




• During the past 3 centuries human population has 
increased tenfold to 6000 million and fourfold in the 20th

century

• Cattle population increased to 1400 million (one 
cow/family); by a factor of 4 during the past century

• Urbanisation grew more than tenfold in the past 
century; almost half of the people live in cities and 
megacities

• Industrial output increased 40 times during the past 
century; energy use 16 times

• Almost 50 % of the land surface has been transformed 
by human action

• Water use increased 9 fold during the past century to 
800 m3 per capita; 65 % for irrigation, 25 % industry, 
~10 % households



• Human appropriation of terrestrial net primary productivity ~ 
30%, but with large uncertainties 3-39%, Vitousek et al., 
Science, 494, 1997; 10-55%, Rojstaczer et al., Science, 
2549, 2001

• Fish catch increased 40 times

• The release of SO2 (160 Tg/year) by coal and oil burning is 
at least twice the sum of all natural emissions; over land the 
increase has been 7 fold, causing acid rain, health effects, 
poor visibility, and climate changes due to sulfate aerosols

• Releases of NO to the atmosphere from fossil fuel and 
biomass burning is larger than its natural inputs, causing 
high surface ozone levels over extensive regions of the 
globe

• Several climatically important ”greenhouse gases” have 
substantially increased in the atmosphere, eg. CO2 by 30 %, 
CH4 by more than 100 %.









•Humanity is also responsible for the presence of many
toxic substances in the environment and even some
which are not toxic at all, but which have, nervetheless, 
led to the ozone hole.

•Among the „greenhouse gases“ are also the almost
inert CFC (chlorofluorocarbon) gases. However, their
photochemical breakdown in the stratosphere gives rise
to highly reactive chlorine atoms, which destroy ozone
by catalytic reactions. As a consequence UV-B radiation
from the sun increases, leading for instance to enhanced
risk of skin cancer.





•E.O. Wilson “Before humans existed, the species
extinction rate was (very roughly) one species per million
species per year. Estimates for current species extinction
rates range form 100 to 10,000 times that, but most hover
close to 1,000 times prehuman levels (0.1% per year)

•In an article with title “Humans as the World‘s Greatest
Evolutionary Force“, Palumbi (Science, 7 September 
2001) mankind also effects evolutionary change in other
species, especially in commercially important, pest, and 
disease organisms, through antibiotica and pesticides. 
This accelerated evolution costs at least $33 billion to 
$50 billion a year in the United States.



Man the Eroder

•Sedimentary rock formation over 500 million years
corresponds to an erosion rate of 24 meters per 
million years.

•Man-caused erosion (crop tillage, land conversion
for grazing and construction): 15 times natural
erosion

•At current rate anthropogenic soil erosion would fill
the Grand Canyon in 50 years.
According to Wilkinson (Geology) March 2005.



Since the beginning of the 19th 
Century, by its own growing activities, 
Mankind opened a new geological era: 
the Anthropocene



Increase in world food production and agricultural inputs
from 1961 to 1996, based on FAO data

Number-fold increase in 35 
years (1961-1996)

World food production 1.97

Land under cultivation 1.098

Proportion of irrigated land 1.68

Nitrogen fertilization 6.87

Phosphorus fertilization 3.48



Vitousek (1994)



Composition of Dry Air at Ground Level in Remote Continental Areas

CONSTITUENT FORMUAL % CONCENTRATIONS ANNUAL GROWTH 
(%/YEAR)

Nitrogen N2 78.1

Oxygen O2 20.1

Argon Ar 0.93

Carbon dioxide CO2 0.037 (370 ppmv) + 0.4

Methane CH4 0.00017 (1.7 ppmv) ~ 0

Ozone O3 10-8 to 10-5 height dependent

Nitrous oxide N2O 0.000031 (0.31 ppmv) + 0.25

(CFC-11) CFCl3 0.00000027 (0.27 x 10-9) < 0

(CFC-12) CF2Cl2 0.00000053 (0.53 x 10-9) < 0









Polar stratospheric clouds. 
This photograph on an Arctic 
polar stratospheric cloud
(PSC) was taken from the
ground at Kiruna, Sweden
(67°N), on 27 January 2000. 
PSCs form during winters in 
the Arctic and Antarctic
stratospheres. The particles
grow from the condensation of 
water along with nitrogen and 
sulfur gases. Beceause the
particles are large and 
numerous, the clouds often
can be seen with the human 
eye when the Sun is near the
horizon. Reactions on PSCs
cause the highly reactive
chlorine gas ClO to be formed, 
which is very effective in the
chemical destruction of ozone.



