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OS METODOS
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OS METODOS
Medidas instrumentais

FONTES DE ERROS

a)

b)

Dos datos

Calibracion dos instrumentos
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Problemas do contorno
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OS METODOS PROXY
Dendrocronoloxia

1300 1400 1500 1600 1700 1800 1900 2000
Anos

dendrocronoldxica para as temperaturas medias de xaneiro do observatorio da Coruna (Fernandez Cancio




OS METODOS PROXY 2

Foraminiferos e diatomeas

Tropical
Subpolar
Subtropical

Winter temperature (°C)
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OS METODOS PROXY 4
Relacions isotdpicas
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OS METODOS
Modelos predictivos

e Modelos deterministas
e downscaling

e Modelos estocasticos
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The Devéloph-é:rit of Climate models, Past, Present and Future

Mid-1970s Mid-1980s Early 1990s Late 1990s Present day Early 2000s?

Atmosphere sphere

Land surtace

Sulphate Sulphate Sulphate

aerosol aerosol aerosol

Non-sulphate Non-sulphate

/ aerosol aerosol

PP T R Sulphur Non-sulphate
, OGeag’g‘dse?ﬁ ice cycle model aerosols

Carbon

: - - : — s A TR cycle model
‘Box 3, Figure 1: The development | Ocean carbon g
i | cycle model

‘of climate models over the last 25 |

‘years showing how the different |
components are first developed
separately and later coupled into
comprehensive climate models.




CALIBRACION DE MODELOS

Simulated annual global mean surface temperatures

(a) Natural (b) All forcings
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RESULTADO DOS MODELOS

Cambio de nubosidad (%)

Cambio de nubosidad (%) para (2070-2099)
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Cambio de oscilacidn diurna de T (K)

Cambio de oscilacion diurna de temperatura
para (2070 2099) con respecto a (1961 1990)
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O METODO COSMOLOXICO

 Hipotesis multiples de Chamberlein

e Converxenclia e coherencia
 nos resultados multiples



A RADIACION SOLAR

A evolucidon temporal dairradiancia

Total Solar Irradianc=

Total Solar Irradionce :
may flux tronsport simulations
Y Wang el al 2005

range of cycle+backq
Leo%, 200[{ ackground

-0.05

-0.10
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= 2.16. Percentage change in monthly values of the total solar irradiance

=25 of Willson and Mordvinov (2003; WMZ2003, violet symbols and line) and
— 2nd Lean (2004; FL2004, green solid line).

1700

% forzamento radiativo de quecemento : 3.6
° (14 (14 (14 (14 : 7.5



Q Axis of

A/f i
rotation

7

A RADIACION SOLAR 2
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Figure 5.12 Three hypothetical records of solar radiation are shown
schematically as a function of time. The bottom solid curve depicts a record
with a period of 100,000 years (eccentricity); the heavy solid line depicts a
record with a period of 41,000 years (tilt); and the dashed curve indicates a
record with a period of 23,000 years (precession). The top curve is the sum of
these three records.




RADIACION / GLACIACIONS
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GLACIACIONS

Retroalimentacions

Correntes marinas
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GLACIACIONS (Wurm)
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HOLOCENO

Temperature
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HOLOCENO (GALICIA)
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HOLOCENO (*Pau de hockey”)

Departures in temperature in °C (from the 1961-1990 average)
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HOLOCENO-GALICIA (dendrocronoloxia)
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2.7z 77 ==construcion dendrocronoldxica para as temperaturas medias de xaneiro do observatorio da Corufa (Fernandez Cancio
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HOLOCENO-GALICIA (foraminiferos)
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DATOS INSTRUMENTAIS

(a) Groba

(b) Globe
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DATOS INSTRUMENTAIS Extremas

Cold days

1960 1970

1950 1860




DATOS INSTRUMENTAIS Secas

1920 1940 1960 1980 2000
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DATOS INSTRUMENTAIS Galicia extr.

