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Entre mas reciente mas detalle...
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Difference from 1961-1990
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Changes in Temperature ,Sea Level
and Northern Hemisphere Snow Cover
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(c) Northern hemisphere snow cover
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Calentamiento global
NO es uniforme ni en el
tiempo ni el espacio
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Annual precipitation trends: 1900 to 2000

Trends in percentage per century
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Lepariamanis de Pregrads
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Figura 5: Tendencia de la temperatura superficial del mar (°C/28 afios) en el periodo 1978-2004
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TENDENCIA DE LA PRECIPITACION
ANUAL - 1950-2000
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Porcentaje A/PAM
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Figura 2. Tendencia de la precipitacion anual expresada como el cambio porcentual
por década (el porcentaje se evalla con respecto al promedio de precipitacion durante
el periodo respectivo).
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Factores de cambio climatico

e Factores internos: tecténica, volcanismo,...
» Factores internos: acoplamiento atmosfera / hidrosfera / etc...
» Factores externos: actividad solar, meteoros,....

» Factores antrogénicos: Cambios en la composicion de la
atmosfera terrestre, uso de suelo, etc.




Teoria de Milankovish

Cambios en Geometria Tierra-Sol —» Cambios en energia disponible
— “Gatillo” para cambios climaticos globales...
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An often-cited 1980 study by Imbrie and Imbrie determined that "Ignoring
anthropogenic and other possible sources of variation acting at frequencies higher
than one cycle per 19,000 years, this model predicts that the long-term cooling trend
which began some 6,000 years ago will continue for the next 23,000 years."“!


http://en.wikipedia.org/wiki/Milankovitch_cycles#endnote_Imbrie1980

N,0

lerra
Invernadero
CO,, CH,,

2

Gases
H,O

B e L L e

itud)

It red
cibeoed

fiorm

surfaice

latitud y long

300
Infr:c:led

2 IEEI0n

78
Evopo-
tronzgoiro tion

‘Atmésfera, tiempo y clima

(promedio en

Balance Global de Energia del Planeta T
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Efecto invernadero antropico
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Indicators of the human influence

on the atmosphere during the Industrial era

GO; (ppm) Radiative forcing (Wm-2)

aso{ Carbon Dioxide concentration 1.5

340 Lo

320

300 - il S

280 'l"‘i . - :"’.n L '&‘ * a.':.‘ n.'.'“.'.".. .::u :;:I;‘? - 0.0
L 1 T 1 1 L] 1 - l.

1000 1200 1400 1600 1800 2000
CHy (ppb) Radiative forcing (Wm-2)
17504 Methane concentration

] -0.50
1500 /
1250 H

i o2 025
1000 j

i -r.o. 2 ".‘. *e :.. : .8.‘.$ ...“‘ 5":.:. .‘i‘:‘g"g 1 _i[ - 0.00
T T T T T T T T o :
1000 1200 1400 1600 1800 2000

N30 (pob) Radiative forcing (Wm2)
. . . 0.15
3104 Nitrous Oxide concentration
i -0.10
290 - “:;'; [
i . 005
I ."0.0'. '9“-.: ? B
i .é"!“ *® .
2701ss . Y gy s o [0.00
. . - s J . .
1 : ,‘ ':' y | I
220 . ! — T T — :
1000 1200 1400 1800 2000
Sulfur
mg SO,” per tonne of ice
2001 Sulfate aerosols
deposited in i
- Greenland ice n
2
SO, emissions e
from United States A i
and Europe il
(MES yr) 25 5
0




UMIVEHSIDAD Dt CHELE

eanacirs o Ao Acasumcs ‘Atmésfera, tiempo y clima

Lepariamanis de Pregrads

World
Resources
Institute

hup://www.wri.org/
1-202-729-7600

WRI

Reonéd Garreaud y cguif



Durante el siglo XX el oceano/biosfera ha capturado cerca del 40%
del CO2 emitido...captura puede variar (+ ?) con incremenento de T

Global Fossil Fuel CO, Emissions
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Global fossil fuel CO, emissions with division into portions that remain airborne
or are soaked up by the ocean and land.

Source; Hansen and Sato, PNAS, 101, 16109, 2004 5



Proyecciones climaticas
para el siglo XXI




My first toy model

A system of coupled, non-linear algebraic equations

Xoy= AXery Yot BLeyt e
Y= CXeyyY @y T BZL gt ey
L= D-Zeyy Y ¢ * E Xy * &

e,=¢g, =¢,=0

X, Y, Z: Time-dependent variables
Pressure, winds, temperature, moisture,....

A, B, C, D: External parameters
Orbital parameters, CO, Concentration, SST (AGCM), Land cover

Ey 8y €, Random errors
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Model results departs from reality after two-weeks because of “butterfly
effect” (uncertainty in initial conditions) but they are still useful in a climatic
perspective and highly dependent upon external parameters

My First Toy Model
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Two runs of the model, everything equal but parameter A
Note the “Climate Change” related to change in A



Atmospheric circulation is governed by fluid
dynamics equation + ideal gas thermodynamics

dVv

(jtw V)T -S,0=0Q,, +Q.. +Q,

V-\7+8a):0

= fkxV :—1Vp— F +g
dt Yo,

Momentum eqgn.

Energy eqgn.

Mass eqn.

Idea gas law

Water substance
eqns.



Global Models (GCM)

AZ
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Top of atmosphere: 15-50 km
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CO, emissions (Gt C / yr)
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Relative Probability Relative Probability

Relative Probability
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AOGCM Projections of Surface Temperatures
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rojected Patterns of Precipitation Changes
multi-model

DJF multi-model
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Regional Models (LAM, Mesoscale Models)
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AX~Ay~150km Az~50-200 m At~ seconds
L, ~L,~100-5000 km L, ~ 15 km LBC from GCMs

Main Problem: Garbage in — Garbage out
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B2 (2070-2100) — Baseline (1970-1990) Sfc. Air Temperature
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arfamanls ds Preg

A2-Baseline (from GCM and RCM) Observed
2000-1960

GFDL ECHAM HADAM PRECIS

205 1

255 1

305 1

355 1

405 4

455 4

505 1

555 1

85W B8OW 75W 70W 65W  85W BOW 75W 7OW 65W  85W BOW 75W 70W 65W  B85W 8OW 75W 70W 65W 45W BOW  75W  T7OW  65W

-750 -500 -300 -150 -50 +50 +150 +300 +500 [mm/100 years]




UNIVEHSIDAD DE CHILLE
Vicarrecloriz de Asunlon AcsceEsncos

Degariamaria de Preo

CAMEIO FUTURO: A2
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CAMBIO FUTURO: B2
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Annual mean rainfall [mm]

Annual mean rainfall [mm]
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PrOJected Changes v/s Observed changes
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CAUDAL SIMULADO DEL RIO MAULE* - PRESENTE y FUTURO (A2)
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Preguntas

Como se comparan los cambios proyectados con la variabilidad
observada en la actualidad (Siglo XX) y el pasado cercano (1500-
2000)?

Existen manifestaciones del cambio climatico asociado a los Gl en las
ultimas decadas?

Cuales son los efectos “sectoriales” de un cambio climéatico asociado a
los GI? Quienes ganan, quienes pierden?






