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1
Introduction + references



There exists in the Earth atmosphere a region with a relatively 
high concentration of ozone, which has been called the ozone layer. 
This layer protects the Earth surface from the harmful effects of 
ultraviolet radiation. Effects not only in humans, producing skin cancer and cataracts, but in life in
general, in ADN, in terrestrial and aquatic ecosystems, in food security, in materials, and even in
the climate.

In the early eighties of the last century, scientists discovered that the ozone layer was dramatically
thinning every spring in the Antarctic region. This phenomenon came to be known as “the ozone
hole”. Further, it was largely confirmed that the depletion in the ozone layer was caused by human
activities, with the emission of some very broadly used chemical components (CFC, HCFC) which
were reaching the polar stratosphere and were catalyzing some reactions of destruction of ozone.

In a very fast response of the international community, boosted by the Vienna and Montreal
protocols, the emission of the more destructive substances was
progressively stopped. This process has been considered as
an example of international collaboration giving solutions to
a global problem.

But the danger is still far of being conjured. The recovering
of the ozone layer to similar amounts to that before the 1980
will not be achieved before the middle decades of the 21st
century, … and the 2020 season has shown a very large,
deep and persistent ozone hole.

World of Change: Antarctic Ozone Hole (nasa.gov)

Summary

https://earthobservatory.nasa.gov/world-of-change/ozone.php
https://earthobservatory.nasa.gov/world-of-change/ozone.php
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Main references

https://www.esrl.noaa.gov/csd/assessments/ozone/2018/
https://www.esrl.noaa.gov/csd/assessments/ozone/2018/ex
ecutivesummary/

https://www.esrl.noaa.gov/csd/assessments/ozone/2018/
https://www.esrl.noaa.gov/csd/assessments/ozone/2018/executivesummary/


Some documents and papers (available at BCCA Moodle)



The ozone hole (some links)

http://ozonewatch.gsfc.nasa.gov/SH.html
http://www.theozonehole.org/

http://www.temis.nl/
http://www.temis.nl/protocols/O3total.html

http://www.temis.nl/protocols/o3hole/

http://ozonewatch.gsfc.nasa.gov/SH.html
http://www.theozonehole.org/
http://www.temis.nl/
http://www.temis.nl/protocols/O3total.html
http://www.temis.nl/protocols/o3hole/


Environmental effects of ozone
depletion and its interactions with
climate change: 2010 assessment

from the

Environmental Effects Assessment
Panel, United Nations Environment
Programme (UNEP)

Published in

Photochemical & Photobiological
Sciences
issue 2, 2011



More information about the science and effects of ozone 
depletion?
There are several websites that contain information on ozone, UV radiation, 
environmental effects and related topics. The sites mentioned below belong to dependable 
organizations and contain reliable information. Most of these sites contain links to other 
sources of information.

United Nations Environmental Program UNEP http://www.ozone.unep.org
World Meteorological Organization WMO http://www.wmo.ch
World Health Oganization WHO http://www.who.int
International Panel on Climate Change IPCC http://www.ipcc.ch
National Oceanic and Atmospheric Administration NOAA 

http://www.noaa.gov/climate.html
Environmental Protection Agency EPA https://www.epa.gov/ozone-layer-protection
National Aeronautics and Spatial Agency NASA http://ozonewatch.gsfc.nasa.gov
National Institute for Water and Atmosphric Research (New Zealand) NIWA 

http://www.niwascience.co.nz
World Ozone and Ultraviolet Radiation Data Center WOUDC http://www.woudc.org
Environment Canada http://www.ec.gc.ca

METEOCAT http://www.meteo.cat/prediccio/uvi
AEMET http://www.aemet.es/es/eltiempo/prediccion/radiacionuv

UVI forecast
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The ozone layer



Ozone

Very stable



UV and VIS radiation

400 nm 700 nm



λ<240 nm

λ<320 nm



Ozone generation/destruction (natural)

O2 + UV (λ<240nm)→ O + O

O + O2 → O3

O + O2 → O3

O3 + UV (λ<320nm)→ O + O2

O + O3 → O2 + O2

Balance

3O2 + UV (λ<240nm)→ 2O3

2O3 + UV (λ<320nm)→ 3O2

Ozone concentration at any point and time depends on the equilibrium between 
production and destruction, in turn depends on UV levels and T (meteorology)



Ozone in the atmosphere

Total Ozone Column (TOC)

• Dobson Units (1DU=10μm 
STP=2.69×1020 mollecules/m2)

• About 300 DU (3 mm STP), but
it depends on latitude, season
and atmospheric processes.

