.

the surface of the waste. After a few years we find
Hyparrhenia plants sprouting. This method is more
successful than the sowing of Hyparrhenia seed as part of
a mixture," he adds.

Other species such as legumes sown at the same time as
other varieties have not proved very successful. Legumes
sown later are successful and have a nitrogen-fixing
capacity which saves on the cost of artificial fertilizer
mixtures. This also makes the land self-sustaining.

The Vegetation Unit is characterised by its cost-effective
methods and its track record is unparalleled. It is unique
in the world in providing a service to members of the
mining industry through an organisation such as the
Chamber of Mines. It has always been - and continues to
be - successful through its team approach. Professionals
and other staff members come and go, but the level of
service given remains at a consistently high level. Its
service stems from its extremely practical approach of the
field staff.

Easton points out that before 1965 the development of

@ohannesburg was heavily skewed to the north of the

Ridge. Most of the Vegetation Unit’s work was conducted
on dumps between 1965 and 1975.

Thereafter, as a result of the abatement of dust from the
minedumps, development "exploded" to the south. "The
Vegetation Unit has either worked, or advised one every
sand dump built," Easton says.

The unit employs a staff varying from 50 to 150, according
to seasonal needs. In days before mechanisation, the unit
employed some 700 labourers alone, supervised by about
50 overseers.

The Vegetation Unit is also involved in research through
the Water Research Commission into the impact of
mining on water quality in the Olifants River above the
Loskop Dam.

The unit has maintained its tradition of excellent service
to the mining industry through such research programmes
and will continue to do so.

It is furthermore involved in a classification system for
soils after opencast mining, in conjunction with prof John
de Villiers, of the University of Natal and, together with
the Atomic Energy Commission is looking into acid mine
drainage on colliery spoils. The unit is likely to obtain
funds from the Water Research Commission for a study
into trees to evaporate polluted water from waste sites.

CLIMATE CHANGE : THE IPCC SCIENTIFIC ASSESSMENT

The World Meteorological Organization and the United Nations Environmental programme have joinly sponsored an Intergovermmental
Panel on Climate Change IPCC). Several hundred scientists from 25 countries have participated in preparing and reviewing the scientific data.
The results were published by Cambridge University Press under the editorship of LT. Houghton, G.J. Jenkins and JJ. Ephraums of The

British Meteorological Office during 1990 under the above title.

The local representative of Cambridge University Press, Mr C. Voigt (Tel. 837-2051, fax 837-2271) has arranged for permission to publish
excerpts from the book in the next two issues of the Journal. The excerpt are taken mainly from the Policymaker’s Summary of the book. The
summary is supported by chapiers on various detailed aspects of climate change, each written by express in their respective fields. The result
is "the most authoritative and strongly supported statement on climate change that has ever been made by the intemational scientific

community”.

$EXECUTIVE SUMMARY

We are certain of the following:

W there is a natural greenhouse effect which already
keeps the Earth warmer than it would otherwise be.

B cmissions resulting from human activities are substan-
tially increasing the atmospheric concentrations of the
greenhouse gases: carbon dioxide, methane, chlorofluo-
rocarbons (CFCs) and nitrous oxide. These increases
will enhance the greenhouse effect, resulting on
average in an additional warming of the Earth’s
surface. The main greenhouse gas, water vapour, will
increase in response lo global warming and further
enhance it. '

We calculate with confidence that:

B some gases are potentially more effective than others
at changing climate, and their relative effectiveness can
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be estimated. Carbon dioxide has been responsible for
over half the enhanced greenhouse effect in the past,
and is likely to remain so in the future.

B atmospheric concentrations of the long-lived gases
(carbon dioxide, nitrous oxide and the CFCs) adjust
only slowly to changes in emissions. Continued emis-
sions of these gases at present rates would commit us
to increased concentrations for centuries ahead. The
longer emissions continue to increase at present day
rates, the grcater reductions would have to be for
concentrations to stabilise at a given level.

