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What you need to know/be able to, 
after this class?
• Describe the greenhouse effect and why it is being exacerbated.
• What are the main greenhouse gas emissions, and what is their role in 

global warming?
• Who have been the main emitters, and what are the main causes?
• Tell stories about evidence of climate change.
• Know the concept of Drawdown.
• Identify and assess the relevance of multiple sectors' solutions.
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Source: OurWolrdinData.org (2024)

2023:
Fossil Fuels: 77%

Renewables: 20%

Renewables without 
traditional biomass and 

Hydro: 8%

Nuclear: 4%



Electricity Production by Source
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• Coal (35.5%), followed by gas 
(22,5%), is the largest source of 
electricity production. 

• Of the low-carbon sources, 
hydropower  (14%) and nuclear (9%) 
make the largest contribution; 

• Wind (7.8%) and solar (5.5%) are 
growing quickly. 

Humanity has exceeded a 
planetary boundary 
related to environmental 
pollutants and other 
“novel entities” including 
plastics.
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That's what keeps our 
Earth a warm and cosy 
15ºC, on average.

CO2 plays a crucial 
role in maintaining the 
stability of Earth's 
atmosphere. If CO2 
was removed, the 
terrestrial greenhouse 
effect would collapse, 
and Earth's surface 
temperature would 
drop significantly by 
approximately 33°C 
(59°F).

CO2
parts per million (ppm)

400,000 years



Why global temperature is changing? Because 
atmosphere composition is changing





Data: IPCC WG3



Changing of the Earth and atmosphere global energy balance 

ClimateChange

Deviation in global mean temperature from 

the 1880-1900 average

All 19 years since 2002 rank among the 20 warmest since measurements began

Deviation in global mean temperature from the 1951-1980 

average
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ClimateChange

How does 2021 temperature compare to 
the average from various decades over 
the last century?
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ClimateChange

https://showyourstripes.info/s/globe
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ClimateChange
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ClimateChange
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Climate Change Impacts

Photo by Unsplash

ClimateChange Impacts

It’s a striking statement because it names what so often goes unspoken – the fact of 
climate suffering.  

• That includes natural disasters such as the wildfires California, Portugal or Greece have experienced in recent 
years.

• Drought in Australia, or floods across Somalia, Cameroon and Nigeria.
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ClimateChange Impacts
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ClimateChange Impacts

• Displacement or loss of ancestral homelands – as a low-lying coral atoll nation in tropical pacific 
islands (e.g. Marshall Islands declared a national climate crisis back in 2019. 

• New diseases. Studies suggests that climate change will widen the area exposed to the Ebola virus. 
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ClimateChange Impacts

• It could be loss of cultural traditions, such as the growing risks to the Hajj (pilgrimage to Mecca) .

• Animal suffering, such as the elephants starving to death in drought-struck national parks in 
Zimbabwe.
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ClimateChange Impacts

• Research demonstrates that the extreme weather events associated with a changing 
climate can impair mental health, in particular leading to increases in depression and 

post-traumatic stress disorder 

• More gradual changes in climatic conditions, such as rising temperatures and reduced 
air quality, are also harmful to mental health

• There is increasing evidence that a significant proportion of people might be 
experiencing a harmful level of anxiety associated with their perception of climate 
change and governments inability to act and personal limitation of impacts.

https://pubmed.ncbi.nlm.nih.gov/33389625/

https://pubmed.ncbi.nlm.nih.gov/32210846/
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Hot Poles

30°C above normal in the Arctic (20th 
March 2022). 

40°C above normal in the Antarctic 
today (20th March 2022).

https://www.theguardian.com/environment/2022/mar/21/extremes-of-40c-above-
normal-whats-causing-extraordinary-heating-in-polar-regions©João Pedro Gouveia, FCT NOVA, 2025

Nine Climate Tipping Points now Active”

This is what we now start seeing, already at 1.1°C global warming. 
Domino effects have also been proposed.

