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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.

©Jodo Pedro Gouveia, FCT NOVA, 2025
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Global primary energy consumpltion by source

| it

- cron 2023:
: Fossil Fuels: 77%

Renewables: 20%

Renewables without
traditional biomass and
Hydro: 8%

Nuclear: 4%

Source: OurWolrdinData.org (2024)
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Electricity Production by Source

Electricity production by source, World

E Chant

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.

©Jo3o Pedro Gouveia, FCT NOVA, 2025 OurWorldinData . org (2024)

Climate
change

/1/0
& %% s
" % Humanity has exceeded a
%, ' planetary boundary

Planetary
boundaries

related to environmental
pollutants and other
Climate . :
Biodiversity

“novel entities” including
plastics.
Land use

uonamapabozo
siaudsoens

Biogeochemical flows
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HARM THE MOST VULNERABLE

BURDEN FUTURE GENERATIONS
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CHANGING EARTH'S CLIMATE
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Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the
Earth's surface and warms it.

CO:

parts per million (ppm)

400,000 years

For centuries, atmospheric carbon dioxide had never been above this line

The Greenhouse Effect

Some of the infrared
radiation passes through
the atmosphere but most

is absorbed and re-emitted
in all directions

by greenhouse gas
molecules and clouds.

The effect of this is to
warm the Earth’s surface
and the lower atmosphere.

\

Infrared radiation is
emitted from the Earth’s
surface.

o

years
before today
(0 =1950)

That's what keeps our
Earth a warm and cosy
15°C, on average.

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

450 ppm

4= current level

375 ppm

4= 1950 level
== 300 ppm




CO, INCREASE (~50%]

1870 1890 1910 1930 1980

TEMPERATURE INCREASE (~1"C)

Why global temperature is changing? Because
atmosphere composition is changing

1870 1890 1910 1930 1950

1970

1970




INCREDIBLE CHALLENGE

e T —————

THE PROBLEM




CARBON DIOXIDE (CO) _ METHANE (CHs) _ NITROUS OXIDE (N20)

Data: IPCC WG3
F-gases (~2%)

N20 from Agriculture (~6%)

W
\

CHa from Agricultu !

Industry (~1 GREENHUUSE ~ COz from
GASES ‘ Burning Fossil Fuels (~62%)

CO: from Deforestation,
& Land Use (~11%)

. Energy Related

CO2 Materials Related

from Cement,
Industrial Chemicals (~3%)
Land Use Related




BRINGS SOURCES T0 ZERO MAINTAIN NATURAL SINKS

Changing of the Earth and atmosphere global energy balance
@ I N S
~lﬂ% ~6% ~14% ~21% ~24%

Climate Change

Deviation in global mean temperature from Deviation in global mean temperature from the 1951-1980
the 1880-1900 average average

’”Bc"""’e GLOBAL TEMPERATURE CHANGE
leaselmamZOZO 18 89 & 2 O 2 1

ol

}Ill |I | II l w™

©Jodo Pedro Gouveia, FCT NOVA, 2025 since measurements began




Climate Change

202 1 OMPARED TO 2011-202 Ar2020 AVRRAGK HOW doeS 2021 temperature Compare tO
o ' the average from various decades over
the last century?

©Jodo Pedro Gouveia, FCT NOVA, 2025

Climate Change

Global temperature change (1850-2021)

1860 1890

https://showyourstripes.info/s/globe

©Jodo Pedro Gouveia, FCT NOVA, 2025




Climate Change

Country level rolling 10 year average temperature between 1890 and 2020 (compared to 1950-1980 average)
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Climate Change

How long ago was the hottest year on record How long ago was the coldest year on record

23 ) w— P e e T

Bl 0to 10 years

B D10 20ye

I 20 to 30 years

B 30 to 40 years
40 fo 50 years
50 to 60 years
50 1o 80 years
80 to 100 years
> 100 years

Il 0to 10 years ; ] SR
B 10 o 20 years , w
B 20 10 30 years 2 1
B 30 0 40 years

40 to 50 years

50 10 60 years

60 to BO years

80 10 100 years

> 100 years

Data sourca: Berkeley Earth  Craated by: @nairkaye
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Climate Change Impacts

* Thatincludes natural disasters such as the , Portugal or Greece have experienced in recent
years.

in Australia, or across Somalia, Cameroon and Nigeria.

