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1. Is climate changing? Is it caused by human activities? Is this 
debated by experts?

2. Can we foresee the consequences of climate change?
3. Which are its physical causes?
4. Which human activities are more impactful?
5. What can/should we do? 
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How do we measure the temperature of the planet?

● Direct measurements on the surface of Earth 
with stations, boats, balloons, satellites

● Monthly averages vs. 30-years average, 
assessing local anomalies

● Grid of global data, global average, 
comparison vs models

● 4 main datasets: 
- HadCRUT (UK Met, since 1850, 5° box)
- GISTEMP (USA, NASA, since 1880, 99% 
cop., 2° box)
- MLOST (USA, NOAA, since 1880, 5° box)
- JMA (Japan, since 1891, 85% cop., 5° box)

https://www.carbonbrief.org/explainer-how-do-scientists-measure-global-temperature

https://www.carbonbrief.org/explainer-how-do-scientists-measure-global-temperature
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IPCC 2021-2022 REPORTS
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https://www.carbonbrief.org/mapped-how-every-part-of-the-world-has-warmed-and-could-continue-to-warm

https://www.carbonbrief.org/mapped-how-every-part-of-the-world-has-warmed-and-could-continue-to-warm

+1.2° w.r.t. 
1951-1980 

average

+1.6° / +4.9° 
in 2100RCPs 

(Representative 
Concentration 

Pathways)

https://www.carbonbrief.org/mapped-how-every-part-of-the-world-has-warmed-and-could-continue-to-warm
https://www.carbonbrief.org/mapped-how-every-part-of-the-world-has-warmed-and-could-continue-to-warm
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Variance increases

Mean increases
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https://www.noaa.gov/multimedia/infographic/science-behind-polar-vortex

But it’s freezing 
outside!

https://www.noaa.gov/multimedia/infographic/science-behind-polar-vortex
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Crescenti+2010

In the middle 
ages it was hotter 
than now!
(a.k.a. “the warm 
medieval period”)
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https://www.nature.com/articles/s41586-021-03984-4

Climate has 
been changing 
since forever!

https://www.nature.com/articles/s41586-021-03984-4
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https://thecottonwoodpost.net/2019/12/10/modern-climate-change-is-10x-faster-than-historic-global-warming-mass-extinction-events/

Climate has 
been changing 
since forever!

https://thecottonwoodpost.net/2019/12/10/modern-climate-change-is-10x-faster-than-historic-global-warming-mass-extinction-events/
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Ok it’s getting 
hotter, but it’s 
just solar 
activity!



emiliano.merlin@inaf.it

Climate models

https://www.carbonbrief.org/qa-how-do-climate-models-work

Navier-Stokes
Clausius-Clapeyron
Stefan-Boltzmann

https://www.carbonbrief.org/qa-how-do-climate-models-work
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https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf
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https://insideclimatenews.org/sites/default/files/documents/1982%20Exxon%20Primer%20on%20CO2%20Greenhouse%20Effect.pdf

Exxon 1982

https://insideclimatenews.org/sites/default/files/documents/1982%20Exxon%20Primer%20on%20CO2%20Greenhouse%20Effect.pdf
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Scientific consensus is ~100%

https://weather.com/science/environment/news/americans-climate-change-scientific-consensus

2019

https://weather.com/science/environment/news/americans-climate-change-scientific-consensus
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1. Is climate changing? Is it caused by human activities? Is this 
debated by experts?

2. Can we foresee the consequences of climate change?
3. Which are its physical causes?
4. Which human activities are more impactful?
5. What can/should we do? 

Yes, yes, no.
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Feedback effects
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53.2
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https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf
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https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf
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https://twitter.com/afp/status/1407514775882330112
Report IPCC 2022

https://twitter.com/afp/status/1407514775882330112
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https://twitter.com/afp/status/1407514775882330112
Report IPCC 2022

https://twitter.com/afp/status/1407514775882330112
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Consequences for the biosphere

https://interactive.carbonbrief.org/impacts-climate-change-one-point-five-degrees-two-degrees

https://interactive.carbonbrief.org/impacts-climate-change-one-point-five-degrees-two-degrees
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1. Is climate changing? Is it caused by human activities? Is this 
debated by experts?

2. Can we foresee the consequences of climate change?
3. Which are its physical causes?
4. Which human activities are more impactful?
5. What can/should we do? 

