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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 m? 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 SO, (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. CO, by 30 %,
CH, by more than 100 %.
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11,000 litres of water to -
== make a quarter pounder,
and 5000 litres of water to

make 1 kilo of cheese

No wonder the Earth

is running dry...




- Papulatian _ a5 Total Real GOP Fareign Direct Invest ment
—_ m m 7
c =g -
g 5 g¢ Z 500
= s o and o £ 5004
a4 E ™ O 5 400
& 3 &= 0 =300
= =
oo E B 154 o 2=zo0
E 1] EE 2 1004
% & & F e " S e Pl S IFFIEL
L E LS SFFSE S R
fear Year Year
_ Da mming of Rivers &000 Viater Lsa .E aso Fertiliger Cansumption
a
5 241 2 3004
=
204 - 5 &= 250
=] & 4000
o 164 = Z 2 200
£ 124 e o = 1504
o ad £ 2000, 2 E 100,
E 44 = S04
P S F R P PP PP S ID IS
e e LS
:I' B -\&p ‘x& 2 I',;,I“.-\’ ﬂﬂ' o “é:p SR Q,.@ ORI . K@‘ B I‘Q
fear Year Year
Urban Papulation Paper Consumptian WcDona lde Restaurams
_1o P _2m P P a5
2 2w 01
= 8 St Egzﬁ
8 & E 150 532::-
L @ 100/ 83 154
) = 520
@ 24 o 504 Ee -
o (S 5
a — o I o
.Y Bon o - I
R g FFEFHIEF P FEFSE S
ear Year fear
L
o
— __ Tranzport: Motar Vehicles Communleatian: Telephanes o International Touriem
Eﬂm 200 o 200
= =
= BI04 EEECCL. g B00
= ol =
@ 400 £ = 4004 = 400
2 o E =
B 200 m = 2004 2 200,
5 - g
ey w wr ey e s G-t au g e g g d
Y o o
o o et el S
45 & rbd? S S ST
Wear Year Year



€O, (PpmV]

Carbon Dioxide

5 Ozone Depletion
g 7O
g = n
b | S04
)
R o 40 4
“5 O .2 20 4
155
-2 & 104 _
N
=)
& & F &P
Year
= Fishary Explaitation
EE a0 4
m"’-‘
% e
L=
= 40 1
[
i 201
d e 5 mt:» o
e ) . :
L ﬂ"}-’@ *'-..Q? 27 -4:'1'3‘3 *'gf@%

Temperature

__Nitrous Oxide

Nitrogen Flux to

rtharn Hemispha Avarags
Ha P d CoastalZong

Surtace Temperature =
8 : = ——— o e 10
m 1
2 e e
= @ 4
= Fa °
= g Q 4 4
=) = E
= = 2&
< z‘#p
£ 0 v T -
O, G Oy G & D
ey O !
FORC
Year
Lose of Tropical Rain Amount of
Forast and Woodland L] Dom=sticated Land
. B U { e R
= <1
: 2
= |
: :
L
;o |_
o o
#




eHumanity 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.



Coral Reef Death During the
1997 Indian Ocean Dipole Linked

to Indonesian Wildfires

Nerilie ). Abram,'® Michael K. Gagan,” Malcolm 7. McCulloch,’
John Chappell,’ Wahyoe $. Hantoro®

Geochemical anomalles snd growth discontinuities in Porites corals from west-
e Sumatra, indonesta, record unanticipated resf mortality during anomalous

been stronger, there ware no analogous episodes
past 7000 years, that the 1997 red tide was highly unusual. We show
that iron fertilization by the 1997 indonesian wildfires was sufficient to produce
the extraordinary rad tide, leading to reef desth by asphyxdation. These findings
highlight tropical wildfires as an escalsting threat to cosstal marine ecosystems.

l

Long-Term Region-Wide Declines
‘in Caribbean Corals

Toby A. Gardner,™” lsabstie M. C3t4,'* Jennifer A. GIIL 12
Alastalr Grant,® Andrew R. Watkineon'>* .

