
A ciência das alterações climáticas



“Economics are the method; the object is to change the 
heart and soul” 

“... and so they are casting their problems on society 
and who is society? There is no such thing! There are 
individual men and women...” 

- But see Naomi Klein, “This Change Everything”
(Capitalism versus the climate)



CO2: current levels

Credit: Vostok ice core data/J.R. Petit et al.; NOAA Mauna Loa CO2 record.



Temperature: 
current levels

https://www.climate.gov/news-features/understanding-climate/climate-change-
global-temperature



Feedback mechanisms



Feedback mechanisms



Range of temperature increase

Variação da temperatura média global, relativamente aos valores pré-
industriais, para vários cenários de estabilização da concentração de 
gases de efeito de estufa (GHG)

https://en.wikipedia.org/wiki/United_Nations_Framework_Convention_on_Climate_Change



GHG emissions

Emissões globais de GHG para vários cenários de mitigação

https://en.wikipedia.org/wiki/United_Nations_Framework_Convention_on_Climate_Change



Carbon budget

Apesar das reservas conhecidas serem mais do dobro do orçamento de 
carbono disponível, as petrolíferas gastam $674 mil milhões/ano para 
encontrar novas reservas
(http://climatenexus.org/sites/default/files/article/CarbonBudget.pdf)



"You have been negotiating all my life." Canadian college 
student Anjali Appadurai,  at the 2011 
UN climate conference in Durban, South Africa

1972 – United Nations Conference on the Human Environment

1979 – Primeira “World Climate Conference”

1988 – Criação do “Intergovernmental Panel on Climate Change”

1992 – Criada a United Nations Framework Convention on Climate 
Change

1997 – Assinatura do Protocolo de Quioto



Country Date of 
Submission Reduction Target Year Base Year

Climate 
Tracker 
Rating

Switzerland 27-02-2015 50% 2030 1990 MEDIUM
European 
Union (28 
Member 
States)

06-03-2015 40% 2030 1990 MEDIUM

Norway 27-03-2015 40% 2030 1990 MEDIUM

Mexico 30-03-2015 25% 2030
Business as 

Usual 
Scenario

MEDIUM

United States 
of America 31-03-2015 26 - 28% 2025 2005 MEDIUM

Russian 
Federation 31-03-2015 25 - 30% 2030 1990 LOW

Andorra 30-04-2015 37% 2030
Business as 

Usual 
Scenario

MEDIUM

Canada 15-05-2015 30% 2030 2005 LOW/MEDIUM

Intended Nationally Determined Contributions

COP21: Paris Pledges





Portugal: emissions

http://www.climatefairshares.org/



  

The “population” fallacy and Climate Justice



  

The “population” fallacy...

http://www.theguardian.com/environment/ng-interactive/2014/sep/23/carbon-map-
which-countries-are-responsible-for-climate-change



  



  



  



Risks:
… limiting total human-induced warming to less than 2°C relative … to the period 
1861-1880 with a probability of >66% would require cumulative CO2 emissions 
from all anthropogenic sources since 1870 to remain below about 2900 GtCO2. 
About 1900 GtCO2 had already been emitted by 2011. - IPCC AR5 report, 2014

- Climate change will amplify existing risks and create new risks for natural 
and human systems. Risks are unevenly distributed and are generally greater 
for disadvantaged people and communities in countries at all levels of 
development.

– … global marine species redistribution and marine biodiversity 
reduction … will challenge … fisheries productivity.

– For wheat, rice, and maize in tropical and temperate regions, … 
negatively impact production.

– Global temperature increases of ~4°C or more … pose large risks to 
food security globally.

– … reduce renewable surface water and groundwater resources in most 
dry subtropical regions …

– … exacerbating health problems that already exist. … lead to increases 
in ill-health in many regions and especially in developing countries … 



  

“It's just too expensive to implement renewable 
energy and revamp our economy”



GHG emissions in CO2-eq. 

http://www.ipcc.ch/publications_and_data/ar4/syr/en/spm.html
https://www.ipcc.ch/report/ar5/wg3/

http://www.ipcc.ch/publications_and_data/ar4/syr/en/spm.html


Energy supply 

Dirty fossil fuel energy companies → Energy companies

BP=British Petroleum   → Beyond Petroleum →  lies Gulf of Mexico
(since 1954) (2001) spill...