Yes, within (large) uncertainties; it’s probably going to be 
worse than we expect
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Greenhouse effect
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Greenhouse gases

https://climate.nasa.gov/causes/

Water vapor is responsible for most of the 
"good" greenhouse effect, and would be in 
equilibrium if it were not perturbed by the 
other greenhouse gases released by 
human activities 
https://climate.mit.edu/ask-mit/why-do-we-blame-climate-ch
ange-carbon-dioxide-when-water-vapor-much-more-commo
n-greenhouse

https://climate.nasa.gov/causes/
https://climate.mit.edu/ask-mit/why-do-we-blame-climate-change-carbon-dioxide-when-water-vapor-much-more-common-greenhouse
https://climate.mit.edu/ask-mit/why-do-we-blame-climate-change-carbon-dioxide-when-water-vapor-much-more-common-greenhouse
https://climate.mit.edu/ask-mit/why-do-we-blame-climate-change-carbon-dioxide-when-water-vapor-much-more-common-greenhouse


emiliano.merlin@inaf.it

https://nca2009.globalchange.gov/2000-years-greenhouse-gas-concentrations/index.html
Forster+2007

W.r.t. pre-industrial 
values:
CO2: (425) +50%
CH4: (1934)+300%
N2O: (337) +30%

https://nca2009.globalchange.gov/2000-years-greenhouse-gas-concentrations/index.html
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https://www.ipcc.ch/site/assets/uploads/2019/08/Fullreport-1.pdf

CO2 → 39.1 Gt/yr
CH4 → 0.363 Gt/yr

https://www.ipcc.ch/site/assets/uploads/2019/08/Fullreport-1.pdf
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https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf

Methane
CO2 → 39.1 Gt/yr
CH4 → 0.363 Gt/yr

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM_final.pdf
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Global Warming Potential 

https://www.ipcc.ch/assessment-report/ar5/

1 ton CH4 ≃25-28 ton CO2
IPCC 2019 report

CH4 → 28 x 0.363 = 10.16 GtCO2eq/yr

https://www.ipcc.ch/assessment-report/ar5/
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10

Methane GWP as a function of time horizon

https://pubs.rsc.org/en/content/articlelanding/2018/em/c8em00414e#!divAbstract

https://pubs.rsc.org/en/content/articlelanding/2018/em/c8em00414e#!divAbstract
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10

Methane GWP as a function of time horizon

https://pubs.rsc.org/en/content/articlelanding/2018/em/c8em00414e#!divAbstract

CO2 → 39.1 Gt/yr

CH4 → 82 x 0.363 = 29.8 GtCO2eq/yr

https://pubs.rsc.org/en/content/articlelanding/2018/em/c8em00414e#!divAbstract
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https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_full.pdf

https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_full.pdf
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10

Methane GWP as a function of time horizon

https://pubs.rsc.org/en/content/articlelanding/2018/em/c8em00414e#!divAbstract

Methane
average 
lifetime in 
atmosphere:
~12 years

CH4 → 110 x 0.363 = 39.9 GtCO2eq/yr

CO2 → 39.1 Gt/yr

https://pubs.rsc.org/en/content/articlelanding/2018/em/c8em00414e#!divAbstract
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Trees and other plants 
absorb carbon dioxide 

from the atmosphere as 
they grow. This is 

converted into carbon 
and stored in the plant’s 

branches, leaves, trunks, 
roots and in the soil.

When forests are cleared 
or burnt, stored carbon is 

released into the 
atmosphere, mainly as 

carbon dioxide. 
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Carbon 
cycle

https://earthobservatory.nasa.gov/
features/CarbonCycle

https://earthobservatory.nasa.gov/features/CarbonCycle
https://earthobservatory.nasa.gov/features/CarbonCycle
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https://www.globalcarbonproject.org/index.htm 

https://www.globalcarbonproject.org/index.htm
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CO2 → 0.5 x 39.1 = 19.55 Gt/yr
CH4 → 110 x 0.363 = 39.93 GtCO2eq/yr

CO2 → 39.1 Gt/yr
CH4 → 0.363 Gt/yr
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1. Is climate changing? Is it caused by human activities? Is this 
debated by experts?

2. Can we foresee the consequences of climate change?
3. Which are its physical causes?
4. Which human activities are more impactful?
5. What can/should we do? 

Anthropogenic greenhouse gases. CO2 on long time scales; 
currently, CH4 causes most (up to 2:1) of warming rate
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https://www.globalcarbonproject.org/

Anthropogenic 
sources of 
greenhouse gases

Anthropogenic emissions

CO2 41 Gt/yr
Fossil fuels 35 Gt/yr = 85%
Land use 6 Gt/yr = 15%

CH4 358 Mt/yr (62% of total)
[+ Natural 218 Mt/yr (38% of total)]
Fossil fuels 128 Mt/yr = 35%
Animal farming 111 Mt/yr = 31%
Waste management 65+5 Mt/yr = 20%
Rice cultivation 30 Mt/yr = 7%
Biomass/biofuel 30 Mt/yr = 7%

https://www.globalcarbonproject.org/global/images/carbonbudget/Infographic_Emissions2020.jpg
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https://www.esrl.noaa.gov/gmd/education/isotopes/c14tellsus.html