We report a massive region-wide decline of corals across the entire Caribbear
basin, with the sverage hard coral cover on resfs being reduced by 80%, from
about 50% to 10% cover, in three decades. Our meta-analysis shows that
puttems of changs in coral cover are varlable across time perfods but largely
consistent across subregions, suggesting that local causes have cperated with
some degree of synchrony on a reglon-wide scale. Although the rate of coral
{oes has slowed in the past decade compared to the 1980s, significant declines
are parsisting, The abllity of Carfbbean coral reefs to cope with future local and
globat environmental change may be irretrievably compromised.

Global Trajectories of the
Long-Term Decline of Coral Reef

Ecosystems



*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 FAQO 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
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Composition of Dry Air at Ground Level in Remote Continental Areas

ANNUAL GROWTH
0)
CONSTITUENT FORMUAL Yo CONCENTRATIONS (%/YEAR)
Nitrogen N2 78.1
Oxygen 02 20.1
Argon Ar 0.93
Carbon dioxide CO2 0.037 (370 ppmv) +0.4
Methane CH4 0.00017 (1.7 ppmv) ~0
Ozone 03 108 to 10 height dependent
Nitrous oxide N20 0.000031 (0.31 ppmv) +0.25
(CFC-11) CFCl, 0.00000027 (0.27 x 10°9) <0

(CFC-12) CF,Cl, 0.00000053 (0.53 x 109) <0



The “Keeling curve”, showing
the steady increase in atmos-
pheric CO; concentration
recorded monthly at Mauna
Loa in Hawaii, 1958-1999
(adapted from Keeling and

Whorf 2000)

Column ozone, Dobson Units (DU)
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Ozone production in stratosphere:

b - . 20(<2400m)
0+0,+M - 03+ MQ2x

L 30 = P
can not be influenced by human activity.

However, reconversion from O3 — O can:

X, XO ... -
. 10,

X=NO,Cl,Br ,H,0H

NO* from aircraft and nuclear explosives
N0 +0(0D) - 2NO
NyO* 0.2 - 0.3%/yr (e.g. N-fertilizers)

CI* and Br1 via:
CFKCIy + hy - vy (Cl, ClO, HOCI, HCl, CIONO9) (and x HF)

CFKBry + hy - ¥ (Br, BrO, HOBr, HBr) (and x HF)
Lh the stratosphere .



Scientists reveal shackiny. discovery:

A GROUP of biolog-
ists stumbled on a
UFO base at the South
Pole and researchers
believe trips by space

sliens to 20 from the area are burning up Earih's ET s a F e b u rn I n
Earth’s ozone

Scientists discovered the bas: through aerial photo-
mraphs taken of a remote section in Antarctiea.

“We belicve it is a base for alien spaceships,” says Olen
Junderson, who examined the pictures ﬁ om his UFO
‘esearch center in New
Zealand.

“There is cleatly a base
werhaps a mile long right
icar the center of the
south Fole. This field was
1ot there in the carly
970s when other pictures
vete taken of the area.

Markings

*There are also distinet
narkings nlong the field
hat show it is some typo of
JIFO air base," he adds.
Olen points out that
everal photographs have
ot been available because * SCIENTISTS say ETs are
he}r were confiscated by Durning up our ozone with

LS. government officials
/hen the hlnlnflst': re-
urned home,

their spaceships, which
landed at an icy base in

*Antarctica, right. Olen

YThodé.r I,;a,um@,”,}.g | Gunderson, who took pic-

howed actual vehicles fy-
g into the area and leav-
™ says Olen.

1 A

tures, now confiscaled, of
the base. plans future po-
lar expeditions.
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Arctic Polar Stratospheric Clouds

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 CIO 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 trinydrate 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 — N205 + M
N205 + H20 — 2 HNO3

thereby producing HNOS3 which is incorporated in the particles.

Second: On the surface of the ice particles HCl and CIONO2
react with each other to produce CI2 and HNO3;

HCI + CIONO2 — Cl2 + HNO3
the latter is immediately incorporated in the particles.

Third: After the return of daylight after the polar night, CI2 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 —> ClIO + O2

Cl+ O3 — ClO + O2

CoO+CloO+M —> Cl202 + M

Cl202 + hv — Cl +Cl02 — 2ClI + O2
Net: 2 03 —> 3 02.