1. Arctic Sea Ice (Reduction in area)

2. Greenland Ice Sheet (Ice loss accelerating)
3. Boreal Forests (Fires and pests changing)
4. Permafrost (thawing)

5. Atlantic Meridional Overturning Circulation ( In slowdown 
since 1950’s)

6. Amazon Rainforest (Frequent Droughts)
7. Warm Water Corals (Large Scale die-offs)

8. West Antarctic Ice Sheet (Ice Loss accelerating)
9. Parts of East Antarctica (Ice Loss accelerating)

https://www.nature.com/articles/d41586-019-03595-0

The evidence from 

tipping points alone 

suggests that we are in 
a state of planetary 

emergency: both the 

risk and urgency of the 

situation are acute 
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ClimateChange –Financial Impacts

Economic losses have increased sevenfold from the 1970s 
to the 2010s. 
• 2010–2019 (US$ 383 million per day on average over 

the decade) 
• 1970–1979 (US$ 49 million).

A disaster related to a weather, climate or water hazard 
occurred every day on average over the past 50 years – 
killing 115 people and causing US$ 202 million in losses 
daily,

Weather-related disasters increase over past 50 years, 
causing more damage but fewer deaths

The Atlas of Mortality and Economic 
Losses from Weather, Climate and 
Water Extremes (1970–2019) WMO, 
2021
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ClimateChange - Financial Impacts
Between 1980 and 2020, total economic losses from weather- and 
climate-related events amounted to EUR 450-520 billion (in 2020 
euros) in the 32 EEA member countries (EEA-32). 

Based on data from two separate sources (NatCatSERVICE and CATDAT), 
fatalities during the same period amounted to between 85,000 and 
145,000.

https://www.eea.europa.eu/publications/economic-losses-and-fatalities-from/economic-losses-and-fatalities-from©João Pedro Gouveia, FCT NOVA, 2025



ClimateChange –Financial Impacts

Earthquakes, storms, 
floods and droughts — 
the number of recorded 
loss events resulting from 
natural disasters has been 
increasing

©João Pedro Gouveia, FCT NOVA, 2025

How do we get the news 
about global warming?







The World’s Leading Resource for Climate Solutions
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Project Drawdown maps and models solutions

Principle1 Principle 2

Principle 3



• Shift Production
• Enhance Efficiency
• Improve Electrical System



ONSHORE 
WIND TURBINES

#6
RANK BY 2050

47.2GT
REDUCED CO2-eq

DISTRIBUTED SOLAR
PHOTOVOLTAICS

#10
RANK BY 2050

28.0GT
REDUCED CO2-eq



OFFSHORE
WIND TURBINES

#26
RANK BY 2050

10.4GT
REDUCED CO2-eq



• Address Waste & Diets
• Protect Ecosystems
• Shift Agricultural Practices



REDUCED
FOOD WASTE

#1
RANK BY 2050

87.4 GT
REDUCED CO2-eq

PLANT-RICH DIET

#3
RANK BY 2050

65.0 GT
REDUCED CO2-eq





• Use Waste
• Address Refrigerants
• Improve Materials

REFRIGERANT 
MANAGEMENT

#4
RANK BY 2050

57.7 GT
REDUCED CO2-eq



COMPOSTING

#57
RANK BY 2050

2.1GT
REDUCED CO2

RECYCLED 
METALS

RECYCLED 
PAPER

RECYCLED MATERIALS





• Shift to Alternatives
• Enhance Efficiency
• Electrify Vehicles

ELECTRIC CARS

#24
RANK BY 2050

11.8 GT
REDUCED CO2-eq



PUBLIC TRANSIT

#35
RANK BY 2050

7.5GT
REDUCED CO2-eq

EFFICIENT OCEAN 
SHIPPING

#45
RANK BY 2050

4.3GT
REDUCED CO2-eq



TELEPRESENCE

#67
RANK BY 2050

1.0 GT
REDUCED CO2-eq



• Shift to Alternatives
• Enhance Efficiency
• Address Refrigerants 



IMPROVED CLEAN 
COOKSTOVES

#9
RANK BY 2050

31.3  GT
REDUCED CO2-eq

INSULATION

#16
RANK BY 2050

17.0GT
REDUCED CO2-eq





• Shift Agricultural Practices
• Protect and Restore Ecosystems
• Use Degraded Land
• Address Waste and Diets

