
III. Stratospheric Ozone Depletion

Boundary: Average conc. of stratospheric O3 no lower than 276 Dobson units
Current level: 283 Dobson units

Diagnosis: Safe, and improving

Předvádějící
Poznámky prezentace
http://www.newscientist.com/special/ocean-to-ozone-earths-nine-life-support-systems



Předvádějící
Poznámky prezentace
Röckstrom et al.: A safe operating space for humanity (Nature) 2009Beyond certain boundaries, they warned, we risk causing "irreversible and abrupt environmental change" that could make the Earth a much less hospitable place They also interact with one another in complex and poorly understood ways. But he says the concept of boundaries is an advance on the usual approach taken by environmentalists, who simply aim to minimise all human impacts on the planet. Instead, he says, boundaries give us some breathing space. They define a "safe space for human development".



History of Ozone 
Depletion Research



1974

- 1 atom of chlorine can decompose circa 100 000 O3 molecules!

Předvádějící
Poznámky prezentace
Meadows et al.: Limits to growth: 30-year updatehttp://www.nrcresearchpress.com/doi/pdf/10.1139/v74-233http://people.sca.uqam.ca/~gauthier/STA-9850/Molina%20and%20Rowland%20%28Nature,%201974%29.pdf



1978
- CFC (chloro-fluoro-carbons) banned in sprays in USA
- CFC consumption in other applications, however, still grows

1991

Předvádějící
Poznámky prezentace
Meadows et al.: Limits to growth: 30-year updatehttp://www.readcube.com/articles/10.1038/315207a0http://image.voyo.cz.prg.cmestatic.com/media/images/290x390/Mar2012/962140.jpg?d41d



1984
- Halley Bay station in Antartica measured 40 % O3 decrease
- the same dramatic decrease verified in another station  

1000 miles away

Předvádějící
Poznámky prezentace
Meadows et al.: Limits to growth: 30-year updatehttp://www.readcube.com/articles/10.1038/315207a0



1987
- chlorine-ozone hypothesis confirmed by the fly of a 

exploratory plane through the ozone hole measuring
concentration of O3 and ClO

- there was found strong negative correlation between the
concentration of both determined compounds

Předvádějící
Poznámky prezentace
Meadows et al.: Limits to growth: 30-year updatehttp://www.readcube.com/articles/10.1038/315207a0



Significance of the
Ozone Depletion

Předvádějící
Poznámky prezentace
http://www.bbc.com/news/science-environment-15874560



O3 – protection of biosphere against harmful UVB radiation



Degradation of O3 layer
- Cl radicals from Chloro-fluoro-carbons (CFC, Freon)

- Br radicals from Bromo-fluoro-carbons (BFC, Halons)



Degradation of O3 layer
- Cl∙ radicals from Chloro-fluoro-carbons (CFC, Freon)

- Br∙ radicals from Bromo-fluoro-carbons (BFC, Halon)



Ozone hole

- ozone depletion primarily over the South pole area 

- however, significant O3 depletion observed everywhere



Consequences of O3 
depletion



Less O3 = more cancer
1% ↓ conc. O3 ≈ 2% ↑ intensity UVB ≈ 4% ↑ skin cancer hazard

- majority of melanoms are on 
sunlit parts of the skin
- greatest incidence in Australia

Předvádějící
Poznámky prezentace
Meadows et al.: Limits to growth: 30-year updatehttp://4.bp.blogspot.com/-iB9LZvCcOzg/UE0nBNB984I/AAAAAAAABy4/C0RU1ePaK0Y/s640/12.jpg



Impact of increased UVB irradiaton on crop

Předvádějící
Poznámky prezentace
http://www.grida.no/graphicslib/detail/effects-of-enhanced-uv-b-radiations-on-crops_c633#



Ozone hole

- solution



Effect of accepted solutions

1985 – Vienna Convention for the Protection of the Ozone Layer
1987 – Montreal protocol + amendments