NEMINES minimas

inverno

verdn
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GASES EFECTO INVERNADOIRO (GEls)

1862 Tyndall :CH,e CO,opacos aos “raios de calor”
1896 Arrehnius: CO, + vapor de auga
1938 Callendar : (Royal Meteorological Society)

OPINION DOMINANTE : os oceanos podian absorver
todo o CO, emitido (unha atmosfera en equilibrio)

1957 Revelle : os océanos non absorven todo o CO,
1958 Kelling . Observatorio de Mauna Loa

1967 Manabe et al x 2 CO, aumenta 1.5-4.5°C
Década dos 70: CFCs e ozono

1981 Hansen: aerosois (arrefriamento)

1985 Analise das burbullas de aire no xeo



Concentracién de CO: (ppm)
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GEls Paleoxeoquimica

Variations in atmospheric CO» concentrations on different time-scales
380 380
360 - (a) ,\Mﬂ."-"'ﬁf\r 360 - (d) Vostok
. ,\/\/‘._“»ﬁ‘[‘f\' e .
£ 340 4 AN £ 340 4
a8 AAAAADAADA a
S 320 -~ s A ANOAALPONIY 2 320 A
S 300 4 S 300 -
© — CO2 Mauna Loa =
E 280 4 2 = 280
o COs2 South Pole @
o 260 © 260
8 240 - S 240 -
8 220 - 8 oo
200 200 -
180 . , , r 180
1950 1960 1970 1980 1990 2000 400 300 200 100
Year Age (kyr BP)
380 380
360 - (O) 304 | (€)
£ 340 4 % 340 -
% 320 ‘g’ 320 —
S 300 - /,;:’f‘ % 300 -
4 y 4 Ve =
o E 20 e Ry P VG vr g Ry Ty § 280
O 260 - = .
§ —— Mauna Loa 8 —
o 240 Law Dome S' 240
g 220 4 v Adelie Land O 290 4
200 - ¢ Siple 200
® South Pole
180 T T T 1 T 180 1 | T T
800 1000 1200 1400 1600 1800 2000 25 20 15 10 5 0
Year Age (Myr BP)




EFECTO INVERNADOIRO

—
{=-]
—

Energy (relative units)

i)

Wave number (cm™)

50000 10000 5000 2000 1000 663 333 200 100

s P v RO I e ) G 0 N S 5 I O
0.1 01502 03 05 10 15 2 3 5 10 1520 30 50 100

Wavelength (m)

—
o
—

100
80
60 H,0 (rotation)
40 .

Absorbtion (%)

3
1 | 1 1
oMM H Teo colid™ T T [ Ll Reo
10,701 a6, || no MO | CP:
2 2 l
Ho O Ho| co CH
CH4 CFC13

0, CFCl




INTENSIFICACION RADIATIVA

TABLE 17.1. Global Warming Potenticls and Other Relevant Data
for Radiatively Important Gases®
GAS Gwepb 1990 RELATIVE STABILIZATION
EMISSICNS  CONTRIBUTION  REDUCTION
(Ta) OVER 100 yr (%) (%)<

CO, 1 26,000 61 ~60
CH, 21 300 15 15-20
N,O 290 6 4 70-80
CrCs 3000-8000 0.9 11 70-85
HCFC-229 1500 0.1 0.5 40-50




AEROSOIS
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AEROSOIS (arrefrtamento)
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INTENSIFICACION RADIATIVA TOTAL

Radiative forcing of climate between 1750 and 2005
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Radiative Forcing Terms

Climate efficacy

Spatial scale

Long-lived
greenhouse gases

Ozone

Stratospheric water
vapour from CH,4

Surface albedo

Direct effect
Total

Aerosol | Cloud albedo

effect

Linear contrails

I
I
I
I
I
[
[
[
I
[
Stratospheric
[
[
[
[
[

Land use

CH, I o

Halocarbo ns
Tropaspheric

|

|

|

I

I
Black carbon

on snow
|

1.0

(see
caption)

~10 -
100 yrs

Weeks to
100 yrs

10 years

10 -
100 yrs

Days

Hours -
Days

Hours

Global | High

Global High

Continental
to global

Global

Local to
continental

Continental
to global

Continental
to global

Continental

Solar irradiance

|
|
|
E
I
|
|
|
|
|
I
[
[
|

10 -
100 yrs

Global

Timescale

Scientific
understanding




INTERACCIONS NO SISTEMA
CLIMATICO
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O CICLO DO CARBONO

IN ATMOSPHERE

C Oz

FOSSIL FUELS

SIZE OF RESERVOIR

(10° METRIC TONS)
WORLD VEGETATION 560
WORLD SOILS 1,500
ATMOSPHERE 735
OCEANS 36,000
FOSSIL FUEL RESERVES | 5,000 TO 10,000

ANNUAL CARBON FLUXES are shown in units of one billion
(10?) metric tons. Photosynthesis on land removes about 100
billion tons of carbon from the atmosphere annually in the
form of carbon dioxide. Plant and soil respiration each return
about 50 billion tons. Fossil-fuel burning and deforestation

PHYSICO-CHEMICAL
DIFFUSION

PHYSICO-CHEMICAL
- DIEFUSION

release into the atmosphere respectively about five and two
billion tons. Physicochemical processes at the sea surface re-
lease about 100 billion tons into the atmosphere and absorb
about 104. The net atmospheric gain is about three billion tons
annually. The table lists the world's major carbon reservoirs.