©Jodo Pedro Gouveia, FCT NOVA, 2025




Extreme heat forces school closures and o Global heating made Greece and Libya
rekindles wildfire on the Canary Islands floods more likely, study says

Report says climate change made rainfall heavier but human
factors turned extreme weather into humanitarian disaster

Ajit Niranjan Europe
environment ¢ ”fl‘l',\'[’ﬂll{’l'”f

©Jodo Pedro Gouveia, FCT NOVA, 2025

* Displacementor —as alow-lying coral atoll nation in tropical pacific
islands (e.g. Marshall Islands declared a national climate crisis back in 2019.

. Studies suggests that climate change will widen the area exposed to the Ebola virus.

s

W
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* Itcouldbe ,such as the growing risks to the Hajj (pilgrimage to Mecca) .

* Animal suffering, such as the to death in drought-struck national parks in
Zimbabwe.

©Jodo Pedro Gouveia, FCT NOVA, 2025

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

More gradual changes in climatic conditions, such as rising temperatures and reduced
air quality, are also

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

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

. X https://pubmed.ncbi.nlm.nih.gov/33389625/
©Jodo Pedro Gouveia, FCT NOVA, 2025




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

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

https://www.theguardian.com/environment/2022/mar/21/extremes-of-40c-above-

©J050 Pedro Gouveia, FCT NOVA, 2025 normal-whats-causing-extraordinary-heating-in-polar-regions
’ ’

This is what we now start seeing, already at1.1°C global warming.

Arctic SeaIce (Reduction in area)
Greenland Ice Sheet (Ice loss accelerating)
Boreal Forests (Fires and pests changing)
. Permafrost (thawing)
. Atlantic Meridional Overturning Circulation ( In slowdown
since 1950°s)
. Amazon Rainforest (Frequent Droughts)
. Warm Water Corals (Large Scale die-offs)
. West Antarctic Ice Sheet (Ice Loss accelerating)
Parts of East Antarctica (Ice Loss accelerating)

. h : A . icl 41 -019- -
©Jo30 Pedro Gouveia, FCT NOVA, 2025 ttps://www.nature.com/articles/d41586-019-03595-0



Climate Change — Financial Impacts

Table 1. Top 10 disasters ranked sccording to reportad [a) deoths and [b) ec: ic lcasss (1970-2019)"

Weather-related disasters increase over past 50 years, o7 | [ Sy | |

causing more damage but fewer deaths

1983 Ethiopas 200 000

(Bho @70 Eagladach 300000

Eangladesh 133856

133338

A disaster related to a weather, climate or water hazard . A ,
OCCUrred — g | | hlopls - :::::
killing 115 people and causing US$ 202 million in losses e =) g

daily, A | e remncarvenenms

Eangladach

Droegt

Siarm

Drow 1983 Sudar 150 020
St

Drow

55736

" Econenve lesses
o) . « ,,

Economic losses have increased sevenfold from the 1970s
to the 2010s.

(US$ 383 million per day on average over
the decade)
(US$ 49 million).

The Atlas of Mortality and Economic
Losses from Weather, Climate and

Water Extremes (1970-2019) WMO,
2021

©Jodo Pedro Gouveia, FCT NOVA, 2025

Climate Change - Financial Impacts

Between 1980 and 2020,
Extreme weather has cost Europe about

(in 2020
€500bn over 40 years

euros) in the 32 EEA member countries (EEA-32).

European Environment Agency data shows worst-hit countries to

be Geemany, France and taly Based on data from two separate sources (NatCatSERVICE and CATDAT),

©Jodo Pedro Gouveia, FCT NOVA, 2025

https://www.eea.europa.eu/publications/economic-losses-and-fatalities-from/economic-losses-and-fatalities-from



Climate Change — Financial Impacts

Natural catastrophes on the rise - Number of relevant loss events by peril 1980-2019

the number of recorded
loss events resulting from

natural disasters has been
increasing

©Jodo Pedro Gouveia, FCT NOVA, 2025

How do we get the news
about global warming?