Carbon dioxide
How do we know
it’s anthropogenic?

https://www.esrl.noaa.gov/gmd/education/isotopes/c14tellsus.html


emiliano.merlin@inaf.it

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions

https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
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https://ourworldindata.org/grapher/co-emissions-embedded-in-global-trade

https://ourworldindata.org/grapher/co-emissions-embedded-in-global-trade
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Global emission transfers between countries in 2004 in millions 
of tonnes of CO2 (MtCO2), taken from Figure 1 in Davis and 
Caldeira 2010.

http://www.pnas.org/content/107/12/5687
http://www.pnas.org/content/107/12/5687
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APPROXIMATE NUMBER OF LIVING SPECIMENS

(quick Wiki search)
hainan gibbon 20

mediterranean monk seal 700
tiger 4000

black rhino 5000
red panda 10 thousand
blue whale 15 thousand

Leo 20 thousand
polar bear 30 thousand

leopard 75 thousand
long-eared owl 120 thousand

gorillas 150 thousand
golden eagle 170 thousand
chimpanzees 250 thousand

american bison 500 thousand
emperor penguin 600 thousand

african buffalo, american black bear 900 thousand
eagle owl 1 million

peregrine falcon 1.2 million
kestrel 5 million
mule 10 million

common cuckoo 50 million
horse 60 million
swift 100 million

pheasant 150 million
dove 475 million

domestic cat 600 million
domestic goat 850 million

dog 900 million
ox (cow), pig (sow), sheep 1 billion

rat 7 billion
man 8 billion

rooster (hens) 24 billion
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https://www.pnas.org/content/115/25/6506

Biomass of earth 
mammals & birds

https://www.pnas.org/content/115/25/6506
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https://ec.europa.eu/jrc/en/news/water-footprint-eu-different-diets-9674

“Agriculture accounts for 92% 
of the freshwater footprint of 
humanity; almost one third relates 
to animal products”
https://www.sciencedirect.com/science/article/pi
i/S2212371713000024

It’s not just direct emissions

https://ec.europa.eu/jrc/en/news/water-footprint-eu-different-diets-9674
https://www.sciencedirect.com/science/article/pii/S2212371713000024
https://www.sciencedirect.com/science/article/pii/S2212371713000024
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https://mercyforanimals.org/animal-agriculture-wastes-one-third-of-drinkable/

https://mercyforanimals.org/animal-agriculture-wastes-one-third-of-drinkable/
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https://ourworldindata.org/global-land-for-agriculture

https://ourworldindata.org/global-land-for-agriculture
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https://ourworldindata.org/uploads/2013/10/World-Map-by-Land-Use-01.png

https://ourworldindata.org/uploads/2013/10/World-Map-by-Land-Use-01.png
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https://www.economist.com/graphic-detail/2022/01/28/if-everyone-were-vegan-only-a-quarter-of-current-farmland-would-be-needed Poore & Nemecek 2018

https://www.economist.com/graphic-detail/2022/01/28/if-everyone-were-vegan-only-a-quarter-of-current-farmland-would-be-needed
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https://www.nature.com/articles/s41893-020-00603-4.epdf (2020); https://scientistswarning.forestry.oregonstate.edu/sites/default/files/Hayek2020.pdf

Vegan diet:
547 GtCO2 / 30yr = 18.23 GtCO2/yr

https://www.nature.com/articles/s41893-020-00603-4.epdf
https://scientistswarning.forestry.oregonstate.edu/sites/default/files/Hayek2020.pdf
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CO2 fossil fuels → 0.85 x 0.5 x 39.1 = 16.62 Gt/yr
CO2 animal farming → 0.15 x 0.5 x 39.1 = 2.93 Gt/yr
CO2 opportunity cost animal farming → 18.23 Gt/yr
CH4 fossil fuels  → 0.35 x 39.93 = 13.96 GtCO2eq/yr

CH4 animal farming  → 0.31 x 39.93 = 12.38 GtCO2eq/yr
CH4 other sources → 0.34 x 39.93 = 13.58 GtCO2eq/yr

Fossil fuels: 39% |  Animal farming: 43% | Other: 18%

Including direct and indirect sources:
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https://sankeymatic.com

Summary of direct and opportunity cost emissions

https://sankeymatic.com
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https://www.nature.com/articles/s41586-021-03371-z

A word about fishing

https://www.nature.com/articles/s41586-021-03371-z
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1. Is climate changing? Is it caused by human activities? Is this 
debated by experts?

2. Can we foresee the consequences of climate change?
3. Which are its physical causes?
4. Which human activities are more impactful?
5. What can/should we do? 

Considering the effects of emissions and the opportunity 
cost, it is caused by fossil fuels and by animal agriculture, 
in comparable amounts
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Technology (?)

