate which the
researches of geologists reveal”

John (1861) o
Tyndal 0=C=0

(1859) jesen

Tyndall, J. (1861): On the Absorption and Radiation pf
Heat by Gases and Vapours, Philosophical Magazine
(Ser.4) 22, pp 276-277




The Greenhouse effect

3 Some solar radiation is 6 Some: 0! the infrared
reflected by the atmosphere radiation passes
and earth’s surface through the atmosphere
ne {iatic and is lost in space

Incoming solar radiation:
343 Watt per m?

G

5  Some of the infrared radiation is
absorbed and re-emitted by the
greenhouse gas molecules. The

direct effect is the warming of the
earth’s surface and the troposphere.

2 Netincoming solar radiation:
40 Watt per m?

Surface gains more heat and
iinfrared radiation is emitted again

PHILIPPE REKACEWICZ

Sources: Okanagan university college in Canada, Department of geography, University of Oxford, school of geography; United States Environmental Protection Agency (EPA),
Washington; Climate change 1995, The science of climate change, contribution of working group 1 to the second assessment report of the intergovernmental panel on climate change,
UNEP and WMO, Cambridge university press, 1996.




Svante
Arrhenius
(1896)

 He showed that doubling the
concentration of CO2 in the
global atmosphere would lead
to changes in average surface
alr temperature of between
about 4°-5°C (2°-4.5°, IPCC
20071

e Combustion of coal might
Induce “a noticeable increase”
In atmospheric CO2 over the
course of the years

19



e “As man is now changing the
composition of the atmosphere at
a rate which must be very
exceptional on the geological
time-scale, it is natural to seek for
the probable effects of such a
change”.

o First attempt at detecting and
attributing large-scale climate
change to human-induced
emissions of GHGs

Guy S. * He linked together the 3 pillars of
the idea of anthopogenic climate
Callendar change: (1) CO2 as GHG,; (ii)
(1938) rising concentration of CO2; (iii)
Increase Iin world temperature

20



 \Which is the fate of the CO2
molecules emitted into the
atmosphere?

* First incontrovertible
evidence for the
contemporary increase of
CO2 concentration in the

Charles D. atmosphere

Keeling
(1957)

21
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Concentracion de CO2 en la
atmosfera

Year 2007
Atmospheric CO,

concentration: ?
382.6 ppm £

35% above pre-industrial

1850 1870 1890 1910 1930 1950 1870 1990 2010

1970 - 1979: 1.3 ppm y-!
1980 - 1989: 1.6 ppm y!
1990 - 1999: 1.5 ppm y-!

2000 - 2006: 1.9 ppm y-!




Emisiones CO2

Fossil Fuel CO, Emissions compared to
IPCC Marker scenarios used for climate projections

2000-2009 growth
| rates are at the high end
1 of the emissions scenarios
used by the IPCC to project
] climate change

CO, emissions (PgC y)

6 .. 1t 1o, .1 ,]IPCCrange:16-69° C

1% per year

_ Growth rate: -1.3%

9 __ L I | 1990 1995 2000 2005 2010 above pre-industrial in 2100
= 2000-2009 Time (¥)
= - 2.5 % per year l
o L | Updated from Le Quéré et al (2009) Nature Geoscience, using Marker scenarios
; 8 | modified from Raupach et al. PNAS (2007)
& i 4
.g i | 2009:
E " 1990-1999 - Emissions: 8.4 PgC
o) [ 1 (30.5 Gt CO,)
o~
@)
O

6 — 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 ]
1990 1995 2000 2005 2010
Time (y)

CDIAC; Friedlingstein et al. 2010, Nature Geoscience




Le Quéré et al. 2009, Nature geoscience; Canadell et al. 2007, PNAS, updated




* First model experiment
which explicitly simulated
the three-dimensional
response of global climate to
a doubling of atmospheric
CO2 concentration (2.9°C)

Syukuro
Manabe
(1975)