Global warming could wipe out millions in world's
major cities with catastrophic THREE METRE sea level
rise'

18:44,18 MAY 2016  UPDATED 922,18 MAY 2016  BY JESSICA HAWORTH ,STEPHEN BEECH

* Recommended In UK News

: P , Blyth dog attack: 'Hero'

o schoolgirl saves seven-
year-old from being
mauled to death by

crazed Steffie

London, New York and Hong Kong are among the cities which could be underwater if
global warming continues

Enter your e-mail for our daily newsletter Subscribe

Wife smashed husband's
head with frog ornament
and kept him mummified
in layers of sheeting for
18 years'

Dashcam captures
shocking mement huge
bridge col.apses and
falls 60ft next to busy
motorway

ISIS murder 25 ‘spies’ by
tying them together and
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Problem
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Conflict

Solutions
Possibility
Collaboration
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The World’s Leading Resource for Climate Solutions

OUR NAME

DRAWDOWN IS THE POINT IN THE FUTURE WHEN
LEVELS OF GREENHOUSE GASES IN THE ATMOSPHERE
STOP CLIMBING AND START TO STEADILY DECLINE,
THEREBY HALTING CLIMATE.CHANGE




CO:

parts per million (ppm)

500 years

Drawdown
400 ppm
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Frischmann et al. (2020)




COASTAL AND OCEAN
SINKS

Project Drawdown maps and models solutions

Principle1 Principle 2

REDUCE SOURCES SUPPORT SINKS
BRINGING EMISSIONS TO'ZERO - UPLIFTING NATURE’S CARBON CYCLE

Principle 3

IMPROVE SOGIETY
FOSTERING EQUALITY FORALL




ELECTRICITY

« Shift Production
 Enhance Efficienc
* Improve Electrical




ONSHORE
WIND TURBINES
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RANK BY 2050 REDUCED CO2-eq
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OFFSHORE
WIND TURBINES
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FOOD, AGRICULTURE, LAND USE

» Address Waste & Diets
* Protect Ecosystems
« Shift Agricultural Practices
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« Use Waste
» Address Refrigerants
* |mprove Materials
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COMPOSTING
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« Shift to Alternatives
* Enhance Efticiency
« Electrity Vehicles

ELECTRIC CARS
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EFFICIENT OCEAN
SHIPPING
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[ﬂ TELEPRESENCE

oV 1.0aGt
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BUILDINGS

Shift to Alternatives
Enhance Efficiency
Address Refrigerants




IMPROVED CLEAN
COOKSTOVES
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INSULATION
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LAND-BASED SINKS

Shift Agricultural Practices
Protect and Restore Ecosystems
Use Degraded Land

Address Waste and Diets
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MANAGED
GRAZING
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COASTAL WETLAND
RESTORATION
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IMPROVED FISHERIES
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PRODUCTION
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REMOVE & STORE CARBON

 ENGINEERED SINKS




SOCIETY

HEALTH & EDUCATION

HEALTH &
EDUCATION
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PUTTING IT TOGETHER

1. REDUCE
SOURCES

ENGINEERED
SINKS

2. SUPPORT | i ) o = 3. IMPROVE
ks (S SOCIETY

HEALTH




Health & E

Plant-Rich Diets
Refrigerant Manag o
Tropical Forest Restoration S C E N A R | O 1 ~2 C

Onshore Wind Turbines

Alternative R

Sources
h e . Bectricity - Foou, Agricullure & Land Use
Temperale Fc F 100 . Industry n Transportation . Bulldings

Concentrated Solar Power
Vianaged Grazing Sinks
LED Lighting . Land Coastal & Ccean . Enginesred

Perennial Staple Crops

b Society
ree Intercropping .
= Health & Education
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Total Avoided CO2e (Gt)

Food Waste

Health & Education

Plant-Rich Diets

Ir on
Regenerative Annual
Cropping
Tree Intercrepping
Perennial Staple Crops
ED Lighting
Managed Grazing
Concentrated Solar Power
Wind
Temperate Forest Restoration
Trea Plantations {or graded Land])
Paatland Protection & Rewetting Alternative Refrigerants

Sivopasture Sinks

T Solar
Dis! ed r Clea P r | B




PREVENTS 993.8 GT-
COo

INITIAL COSTS $22.5 TRILLION
TOTAL SAVINGS $95.1 TRILLION

4.2X RETURN ON INVESTMENT

|S
possible by 20507?