B the long-lived gases would require immediate reduc-
tions in emissions from human activities of over 60%
to stabilise their concentrations at today's levels;
methane would require a 15-20% reduction.

Based on current model resuits, we predict:

® under the IPCC Business-as-Usual (Scenario A) cmis-
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sions of greenhouse gases, a rate of increase of global
mean temperature during the next century of about
0.3°C per decade (with an uncertainty range of 0.2°C
to 0.5°C per decade); this is greater than that seen
over the past 10,000 years. This will result in a likely
increase in global mean temperature of about 1°C
above the present value by 2025 and 3°C before the
end of the next century. The rise will not be steady
because of the influence of other factors.

B under the other IPCC emission scenarios which
assume progressively increasing levels of controls, rates
of increase in global mean temperature of about 0.2°C
per decade (Scenario B), just above 0.1°C per decade
(Scenario C) and about 0.1°C per decade (Scenario
D).

B that land surfaces warm more rapidly than the ocean,
and high northern latitudes warm more than the global
mean in winter.

B regional climate changes different from the global
mean, although our confidence in the prediction of the
detail of regional changes is low. For example, tempe-
rature increases in Southern Europe and central North
America are predicted to be higher than the global
mean, accompanied on average by reduced summer
precipitation and soil moisture. There are less consis-
tent predictions for the tropics and the Southern
Hemisphere.

B under the IPCC Business as Usual emissions scenario,
an average rate of global mean sea level rise of about
6 cm per decade over the next century (with an
uncertainty range of 3 - 10 cm per decade), mainly due
to thermal expansion of the oceans and the melting of
some land ice. The predicted rise is about 20 cm in
global mean sea level by 2030, and 65 cm by the end
of the next century. There will be significant regional
variations.

There are many uncertainties in our predictions par-
ticularly with regard to the timing, magnitude and
regional patterns of climate change, due to our incom-
plete understanding of:

B sources and sinks of greenhouse gases, which affect
predictions of future concentrations.

B clouds, which strongly influence the magnitude of
climate change.

B oceans, which influence the timing and patterns of
climate change.

B polar ice sheets which affect predictions of sea level
rise.

These processes are already partially understood, and we
are confident that the uncertainties can be reduced by
further research. However, the complexity of the system
means that we cannot rule out surprises.
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Our judgement is that:

B Global - mean surface air temperature has increased
by 0.3°C to 0.6°C over the last 100 years, with the five
global-average warmest years being in the 1980s. Over
the same period global sea level has increased by 10-
20 cm. These increases have not been smooth with
time, nor uniform over the globe.

B The size of this warming is broadly consistent with
predictions of climate models, but it is also of the
same magnitude as natural climate variability. Thus the
observed increase could be largely due to this natural
variability; alternatively this variability and other
human factors could have offset a still larger human-
induced greenhouse warming, The unequivocal detec-
tion of the enhanced greenhouse effect from observa-
tions is not likely for a decade or more.

B There is no firm evidence that climate has become
. more variable over the last few decades. However, with
an increase in the mean temperature, episodes of high
temperatures will most likely become more frequent in
the future, and cold episodes less frequent. i

W Ecosystems affect climate, and will be affected by a
changing climate and by increasing carbon dioxide
concentrations. Rapid changes in climate will change
the composition of ecosystems; some species will
benefit while others will be unable to migrate or adapt
fast enough and may become extinct. Enhanced levels
of carbon dioxide may increase productivity and
efficiency of water use of vegetation. The effect of
warming on biological processes, although poorly
understood, may increase the atmospheric concentra-
tions of natural greenhouse gases.

To improve our predictive capability, we need:

B to understand better the various climate-related

processes, particularly those associated with clouds, oceans

and the carbon cycle.

B to improve the systematic observation of climate-
related variables on a global basis, and further inves

tigate changes which took place in the past.

® to develop improved models of the Earth’s climate
system.