 0.02 ─ 0.1 ppm

 90%

Air = N2 + O2 + ... + ozone

 12 ppm
 50 km

10 ─ 16 km low stratosphere  10%



Main effects of the atmospheric ozone: heating

HEATING



Main effects of the atmospheric ozone : filtering

FILTERING

UVC

UVB

UVA

200-280 nm

280-315 nm

315-400 nm



The measurement of the atmospheric ozone

Dobson spectrophotometer at
Boulder (Colorado)

 50 in operation

Standard: No. 83

At the British Antarctic Survey 1984: 
No. 31 + No. 51

Brewer
spectrophotometer



The measurement of the atmospheric ozone

Units: W/m2/μm ground: absorption/transmission

top: reflection



The measurement of the atmospheric ozone

http://www.temis.nl/protocols/O3total.html
http://www.temis.nl/protocols/o3field/data/omi/forecast/today_wd.gif

1979–1993
TOMS instrument onboard the 
NASA/NOAA Nimbus-7 satellite. 
1993–1994 
TOMS instrument on the 
Soviet-built Meteor-3 satellite. 
1996–October 2004
TOMS instrument on the 
NASA Earth Probe satellite. 
November 2004 - now
OMI (KNMI) instrument  onboard the
NASA Aura satellite.

TOMS: Total Ozone Mapping Spectrometer
OMI: Ozone Monitoring Instrument

http://www.temis.nl/protocols/O3total.html
http://www.temis.nl/protocols/o3field/data/omi/forecast/today_wd.gif
http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.knmi.nl/omi/news/&ei=cSPBVJH6C4HsUKuHgOAM&bvm=bv.83829542,d.d24&psig=AFQjCNEDdl1j8rSczMWOdG3cXq5-gm_RHg&ust=1422029943065276


The global distribution



The seasonal evolution

2009 16 – 30 June



The seasonal evolution

2009 16 – 30 September



The seasonal evolution

2009 16 – 30 December



The seasonal evolution

2009 16 – 30 March



The seasonal evolution

Fig. 4. Douglass et al (2014) 
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The ozone hole



Discovering of the Ozone Hole
• In the early 1970s, Crutzen, Molina and Rowland alert about CFCs stability and 

growing source and concentrations of stratospheric chlorine
• The first decreases in Antarctic total ozone were observed in the early 1980s 

over research stations located on the Antarctic continent (ground-based 
Dobson spectrophotometers).

• Unusual low total ozone column during the late winter/early spring months of 
September, October, and November, compared with previous observations 
made as early as 1957.

• The early published reports came from the British Antarctic Survey and the 
Japan Meteorological Agency; more widely known in the international 
community after three scientists from the British Antarctic Survey published 
them in the journal Nature in 1985.

• Satellite measurements confirmed the austral spring ozone depletion and 
further showed that in each late winter/early spring, the depletion extended 
over a large region near the South Pole.

• The term “ozone hole” came about from satellite images of total ozone that 
showed very low values encircling the Antarctic continent each spring.

Farman , Gardiner, and Shanklin
(British Antarctic Survey)

Halley Station (British Antarctic Survey)

http://www.telegraph.co.uk/science/2017/10/31/halloween-crack-forces-british-antarctic-survey-
abandon-research/



The chlorine role

Fig. 1. Douglass et al (2014) 



Depletion of Stratospheric
Ozone.

CFC-11
52 yr life

CFC-12
102 yr life

http://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.chm.bris.ac.uk/motm/hfc134/hfch.htm&ei=8KnGVOmPGsmwUZ3sgvgJ&bvm=bv.84349003,d.d24&psig=AFQjCNEShGkcEjlhuk7zT_OyCWifc4QiXQ&ust=1422392172892043


PSCs

H > 24 km

ODS

CFC-11



103─105 cycles before deactivation !!!

No O needed→ no UV needed !



The global depletion



Arctic vs Antarctic hole

• Isolation: The Antarctic polar winter leads to the formation of the 
polar vortex which isolates the air within it. 

• Formation of PSC: Cold temperatures form inside the vortex; cold 
enough for the formation of Polar Stratospheric Clouds (PSCs). As the 
vortex air is isolated, the cold temperatures and the PSCs persist. 

• Activation: Once the PSCs form, heterogeneous reactions take place 
and convert the inactive chlorine and bromine reservoirs to more 
active forms of chlorine and bromine. 

• Catalytic destruction: No ozone loss occurs until sunlight returns to 
the air inside the polar vortex and allows the production of active 
chlorine and initiates the catalytic ozone destruction cycles. 