O CICLO DO CARBONO 2

: Very fast <1 yr
Fossil fuel : Atmospheric Coz Fosmd 108wy
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ECOSISTEMAS FORESTAIS
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A ECUACION DO CARBONO

FLUJO DE COMBUSTIBLES
ILES :
HOY 63
2070 160

CONSUMO POR )
LOS OCEANOS
Sy

207043 AM

MODELOS DEL
CICLO .
CARBOND

HOXE 63 + 11 - (2+2) = 3.4.10gramos. ano CO,
2070 (2xCO,) 16.0+ 0.5 - (3.4+4.3)=88 & “



VIDE

Evolucion das fenofases da Vide (Vitis vinifera) desde 1970

GUILLAREI SALCEDO

350

300
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200

Dia Xuliano
Dia Xuliano
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BFLORACION 100 B FLORACION
AMADURACION A MADURACION

XRECOLECCION 50 X RECOLECCION

& CAIDA DE LA HOJA
Gl e s R ——Lineal (FLORACION)

0
1970-1971 1980-1981 1990-1991 2000-2001 1970-1971 1980-1981 1990-1991 2000-2001
Floracion: 19 dias en 30 anos Floracion: 18 dias en 30 anos
Maduracioén: 18 dias en 30 anos Maduracién: 18 dias en 30 anos
Colleita: 17 dias en 30 anos Colleita: 15 dias en 30 anos
Caida da folla: sen cambio aparente Caida da folla: sen cambio aparente

Cambios nas fenofases da Vide (Vitis vinifera) desde 1970

Anos Observados REGRESION
sig.

(MPendentes en dias/ano.

@Valores dados como unha distribucion t de Student.

* Valores con un 95% de probabilidade de significancia.
** V/alores sen cambio aparente (t entre +1y -1).



ANDURINA COMUN

Evolucion da chegada e emigracion das Andurifias (Hirundo rustica) desde 1970

GUILLAREI

A CHEGADA

Dia Xuliano

© EMIGRACION

1970-1971 1980-1981 1990-1991 2000-2001

Dia Xuliano

SALCEDO

A CHEGADA

© EMIGRACION

AL, A

0
1970-1971 1980-1981 1990-1991

2000-2001

Chegada: 15 dias antes en 30 anos
Emigracion: 14 dias mais tarde en 30 anos

Chegada: 14 dias antes en 30 anos
Emigracion: 24 dias méis tarde en

30 anos

Cambios na chegada e emigracion da Andurifas comun (Hirundo rustica) desde 1970

Anos Observados REGRESION
N°Anos _Desde  Ata | Pendente t

Sig.

(MPendentes en dias/ano.

@Valores dados como unha distribucion t de Student.

* Valores con un 95% de probabilidade de significancia.
** Valores sen cambio aparente (t entre +1y -1).
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PNE rias = 673(x15) - 2.2(x0.5)*[ANO - 1960}

2 R? =0.32, p <0.0001
O
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PNE plataforma = 753(65) - 9(£2)*[ANO - 1960]
R? = 0.40. p < 0.0001

1976

y = 0,48(0,02)+0,0024(:0,005)*(x - 1960)
R?=0,35, n=239,p<0.001

crecemento (mm/d)
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VULNERABILIDADE

Global Distribution of Vulnerability to Climate Change
Combined National Indices of Exposure and Sensitivity

B 10 Extreme vulnerabllity .
. 9 Severs

Scenario A2-550 in Year 2100 with Climate Sensitivity Equal to 5.5 Degrees C
Annual Mean Temperature with Aggregate impacts Calibration

tipidfciesin columba sduldatalclimatel 2006 Wesleyan Unwvarsity and Columbia Unevarsity




VULNERABILIDADE / RESILIENCIA

Quantitying vulnerability and
resilience

Sensitivity sectors

.
Settlement |

Food

Health ;'

Ecosystems

Water

h 4

Coping and Adaptive Capacity

’

Economics

Human Resources

Environment

Sensitivity Indicators h g Coping-Adaptive Capacity Indicators

Baseline

Sensitivity and Coping-Adaptive Capacity, and
Vulnerability-Resilience Response Indicators to Climate Change

Estimates and Projections of
Sectoral Indicators,
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