TROPICAL FOREST
RESTORATION

#5
RANK BY 2050

54.4 GT
REDUCED CO2-eq



MANAGED
GRAZING

#17
RANK BY 2050

16.4 GT
REDUCED CO2-eq

FOREST
PROTECTION

#41
RANK BY 2050

5.5 GT
REDUCED CO2-eq





COASTAL WETLAND
RESTORATION

#71
RANK BY 2050

0.8 GT
REDUCED CO2-eq

SEAWEED FARMING

2.5 GT
REDUCED CO2-eq



IMPROVED FISHERIES

1.0 GT
REDUCED CO2-eq



BIOCHAR 
PRODUCTION

#41
RANK BY 2050

2.2 GT
REDUCED CO2-eq





HEALTH & 
EDUCATION

#2
RANK BY 2050

85.4 GT
REDUCED CO2-eq



3. IMPROVE
SOCIETY

1. REDUCE
SOURCES

2. SUPPORT
SINKS



SCENARIO 1   ~2˚C



PREVENTS 993.8 GT-
CO2

INITIAL COSTS $22.5 TRILLION
TOTAL SAVINGS $95.1 TRILLION

4.2X RETURN ON INVESTMENT

Is Drawdown 
possible by 2050?

Only when we challenge systems



SCENARIO 2   ~1.5˚C

TOP20

SCENARIO 2   ~1.5˚C



PREVENTS 1,580.4 GT-
CO2

INITIAL COSTS $28.4 TRILLION
TOTAL SAVINGS $145.5 TRILLION

5.1X RETURN ON INVESTMENT
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MARINE
PERMACULTURE

BUILDING
WITH WOOD



A COW WALKS
ONTO A BEACH





SHAPE CULTURE.

BUILD POWER.

SET GOALS.

ALTER RULES & 
POLICY.

SHIFT CAPITAL.

CHANGE 
BEHAVIOR.

IMPROVE 
TECHNOLOGY.

How to Accelerate Climate Solutions



How to Accelerate Climate Solutions
Shape Culture
Culture is a critical context for climate solutions and action, telling us what’s right or wrong, what’s possible 
or impossible. Stories, the arts, dialogue, and visioning are some of the means of (re)shaping culture 
and collective beliefs about how the world works or could. Cultural change can feel diffuse, but it sets 
the context for what we do as a society and can foster a sense of collective courage.

Build Power
Power is a precondition for creating change. In the past, too much power has been deployed against 
climate action; too little has been assembled to advance solutions. We build power by building community, 
movements, and diverse leadership. When the concentrated power and entrenched interests of 
industry or government work against transformation, people power offers a corrective.

Set Goals
Goals govern direction. What are we reaching for, and why? On climate but also more broadly, goals can be 
specific and numeric (e.g., “carbon neutral by 2050”), or they can be higher-order, more systemic ambitions 
(e.g., “a climate-just future”). Sometimes, a new goal can dramatically shift where we’re headed—and 
the solutions and approaches we bring to bear.

How to Accelerate Climate Solutions
Alter Rules & Policy
Rules create boundaries. They tell us what is desirable and perhaps encouraged, or what 
is unwanted and perhaps punished. Laws, regulations, standards, taxes, subsidies, and 
incentives are means of changing the state of play on climate, but hinge on who writes the 
rules. Policy shifts can advance solutions while stopping sources of the problem.

Shift Capital
Given our economic system, money is necessary fuel for making change. Public and 
private investment and philanthropic giving can stimulate and sustain climate 
solutions and efforts to move them forward. Divestment is also powerful, shifting 
capital away from the sources of the problem, essentially restricting their blood flow.



How to Accelerate Climate Solutions

Improve Technology
To stop the sources of emissions, technology must evolve. “Now is better than new” 
when it comes to climate solutions, but through innovation, research, and development, 
technology may continue to improve and add to the solutions at hand. This is especially 
critical for the most intractable sectors, such as heavy industry and aviation.

Change Behavior
From individuals to corporations and beyond, behavior is what’s done and how. All climate 
solutions have behavioral dimensions, and some hinge almost entirely on human habit. 
Knowledge, norms, criteria, and motivations can shift behavior and create new ways of 
operating. Where changes in behavior aggregate, outcomes can shift significantly.



BUILDING A REGENERATIVE FUTURE
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