The largest ozone hole

False-color view of total 

ozone over the Antarctic 

pole. The purple and 

blue colors are for low 

ozone, and the yellows 

and reds are for high 

ozone.

24 September 2006 

http://earthobservatory.nasa.gov/Features/WorldOfCh
ange/ozone.php

27×106 km2

(average Sept 7 ─ Oct 13)

TOC < 220 DU

http://earthobservatory.nasa.gov/Features/WorldOfChange/ozone.php


Large, Deep Antarctic Ozone 
Hole in 2020 (nasa.gov)

Arctic ozone depletion reached 
record level | World 

Meteorological Organization 
(wmo.int)

2020 NEWS

https://earthobservatory.nasa.gov/images/147465/large-deep-antarctic-ozone-hole-in-2020?src=eoa-iotd
https://public.wmo.int/en/media/news/arctic-ozone-depletion-reached-record-level


Ozone hole quantification

https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/to3areas_
2020_toms+omi+omps.pdf

https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/to3mins_
2020_toms+omi+omps.pdf

https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/omds_202
0_toms+omi+omps.pdf

Measure 3: The ozone loss (mass deficit) is the amount of 
ozone in megaton necessary to fill the ozone hole to 220 DU 
over the whole area 

Measure 1: The size of the ozone hole is the area on the 
globe in million square km with ozone column below 220 DU.

Measure 2: The depth of the ozone hole is the lowest ozone column 
value in Dobson Units (DU) for latitudes below 30°S.

https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/to3areas_2020_toms+omi+omps.pdf
https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/to3areas_2020_toms+omi+omps.pdf
https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/to3mins_2020_toms+omi+omps.pdf
https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/to3mins_2020_toms+omi+omps.pdf
https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/omds_2020_toms+omi+omps.pdf
https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/omds_2020_toms+omi+omps.pdf


NASA Ozone Watch: Latest status of ozone: https://ozonewatch.gsfc.nasa.gov/

https://ozonewatch.gsfc.nasa.gov/
https://ozonewatch.gsfc.nasa.gov/


http://www.temis.nl/protocols/o3hole/o3_history.php

Last years

http://www.temis.nl/protocols/o3hole/o3_history.php
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Effects of UV



Effects HUMANS
Skin
Immune system
Eyes

NATURAL TERRESTRIAL ECOSYSTEMS, CROPS, 
FORESTS

AQUATIC LIFE

ENVIRONMENTAL PROCESSES AND SYSTEMS

FOOD SECURITY

AIR QUALITY

MATERIALS RADIATION AUGMENTATION FACTOR

Ozone and You | Ozone Secretariat (unep.org)

https://ozone.unep.org/ozone-and-you


Adverse effects of exposure to solar UV-B radiation on human skin

Acute overexposure of the skin to solar UV radiation 
causes sunburn; chronic sunlight exposure can lead to the 
development of skin cancers.

Examples of the 3 major types of skin cancer.
(Photograph supplied by ProfessorM. Norval, University 
of Edinburgh, Scotland, UK.)

• Sunburn (acute)         UVI = 10 → 15 min
• Chronic exposure + sunburn episodes → skin cancers
• Non-melanoma 

➢ Basal cell carcinoma
➢ Squamuous cell carcinoma

• Cutaneous melanoma 
➢ Increasing in many countries
➢ Higher incidence in fair-skinned individuals and for age > 20 yr

Effects on the immune system (IS)
The immune system can be suppressed by exposure of the skin and eyes to UV-B 
radiation leading to reduced immune responses to infectious agents and skin cancers, 
but a potentially beneficial effect for some autoimmune diseases.

Cold sores caused by reactivation of latent herpes 
simplex virus following exposure to solar UV-B 
radiation. (Photograph supplied by Professor M. 
Norval, University of Edinburgh, Scotland, UK).

• Chromophores→ cascade of events affecting IS
• → Induce lymphocytes T regulatory cells 
• Increase symptoms and duration of disease caused by infection 
• Reduce immunization and effectiveness of vaccination
• Triggers the reactivation of latent virus
• Inmunosuppresion→ interacts with papillomavirus and 

basal/squamous cell carcinomas
• Benefits for some autoimmune diseases



The erythemal effect in different skins



… but we need some UV doses
A major benefit to human health of exposure to UV-B radiation is the production of 
vitamin D. 

Simplified metabolic pathway leading to the active 
form of vitamin D (1,25-dihydroxyvitamin D).

