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“Las preguntas cientificas del cambio
climatico estan resueltas....
ahora es solo un problema técnico-
economico”

(ca 2012, algun ministro o subsecretario)



La Ciencia del Cambio Climatico:
Modelos, Millones y Culebras

René D. Garreaud

Departamento de Geofisica / Centro del Clima y Resiliencia CR2
Universidad de Chile
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Modelos, Millones y Culebras

No todo es Cambio Climatico

Ha cambiado el clima? Largo y corto plazo
Factores del cambio (CO, y mas...)
Prondstico para mafana?

Podemos salvar al oso polar?

Sensibilidad climatica y la Sra. Juanita
Conclusiones



Encuesta flash sobre Cambio
Climatico (CC)....

 EICC es uno de los mayores problemas de la

humanidad en el siglo XXI



Encuesta flash sobre Cambio
Climatico (CC)....

 EI CC es el mayor problema de la humanidad al

2050



Encuesta flash sobre Cambio
Climatico (CC)....

 EICC es el mayor problema de Chile en esta

década



Biggest threats to humanity
according to Nobel Prize winners

Population rise/
— environmental
degradation

Facebook \

Drugs "
Inequality —_

Artificial
intelligence

Trump/ignorant __ g9
leaders

Fundamentalism/ 6% \

terrorism
"~ Nuclear war

Ignorance/
distortion of truth

Selfishness/ Infectious disease/
dishonesty drug resistance

Source: Times Higher Education and Lindau Nobel Laureate Meetings m




La Megasequia 2010-2015
Una leccion para el futuro

http://www.cr2.cl/megasequia/

Observed SAT Anomalies (°C) SLP Anomalies (hPa)
Natural (+ Trend?) Antropoghenic

CR)

Center for Climate
and Resilience Research
www.CR2.cl

2010-2018 Central Chile MD
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La Megasequia 2010-2015
Una leccion para el futuro

http://www.cr2.cl/megasequia/
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Proyecto FIC-R 2017 codigo BIP 40002646-0
Caracterizacion del consumo hidrico y del sistema hidrogeoldgico en la
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educacion ambiental



El clima siempre cambia....

Formacion de

1 Tierra Tiempo: Millones de afios — Hoy
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Signos Globales durante
el antropoceno
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Promedio anual temperatura maxima [°C]
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Calentamiento en Chile?
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Y que pasa con la precipitacion?

Q

La Serena

Santiago
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Anomalia de precipitacion anual (%)
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Efecto invernadero y cambio climatico

Algo pequefiio tiene un efecto grande....
CO2, CH4, H20 and other gasses absorb longwave radiation emitted by the surface....

~~ Incoming solar reflected thermal outgoing

n2) solar TOA TOA TOA
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atmospheric
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Evidencia paleo-climatica y extraterreste
del control del CO2 en el Clima

Formacion de

la Tierra Tiempo: Millones de afios > Hoy
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Efecto invernadero y cambio climatico

Algo pequeno tiene un efecto grande....
CO2, CH4, H20 and other gasses absorb longwave radiation emitted by the surface....

Globally averaged greenhouse gas concentrations
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Retro-alimentacion del sistema climatico

cambian la respuesta al incremento del CO,

Positive
and
negative

feedbacks

Water vapor

now and
ice albedo

°C Clouds

Parte “facil”
Calculo radiativo..

Doubling

of =

: atmospheric

co,

Increased CO,
trapping of
radiation in

clear sky

Additional warming
due to feed backs Total warming

Ruddiman: Earth’s Climate, Chapter 4



Global Circulation Models (GCM)

Alat ~ A lon ~ 1° - 3°
Az ~1km At~ minutes-hours

~ 10 ecuaciones/variables
~ 100 pardmetros \
~ 10 pardmetros débilmente acotados
Forzante GEl siglo XX conocido
Forzante Aerosoles siglo XX menos conocido




Cambios observados y simulados de Temperatura
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Cambios observados y simulados de Temperatura
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Cambios observados y simulados de Temperatura
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Cambios observados y simulados de Temperatura
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Sensibilidad climatica: AT(2xCO,)
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The long summer of the Eocene world (50-60 Myrs ago)




Modelos ademas presentan problemas en climas pasados
Termostato tropical? Multiples equilibrios?

Mid-Cretaceous
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Ruddiman: Earth’s Climate, Chapter 4



Modelos ademas presentan problemas en climas pasados
Termostato tropical? Multiples equilibrios?