B to increase support for national and international
climate research activities, especially in developing
countries.

B to facilitate international exchange of climate data.

POLICYMAKERS SUMMARY
Introduction: what is the Issue?
There is concern that human activities may be inadver-
tently changing the climate of the globe through the

enhanced greenhouse effect, by past and continuing
emissions of carbon dioxide and other gases which will
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cause the temperature of the Earth’s surface to increase -
popularly termed the "global warming". If this occurs,
consequent changes may have a signifcant impact on
society.

The purpose of the Working Group I report, as deter-
mined by the first meeting of IPCC, is to provide a
scientific assessment of:

1) the factors which may affect climate change during the
next century, especially those which are due to human
activity,

2) the responses of the atmosphere - ocean - land - ice
system.

3) current capabilities of modelling global and regional
climate changes and their predictability.

4) the past climate record and presently observed climate
anomalies.

On the basis of this assessment, the report presents
current knowledge regarding predictions of climate change
( b(including sea level rise and the effects on ecosystems)

‘over the next century, the timing of changes together with
an assessment of the uncertainties associated with these
predictions.

This Policymakers Summary aims to bring out those
clements of the main report which have the greatest
relevance to policy formulation, in answering the following
questions:

What factors determine global climate?

What are the greenhouse gases, and how and why are
they increasing?

Which gases are the most important?

How much do we expect the climate to change?
How much confidence do we have in our predictions?
Will the climate of the future be very different?
Have human activities already begun to change global
climate?

How much will sea level rise?

What will be the effects on ecosystems?

What should be done to reduce uncertainties, and how
long will this take?

@ll EEEEE HEN

This report is intended to respond to the practical needs
of the policymaker. It is neither an academic review, nor
a plan for a new research programme. Uncertainties
attach to almost every aspect of the issue, yet policy-
makers are looking for clear guidance from scientists;
hence authors have been asked to provide their best-
estimates wherever possible, together with an assessment
of the uncertainties.

This report is a summary of our understanding in 1990.
Although continuing research will deepen this understand-
ing and require the report to be updated at frequent
intervals, basic conclusions concerning the reality of the
cnhanced greenhouse effect and its potential to alter
global climate are unlikely to change significantly. Never-
theless, the complexity of the system may give rise to
surprises.
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What factors determine global climate?

There are many factors, both natural and of human origin,
that determine the climate of the earth. We look first at
those which are natural, and then see how human acti-
vities might contribute.

What natural factors are important?

The driving energy for weather and climate comes from
the Sun. The Earth intercepts solar radiation (including
that in the short-wave, visible, part of the spectrum);
about a third of it is reflected, the rest is absorbed by the
different components (atmosphere, ocean, ice, land and
biota) of the climate system. The energy absorbed from
solar radiation is balanced (in the long term) by outgoing
radiation from the Earth and atmosphere: this terrestrial
radiation takes the form of long-wave invisible infrared
energy, and its magnitude is determined by the tempera-
ture of the Earth-atmosphere system.

There are several natural factors which can change the
balance between the energy absorbed by the Earth and
that emitted by it in the form of longwave infrared
radiation; these factors cause the radiative forcing on
climate. The most obvious of these is a change in the
output of energy from the Sun. There is direct evidence of
such variability over the 11-year solar cycle, and longer
period changes may also occur. Slow variations in the
Earth’s orbit affect the seasonal and latitudinal distribu-
tion of solar radiation; these were probably responsible for
initiating the ice ages.

One of the most important factors is the greenhouse
effect; a simplified explanation of which is as follows.
Short-wave solar radiation can pass through the clear
atmosphere relatively unimpeded. But long-wave ter-
restrial radiation emitted by the warm surface of the
Earth is partially absorbed and then re-emitted by a
number of trace gases in the cooler atmosphere above.
Since, on average, the outgoing long-wave radiation
balances the incoming solar radiation, both the atmo-
sphere and the surface will be warmer than they would be
without the greenhouse gases.

