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NEWS FROM 

U.S. Senator Al Gore 
(D - Tennessee) SR 393 Russell Building, Washington, D.C. 20510 (202) 224-4944 

FOR IMMEDIATE RELEASE Contact: Maria Romash 
Thursday, March 2, 1989 (202) 22̂ 1-̂ 19̂ '̂  

(202) 5A7-0806 (H) 

GORE TO SERVE AS DELEGATE TO 'IHATCHER ENVIRONMETfr GONPĤ ENCE 
Weekend Meeting to Pcxjus on Protecting TJpper Ozone Shield 

WASHINGTON — U.S. Sen. Al Gore, D-TN, w i l l be in 
London this weekend as part of a five-member U.S. delegation to 
an international conference, sponsored by British Prime Minister 
Margaret Thatcher, focusing on protecting the earth's upper ozone 
layer. Gore w i l l be the only member of Congress in the delegation. 

The conference, which opens Saturday, w i l l bring 
together policy makers and scientists from the aroiond the world to 
discuss recent scientific studies on stratospheric ozone, and 
policy options to protect the atmospheric shield that screens the 
sun's ultra-violet radiation. 

Gore is the author of the World Environment Policy 
Act of 1989, introduced on the f i r s t day of the 101st Congress and 
one of the most comprehensive envirormiental b i l l s now pending. 
During recent Congressional recesses he has visted Antarctica to 
study ozone depletion and Brazil, to survey damage to the Amazon 
rainforests. 
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Global Environmental Research 

An abridged report to the Advisory Councii on 
Science and Technology by the Natural Environment Research Council 
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Concern for the Global Environment Environmental Processes 

most conser^'Qiive estimate 
indicates that the human 
population w i l l reach 6.1 biUion by 
2000 wi th the iowesi predicted 
stabilisation being 10.2 bi l l ion in 
2100. Other ejctrapolations predict 
stabilisation at even higher figures 
up to a maximum of 14 bi l l ion. The 
pressure on the environment in 
order to sustain a population of this 
size w i l l be immense. 

Concern about the future trends of 
human economic and social 
development, ITS sustainability and 
its efiect on the world's 
environment became more 
prominent pubiiciy in the early 
1960s and 1970s, in succeeding 
years this public concern about the 
environmental consequences of 
Man s activities has been manifest 
in the debates on issues such as 
nuclear, fossii and renewable 
energy, the greenhouse'effect, the 
ozone' hole, and on whale and seal 
conservation Natural disasters 
such as floods, hurricanes and 
droughts and the incidents wi th 
toxic waste disposal have raised 
the public perception of the 
importance oi environmental 
research. 

In recent years, there have been 
numerous reports on the 
environment. In particular the 
Report of the World Commission on 
Environment and Development -
Our Common Future (the 
Brundtland Report), published in 
1987, on the effect oi human 
population pressure and economic 
development is significant The UK 
Govemment responded to the 
Brundtland Report in July 1968 by 
welcoming i ! and setting out ways 
in which the Government believes 
the UK is addressmg the concerns 
identif ied in i t . The Prime Minister, 
in a speech to the Royai Society on 
27 September, expressed the UK 
Govemment's acceptance oi the 

need to tackle problems oi a 
changing global environment. 

Concern for the global environment 
is now an issue which is high on 
the public and pol i t ical agenda. 
Fortunately current technology 
provides the means to observe and 
measure the global processes. This, 
in Turn, leads to the development oi 
computer models of changes in the 
environment so that we may 
understand in order to predict the 
impact and timescales of Man's 
influence. Research into the global 
environment is crucial and urgent. 

Environmental 
Processes 

Global environmental research 
fal ls into two categories. The first 
concerns research on processes 
which are global in scale and 
implicat ion: the plate tectonics of 
the solid Earth: oceanic and 
atmospheric circulation: the water 
cycle; and chemical fluxes in the 
atmosphere, oceans and terrestrial 
environment ot which the fluxes for 
carbon, nitrogen, oxygen and 
sulphur are probably the most 
significant. Fluxes of phosphorus 
and cationic elements (eg 
a luminium, magnesium, iron etc) 
are important although thci : effect 
is mainly local. The second 
category is research on local or 
regional phenomena which are 
repeated worldwide so becoming 
an issue of global environmental 

concem. Examples are acid 
precipitation: contamination of 
aquiiers: urbanisation; 
deserliiication and land use 
change: deforestation; pollution of 
regional seas; and soil infer t i l i ty 
and erosion. This report, is 
concerned wi th the first type of 
research rather than wi th the local 
or regional issues. 

Global environmental research is 
defined as the study of those global 
processes which are likely to have 
an effect on a timescale of a year to 
a century. These may be the 
product oi several centuries of 
change. It is apparent that the 
study oi one particular process 
commonly leads on to the 
appreciation that this is but one 
part of a more complex system 
embracing the whole planet. This 
emphasis on studies of the Earth as 
an integrated system is the 

important and new element in 
global environmental research. 
Man has now become a key. 
possibly the key, participant in 
planetary processes The challenge 
is to be able to differentiate 
between the changes induced by 
Man's activities from the intrinsic 
'natural' evolution of the complex 
global system. Most of the natural ' 
systems are non-linear so that even 
a minor perturbation' by Man may 
produce cumulative, catastrophic 
and potentially irreversible 
consequences. 