How much time should I spend in the sun in order to 
produce sufficient vitamin D but avoid sunburn and 
minimise the risk of skin cancer?
There is no short and simple answer to this question but some guidance is given in 
the table and the figure

• Food (oily fish, eggs) only provides 10% of needs
• Synthesis is more difficult for dark skin and old 

individuals



How can I protect myself from the adverse effects of 
solar UV-B radiation on the skin?

Wearing the correct clothing and the use of 
sunscreen can protect against UV radiation. 

(Photograph supplied by Dr A. Cullen, University of 
Waterloo, Canada.)

Many protective strategies 
against excessive exposure 
to sunlight have been 
developed, particularly to 
avoid sunburn.



When the atmosphere is not enough...

Natural
SPF15
SPF50

Measured global horizontal UV (nm)



How can I protect myself from the adverse effects of 
solar UV-B radiation on the skin?

Wearing the correct clothing and the use of 
sunscreen can protect against UV radiation. 

(Photograph supplied by Dr A. Cullen, University of 
Waterloo, Canada.)

Many protective strategies 
against excessive exposure 
to sunlight have been 
developed, particularly to 
avoid sunburn.



Effects of exposure to solar UV radiation on the human 
eye, and, how can the eye be protected?

The effects of UV radiation on the eye can be almost 
immediate (acute), occurring several hours after a 
short, intense exposure.

They can also be long-term (chronic), following 
exposure of the eye to levels of UV radiation below 
those required for the acute effects but occurring 
repeatedly over a long period of time. 

The commonest acute effect, photokeratitis (snow 
blindness), leaves few or no permanent effects, 
whereas cataract due to chronic exposure is 
irreversible and ultimately leads to severe loss of 
vision requiring surgery.Figure. Soft UV radiation-absorbing contact 

lens covering the entire cornea. 

(Photograph provided by Dr A. Cullen, University of 
Waterloo, Canada.)



UV400

When the atmosphere is not enough...

Measured UV transmission
 (nm)

https://www.google.es/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiG78GzvPPQAhXEPRQKHbKzA2UQjRwIBQ&url=https://groups.google.com/d/topic/publicesvfoxpro/LDHbjgQUhvw&psig=AFQjCNFHkoL-fUW0vWlEt00h0HatuVQrZQ&ust=1481797611852543


Impacts of UV-B radiation on natural 
terrestrial ecosystems, crops and forests
• Wide range of responses in terrestrial organisms 

➢ Vital biomolecules (DNA, proteins, lipids) are sensible 
to UV

➢ Animals can move to avoid UV-B radiation 
➢ Most plants (including crop and forest species) have 

mechanisms that provide some UV shielding: synthesis 
of compounds sunscreen, increasing thickness of 
leaves

➢ Mechanisms for repairing DNA
➢ Protective molecules are important in our food: 

colours, flavours, antioxidants, fiber
• Ecosystem level

➢ Effects on palatability and decomposition 
➢ Insects → reduce consumption of plants
➢ Leaf decomposition and recycling of nutrients → soil 

fertility
➢ Microbes in the soil
➢ Consequences for future carbon sequestration?

• Detrimental effects on crops and wild plants
➢ 6% less growth in affected areas (spent in protection 

material )
➢ Accumulative  effects in crops → evolution could be 

fast enough?



A: Impacts of UV-B radiation on terrestrial 
ecosystems. Ozone depletion has led to higher 
UV fluxes over Antarctica with negative effects  
on some species of Antarctic plants, such as the 
mosses seen growing along this icy stream. 

B: Other examples of protective molecules 
produced by plants in response to UV radiation 
include the red pigments seen in lettuces (left 
panel), while those shielded from UV are mostly 
green. Similarly, Antarctic mosses (right panel) 
shielded by small stones are green (centre), 
while the plants around them produce 
protective red pigments. These protective 
compounds can be important components of our 
foods. 

(Image of lettuce: Professor N. Paul, University of Lancaster, 
UK; others: Professor S. Robinson, University of Wollongong, 
Australia.)



Does exposure to UV-B radiation affect aquatic life?
UV-B radiation can penetrate to ecologically significant depths in the clearest natural 
waters and have an effect on the aquatic life.

The penetration of UV-B 
radiation into the global oceans 

by indicating the depth to which 
10% of surface irradiance 

penetrates. 

(Image courtesy of Vasilkov et al., J. 
Geophys. Res. Oceans, 2001, 106, 

205–227.)



UV effects on aquatic life?