Only when we
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Reduced Food \ e

Plant-Rich Diets

Health & Education

Tropical Forest ation
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Sources
. Hectricity - Food, Agricullure & Land Use
. Industry . Transportation . Buildings

Sinks

. Land Coastal & Ccean . Enginesred

Society

. Heaith & Education

Total Avoided CO2e (Gt)

SCENARIO 2 ~1.5°C

Onshore Wind Turbines

Utilty-Scale Solar Photovot

Reduced Food Wasta

Abandoned
Farmland
Muttistrata
Agrofore:
Rege
Annual C S Plant-Rich Diets

Tree Intercropping Health & Education

Managed Grazing

Tropical Forast Restoration




PREVENTS 1,580.4 GT-
COo

INITIAL COSTS $28.4 TRILLION
TOTAL SAVINGS $145.5 TRILLION

5.1X RETURN ON INVESTMENT




Change in Temperature (C)

Baseline

Scenario 1
2°C Warming

Scenario 2

1.5°C Warming

WE HAVE ENOUGH SOLUTIONS
T0 DO THE JOB




WE CAN REAGH DRAWDOWN BY
MIDCENTURY IF WE SCALE SOLUTIONS
ALREADY IN HAND, TODAY

MORE SOLUTIONS ARE NEEDED, BUT
THE TOOLS WE NEED ARE IN HAND

NOW IS BETTER THAN NEW
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ENERGY

ROOFTOP SOLAR
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How to Accelerate Climate Solutions
SHAPE CULTURE. SHIFT CAPITAL.
BUILD POWER.

SET GOALS.

IMPROVE
ALTER RULES &
POLICY TECHNOLOGY.




How to Accelerate Climate Solutions

Culture is a critical context for climate solutions and action, telling us what'’s right or wrong, what’s possible
or impossible.

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.

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.

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”).

How to Accelerate Climate Solutions

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.

Given our economic system, money is necessary fuel for making change.

, shifting
capital away from the sources of the problem, essentially restricting their blood flow.




How to Accelerate Climate Solutions

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.

. “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.
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CLIMATE ACTION CHECKLIST FOR CORPORATE FINANCE PROFESSIONALS

DO YOU WORK IN CORPORATE FINANCE?

GOVERNMENT

RELATIONS &
PUBLIC POLICY

GOOD NEWS:

YOU
JOB

=

Read through
this checklist

and pick one

or more actions
to pursue.
(Bonus: Work
your way through
2ll of theml)

[ Directdecsion

= makers toward
banks that are

1) minimally firancing
the fossil fuel ndustry
and deforestalion,

2} shifing thek fnancing
o clenate solutions;

J committing 1o sg-

A

- CLIM
OB

CASH

Encourage deci-
sion-makers 10
allecate excess cash
1o barks that ara fassi
fuel-free, B Corp, or

ke A the Globat

INVESTMENTS

1 Inest n products,
! strategies, and

businesses that sign
with climate soltions.

Alliance for 8anking on
Values (GABY). While
large, established
Danks may be need

od for many of yout
company's fnancial
services, lower-impact
SRVICES and excess
cash can be held with
wvaluc-aligned banka.

TRAVEL

7 Menmize cadon
L ntensive business
titved and op for vinual
gatherngs. If possitie,
nisteac of fiying, choosa
Yower-CATLON Opbons
2uch as the train.

TE

EMPLOYEE
RETIREMENT
BENEFITS

Tosm up with

gressve anti-fossil fuel — the human
policies; and 4] calcy- resowces and
1ating thelr financs E RS taam to
emissions. AND evaluate whether
] ¥ your company SUPPLIERS 40105, rotirament
— works with an plans, and other port-
insurance broker, [] Offer your cc folios are Invested in
LENDING Inform them mat you '~ pany’s borowers fossil fuels. If they are,

want to consider not
Gather colleagues  only policies and pricing
to express concem  but also the sustanabi-

10 your bank over its ity of insurance carriers
fosst fuel lencing and during each insurance
lack of transttion plan. rencwal

%

and suppliers bettee
tems and tates when
they reach sust¥nabilty
miesiones you

setand encourage
them to achieve

work 10 Shift the defaull
reteement option to

a climate-sate one

o, at minimwam, offer
climate-trengty funds
n ek place).

DIALOGUE
AND ACTION

| Branstom actiors
with colleagues

on your team and

beyond. Ralse your

collective concam

at team and allstaf

moatngs
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ploring climate change
Irivers and solutions in

multiple sectors

Technology, NOVA Uni ity