Reforestation{
Individually       Systematically

{
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1. Is climate changing? Is it caused by human activities? Is this 
debated by experts?

2. Can we foresee the consequences of climate change?
3. Which are its physical causes?
4. Which human activities are more impactful?
5. What can/should we do?

- Support/become activists 
- Talk, spread information
- Change individual habits
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https://drawdown.org/solutions/table-of-solutions
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https://www.ipcc.ch/site/assets/uploads/2019/08/Fullreport-1.pdf

https://www.ipcc.ch/site/assets/uploads/2019/08/Fullreport-1.pdf
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https://www.nature.com/articles/s43016-023-00795-w

https://www.nature.com/articles/s43016-023-00795-w
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https://journals.plos.org/climate/article?id=10.1371%2Fjournal.pclm.0000010

We show that, even in the absence of any other emission 
reductions, persistent drops in atmospheric methane and 
nitrous oxide levels, and slower carbon dioxide accumulation, 
following a phaseout of livestock production would, through the 
end of the century, have the same cumulative effect on the 
warming potential of the atmosphere as a 25 gigaton per year 
reduction in anthropogenic CO2 emissions, providing half of the 
net emission reductions necessary to limit warming to 2°C. The 
magnitude and rapidity of these potential effects should place 
the reduction or elimination of animal agriculture at the 
forefront of strategies for averting disastrous climate change.

Eisen & Brown 2022

15 yrs transition

https://journals.plos.org/climate/article?id=10.1371%2Fjournal.pclm.0000010
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https://science.sciencemag.org/content/sci/360/6392/987.full.pdf

How about free-range farming?
It’s NOT the solution

https://science.sciencemag.org/content/sci/360/6392/987.full.pdf
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https://en-roads.climateinteractive.org/

https://en-roads.climateinteractive.org/
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1. Is climate changing? Is it caused by human activities? Is this 
debated by experts?

2. Can we foresee the consequences of climate change?
3. Which are its physical causes?
4. Which human activities are more impactful?
5. What can/should we do?
- Support/become activists 
- Talk, spread information
- Demand for real mitigation politics
- Change own habits, starting from food
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https://thevegancalculator.com/animal-slaughter/

https://thevegancalculator.com/animal-slaughter/
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https://thevegancalculator.com/animal-slaughter/

https://thevegancalculator.com/animal-slaughter/


emiliano.merlin@inaf.it

Conclusions

1. Climate is changing, because of human activities, and there is 100% 
consensus about this among experts

2. We can foresee the consequences of climate change within large 
uncertainties, but it’s probably going to be worse than expected for the 
ecosystem and the biosphere

3. Climate change is mostly caused by CO2 (historically) and CH4 (current 
rate of warming) emissions,

4. caused by fossil fuels production/consumption and animal farming, in 
comparable amounts if we include opportunity cost from deforestation

5. We (as scientists and human beings) should talk about this, spread 
awareness, and possibly change our habits
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https://orsomerlin.wordpress.com/2020/04/06/perche-gli-allevamenti-sono-molto-piu-dannosi-per-il-clima-di-quant
o-si-creda/

https://chpdb.it/_climate_dash/

https://www.ncdc.noaa.gov/sotc/global/

https://www.carbonbrief.org/mapped-how-every-part-of-the-world-has-warmed-and-could-continue-to-warm

https://www.carbonbrief.org/qa-how-do-climate-models-work

https://thevegancalculator.com/animal-slaughter/

https://www.carbonfootprint.com/calculator.aspx

https://en-roads.climateinteractive.org/scenario.html

Online resources

https://orsomerlin.wordpress.com/2020/04/06/perche-gli-allevamenti-sono-molto-piu-dannosi-per-il-clima-di-quanto-si-creda/
https://orsomerlin.wordpress.com/2020/04/06/perche-gli-allevamenti-sono-molto-piu-dannosi-per-il-clima-di-quanto-si-creda/
https://chpdb.it/_climate_dash/
https://www.ncdc.noaa.gov/sotc/global/
https://www.carbonbrief.org/mapped-how-every-part-of-the-world-has-warmed-and-could-continue-to-warm
https://www.carbonbrief.org/qa-how-do-climate-models-work
https://thevegancalculator.com/animal-slaughter/
https://www.carbonfootprint.com/calculator.aspx
https://en-roads.climateinteractive.org/scenario.html
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https://orsomerlin.wordpress.com/2020/04/06/perche-gli-allevamenti-sono-molto-piu-dannosi-per-il-clima-di-quanto-si-creda/

https://orsomerlin.wordpress.com/2020/04/06/perche-gli-allevamenti-sono-molto-piu-dannosi-per-il-clima-di-quanto-si-creda/