26



Modelos climaticos

Ecuaciones atmosfera

dt padyp
dp _
2% pEg
dp
P _ _v.pv
dt P
de . .
Comr = 5 ﬁ?ﬁfﬁﬂﬁ&%@

Vertical Grid
(Height or Pressure)

Los modelos climaticos son
programas informaticos basados en
las ecuaciones que describen la
evolucion de los distintos
componentes del sistema climatico:
atmosfera, océano, hielos, biosfera,

Physical Processes in a Model
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IMSITL & SPACE
OBSERVATIONS

NUMERICAL CLIMATE MODELLING: A REVIEW

Table 11. Historical evolution of climate models

Decade and landmark papers

Climate model status

= 1969
Manabe and Maller (1961}
Manabe and Strickler (1964)
Sellers (1969)
Budyko (1969)

19691931
Manabe and Bryan (1969)
Green (1970). Stone (1973)
Manabe and Wetherald (1975)
CLIMAP (1981)

1981-1939
Hansen et al. (1981)
Sellers ¢ al. (1986)
Oort and Peixoto (1983)
Luther er al. (1988)

1959-19%
Houghton & a/. (1990)
Semtner and Chervin (1992)
Flato and Hibler (1992)
Cubasch et al. (1994)
Santer o al. (1996)

2000s

7717

Numerical weather forecasts extended

RC models developed

Dynamics and radiation virtually separate
EBMs newly described

Multi-layer oceans added to GCMs

SD models developad

Greenhouse modelling with GCMs

Palaeo datasets first employed for “validation

GCMs becoming predominant model type
Surge in computational power and capacity
Satellites generate global observations
Model intercomparisons suggested

Simpler models required by IPCC

OAGCMs established but need flux correction
Sea-ice and land-surface components evalving
First ocean—atmosphere coupled ensemble
Validation and attribution first described

EMICs as important as GCMs

Past climate simulations reemerging for testing
Observational need driven by evaluation demand
Policy needs a major driver of numerical models

IWERNMENTAL PANEL ON GLIMATE CHA

The development of climate models, past, present and future



Proyecciones de cambios futuros en el clima

(escenarios sin compromisos politicos!!!)

* Mejor estimacion

para escenario bajo
(B1) es 1.8C -
(rango probable b
1.1-2.9C), y para T
escenario alto -
(AlFl) es 4.0C

(rango probable
2.4-6.4C).

A2
A1B
B1

Constant composition
commitment

20th century

y
=
I

* Generalmente
consistente con el
rango citado para
SRES en TAR pero
no directamente
comparable 10 —

" B
g
L -_F 1
B |
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=
: =
U
o |
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- m

Global surface warming (°C)

AT
A1B
A2
A1FI

o
@

* Dos proximas
décadas aprox.
0.2°decada para

muchos de los (AR4, 2007)
SRES

1900 2000 2100
Year




Proyecciones de cambios futuros en el clima

Mayor sobre tierra y
en latitudes altas

Proyecciones para
las proximas
décadas son
Insensibles a la
eleccion del
escenario

Proyecciones a largo
plazo dependen del
escenario y de la
sensibilidad de los
modelos climaticos

B1: 2090-2099

A2:2090-2099

005115 225335445555665775

(AR4, 2007)

Pv-LOM 12002 D0dI@




Proyecciones de cambios futuros en el clima

Projected Patterns of Precipitation Changes

multi-model A1B DJF multi-model A1B

©IPCC 2007: WG1-AR4

2090-2099 respecto 1980-1999

(AR4, 2007)
Precipitacion aumenta muy probablemente in latitudes altas

Decrece probablemente en la mayoria de las regiones
terrestres subtropicales




Cambio (%) en escorrentia

[2090-2099 respecto a 1980-1999]

