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Sistema climático
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• Climate system
is highly
nonlinear

• Strong coupling
among
subsystems with
different time
scales

à Models needed!
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  El calentamiento del
sistema climático es

inequívoco,

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

            (IPCC-AR4 dixit)

¿Qué CAMBIO CLIMATICO se observa?
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Temperaturas globales medias suben cada vez más deprisa 

100   0.074±±±±0.018

  50    0.128±±±±0.026

Los 12 años más cálidos:
1998,2005,2003,2002,2004,2006,
2001,1997,1995,1999,1990,2000

Period      Rate

Years  °°°°/decade
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SST
Land

Temperatura superficie terrestre suben más deprisa que SST
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Calentamiento en el
Ártico es doble que para
el globo desde el s. XIX
al XXI y desde los
últimos 1960s hasta la
actualidad.

Calentamiento entre
1925 y 1950 in el Ártico
no fue tan generalizado
como el reciente
calentamiento global.

Escalas diferentes!

Anomalías de temperatura anual Ártica vs Global  (°C)
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Cambio de temperaturas en España (I)

Brunet et al. 2006
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OBSERVACION DEL CLIMA (II)

http://www.ucm.es/info/reclido/

http://www.worldviewofglobalwarming.org/index.html
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Los últimos
2000 años
(IPCC-AR4, 2007)
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• He was the first to
scientifically propose that
the Earth had been
subject to a past ice age.

Louis
Agassiz

(1837)
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FORZAMIENTO NATURAL DEL SISTEMA
CLIMATICO: ciclos de Milankovitch

96,600 years

22° to 24.5°, over
41,000 years

22,000 years

Variations in Earth's orbital elements, eccentricity, tilt (obliquity), and time of
perihelion (precession of the equinoxes) computed for the last 500,000
years with a computer program written by Tamara Ledley and Starley
Thompson (Barron, 1994, figure 12).

Variations in insolation (in watts per square meter) determined from the
variation in Earth's orbital elements (Barron, 1994, figure 13).
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Insolation according to Milankovitch parameters
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John
Tyndall
(1859)

• He established for the first time that
molecules of WV, CO2, N2O, 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”
(1861)

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

(pm=10-12 m)
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Svante
Arrhenius

(1896)

• He showed that doubling the
concentration of CO2 in the
global atmosphere would lead
to changes in average surface
air temperature of between
about 4º-5ºC (2º-4.5º, IPCC
2007!!)

• Combustion of coal might
induce “a noticeable increase”
in atmospheric CO2 over the
course of the years
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Guy S.
Callendar

(1938)

• “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”.

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

• He linked together the 3 pillars of
the idea of anthopogenic climate
change: (i) CO2 as GHG; (ii)
rising concentration of CO2; (iii)
increase in world temperature
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Charles D.
Keeling
(1957)

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

• First incontrovertible
evidence for the
contemporary increase of
CO2 concentration in the
atmosphere
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Concentración de CO2 en la
atmósfera
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Emisiones CO2
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29%

   

26%

45%

Fate of anthropogenic CO2 emissions
(2000-2008)

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

+
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Syukuro
Manabe
(1975)

• First model experiment
which explicitly simulated
the three-dimensional
response of global climate to
a doubling of atmospheric
CO2 concentration (2.9ºC)
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Discretización

Modelos climáticos

Ecuaciones atmósfera

Los modelos climáticos son
programas informáticos basados en
las ecuaciones que describen la
evolución de los distintos
componentes del sistema climático:
atmósfera, océano, hielos, biosfera,
…
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Proyecciones de cambios futuros en el clima
(escenarios sin compromisos políticos!!!)

* Mejor estimación
para escenario bajo
(B1) es 1.8°C
(rango probable
1.1-2.9°C), y para
escenario alto
(A1FI) es 4.0°C
(rango probable

2.4-6.4°C).

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

* Dos próximas
décadas aprox.
0.2º/decada para
muchos de los
SRES

(AR4, 2007)