Předvádějící
Poznámky prezentace
Meadows et al.: Limits to growth: 30-year updatehttp://www.grida.no/graphicslib/detail/effects-of-the-montreal-protocol-amendment-and-their-phase-out-schedules_5501



Time delay – ozone depletion and recovery

Předvádějící
Poznámky prezentace
http://www.esrl.noaa.gov/csd/assessments/ozone/2010/images/FigP-2.jpg



Řešení a důsledky
1985 – Vienna Convention for the Protection of the Ozone Layer
1987 – Montreal protocol + amendments

„for their work in atmospheric chemistry, 
particularly concerning the formation and
decomposition of ozone.“

Předvádějící
Poznámky prezentace
Meadows et al.: Limits to growth: 30-year updatehttp://www.grida.no/graphicslib/detail/effects-of-the-montreal-protocol-amendment-and-their-phase-out-schedules_5501



Effect of accepted solutions
1985 – Vienna Convention for the Protection of the Ozone Layer
1987 – Montreal protocol + amendments

Costs of CFC abandonment
- 1988-2000 – product. decreased for 90% 
- overal costs of abandonment - 40 bil. $
- no job losses
- 1/3 simply not necessary
- new HFC in cars increased car price for

50-150 $ (prognosed 1000-1500 $)
- CH3Br for soil sterilisation replaced e.g. 

with crop rotation
- CH3Br for stores fumigation replaced

with CO2

Předvádějící
Poznámky prezentace
Meadows et al.: Limits to growth: 30-year updatehttp://www.grida.no/graphicslib/detail/effects-of-the-montreal-protocol-amendment-and-their-phase-out-schedules_5501



A common but differentiated responsibility

Předvádějící
Poznámky prezentace
http://www.grida.no/graphicslib/detail/common-but-differentiated-responsibilities_c00f#



Lesson from successful solution of global issue

- cooperation of all the following stakeholders:

• scientific discoveries and monitoring – problem notification
• UNEP – international coordinator of legal measures
• environemntal activists – pressure to solve the issue
• responsible consuments – purchasing according to env. info
• technical experts - developing env.-friendly alternatives
• flexible and responsible industry



IV. Ocean acidification

Předvádějící
Poznámky prezentace
http://www.newscientist.com/special/ocean-to-ozone-earths-nine-life-support-systems



Předvádějící
Poznámky prezentace
Röckstrom et al.: A safe operating space for humanity (Nature) 2009Beyond certain boundaries, they warned, we risk causing "irreversible and abrupt environmental change" that could make the Earth a much less hospitable place They also interact with one another in complex and poorly understood ways. But he says the concept of boundaries is an advance on the usual approach taken by environmentalists, who simply aim to minimise all human impacts on the planet. Instead, he says, boundaries give us some breathing space. They define a "safe space for human development".



Ocean acidification
- what is the cause?

Předvádějící
Poznámky prezentace
http://www.pmel.noaa.gov/co2/story/Ocean+Acidificationhttp://www.newscientist.com/article/dn22531-animals-are-already-dissolving-in-southern-ocean.html#.VDKEJBawQil

http://www.newscientist.com/article/dn22531-animals-are-already-dissolving-in-southern-ocean.html#.VDKEJBawQil


Change in pH of oceans 1700-2000

Předvádějící
Poznámky prezentace
http://www.pmel.noaa.gov/co2/story/Ocean+Acidification



Change in pH of oceans - 3D distribution

Předvádějící
Poznámky prezentace
http://www.newscientist.com/data/images/archive/2563/25631201.jpg



„Natural laboratory“

Předvádějící
Poznámky prezentace
http://news.bbc.co.uk/2/hi/science/nature/7437862.stmhttp://www.bbc.com/news/magazine-26746039

http://news.bbc.co.uk/2/hi/science/nature/7437862.stm
http://www.bbc.com/news/magazine-26746039


V and VI. Biogeochemical flows of P and N

Předvádějící
Poznámky prezentace
http://www.newscientist.com/special/ocean-to-ozone-earths-nine-life-support-systems



Předvádějící
Poznámky prezentace
Röckstrom et al.: A safe operating space for humanity (Nature) 2009Beyond certain boundaries, they warned, we risk causing "irreversible and abrupt environmental change" that could make the Earth a much less hospitable place They also interact with one another in complex and poorly understood ways. But he says the concept of boundaries is an advance on the usual approach taken by environmentalists, who simply aim to minimise all human impacts on the planet. Instead, he says, boundaries give us some breathing space. They define a "safe space for human development".