The main natural greenhouse gases are not the major
constituents, nitrogen and oxygen, but water vapour (the
biggest contributor), carbon dioxide, methane, nitrous
oxide, and ozone in the troposphere (the lowest 10-15 km
of the atmosphere) and stratosphere.

Aerosols (small particles) in the atmosphere can also
affect climate because they can reflect and absorb radia-
tion. The most important natural perturbations result
from explosive volcanic eruptions which affect concentra-
tions in the lower stratosphere. Lastly, the climate has its
own natural variability on all timescales and changes
occur without any external influence.

How do we know that the natural greenhouse effect is real?
The greenhouse effect is real; it is a well understood
effect, based on established scientific principles. We know

that the greenhouse effect works in practice, for several
reasons.
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Firstly, the mean temperature of the Earth’s surface is
already warmer by about 33°C (assuming the same
reflectivity of the earth) than it would be if the natural
greenhouse gases were not present. Satellite observations
of the radiation emitted from the Earth’s surface and
through the atmosphere demonstrate the effect of the
greenhouse gases.

Secondly, we know the composition of the atmospheres of
Venus, Earth and Mars are very different, and their
surface temperatures are in general agreement with
greenhouse theory.

Thirdly, measurements from ice cores going back 160,000
ycars show that the Earth’s temperature closely paralleled
the amount of carbon dioxide and methane in the atmo-
sphere. Although we do not know the details of cause and
cffect, calculations indicate that changes in these green-
house gases were part, but not all, of the reason for the
large (5-7°C) global temperature swings between ice ages
and interglacial periods.

How might human activities change global climate?

Naturally occurring greenhouse gases keep the Earth
warm enough to be habitable. By increasing their con-
centrations, and by adding new greenhouse gases like
chlorofluorocabons (CFCs), humankind is capable of
raising the global-average annual-mean surface-air
temperature (which, for simplicity, is referred to as the
"global temperature"), although we are uncertain about
the rate at which this will occur. Strictly, this is an en-
hanced greenhouse effect - above that occurring due to
natural greenhouse gas concentrations; the word "e
nhanced" is usually omitted, but it should not be forgotten.
Other changes in climate are expected to result, for
example changes in precipitation, and a global warming
will cause sea levels to rise; these are discussed in more
detail later.

There are other human activities which have the potential
to affect climate. A change in the albedo (reflectivity) of
the land, brought about by desertification or deforestation
affccts the amount of solar energy absorbed at the Earth’s
surface. Human-made aerosols, from sulphur emitted
largely in fossil fuel combustion, can modify clouds and
this may act to lower temperatures. Lastly, changes in
ozone in the stratosphere due to CFCs may also influence
climate.

What are the greenhouse gases and why are they
increasing?

We arc certain that the concentrations of grecnhousc
gases in the atmosphere have changed natural]y on ice-
age time-scales, and have been mcreasmg since pre-
industrial times due to human activities. Table 1 sum-
marizes the present and pre-industrial abundances, current
rates of change and present atmospheric lifetimes of

greenhouse gases influenced by human activities. Carbon
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dioxide, methane, and nitrous oxide all have significant
natural and human sources, while the chlorofluorocarbons
are only produced industrially.

Two important greenhouse gases, water vapour and
ozone, are not included in this table. Water vapour has
the largest greenhouse effect, but its concentration in the
troposphere is determined internally within the climate
system, and, on a global scale, is not affected by human
sources and sinks. Water vapour will increase in response
to global warming and further enhance it; this process is
included in climate models. The concentration of ozone is
changing both in the stratosphere and the troposphere due
to human activities, but it is difficult to quantify the
changes from present observations.

For a thousand years prior to the industrial revolution,
abundances of the greenhouse gases were relatively
constant. However, as the world’s population increased, as
the world became more industrialized and as agriculture
developed, the abundances of the greenhouse gases
increased markedly.