Because the subject area is so 
broad il IS necessary to draw on a 
wide variety of disciplines in an 
endeavour to understand and 
predict the processes under 
investigation For example-, it is 
important to include geological 
research, with its long serieK of 
data, in order to distinguish 



Environmental Processes Environmental Processes 

between shorter and longer term 
effects, and between natural and 
Man-induced changes. 
Global environmental research 
must determine the long term 
avai labi l i ty of resources required 
to sustain economic and social 
development as wel l as to 
investigate the environmental and 
socio-economic consequences oi 
whatever actions and policies are 
chosen. The objective of the 
research is to be able to predict 
with reasonable accuracy. The lead 
lime involved in ident i fy ing a 
phenomenon or predicting a 
process to the pomt at which 
tnternationaiiy agreed action can 
be taken is considerable. This 
emphasises the urgency oi the 
research in order thai decisions, 
which may have profound effects 

on the global system, can be taken 
with confidence as to their l ikely 
consequences. 

The Global Environment 

The global environment may be 
conveniently described as four 
l inked subsystems: 
the Atmosphere, the Geosphere. the 
Biosphere and the Hydrosphere. 
These may be considered as 
sources and sinks of elements and 
substances which circulate wi th in 
and between the subsystems. The 
movement of elements and 
substances (the fluxes), driven by 
the Energy. Hydrologicai and 
Biogeochemical cycles, reveals that 
the global system is dynamic 
although it may remain in a stable 
equi l ibr ium over long periods of 

time. Man's influence is to alter the 
balance oi the elements and 
substances within and between the 
four subsystems and to change the 
fluxes between them. Man s 
activities have now reached the 
point where the alterations to the 
fluxes can change the global 
system perhaps irreversibly. 

The Atmosphere 

The Earth's atmosphere is a 
product oi both physical, chemical 
and biological interactions on land 
and in the oceans over a very long 
timescale. The lower part of the 
atmosphere (below 18 kilometres), 
the troposphere, is a f lu id medium 
that has complex dynamic and 
chemical behaviour. The 
troposphere interacts wi th the land. 
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ocean, and their biota, as wel l as 
the stratosphere above, and serves 
as the principal link among them. 
These interactions centre on the 
abi l i ty of the troposphere readily to 
exchange heat, momentum, 
radiation, water, trace chemicals, 
and aerosols wi th ihe Earth's 
surface. These properties or 
materials are transported over 
regional and global scales as well 
as vertically across the tropopause. 
The Earth's atmosphere is unique 
m being rich in oxygen produced 
over geological time by plant 
photosynthesis. It is a source and a 
sink for many chemical species. It 
is the only sink for man-made 
chlorofluorocarbons (CFCs used in 
aerosols, as refrigerants and in 
manufacturing processes) and it is 
a sink for methane. Carbon 
dioxide, methane, the oxides oi 
nitrogen and CFCs are the 
prmcipal greenhouse gases giving 
concem and their efiect is 
discussed in the section on the 
energy system. The role of the 
oxides oi nitrogen and ammonia in 
atmospheric chemistry is clearly of 
significance in terms oi the 
chemistry of acid precipitation, end 
their reactivity wi th ozone, both in 
the troposphere (where it is a 

pollutant) and in the stratosphere 
(where it is not). The stratosphere 
(between 18 and 55 kilometres 
altitude) is of crucial importance to 
life on Earth because this region of 
the atmosphere contains the layer 
of ozone that screens the Earth's 
surface from biologically harmful 
uhraviolet radiation. The 
stratosphere is also the zone within 
which global circulation 
predominates so that material 
entering the stratosphere is likely 
to be distributed globally and to 
have much longer residence times 
than m the troposphere. 

The atmosphere is sensitive to 
perturbation both irom natural and 
Man-induced events. The principal 
natural changes occur as a result of 
volcanic eruptions resulting both in 
the production of gases such as 
sulphur dioxide and carbon dioxide 
and in the generation oi dust. 
Volcanic dusts can have a 
significant eiiecT on insolation 
levels and on ra in ia l l through the 
nucieation of water droplets and 
the production of aerosols. The rate 
oi production oi gases, irom 
whatever source, and dust is 
variable and uncertainties obscure 
prediction The Man-induced 

perturbation oi most significance is 
the increase in greenhouse gases. 
The role of CFCs in the depletion of 
stratospheric ozone, identified by 
the British Antarctic Survey in the 
Antarctic and now suspected in the 
Arctic, as well as an overall drop in 
stratospheric ozone, has major 
implications for a l l life forms. This 
IS expected to be a continuing 
problem owing to the long 
residence times tup to 100 years) of 
several of the CFC species. 
The atmosphere, even more than 
the oceans, demonstrates the 
global and trans-national nature of 
the phenomena which need lo be 
understood. The speed with which 
material may be dispersed by the 
atmosphere emphasises this point. 
Transfer of chemicals via the 
atmosphere across Europe occurs 
in days and around the globe in 
weeks. Large scale effects may be 
produced from small-scale or local 
processes The Chernobyl incident 
forcibly demonstrated this fact with 
some economic consequences for 
lhe UK. While most common 
atmospheric pollutants have only 
local or regional effects due to their 
relatively rapid removal from the 
atmosphere by wet and dry 
deposition, stable and insoluble 
materials have much longer 
residence times and so can have 
global effects. 

