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The bodies of six giraffes lie on the outskirts of Eyribvillage in Sabuliwildlife conservancy. Photograph: Ed Ram/Getty Images



Ed Hawkins (University of Reading) - https://showyourstripes.info/

Global temperature as barcodes



Ed Hawkins (University of Reading) - https://showyourstripes.info/



These ƶwarming stripeƷǈgraphics are 
visual representations of the 
change in temperature as 
measured in each country over the 
past 100+ years. Each stripe 
represents the temperature in that 
country averaged over a year. For 
most countries, the stripes start in 
the year 1901 and finish in 2020.

Ed Hawkins (University of Reading) - https://showyourstripes.info/
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1 m by the end of the 21st century
-~70 m with all ice melting

20 cm sea 
raise  

November 7-18, 2022

Moved to Montreal, Canada 
December 5-17, 2022



Indicators of the Anthropocene in recent lake sediments 

differ markedly from Holocene signatures

Colin N. Waters et al. Science 2016;351:

plastics, ash, 
radionuclides, 

metals, pesticides, 
reactive nitrogen

Paul Crutzen

1760-1820 
Industrial revolution

1945
Trinity project



Indicators of the Anthropocene in recent lake sediments 

differ markedly from Holocene signatures

The Anthropocene is confronting three main environmental problems:

Biodiversity loss, Increasing Pollution and Climate Change



March - 2022

High certainty about the 
factors leading to climate 

change



Past

97.3 % CO2                
2.7% nitrogen     
1.6% argon         
0.13% oxygen     
traces of H2O             
Avg. temp: -18 0C

Air press: 7.6 mb

Earth atmospheric composition

Present

0.041 % CO2           
78% nitrogen 
0.93% argon      
21% oxygen           1-
5% H2O                    
Avg. temp: 15 0C

Air press:1310 mb

Present 
atmosphere is 

possible by life



Photosynthetic cyanobacteria ~2.7 billion m. years - stromatolites -

Life on Earth ƨatmospheric composition



Fossilized stromatolites (cyanobacteria).  
They peaked about 1.25 billion years ago
Form mineral "microbial matsƵ



Photosynthetic cyanobacteria ~2.7 billion m. years - stromatolites -
Ozone layer formation ~600 m. years ƨUV filtering ƨterrestrial life

Fungi appearance ~ 1,3 billion years                                                      Plants 
appearance on Earth ~ 500 m. years

Life on Earth ƨatmospheric composition



Only one species leading the atmospheric 
composition change

Leonardo da Vinci - 1490

Life on Earth ƨatmospheric composition

Natural vs. 
anthropogenic 
climate change



Water vapor  (H2O)
Carbon dioxide (CO2) 
Methane(CH4)
Nitrous oxide (NOx) 
Ozone(O3)

33 0C warming

The greenhouse effect - Heat trapping by earthƷs atmosphere

Natural greenhouse 
gases



Natural greenhouse gases

Water vapor (H2O)
Carbon dioxide(CO2) 
Methane(CH4) + 25
Nitrous oxide (NOx) +296 
Ozone(O3)

John Tyndall   1820-1893
Water vaporstrongly 
absorbed infrared 
radiation ƨ1861

Eunice Foote 1819-1888
Theorized that changing the proportion of 
carbon dioxide in the atmosphere would 
change the average atmospheric temperature. 

Circumstances affecting the heat of the sun's rays 
ƨAAAS  1856 ƨJoseph Henry presented her 
paper



Svante Arrhenius 
1859-1927 

"On the Influence of Carbonic Acid in the Air Upon the Temperature of the Ground", Philosophical Magazine 
(41): 237-76. - 1896

ƴThe increase of CO2 in 
the atmosphere will lead 
to higher temperaturesƊ

Noble Prize in                        
Chemistry in 1903

Greenhouse gases

http://upload.wikimedia.org/wikipedia/commons/6/6c/Arrhenius2.jpg
http://www.globalwarmingart.com/wiki/Image:Arrhenius_pdf


Where are the greenhouse gases?