Since the industrial revolution the combustion of fossib
fuels and deforestation have led to an increase of 26% i
carbon dioxide concentration in the atmosphere. We know
the magnitude of the present day fossil-fuel source, but
the input from deforestation cannot be estimated accu-
rately. In addition, although about half of the emitted
carbon dioxide stays in the atmosphere, we do not know
well how much of the remainder is absorbed by the
oceans and how much by terrestrial biota. Emissions of
chlorofluorocarbons, used as aerosol propellants, solvents,
refrigerants and foam blowing agents, are also well
known; they were not present in the atmosphere before
their invention in the 1930s.

The sources of methane and nitrous oxide are less well
known. Methane concentrations have more than doubled
because of rice production, cattle rearing, biomass burn-
ing, coal mining and ventilation of natural gas; also, fossil
fuel combustion may have also contributed through
chemical reactions in the atmosphere which reduce the
rate of removal of methane. Nitrous oxide has increased
by about 8% since pre-industrial times, presumably due t
human activities; we are unable to specify the sources, bu?
it is likely that agriculture plays a part.

The effect of ozone on climate is strongest in the upper
troposphere and lower stratosphere. Model calculations
indicate that ozone in the upper troposphere should have
increased due to human-made emissions of nitrogen
oxides, hydrocarbons and carbon monoxide. While at
ground level ozone has increased in the Northern Hemi-
sphere in response to these emissions, observations are
insufficient to confirm the expected increase in the upper
troposphere. The lack of adequate observations prevents
us from accurately quantifying the climatic effect of
changes in tropospheric ozone.
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Tabie 1: Summary of Key Greenhouse Gases Affected by Human Activities

Carbon Methane CFC-11 CFC-12 Nitrous

Dioxide Oxide
Atmospheric ppmv ppmv Pptv PPtV ppbv
concentration
Pre-industrial 280 08 0 0 288

(1705-1800)
Present day (1990) 353 1.72 280 484 310

Current rate of 18 0.015 9.5 17 0.8
change per year (05%) (0.9%) ((4%) (4% (025%)
Atmospheric lifetime  (50-200)4 10 65 130 150
(years)

ppmv parts per million by volume;

ppbv parts per billion (thousand million) by volume;

parts per trillion (million million) by volume;

The way in which CO, is absorbed by the ocean and
biosphere is not simple and a single value cannot be given;
refer to the main report for further discussion.

P
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‘{t In the lower stratosphere at high southern latitudes ozone
has decreased considerably due to the effects of CFCs,
and there are indications of a global-scale decrease which,
while not understood, may also be due to CFCs. These
observed decreases should act to cool the earth’s surface,
thus providing a small offset to the predicted warming
produced by the other greenhouse gases. Further reduc-
tions in lower stratospheric ozone are possible during the
next few decades as the atmospheric abundances of CFCs
continue to increase.

Concentrations, lifetimes and stabilisation
of the gases

In order to calculate the atmospheric concentrations of

carbon dioxide which will result from human-made

emissions we use computer models which incorporate

details of the emissions and which include representations

of the transfer of carbon dioxide between the atmosphere,

oceans and terrestrial biosphere. For the other greenhouse
‘@;gases, models which incorporate the effects of chemical
“reactions in the atmosphere are employed.

The atmospheric lifetimes of the gases are determined by
their sources and sinks in the oceans, atmosphere and
biosphere. Carbon dioxide, chlorofluorocarbons and
nitrous oxide are removed only slowly from the atmo-
sphere and hence, following a change in emissions, their
atmospheric concentrations take decades to centuries to
adjust fully. Even if all human-made emissions of carbon
dioxide were halted in the year 1990, about half of the
increase in carbon dioxide concentration caused by human
activities would still be evident by the year 2100.

In contrast, some of the CFC substitutes and methane
have relatively short atmospheric lifetimes so that their
atmospheric concentrations respond fully to emission
changes within a few decades.