Ensemble basado en escenario SRES A1B

Projected relative changes in runoff by the end of the 21°' century

(AR4, 2007) o h © 40
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La regidon Mediterranea parece mostrar una gran

respuesta al cc

RCCI, 20 Madels, Three Seenarios {418, A2, B1}
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Figure 1. Regional Climate Change Index (RCCI) over 26
land regions of the World calculated trom 20 coupled
AOGCMs and 3 IPCC emission scenarios (A 1B, A2, Bl).
The models used are BCCR-BCM2-0, CCMA-3-T47,
CNRM-CM3, CSIRO-MK3, GFDL-CM2-0, GFDL-
CM2-1, GISS-AOM, GISS-EH. GISS-ER, IAP-FGOALS,
INMCM3, IPSL-CM4, MIROC3-2H, MIROC3-2M,
MIUB-ECHO-G, MPI-ECHAMS, MRI-CGCM2, NCAR-
CCSM3, NCAR-PCMI1, UKMO-HADCM3. See also
Table 1 of GBO05a and http://www-pecmdi.llnl.gov.

» RCCIl basado en cambiode T, RRy

su cambio en variabilidad interanual (Giorgi, 2006)







http://nsidc.org (National Snow and Ice Data Center)

Muir Glacier, Alaska, August 31, 2004, photo by B.F. Molnia
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() Negative sgricultural changes @< Impact on fisheries

Malaria:

More precipitation

(s

A |mpacton mountain regions
#  Melting of glaciers

*™ Changesin ecosystems
M Forest fires

by 2050

Permafrost:

B Possible extension

Less precipitation

Source:IPCC, 2007; Klein et al., 2002.

__| Present pemafrost
| Pemnairostin 2050

Sea-evel rise concerns
and affected major cities
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¢, Qué necesita la comunidad de
impactos al cambio climatico?

ECHAM4 A2 FIC

2071-2100
ANUAL

ECHAM4 A2 INM
2071_2100

Proyecciones regionalizadas ajustadas a las necesidades especificas de cada
sector (variables, resolucion espacial/temporal, alcance, etc) con estimacion de
incertidumbres



¢, Qué es la regionalizacion?

GCM Feeolubor
o9 HADCM2 2 50 x 3750

&
S
a
o
b
5
2z
i
s
=
v
MWM&M

Reogicnal Climate Maoce
Resolubon = g S0km

L Hycevlogy

Vegetaton

Tepography

Socal Systems

-down approach

* Las proyecciones directas de las variables superf iciales a partir
de los GCMs es dificil a escala subcontinentalya  altas
resoluciones temporales.

* Las técnicas de regionalizacién combinan salidas de GCMs con
datos observacionales para mejorar la escala tempor  al y espacial
de las proyecciones de cambio climatico.

* Las técnicas de regionalizacion se conoceny se h  an aplicado
desde los 70s y 80s en PNT:

(i) LAMs
(ii) Técnicas de adaptacion estadistica basadas en
regresiones lineales, p.e., MOS, Perfect Prog.

¢ Por qué es necesaria la regionalizacion?

* Variables de sup. adaptadas a caracteristicas loca les.
* Estimar extremos: AOGCMs “suavizan”
» Adaptar res. esp/temp a los modelos de impactos




eneracion de escenarios de cambio climatico para Esparia

T max. (°C) (2071-2100) SRES A2, HadAM3, INM

Figura 7.6.- Cambio medio mensual de tempsratura méxima proyectado para el pericdo
(2071-2100) respecto al clima actual (1581-1990) por el modelo giobal HadAM3H y
regionalizado con &l métodao de andlogos (INM) para el escenario da amision AZ2.