Note that the breakdown of ozone is proportional to the square
of the CIO 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
CH3CI, 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 (ClI, CIO, HCI, CIONO2,
Cl202) 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, CIO, and CI202.

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?



Primary Sources of Chlorine Entering the Stratosphere in the Early 1990s

. Entirely
Human-
Mode

Natural
Sources

Contribute
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Global Fossil-Fuel CO, Annual Emissions
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(1973-2004)

| 4.7%/ye>|
(1945-73)

i 1 L II.I..I.J.I

| &« 1.2%/yr =
(1914-45)
L 4.5%/yr —

(1850-1914)

-

L I.I.IIJ.I.!

1

3

1 ] l.l.I.IIII.

Emission (10” kg of Carbon / year)
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1850 1900 1950 2000
Fossil fuel CO, emissions based on data of Marland and Boden (DOE,
Oak Ridge) and British Petroleum. 3

Sowurce: Hansen and Sato, PNVAS, 98, 14778, 2001



Emissions (Gigatons C / year)

Global Fossil Fuel CO, Emissions

T T T T T

p Annual Emissions —~

— / Year Mean ;_f"*u-_fﬁ"/’

" Soaked-Up
o Amount

2 2 4 N =) ~J Qo
I

Airborne
Amount

—

0 | | | |
1950 1960 1970 1980 1990

Global fossil fuel CO, emissions with division into portions that remain airborne

or are soaked up by the ocean and land.
Source: Hansen and Sato, PNAS, 101, 16102, 2004
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Temperature Anomaly (°C)
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Land-Ocean Temperature Index [ n/
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1880 1900 1920 1940 1960 1980 2000
Global mean surface temperature change based on surface air
measurements over land and SSTs over ocean

Source: Update of Hansen et al., JGR, 106, 23947, 2001, Reynolds and Smith, J. Climate, 7, 1994,
Rayner et al., JGR, 108, 2003,
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1900-2005 Surface Temperature Change (°C) 61

1 1.5 2 .8

Change of surface temperature index based on local linear trends
using surface air temperature over land and SST over ocean.

Sources: Hansen et al., JGR, 106, 23947, 2001, Reynolds and Smith, J. Climate, 7, 1994, Rayner et
al., JGR, 108, 2003.



Radiative forcing (Watts per square metre)

Warming

The global mean radiative forcing of the climate system
for the year 2000, relative to 1750
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CLIMATIC CAUSE-AND-EFFECT (FEEDBACK} LINKAGES
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“The balance of evidence suggests a discernable human influence on
global climate* (IPCC, 1995)

» 1here 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.



Global climate 2000

The year 2000 was the 22nd
consecutive year with a global surface
air temperature higher than the 1961-
1990 normal, according (o the latest
World Meteorological Organization
summary of world climate.

Despite regional cooling duc to the
continuing La Nifia event in the tropical Pacific,

the year was the scventh warmest since 1961. |
The warmth was most marked over extra- -

wropical northem latitudes. A severe heat wave
over southem Europe claimed many lives as
semperatures rosc sbove 43°C mid-year.

Tropical storms caused widespread damage
in Central America, record rainfall in Japan and
serious flooding over the Korean Peninsula and
Vietnam. Storms also brought flooding and
much suffering to Madagascar, Mozambique
and southemn Africa carly in the year.

[.4-5.8°
/ (y 2100

0.8 degrees C
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0.2 8

’,IF/

0.0 T

0.2 ' }

0.4

II

0.6 I ! |

0.8
1860 1880 1900

1920

1940 1960 1980 2000

Mecn swiave dir emperature north of 30°N as anvual departures from the 1961-90 mean.

Heavy rainfall caused severe flooding during
the summer monsoon season over much of south
and southeast Asia with over ten million people
affected in India. Coupled with mudslides,
heavy rainfall caused widespread devastation in
Central and South America during May and

June. Much of the disruption in tropical rainfall
was associated with the La Nifia event.

Further information: The “Statement on the
Status of the Global Climate in 2000" can be
obtained from the WMO address on page 37.
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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
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Climate of the polar regions is most sensitive
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. 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.