Continuation of present day emissions are committing us
to increased future concentrations, and the longer emis-
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sions continue to increase, the greater would reductions
have to be to stabilise at a given level. If there are critical
concentration levels that should not be exceeded, then the
earlier emission reductions are made the more effective
they are.

The term "atmospheric stabilisation" is often used to
describe the limiting of the concentration of the green-
house gases at a certain level. The amount by which
human-made emissions of a greenhouse gas must be
reduced in order to stabilise at present day concentrations,
for example, is shown in Table 2. For most gases the
reductions would have to be substantial.

How will greenhouse gas abundances change
in the future?

We need to know future greenhouse gas concentrations in
order to estimate future climate change. As already
mentioned, these concentrations depend upon the mag-
nitude of human-made emissions and on how changes in
climate and other environmental conditions may influence
the biospheric processes that control the exchange of
natural greenhouse gases, including carbon dioxide and
methane, between the atmosphere, oceans and terrestrial
biosphere- the greenhouse gas "feedbacks".

Table 2: Stabilisation of Atmospheric Concentrations. Reductions in the
human-made emissions of greenhouse gases required to stabilise concentra-
tions at present day levels:

Greenhouse Gas Reduction Required

Carbon Dioxide >60%

Methane 15 - 20%
Nitrous Oxide 70 - 80%
CFC-11 70 - 15%
CFC-12 75-85%
HCFC-22 40 - 50%

Note that the stabilisation of each of these gases would have different
effects on climate, as explained in the next section.

Four scenarios of future human-made emissions were
developed by Working Group III. The first of these
assumes that few or no steps are taken to limit green-
house gas emissions, and this is therefore termed Busi-
ness-as-Usual (BaU). (It should be noted that an aggrega-
tion of national forecasts of emissions of carbon dioxide
and methane to the year 2025 undertaken by Working
Group III resulted in global emissions 10-20% higher than
in the BaU scenario). The other three scenarios assume
that progressively increasing levels of controls reduce the
growth of emissions; these are referred to as scenarios B,
C, and D.

Which gases are the most important?

We are certain that increased greenhouse gas concentra-
tions increase radiative forcing. We can calculate the
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forcing with much more confidence than the climate
change that results because the former avoids the need to
evaluate a number of poorly understood atmospheric
responses. We then have a base from which to calculate
the relative effect on climate of an increase in concentra-
tion of each gas in the present-day atmosphere, both in
absolute terms and relative to carbon dioxide. These
relative effects span a wide range; methane is about 21
times more effective, molecule-for-molecule, than carbon
dioxide, and CFC-11 about 12,000 times more effective.
On a kilogram-per-kilogram basis, the equivalent values
are 58 for methane and about 4,000 for CFC-11, both
relative to carbon dioxide.

The total radiative forcing at any time is the sum of those
from the individual greenhouse gases. We show in Figure
1 how this quantity has changed in the past (based on
observations of greenhouse gases) and how it might
change in the future (based on the four IPCC emissions
scenarios). For simplicity, we can express total forcing in
terms of the amount of carbon dioxide which would give
that forcing: this is termed the equivalent carbon dioxide
concentration. Greenhouse gases have increased since
pre-industrial times (the mid-18th century) by an amount
that is radiatively equivalent to about a 50% increase in
carbon dioxide, although carbon dioxide itself has risen by
only 26%; other gases have made up the rest.

The contributions of the various gases to the total increase
in climate forcing during the 1980s is shown as a pie
diagram in Figure 2, carbon dioxide is responsible for
about half the decadal increase. (Ozone, the effects of
which may be signifcant, is not included).
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Figure 1: Increase in radiative forcing since the mid-18th century, and
predicted to result from the four IPCC emissions scenarios, also expressed
as equivalent carbon dioxide concentrations.

Figure 2: The contribution from each of the human-made greenhouse

gases to the change in radiative forcing from 1980 to 1990. The contribu-

tion from ozone may also be significant, but cannot be quantified at
present.
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