GCMs (cambios CO2 + geografia)

Temperature (°C)
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Ruddiman: Earth’s Climate, Chapter 4



La aparente existencia de un termostato tropical y su
falta de representacion en GCMs es un problema...
Sin embargo una buena culebra ayuda
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Figure 3 | Mean annual palaeotemperature and Palaeocene latitudinal
temperature gradients derived from body size of the green anaconda
Eunectes murinus (light green) and body size estimates of Titanoboa
cerrejonensis (dark green). Curves represent model body size increases with

Figure 1| Titanoboa cerrejonensis precloacal vertebrae. a, Type specimen
(UF/IGM 1) in anterior view compared to scale with a precloacal vertebra
from approximately 65% along the precloacal column of a 3.4m Boa
constrictor. Type specimen (UF/IGM 1) shown in posterior view (b), left
lateral view (c) and dorsal view (d). Seven articulated precloacal vertebrae

Head et al. Nature 2009



Reconstruccion incluyendo Titanoboa
otorga mas credibilidad a GCMs

Reconstruccion GCMs (cambios CO2 + geografia)
conculebra., === —==m=—=—=— =
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Ruddiman: Earth’s Climate, Chapter 4



Pero como viene la mano?




La gran incertidumbre:
cuanto CO2 habra en el futuro?

Socio-economic development
pathways Climate Scenarios
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Proyecciones Climaticas Globales

para fines del siglo XXI bajo escenario RCP8.5

(1000 ppm CO2 a fines de siglo)
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Impactos Regionales del Cambio Climatico

e Aumento de temperatura 2.5-3.59C (*)
e Disminucidn de precipitacion 25-35% (*)
(*) Proyeccion a fin de siglo bajo escenario A2

100*[P(A2)-P(BL)]/P(BL) Diferencia Temperatura 2-m A2-BL
Promedio anual

I +80%
+25%

20°%

A 00 1° 20 30 40 B°C

30°S

Estudio DGF/UCh-CONAMA 2007 empleando PRECIS



Podremos salvar al
Oso polar?



Se acuerdan del

agujero de la
0a de Ozono?
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Projected Impacts of Climate Change
Global temperature change (relative to pre-industrial)
0°C 1°C 2°C 3°C 4°C 5°C
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developed re
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Nations Unies Las Buenas Noticias
onférence sur les Changements Climatiques 2015
S Acordamos <2°C, <1.5°C

The Paris climate agreement: key points
Temperatures Financing Specialisation Emissions goals
d 2100 2020-2025 2050
s B o Presoen By I
o9 Sy [, 4 s N
Longlive thé planet.
Long live Humanity.Longliveli
e ¢
= ®

«Keep warming “well below  « Rich countries must +Developed countries must  +Aim for greenhouse gases
2 degrees Celsius” provide 100 billion continue to “take the lead” = emissions to peak “as soon

dollars from 2020, in the reduction of as possible”

n : sy as a “floor” greenhouse gases
tcl?en:ilg:ienetzf?nrtsetrgtl:gg «From 2050: rapid reductions
t6 1. desroes Féelsius" «Amount to be updated - Developing nations are to achieve a balance between

s by 2025 encouraged to “enhance emissions from human
their efforts” and move activity and the amount that
over time to cuts can be captured by “sinks”
Burden sharing Review mechanism Climate-related
2025 losses
o080,

* Developed countries must provide * Areview every five years. *Vulnerable countries have won
financial resources to help First mandatory world recognition of the need for
developing countries review: 2025 “averting, minimising and

+ Each review will show an addressing” losses suffered

+Other countries are invited to provide improvement compared with due to climate change

support on a voluntary basis the previous period o AFP




The Economic Impacts of

Climate Change

Richard S. |. Tol*

Introduction

For such a fractious discipline, there has been remarkable agreement among economists

the swrtinge nf Mordhane (19771

concerning the first-best climate policy. Ever sin
d’Arge (1979), and Schelling (1992), it has been wide
balance, a negative externality and that greenhouse g4
preferably taxed. Although there continues to be a vig
the long-term (Stern et al. 2006; Nordhaus 2013), n
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The ,
Climate
Casipo ™

Risk, Uncertainty, :

and Economics
I,. v

for a Warming

Climate
change

the world
at least

€2.6
trillion

per year

Reducing
emissions

would cost around

€0.5
trillion

per year

ON THE ECONOMICS
OF CLIMATE CHANGE

World




share of global income (%)

Temperatura de equilibrio  —m-Abatement Costs
aumenta con SC - Undiscounted damages
-~ Total undiscounted

Costos de mitigacion aumentan
con la Sensibilidad Climatica (se
debe actuar mas rapido)

The
Climate$
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El vaso medio vacio

Annual global energy consumption
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El vaso medio vacio

Comparison of the global 2°C carbon budget with fossil fuel reserves CO,
emissions potential

Fig.1
3000

GtCO,

2000 - 2050 2°

2011 - 2050 Global carbon
budget




Global Greenhouse Gas Emissions

by Economic Sector
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Que hace especial el “problema”
del Cambio Climatico

Origen global pero diferenciado }

Desacoplados
Impacto global y diferenciado
La historia cuenta: acumulacion de GEI desde 1850...