• Aquatic organisms like light
➢ Phytoplancton→ support photosynthesis
➢ Detrimental effects on organisms near 

surface: plants, phytoplancton, fish eggs 
and larvae, zooplancton, and other 
consumers

➢ Adult fish are well protected → deep water

• Detrimental effects have been shown on many 
species

➢ Worsened by environmental pollution

• Ecosystem level → less studied
➢ biodiversity,
➢ interaction between trophic levels

• Climate change effects
➢ Depth distribution
➢ Water transparency
➢ Seaweeds have ecologic/economic 

importance
➢ Climate driven changes may exceed 

adaptative capacity to UV changes

Scanning electron micrograph of the phytoplankton  
coccolithophore, Emiliania huxleyi, covered with coccoliths. 

(Photograph courtesy of Kunshan Gao, Xiamen, China.)

Several marine organisms protect 
themselves from solar UVB radiation 
by producing a calcified outer layer; 
the increasing acidification of lakes 
and marine habitats impairs this 
calcification process.



Does climate change alter the effect of UV radiation on 
aquatic ecosystems?

Main factors affecting the quantity and quality of UV radiation received by aquatic organisms. 

(Diagram modified from Gonçalves et al., Ecología Austral., 2010, 20, 129–153.)

Climate change will influence 
various aspects of how UV-B 
radiation affects aquatic 
ecosystems, such as through 
changes in temperature and 
sea-level, shifts in the timing 
and extent of sea-ice cover, 
changes in the wave climate, 
ocean circulation and salinity, 
and alterations in the 
stratification of the water 
column.



What effects does the depletion of ozone have on 
environmental processes and cycles?

Interactions between environmental processes and cycles. 

(Figure provided by the US Surface Ocean Lower Atmosphere Study (SOLAS) and the Woods Hole Oceanographic 
Institute (WHOI).)

Changes in UV-B 
radiation cause 
complex alterations to 
atmospheric
chemistry, and thus 
affect the entire 
biosphere, with 
consequences for all 
organisms on Earth, 
including humans.



What is the effect of the 
interaction between UV-
B radiation, climate 
change, and human 
activity on air pollution?

Processes that influence the concentration of ozone at different altitudes in the atmosphere. 
(Illustration provided by Professor K. Solomon, University of Guelph, Canada.)

Pollutants emitted by human activities can reduce UV-B 
radiation near the surface, while particles may lead to 
enhancement by scattering. These processes decrease 
some exposures to UV radiation while enhancing others. 
Interactions between UV radiation and pollutants 
resulting from changes in climate and burning of fossil 
and plant fuels will worsen the effects of ozone on 
humans and plants in the lower atmosphere.



1 The impacts of air pollution on human health 
and the environment will be directly influenced 
by future changes in climate, emissions of 
pollutants, and stratospheric ozone2 Numerical models predict that future changes in 

UV radiation and climate will modify the trends and 
geographic distribution of hydroxyl radicals, thus 
affecting urban and regional photochemical smog 

formation, as well as the abundance of several 
greenhouse gases 3 Photochemically produced tropospheric 

ozone is projected to increase over the next 
20–40 years in certain regions of low and 
middle latitudes because of interactions of 
emissions, chemical processes, and climate
change

Effects on air quality

4 Aerosols composed of organic substances have 
a major role for climate and air quality, and 

contribute a large uncertainty to the energy budget 
of the atmosphere 5 The decomposition of substitutes for ozone-

depleting substances can lead to a range of 
chemical species, however with little relevance 
expected for human health and the
environment are judged to be negligible.



Can the increased temperature due to global warming 
increase the deleterious effects of UV-B radiation on 
plastics and wood products used outdoors?

Yes, climate change can have a detrimental effect on plastics and wood products used
outdoors.



Will global climate change 
alter the effects of UV radiation 
on human health?

The predicted relative change in total skin cancer incidence from 1980 to 2065 in Europe. 

(From Fig. 5.16, Relative change in total skin cancer incidence from 1980 to 2065 for the A1 scenario, based on the AMOUR2.0 assessment 
model, RIVM in http://www.rivm.nl/bibliotheek/rapporten/610002001.html.)

While there are clear concerns about the 
health effects of global climate change 
through, for example, increasing 
temperatures and changes in the 
distribution of some vector-borne 
diseases, it is not possible at the present 
time to predict whether climate change 
will affect UV-related health issues.



Próximo día: 22 diciembre

Revisar por encima el apartado 4, efectos de la UV

Probar el QUICK TUV CALCULATOR



ACOM: Quick TUV (ucar.edu)

http://cprm.acom.ucar.edu/Models/TUV/Interactive_TUV/


OUTPUTINPUT

… SARS CoV-2 virus

×40