First: Low temperatures, below about –80°C, are needed to 
produce ice particles consisting of nitric acid and water (nitric 
acid trihydrate or NAT) or water molecules..  In this process 
also the NOx catalysts are removed from the stratosphere 
through the reactions

NO + O3 → NO2 + O2
NO2 + NO3 + M → N2O5 + M
N2O5 + H2O → 2 HNO3

thereby producing HNO3 which is incorporated in the particles.

Second: On the surface of the ice particles HCl and ClONO2 
react with each other to produce Cl2 and HNO3;

HCl + ClONO2 → Cl2 + HNO3

the latter is immediately incorporated in the particles.

Third: After the return of daylight after the polar night, Cl2 is 
photolyzed to produce 2 Cl atoms.

Cl2 + hv → 2 Cl



Fourth: The chlorine atoms start a catalytic chain of reactions, 
leading to the destruction of ozone:

Cl + O3 → ClO + O2
Cl + O3 → ClO + O2
ClO + ClO + M → Cl2O2 + M
Cl2O2 + hv → Cl +ClO2 → 2Cl + O2

Net: 2 O3 → 3 O2.

Note that the breakdown of ozone is proportional to the square 
of the ClO concentrations.  As these grew for a long time by 
more than 4% per year, ozone loss increased by 8% from one 
year to the next. Also, because there is now about six times 
more chlorine, about 3 nmol/mol, in the stratosphere, compared 
to natural conditions when chlorine was solely provided by 
CH3Cl, the ozone depletion is now 36 times more powerful 
than prior to the 1930s when CFC production started. Earlier, 
under natural conditions, chlorine-catalysed ozone destruction 
was unimportant and it will be so by the end of this century.



Fifth: Enhanced inorganic chlorine (Cl, ClO, HCl, ClONO2, 
Cl2O2) concentrations, produced by CFC photolysis above 25-
30 km are brought down during winter into the lower 
stratosphere by downwind transport from the middle and upper 
stratosphere within a meteorologically stable vortex with the 
pole more or less at the center. This is important because at the 
higher altitudes more organic chlorine is converted to much 
more reactive inorganic chlorine gases, including the ozone-
destroying catalysts Cl, ClO, and Cl2O2.

All five factors have to come together to cause the ozone hole 
(Figure 2). It is thus not surprising that the ozone hole was not 
predicted.  This experience shows the critical importance of 
measurements.  What other surprises may lie ahead involving 
instabilities in other parts of the complex Earth system?























“The balance of evidence suggests a discernable human influence on 
global climate“ (IPCC, 1995)

„There is new and stronger evidence that most of the warming
observed over the last 50 years is attributable to human activities“
(IPCC, 2001)

Average Global Temperature Rise: 1.4 – 5.8 °C from 1999 to 2100 
(includes cooling effects by sulfate aerosol)

Sea level rise: + 9 – 88 cm until 2100.
+ 0.5 – 10 m until ~ 3000.

Redistribution of precipitation

Enhanced risk for extreme weather (flooding, desertification)?

Increase in heat waves in Europe, as in the summer of 2003?

Too rapid climate changes, so that ecosystems cannot adapt.





Stabilisation of Atmospheric Concentrations. Reductions in the human-made emission
required to stabilise concentrations at current levels

Greenhouse Gas Reduction Required

Carbon Dioxide > 60%

Methane (achieved, but long term stabilisation is
uncertain for instance by thawing of 
permafrost)

Nitrous Oxide 70-80%

CFC-11 Achieved

CFC-12 achieved







Climate of the polar regions is most sensitive
Model calculated temperature charges for a doubling of atmospheric CO2 content



•„New studies indicate that the Arctic oceans ice cover is
about 40% thinner than 20-40 years ago“. Levy, Physics
Today, January 2000.

•There is dramatic climate change happening in the
Arctic, about 2-3 times the pace for the whole globe: 
Robert Corell, Chairman of the Arctic Climate Impact 
Assessment, November 2004.











Transcontinental Nature of the “Haze“



The author with his 
grandson Jan Oliver, 1999.

What world will he be
living in?

He will certainly know
whether climate is stable or
instable.

There are good reasons to 
start to protect earth‘s
climate from too large 
warming. Kyoto (2005) is
by far not enough.







































Richard B. Alley: Abrupt climate change
Scientific American, November 2004



The author (left) with Professor V. Ramanathan on an INDOEX research flight



Venkataraman, C., et al, Science, Vol. 307, March 2005
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The Composition of Aerosol

Shows the relative contribution of the various chemical species to the aerosol optical
properties at visible wavelengths (Satheesh et al., 2000; Lelieveld et al., 2000)
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