- “Oil firm invested billions of pounds in clean and low-carbon energy in the 80s and 
90s but later abandoned meaningful efforts to move away from fossil fuels and 
locked away the research“   - Guardian, 16 April 2015

- “Inside Exxon’s Great Climate Cover-Up: From Early Climate Change Researcher 
to Epic Climate Denier” 
http://www.democracynow.org/2015/9/24/inside_exxons_great_climate_cover_up



But renewables are unreliable, right?

- Actually... No! 
- Sun, Wind and Water can be combined to increase resilience
- July 9th, 2015 – Denmark produces 140% of its electricity from 
wind



But renewables are unreliable, right?

- Why Germany and Denmark energy revolution is working so well: 
energy local co-ops!!!

- Mark Z. Jacobson:  “A Plan to Power 100 Percent of the Planet With 
Renewables” - Scientific American, 2009;

- The Solutions Project, with Mark Ruffalo (Hulk!) and Josh Fox 
(Gasland); - developed individual WWS (water-wind-solar) energy 
plans for each of the 50 United States. (http://thesolutionsproject.org/) 



Renewable energy growth



Divest/Reinvest

- Led by 350.org; started in 2007

- James Hansen: “350 parts-per-million (ppm) of CO2 in the 
atmosphere is a safe upper limit to avoid a climate tipping 
point”...  
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Divest/Reinvest

- Led by 350.org; started in 2007 

- James Hansen: “350 parts-per-million (ppm) of CO2 in the 
atmosphere is a safe upper limit to avoid a climate tipping 
point”...  

First they ignore you, 
then they laugh at you, 

then they fight you, 
then you win.

Mahatma Gandhi



Divest/Reinvest

- Divestment campaign launched in 2012, Bill Mckibben's Rolling 
Stone article, with 3 numbers:
2 degrees Celsius; 565 Gigatons (budget); 2795 Gt (piggy bank) 

- Recently: 436 institutions and 2,040 individuals across 43 
countries and representing $2.6 trillion in assets have committed 
to divest from fossil fuel companies

- Norway national fund: largest sovereign wealth fund, $900 
billion;

- Rockfeller heirs (http://www.democracynow.org/2014/9/22/)

- What about Portugal? Calouste Gulbenkian/Partex?

http://www.democracynow.org/2014/9/22/


ONE MILLION CLIMATE JOBS: Total Jobs 
and Emissions Cuts (UK alone)

Total number of jobs:

Electricity     400,000
Transport     310,000
Buildings      185,000
Industry        25,000
Education  35,000
Agriculture, Waste 
and Forestry  45,000

TOTAL 1,000,000 jobs

Total amount of cuts in CO2 emissions:

             CO2 before    CO2 after     Cut

Electricity 145 Mt         7 Mt    95%
Transport 178 Mt       30 Mt    83%
Buildings  97 Mt         5 Mt    95%
Industry    108 Mt        31 Mt    71%

                                  
TOTAL        528 Mt       73 Mt         86%

- calculated over 20 years;
http://www.climate-change-jobs.org/

http://www.climate-change-jobs.org/


Can we actually still make it?

Reaching peak emissions
Robert B. Jackson, Josep G. Canadell, Corinne Le Quéré et al., 
Nature Climate Change, 7 Dec. 2015.



What could the future look like?



2050 – Fusion energy?
● Main Advantages:

          - Virtually unlimited cheap fuel   
             (D+T: from sea water + lithium)
          - No danger of runaway reactions

          - No nuclear proliferation

          - Reliable power load energy

● Main drawbacks:

           - Materials, wall activation

           - Tritium breeding (from Lithium in 
        blanket) 

           - Need for strong magnetic fields, 
        superconductor coils

           - Instabilities, possible disruptions

● Most of these to be addressed by ITER, 
under construction in Cadarache, to 
begin operations in 2020 (first plasma)! 

"Every time you look up at the sky, every one of those points of light is a reminder that fusion 
power  is extractable from hydrogen and other light elements, and it is an everyday  reality 

throughout the Milky Way Galaxy." 
--- Carl Sagan, Spitzer Lecture, October 1991



What could the future look like?

- “The more clearly we can focus our attention on the wonders 
and realities of the universe about us, the less taste we shall have 
for destruction.”  - Rachel Carson

- Naomi Klein - “The right to regenerate: Moving from Extraction 
to Renewal”, chapter 13, “This Changes Everything”;

- George Monbiot - “Rewilding” and the concept of “trophic 
cascades”
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