(INM, 2007
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What 1f? - Simulations

Key questions about the climate system and its relation to human kind

Observations: f JrrrT s Simulations:

* lemperatures ' 3 » natural variation

* precipitation J . . = forcing agenfs

« snow [ Ice cover W Wi » global climate

* sea level i g it - - recional cimate

« circulation fre | SR, ol + high Impact events
* extremes B e T * stabifisation

Ohservations vis-a-vis Simulations

Timeling. F‘alam&;rrl:::mamal The Presaent The Fuiure

INTERGOVERMNMENTAL FAMEL ON CLIMATE CHANGE
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Understanding and Attributing Climate

Warming very Global and Continental Temperature Change

probably (90%)

of anthropogenic
origin

PHV-LOM 1L002 DOdI®

Temperature anomaly (°C)
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mperature anomaly (°C)




Inercia del sistema climatico

CO;concentration, temperature, and sea leval
continue to rise long after emissions are reduced

Magnitude of response Time taken to reach
equilibrium

Sea-level nsas dis to
G amissions poak 2 sovaral miklennia
0 to 100 years e
oEd- 8y fEe QU 10 1INE s
2XpEnzion
gantunes o millennea

Temparature siabilizaton
3 fow conturnies

Ci0; siabilization
100 to 300 yoars

: i ion!! fhy
Necesidad de estrategias de adaptacion!! @) &)

IPCE Whi UMEF

INTERGOWVERMMENTAL FANMEL ON CLIMATE CHANGE



Uncertainties in climate change

projections

Natural forcing (sun, volcanoes) UNCERTAINTY
e GHG emissions DOESN'T MEAN

» GHG concentrations TOTAL LACK OF
« AOGCM differences <— NMOLUESIRIC S
» Internal variability (IC dependency)

 Downscaling technigques <—

 Tipping points « The uncertainty studies are

something relatively new in
atmospheric sciences. Only
recently uncertainty (probabilistic
approach) was introduced in our
forecasts/projections

Dealing with lack of knowledge
and uncertainties -2 a task for risk
management




Cascade of uncertainties

Timothy . Mitchell and Mike Hulme

serlar model
socio-cconamic model

magnitude of tolal external forcing

climate model

magnitude of climate change

impacts model

- - magnitude of environmental chanpe

Figure 4 The magnitude of external radiative forcing is uncertain and
sois presented as a range of possibilities in the top triangle. Two of
these possibilities are selectad as the starting points from which is
presented the uncertainty concerning the magnitude of the climatic
response. Thus we find that the cascade of uncertainties ultimately
presents us with a wide variety of possible environmental Futures at
the base of the lowest triangles




Wallace S.
Broecker
(1987)

He connected the evidence of
relatively rapid changes in
climate In the past to the
possibility that anthropogenic
climate change in the future
might also trigger abrupt
changes in aspects of the
Earth’s climate

lce cores records indicate that
the Earth’s climate responds
In sharp jumps

47



—— Syrface Bl Salinity > 36 %
w—= Deep B Salinity < 34
(Rahmstorf. Nature 2002) m B ottom >  Deep Water Formation

48



GISP2 Ice Core Temperature and Accumulation Data
Alley, R.B. 2000
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Dansgaard-Oeschger
events

25 times during the last
glacial period

Events occur quasi-
periodically with a
recurrence time being a
multiple of 1,470 years

The best evidence remains
in the Greenland ice cores.

The events appear to
reflect changes in the North
Atlantic ocean circulation,
perhaps triggered by an
influx of fresh water
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“Tipping points”

sobrepasables este siglo

Y " ) “mt: e wpﬁ.ﬁ‘iftot! and
Climatic Tundra Loss?
ya & =
Small changes can
produce big long term Eorn Dnonson |
Greening haatic \
effects | M |

Dieback West African
of Amazon Monsoon Shift
Ralpfqreat

C};agwe n ENSO,
Amplitude or Frequency,

Ex.: forced convection!!

population density [persons per km?