Warm Surface circulation
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Patrick Zimmerman of the U.S. National Center for Atmospheric Research escapes to safety
with a flask containing a sample of air from burning grass and brush in Brazil’s Amazon
region. Biomass burning is commonly practiced by farmers in tropical cosntries for land clearing
and pesticide control; its effects on the atmosphere can be detected half a world away.



Phaplu, Nepal; March 29, 2001



Kaashidhoo under Haze Layer



Transcontinental Nature of the “Haze*

Forward Trajectories from 700 mb, March 14-21, 1999

Trajectories are from India, China, Mexico, US east and west coasts,
London, Paris and Berlin (courtesy of IN. Krishnamurti).



The author with his
grandson Jan Oliver, 1999.

What world will he be
living In?

He will certainly know
whether climate iIs 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.






:sTRIAL BromEes*

It is not possible to estimate accurately the extent of different biomes prior to
significant human impact, but it is possible to determine the “potential” area of biomes
based on soil and climatic conditions. This Figure shows how much of that potential
area is estimated to have been converted by 1950 (medium certainty), how much
was converted between 1950 and 1990 (medium certainty), and how much would

be converted under the four MA scenarios (low certainty) between 1990 and 2050,
Mangroves are not included here because the area was too small to be accurately
assessed. Most of the conversion of these biomes is to cultivated systems.

Fraction of potential area converted
~10_0 10 20 30 40 5 6 70 & @ 100%

MEDITERRANEAN FORESTS, .l_
WOODLANDS, AND SCRUB

TEMPERATE FOREST .I I
STEPPE AND WOODLAND .

TEMPERATE BROADLEAF
AND MIXED FORESTS

TROPICAL AND
SUB-TROPICAL DRY
BROADLEAF FORESTS

FLOODED GRASSLANDS
AND SAVANNAS

TROPICAL AND SUB-TROPICAL
GRASSLANDS, SAVANNAS, -—
AND SHRUBLANDS

TROPICAL AND SUB-TROPICAL
CONIFEROUS FORESTS

DESERTS

MONTANE GRASSLANDS
AND SHRUBLANDS

TROPICAL AND SUB-TROPICAL -_

MOIST BROADLEAF FORESTS

TEMPERATE
CONIFEROUS FORESTS

BOREAL |.
FORESTS

TUNDRA I-

Conversion of original biomes
Loss by Loss between Projected loss
1950 1950 and 1990 by 2050°

& A biome is the largest unit of ecological classification that is convenient to recognize below the
entire globe, such as temperate broadleaf forests or montane grasslands. A biome is a widely
used ecological categorization, and because considerable ecological data have been reported
and modeling undertaken using this categorization, some information in this assessment can only
be reported based on biomes. Whenever possible, however, the MA reports information using
10 socioecological systems, such as forest, cultivated, coastal, and marine, because these
correspond to the regions of responsibility of different government ministries and because they
are the categories used within the Convention on Biological Diversity.

o According to the four MA scenarios. For 2050 projections, the average value of the projections
under the four scenarios is plotted and the error bars (black lines) represent the range
of values from the different scenarios.

Source; Millennium Ecosystem Assessmant



Figure 4. Species ExTiNcTION RATES (Adapted from C4 Fig 4.22)

‘Distant past” refers to average
extinction rates as estimated from
the fossil record. “Recent past”
refers to extinction rates calculated
from known extinctions of species
(lower estimate) or known
extinctions plus “possibly extinct”
species (upper bound). A species
is considered to be “possibly
extinct” if it is believed by experts
to be extinct but extensive surveys
have not yet been undertaken

to confirm its disappearance.
“Future” extinctions are model-
derived estimates using a variety of
technigues, including species-area
models, rates at which species

are shifting to increasingly more
threatened categories, extinction
probabilities associated with the
IUCN categories of threat, impacts
of projected habitat loss on species
currently threatened with habitat
loss, and correlation of species
loss with energy consumption. The
time frame and species groups
involved differ among the “future”
estimates, but in general refer to
either future loss of species based
on the level of threat that exists
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Source: Millennium Ecosystem Assessment

today or current and future loss of species as a result of habitat changes taking place over the period of roughly 1970 to 2050, Estimates
based on the fossil record are low certainty; lower-bound estimates for known extinctions are high certainty and upper-bound estimates are
medium certainty; lower-bound estimates for modeled extinctions are low certainty and upper-bound estimates are speculative. The rate of
known extinctions of species in the past century is roughly 50-500 times greater than the extinction rate calculated from the fossil record of
0.1-1 extinctions per 1,000 species per 1,000 years. The rate is up to 1,000 times higher than the background extinction rates if possibly

extinct species are included.