N - Nitrogen – natural geochemical cycle

Předvádějící
Poznámky prezentace
http://www.bio.miami.edu/dana/pix/nitrogencycle.gif



N - Nitrogen

Předvádějící
Poznámky prezentace
http://www.economist.com/node/18741749



N - Nitrogen
- today, human activity changes more N2 to reactive forms of

N than all terestrial processes together
- Haber-Bosch 80 MtN/yr, leguminosis 40 MtN/yr, fossil fuels

combustion 20 MtN/yr, biomass combustion10 MtN/yr

Předvádějící
Poznámky prezentace
http://www.economist.com/node/18741749



- major reason of N2 fixation ?

N - Nitrogen

Předvádějící
Poznámky prezentace
http://www.economist.com/node/18741749http://www.newscientist.com/data/images/archive/2493/24934701.jpg



N - Nitrogen
- major reason of N2 fixation ?
- N-fertilizers
- significant part ends in water –

eutrofication and nitrates issue
- significant part ends in atmosphere

N2O is GHG and O3 decomp.
- owerall decrease of resilience of

planetary systems thanks to high
input of reactive nitrogen molecules

Předvádějící
Poznámky prezentace
http://www.economist.com/node/18741749http://www.newscientist.com/data/images/archive/2493/24934701.jpg



P – phosphorus – natural geochemical cycle

Předvádějící
Poznámky prezentace
http://phos-cyclenc.tripod.com/sitebuildercontent/sitebuilderpictures/phosphoruscycle.gif
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P - phosphorus
- primary source - weathering or apatite mining
- anthropogenic flow to oceans - 8-9x higher amount
- from 20 MtN/yr industr. P – half ends in oceans
- higher risk of anoxic events



Consequences of guano mining - Nauru

Předvádějící
Poznámky prezentace
http://respekt.ihned.cz/c1-62899280-jak-vyvolat-revoluci



P + N = anoxic zones in oceans

Předvádějící
Poznámky prezentace
http://www.newscientist.com/data/images/archive/2581/25811401.jpg

http://www.newscientist.com/data/images/archive/2581/25811401.jpg


P + N = anoxic zones in oceans

Předvádějící
Poznámky prezentace
http://http://www.newscientist.com/article/mg19225811.400-dead-zones-in-the-water.html#.VDuqwBawQil

http://www.newscientist.com/article/mg19225811.400-dead-zones-in-the-water.html#.VDuqwBawQil


Not clear everything on anoxic zones...

Předvádějící
Poznámky prezentace
http://www.newscientist.com/article/dn26020-pacific-dead-zone-has-been-shrinking-for-a-century.html#.VDu0UxawQin



Not clear everything on anoxic zones...

Předvádějící
Poznámky prezentace
http://www.newscientist.com/article/dn24351-the-oceans-are-heating-acidifying-and-choking.html#.VDuzyhawQikhttp://www.newscientist.com/article/dn26020-pacific-dead-zone-has-been-shrinking-for-a-century.html#.VDu0UxawQin



and phosphate cascade

Předvádějící
Poznámky prezentace
http://www.unep.org/yearbook/2014/PDF/chapt1.pdf



VII. Global freshwater consumption

Boundary: No more than 4000 km3 of fresh water consumed per year
Current level: 2600 km3 per year
Diagnosis: Boundary will be approached by mid-century

Předvádějící
Poznámky prezentace
http://www.newscientist.com/special/ocean-to-ozone-earths-nine-life-support-systems



Předvádějící
Poznámky prezentace
Röckstrom et al.: A safe operating space for humanity (Nature) 2009Beyond certain boundaries, they warned, we risk causing "irreversible and abrupt environmental change" that could make the Earth a much less hospitable place They also interact with one another in complex and poorly understood ways. But he says the concept of boundaries is an advance on the usual approach taken by environmentalists, who simply aim to minimise all human impacts on the planet. Instead, he says, boundaries give us some breathing space. They define a "safe space for human development".