Electromagnetic absorption of greenhouse gases 
Greenhouse gases absorb radiation in the spectrum that is just longer than the visible light

740-380 nm
PAR 400-700 nm



Main greenhouse gases
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46% 
additional 

input

46%





12,5% of plants
& animal species



In a 2 0C warmer 
earth

If we keep 
below 1.5 0C

50% of the 
species will loss 

their natural 
range

Insects

Plants

Vertebrates

ŋŒǯ

ŋŐǯ

Œǯ

Őǯ

Œǯ
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Biodiversity loss: What will happen with temperature 
increase?



Adapted from Ecology Letters
Bellardet al. 2012 DOI: 
10.1111/j.1461-0248.2011.01736.x

Cultural

Provisioning

Regulating

Climate and biodiversity components affecting ecosystem services



Human footprint
Over the past 50 years, humans have changed ecosystems more rapidly and extensively than 

in any comparable period of time in human history

Consequently major biodiversity loss at the global scale



Expo 2020 / Dubai

Human footprint

Human actions have directly altered at least 70% of land surface; 66% of ocean surface is 
experiencing increasing cumulative impacts; around 85% of wetland area has been lost 

since the 1700s, 



Human activities can disrupt ecosystem services

Vrunoff of pesticides, fertilizers, animal waste
Vpollution of land, water, air resources
Vintroduction of non-native species
Voverharvesting fisheries
Vdestruction of wetlands
Verosions of soils
Vdeforestation
Vurban sprawl

The world is increasingly managed to maximize the flow of material contributions 
from natureto keep up with rising demands for food, energy, timber, and more, with 
global trade increasing the geographic separation between supply and demand
ƨDriver of increasing fragility - all state of nature indicators are declining, with costs 
unequally distributed

Climate 
change



Global declines in nature that have been and are being caused by direct and 
indirect drivers of change

Sandra D²az et al. Science 2019



Will Steffen et al. PNAS 2018;115:33:8252-8259

2050

2022

Pathways of the Earth System ƨgetting closer to the tipping points

Christiana Figueras
Paris Agreement

1945

+3.2 ƨ4.50C



Humanity have developed under stable climate 



William Ripple      
Oregon State 

University

November 5, 2019



BioScience, biz088, https://doi.org/10.1093/biosci/biz088

Earth change

https://doi.org/10.1093/biosci/biz088


Food securityexists when all people, at all times, have physical, 
social and economic access to sufficient, safe and nutritious food

which meets their dietary needs and food preferences for an active 
and healthy life - FAO

Food 
Security

Which is the common feature to the 
previous points about the consequences 
of climate change and on food security?



What is the real 
price of food?



Resources needed to produce the food consumed in Israel

+ 80% 
consumed is 
imported food

10 milliard m -3

of water per 
year

Annual water 
consumption is 
2.3 milliard m -3

We need 
additional 
31,000 km-2

ŌŌƂŋŎŏkm-2



Population growth and land-use change

BioScience, biz088, https://doi.org/10.1093/biosci/biz088

7.9 billion

https://doi.org/10.1093/biosci/biz088


7.9

In 4 generations an 
increase of almost             

7 billions!!                        
7,800 human gen.

Population growth

Positive daily growth of 150,000 people



ĠĚĢĖĝĜĖđǈĝĖĔĚē

Israel population ƨ9.5 mil. 2022

2

Population growth



3.1

ĠĚĢĖĝĜĖđǈĝĖĔĚēPopulation growth



Land use change

BioScience, biz088, https://doi.org/10.1093/biosci/biz088

https://doi.org/10.1093/biosci/biz088


BioScience, biz088, https://doi.org/10.1093/biosci/biz088

Land use change

https://doi.org/10.1093/biosci/biz088


Land-use changes

Deforestation increases 
albedo of the land surface: 
Less absorption of solar 
radiation and less heating.
Lower heat gain is offset by 
less cooling by 
evapotranspiration, due to 
loss of leaf area.

Mato Grosso do Norte, 
Brazil