Figure 10. Dust CLoUD OFF THE NORTHWEST COAST

OF AFRICA, MARCH 6, 2004

In this image, the storm covers about one fifth of Earth’s circum-
ference. The dust clouds travel thousands of kilometers and fertilize
the water off the west coast of Florida with iron. This has been linked
to blooms of toxic algae in the region and respiratory problems in
North America and has affected coral reefs in the Caribbean. Degra-
dation of drylands exacerbates problems associated with dust storms.

Source: National Aeronautics and Space Administration, Earth Observatory




Appendix Figure A.9. CoNTRAST BETWEEN CONTEMPORARY AND PRE-DISTURBANCE TRANSPORTS OF TOTAL NITROGEN

THROUGH INLAND AQUATIC SYSTEMS RESULTING FROM ANTHROPOGENIC ACCELERATION OF THIS
NutrienT CycLE (C7 Fig 7.5)

While the peculiarities of individual pollutants, rivers, and governance define the specific character of water pollution, the general patterns observed
for nitrogen are representative of anthropogenic changes to the transport of waterborne constituents. Elevated contemporary loadings to one part
of the system (such as croplands) often reverberate to other parts of the system (to coastal zones, for example), exceeding the capacity of natural

systems to assimilate additional constituents.
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Source: Millennium Ecosystem Assessment



Figure 14. GrLoBaL TRENDS IN THE CREATION OF

‘ARTH BY Human

, WITH PROJECTION TO 2050
1)

Most of the reactive nitrogen produced by humans comes from
manufacturing nitrogen for synthetic fertilizer and industrial use.
Reactive nitrogen is also created as a by-product of fossil fuel
combustion and by some (nitrogen-fixing) crops and trees in
agroecosystems. The range of the natural rate of bacterial nitrogen
fixation in natural terrestrial ecosystems (excluding fixation in
agroecosystems) is shown for comparison. Human activity now
produces approximately as much reactive nitrogen as natural processes
do on the continents, (Note: The 2050 projection is included in the
original study and is not based on MA Scenarios.)
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Carbon Dioxide

Good News:

1. ~42% of annual fossil fuel emissions continues
to be “soaked up” by ocean, soil, vegetation

2. Uptake % could increase if emissions decreased,
or via improved forestation/agricultural practices

Bad News:

1. Stabilization of atmospheric CO, may require
eventual reduction of emissions by 60-80%

2. Fossil fuel emission are increasing ~2% per year

-



Greenhouse gas forcing = 2.7 W/m?

(since pre-industrial times)
Heating of the ocean = 0.3 W/m?
Increased upward IR =1 W/m?

(from hotter surface of earth)

Increased albedo effect ~ 1.4 W/m?
(= 50% of GHF)

Heat release to atmosphere 0.025 W/m?
from fossil fuel burning (1995)



PAST AS PROLOGUE?

Abrupt climate change has marked the earth's history for
eons. lce cores from Greenland, forinstance, reveal that

wild temperature swings (top left] punctuated the gradual
warming that brought the planet out of the last ice age starting
about 18,000 years ago. Fossil shells in lake sediments

Medieval Warm Period

from Mexico's Yucatan Peninsula record sudden and severe
droughts (bottom left) because a diagnostic ratio of oxygen
isotopes in the shells shoots up when more water evaporates
from the lake than falls as rain. Societies have often suffered
as a result of these rapid shifts (photographs).

Climate and Precipitation
Inferred from Oxygen Isotope Composition
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coefficient is 0.6, with warm temperatures associated with high CO, growth rate.



- Stability of Earth Climate?
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MELTING TOWARD A COLD SNAP?