La historia cuenta: Acciones de hoy definen impactos
durante el resto del siglo XXI

Cientificamente tratable
Impactos cuantificables
Agendas socio-politico-econdmicas



“Las preguntas cientificas del cambio
climatico estan resueltas....
ahora es solo un problema técnico-
economico”

(ca 2012, algun ministro o subsecretario)



“La ciencia del cambio climatico ha
avanzado pero no esta completa.
El cambio climatico representa un
complejo problema social de escala

v multi-generacional”

(ca 2019, René Garreaud @ DGF-UCh + CR2)






Annual Emissions: Top Four Emitters

10 Gt : China 9.8 A 1.7%
CO, //th, Gt CO, in 2017

USA 5.3 Yo05%

EU28 3.5 A1.4%

India 2.5 A4.0%

O = T ) ) T T T T
1960 1970 1980 1990 2000 2010 2017
@® Global Carbon Project * Data: CDIAC/UNFCCC/BP/USGS




Las Noticias

CLIMATE ACTION TRACKER é

Home: Cauntries
In gach category, countries

are listed in alphabetical,
order, with no ranking.

I Morocco
I The Garmbia

Bhutan
CostaRica
Ethiopia
India
Philippines

Australia

I Brazil
I EU
I Indonesia

I Kazakhstan

I texico

I Mews Zealand

I MNorway

I Peru

Switzerland
UAE
Argenting

e
I Canada
 EC

Chile

I China
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Rating countries

Wwith the adoption of the Paris Agreement, governments have agreed to hold warming well below 2°C, and
pursue efforts to limit warming to 1.5°C abowe preindustrial lewels. They hawe put Forward their proposed
contributions to a “Fair sharing” of effort to mave global emissions downward in the period 2020-2025-2030
in their (Intended) Mationally Determined Contributions,

The Climate Action Tracker rakes {IJNDCs, 2020 pledges, long-term targets and current policies against
whether they are consistent with a country's Fair share effort to the Paris Agreement 1.5°C ternperature
goal.

The CAT "EFfort Sharing” assessment rethodoloagy applies skate-of-the art scientific literature on how ko
cornpare the fairness of government efforts and {[JNDC proposals against the Level and timing of erission
reductions consistent with the Paris Agreernent, The Focus of the assessment is onthe period 2020, 2025
and 2030,

Ratings

CRITICALLY INSUFFICIENT

Commitments with this rating fall well outside the fair share range and are not at all
consistent with holding warming to below 2°C let alone with the Paris Agreement's
stron%elrtjc.S"C limit. IF all government targets were in this range, warming would
excee .

HIGHLY INSUFFICIENT

Commitments with this rating fall outside the fair share range and are not at all
consistent with holding warming to below 2°C let alone with the Paris Agreement's
stronger 1.5°C limit. If all government targets were in this range, warming would reach
between 3°C and 4°C.

INSUFFICIENT

Commitments with this rating are in the least stringent part of their fair share range
and not consistent with holding warming below 2°C let alone with the Paris
Agreement’s stronger 1.5°C limit. If all government targets were in this range, warming
would reach over 2°C and up to 2°C.

2°C COMPATIBLE

Commitrments with this rating are consistent with the 2009 Copenhagen 2°C goal and
therefore fall within the country's fair share range, but are not Fully consistent with the
Paris Agreement. If all government targets were in this range, warming could be held
below, but not well below, 2°C and still be koo high to be consistent with the Paris
Agreement 1.5°C limit.

1.5°C PARIS AGREEMENT COMPATIBLE

This rating indicates that a government’s efforts are in the most stringent part of its fair
share range: it is consistent with the Paris Agreement’s 1.5°C limit.

1.5°C

FAIR SHARE RANGCE

ROLE MODEL

This rating indicates that a government's efforts are more ambitious than what is
(onsif{ered a fair contribution: it is more than consistent with the Paris Agreement's
1.5°C limit.

"
(s]

Climate
Action
Tracker

Pledges

+2°C

+1.5°C
+1.3°C

Global mean
temperature
increase
by 2100

Current
Policies




The cascade of uncentainty

GHG
emissions

Climate
model

Regional
scenario

Adaptation
responses

La piramide de incertidumbre

A

< The envelope of uncertainty >

Wilby and Dessai 2010



Venus esta mas cerca del sol que |a tierra, pero su persistente y extensa cubierta de
nubes hace que la radiacion solar incidente en superficie sea menor que lo que recibe la
superficie de la tierra. Aun la temperatura superficial de Venus es 530°C!
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Efecto invernadero, version 2

(Lindzen 1999, 2007)

T ~0.1
T~1 9 km T~1
300 hPa
T~1 7 km _
350 hPa .S
5
>
g
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O
Temperatura Temperatura
CO,: 280 ppm CO,: 540 ppm
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IR VIS Q+Qs
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Sensibilidad climatica y la Sefiora Juanita
Si aumentamos el CO2 el planeta se calienta....pero cuanto?

120
Figura 1: Un Calculo de servilleta
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Como andan los modelos en Chile?
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