FW issue
- man is a dominant force changing flow of water in rivers
- cca 25 % water not reach the ocean
- consequences for biodiversity,
nutrition, aquatic and 
terestrail ecosystems

Předvádějící
Poznámky prezentace
http://www.nature.com/nature/journal/v467/n7314/fig_tab/467411a_F1.html

https://www.nationalgeographic.com/environment/photos/rivers-run-dry/
http://english.sina.com/china/p/2011/0116/356107.html


Předvádějící
Poznámky prezentace
https://www.nationalgeographic.com/environment/2019/05/worlds-free-flowing-rivers-mapped-hydropower/

https://www.nationalgeographic.com/environment/2019/05/worlds-free-flowing-rivers-mapped-hydropower/


Aral See
- Kazachstan, Uzbekistan

Předvádějící
Poznámky prezentace
http://www.youtube.com/watch?v=xSEXIxDVMBg&feature=relmfu

http://www.youtube.com/watch?v=xSEXIxDVMBg&feature=relmfu


- 2005 – dam betwee N and South part
- what happened?



- 2005 – dam betwee N and South part
- what happened?





Lake Hamoun – Iran, Afghanistan

Předvádějící
Poznámky prezentace
http://na.unep.net/atlas/webatlas.php?id=131



Areas of water consumption

Předvádějící
Poznámky prezentace
http://mapmorph.files.wordpress.com/2010/02/freshwater-use-by-sector-at-the-beginning-of-the-2000s.jpg



Areas and types of water scarcity

Předvádějící
Poznámky prezentace
http://environment.newscientist.com/data/images/archive/2670/26700101.jpg



VIII. Land use 

Předvádějící
Poznámky prezentace
http://www.newscientist.com/special/ocean-to-ozone-earths-nine-life-support-systems



Předvádějící
Poznámky prezentace
Röckstrom et al.: A safe operating space for humanity (Nature) 2009Beyond certain boundaries, they warned, we risk causing "irreversible and abrupt environmental change" that could make the Earth a much less hospitable place They also interact with one another in complex and poorly understood ways. But he says the concept of boundaries is an advance on the usual approach taken by environmentalists, who simply aim to minimise all human impacts on the planet. Instead, he says, boundaries give us some breathing space. They define a "safe space for human development".



Santa Cruz, Bolívia

Předvádějící
Poznámky prezentace
http://na.unep.net/atlas/webatlas.php?id=172



Předvádějící
Poznámky prezentace
https://www.millenniumassessment.org/en/Synthesis.html

https://www.millenniumassessment.org/en/Synthesis.html


Optimistic future?

Předvádějící
Poznámky prezentace
https://www.newscientist.com/article/mg23531380-500-back-to-the-wild-how-nature-is-reclaiming-farmland/

https://www.newscientist.com/article/mg23531380-500-back-to-the-wild-how-nature-is-reclaiming-farmland/


Předvádějící
Poznámky prezentace
http://2.bp.blogspot.com/-OCGq5UcXSAY/T9ZrnkuyOxI/AAAAAAAAB2g/BdEFh_RYz8w/s1600/past-present-future.jpg



Předvádějící
Poznámky prezentace
https://www.newscientist.com/article/mg23631473-200-reasons-to-be-cheerful/



Předvádějící
Poznámky prezentace
https://www.newscientist.com/article/mg23631470-800-is-positive-thinking-the-way-to-save-the-planet/
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