As global warming continues to heat up the planet, many strongly influences climate elsewhere in the world. A conveyor
scientists fear that large pulses of freshwater melting offthe  shutdown—or even a significant slowdown—could cool the
Greenland ice sheet and other frozen northern landmasses North Atlantic region even as global temperatures continue
could obstruct the so-called North Atlantic conveyor, the torise. Other challenging and abrupt climate changes would
system of ocean currents that brings warmth to Europe and almost certainly result.

CONVEYOR ON

Salty ocean currents red)
flowing northward from the
tropics warm prevailing
winds [large arrows] as they
blow eastward toward Europe.
The heat-bearing currents,
which are dense, become
even denser as they lose
heat to the atmosphere.
Eventually the cold,
saltywater becomes
dense enough to sink

near Greenland. It then
migrates southward

along the seafloor [blue),
leaving a void that

draws more warm water
from the south to take

its place.

RESULTING CLIMATE

When the North Atlantic c yoris active, perate conditions with relatively warm winters enable rich
agricultural production in much of Europe and North America. Seasonal monsoons fuel growing seasons in broad
swaths of Africa and the Far East. Central Asia is wet, and Antarctica and the South Atlantic are typically cold,

CONVEYOR OFF

Iftoo much freshwater enters
the North Atlantic, it dilutes
the salty currents from
the south. Surface waters
no longer become dense
enough to sink, no matter
how cold the water gets,
and the conveyor shuts
down or slows. Prevailing
winds now carry frigid air
eastward (large arrows).
This cold trend could
endure for decades or
more—until southern
waters become salty
enough to overwhelm

the fresherwater up
north, restarting

the conveyorin an
enormous rush.

e,
Elrope coLo,

Richard B. Alley: Abrupt climate change
RESULTING CLIMATE . .g- .
As the conveyor grows quiet, winters become harsher in much of Europe and North America, and agriculture suffers. SCIentlflC Amerlcan, November 2004

These regions, along with those that usually rely on seasonal monsoons, suffer from droughts sometimes enhanced by
stronger winds. Central Asia gets drier, and many regions in the Southern Hemisphere become warmer than usual.




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




Table 1. Black carbon (BC) emissions from biofuel combustion in India, Asia, and the world. Estimates of BC emissions from biofuel combustion made use of

emission factors (g kg~") from table S1. In the rightmost column, the total includes BC emissions from forest, savanna, and crop waste open burning as well as
fossil fuel combustion.

Biofuel consumption (Tg year) Black carbon emissions (Gg year) BC source ratio
Region Base year . (biofuel/total)
Dried cattle Dried cattle .

Fuelwood manure Crop waste _Fuelwood manure  CTOP waste  Total biofuel (%)

India 1995 281* 62* _ 36* 143* 8* 21* 172* 44%
(192-409) (13)  (35-108) (13)  (20-67)f (13)  (75-272)t (3-17)t (9-51)t  (87-340)% :

Asia 800-930§ (8, 25)  130-200§ (8, 25) 430-545§ (8, 25) 400470 15-25 220-280  635-775 301
Global 1324-1615§ (8, 25) 150-410§ (8, 25) 442-707§ (8,25) 670-820  20-50 _ 230-360 _920-1230 15} -
india 1985 ] 220 (25) 93 (25) 86 (25) 110 10 40 160 54
Asia 753 (25) 133 (25) 545 (25) 385 15 280 680 23
Global 1324 (25) 136 (25) 597 (25) 675 15 300 990 7

*Central value of biofuel consumption for cooking and BC emissions. tCentral value of percent contribution of BC from biofuel combustion. tLower and upper bound
estimates of biofuel consumption for cooking and BC emissions at 95% confidence interval. §Asia and global numbers include biofuel consumption for cooking and space heating,
excluding the amount used in industry. The ranges are from two different studies (8, 25).

Venkataraman, C., et al, Science, VVol. 307, March 2005



South Asian Haze: Seawifs Image; MARCH 21, 1999
Source: ORBIMAGE




The Composition of Aerosol

Ash

Dust

MISS 2%

Sea-salt & NO,

SO,

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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