D [
mdala 0 5 10 20 00 20

0400 1000

(Lenton et al., 2008)



Tipping points (I

cloud formation

Feature of
system, F
(direction of Control Critical Global Transitlon
Tipping element change) parameter(s), p value(s),' p.p  Warming™ timescale,* T Key Impacts
Arctlc summer sea-lce Areal extent (-) Local ATgy, ocean heat  Unidentifled® +05-2'C ~10yr (rapld) Amplified warming,
trarsport ecosystem change
‘ Greenland Ice sheet (GIS)  lce volume (=) Local ATy, +~3°C +1-2°C =300 yr (slow) Sea level <2-Tm
West Antarctic lce sheet lce volume (=) Local ATy, or less +=~5-8°C +3-5°C =300 yr (slow) Sea level <Sm
(W AIS) ATecsen
Atlantic thermohaline Cwerturning (=) Freshwvater Input to N +0.1-05 Sv +3-5C ~ 100 yr(gradual) Reglonal cooling, s2a level,
clrculation (THO) Atlantic ITCZ shift
El Nifo-Southern Amplitude (+) Thermacline depth, Unidentifled® +3-6°C ~ 100 yr (gradual) Drought in SE Asla and
Osclllation (ENSO) sharpness In EEP elsewhers
Indlan summer monsoon  Rainfall (=) Planetary albedo aover 05 NA ~1yr (rapid) Drought, decreased carrying
(ISM) India capacity
SaharaSahel and 'West Vegetation fractlon  Precipitation 100 mmiyr +3-5°C ~10yr (rapld) Increased carrying capacity
African monsoon (WAM)  (+)
‘ Amazon rainforest Tree fraction () Precipttation, dry 1,100 mm#r +3-4°C ~50 yr(gradual) Blodhersity loss, decreased
sexgon length ralnfall
Boreal forest Tree fraction (-) Lol ATur +~7°C +3-5C ~50 yr(gradual) Blome switch
Antarctic Bottorm 'Water Formation (=) Preciptation <100 mm#ir Unclear™ ~ 100 yr(gradual) Ocean clrculation, carbon
(AABW)™ Evaporation storage
Tundra® Tree fraction (+) Growing degree days Missing! —_ =~ 100 yr(gradual) Amplified warming, blome
above zero switch
Permafrost™ Volume (=) AT pamatrest Misstng! — <100 yr (gradual) CHyg and CO; release
Marine methane Hydrate volume (=) ATxqinent Unidentifled® Unclear® 107 to 10°F yr (=T Amplified global warming
hydrates™
Ocean anoxla™ Ocean anoxla (+) Phasphorus Input to +~20% Unclear™ ~ 10 yr (=Tg) Marine mass extinction
ocean
Arctic ozone™ Column depth (=) Polar stratospheric 195 K Unclear® <1 yr (rapid) Increased UV at surface

(Lenton et al., 2008)
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Effects of thermokarst

on a railway track.
Photo: US Geological Survey

Tipping element

permafrost*

Feature of
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¢, Qué podemos hacer? (I)

* Inercia del sistema climatico - algunos cambios
son inevitables = actuacion sobre los efectos
- ADAPTACION

El calentamiento se produce por emisiones GEI

- a mas emisiones, mayor calentamiento -
actuacion sobre las causas -2 MITIGACION
(cambio modelo energeético, usos de suelo
(deforestacion), demografia, desarrollo
sostenible, ...)

Mejorar el conocimiento del sistema climatico:
INVESTIGACION




¢, Qué podemos hacer? (Il)

 Actuacion a diferentes niveles : gobiernos, ciudades,
individuos
 Aumentar el nivel de concienciacion del problema -

Influencia en la accion de individuos, ciudades,
gobiernos.

El problema del cambio climatico esta intimamente
ligado a otros problemas de la humanidad en su
conjunto:
— pobreza (demografia),

desarrollo sostenible,

modelo energético,

patrones de produccion y consumo,

comercio

etc




Conclusiones

« Sistema climatico es complejo y altamente no
iIneal = modelos

nequivoco calentamiento global
2royecciones probabilisticas climaticas globales

- ensemble multi-modelo

Causas: Emisiones por quema de combustibles
fosiles + deforestacion - Uso de modelos

Incertidumbres - En cascada
Posibles cambios abruptos = monitorizar




Generacion de escenarios
regionalizados de cambio
climatico para Espana
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