The Geosphere 

The structure oi the Earth is wel l 
known comprising a core, a mantle 
and a crust, together with the 
dynamical effects of plate 
tectonics, in wnich rigid sections oi 
the continental crust and upper 
mantle (the lithospherei are m 
motion at maximum rates of a few 
centimetres per year Despite this 
slow rate of movement plate 
boundaries provide the major 
geologically active zones of the 
World containing the bulk of 
seismicitv and voiccnism. 
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Geological aspects oi global 
environmental research are local or 
regional in origin but have 
cumulative or interactive eifects 
worldwide. Volcanic activity is 
confined to narrow and wel l known 
zones around the world, yet we are 
st i l l not able to reliably predict 
eruptions which w i l l cause 
damage. Prediction depends on 
continuously monitoring 
temperature, tilt and seismicity. 
Instruments to do this are in place 
in only a few locations. The 
precursors oi eruptions do not give 
suif icieni ly clear warning of 
impending eruption for the 
development of acceptable policies 
on warning and evacuation. Major 
eruptions can lead to devastation 
and loss of l i fe: they can cripple 
national economies for years More 
rarely, they can produce dust 
clouds so massive that particles 
can tie distributed worldwide, wi th 
sufficient density to aftoct world 
weather and climate, reducing the 
t'l'mperature on the Earth's surface 
globally and triggering increased 
ra infa l l regionally. Volcanic 
eruptions are also responsible for 
the emission oi carbon dioxide and 
sulphur dioxide into the 
atmosphere; the latter w i l l produce 
acid precipitation and aerosols. 
Proposals have been mooted lor an 
international programme oi hazard 
mitigation which would include 
deployment oi groups oi scientists 
to monitor volcanism at times of 
build-up of activity. 

The natural source for atmospheric 
methane is from buried 
hydrocarbon source rocks which is 
being increasingly ideni i f ied as a 
widespread phenomenon 
contributing to the accumulation of 
greenhouse gases. 

The seismic zones oi the Earth are 
C5 weii-known cs, and largely 
coincident wi th , ihe volcanic belts. 
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although large damaging 
earthquakes do occur outside these 
belts. There are also wide areas of 
land in which significant seismic 
act ivi ty occurs without volcanism. 
Effective earthquake prediction is 
s t i l l l i t t le more than a dream, and 
monitoring oi precursors has not 
yet produced accurate forecasting, 
even though there are many 
examples oi successful prediction. 
Worldwide, the cost of seismic 
damage to property and people is 
greater than that from volcanic 

eruptions, and the risk is more 
widespread by the t r iggering of 
tsunamis that can prooagate waves 
across oceans, f looding low- ly ing 
regions to devastating efiect The 
damaging effect of earthquakes 
has been forcibly demonstrated by 
the recent eanhquakes in the USSR 
and the devastation which they 
caused. Both eanhouakes and 
volcanic eruptions can produce 
mud-slides i lahars J which have 
caused considerable localised 
damage and loss oi l ife. 
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The Biosphere 

This section deals wi th the 
relatively small zone wi th in which 
life on the planet exists, ft l inks the 
lower atmosphere (troposphere) 
with the geosphere and provides a" 
mechanism ior the transfer oi 
chemicals (via the biogeochemical 
cycles) and of water (via the 
hydrologicai cycle). The biosphere 

also contributes to the planetary 
energy system. As life has evolved 
over some 3500 mill ion years, 
biological processes have 
fundamentally modified The 
chemistry of the ^ 
Earth. Early l ife ~ 
forms created, 
through 
photosynthesis, 
an oxygen-rich 
atmosphere 
which enabled 
other l i fe iorms 
to evolve into a 
diverse and rich 
set oi ilora and 
fauna on land 
and in the sea. 
The evolution of 
terrestrial plant 
l ife has been of enormous 
significance in transforming the 
surface oi the Earth, Plant l i ie forms 
an integral part of biogeochemical 
pathways and interacts with the 
physical energy system. The 
significance oi tropical rain iorests 
in the carbon cycle and hence on 
climate warming is accepted. Not 
so apparent or understood but oi 
enormous significance, is ihe role 
of the phvto- plankton ir. the 

oceans. The ecosystem of the 
oceans may be a major component 
of the climate syslem. 

The World's ecosystems are iinely 
balanced, Man has the abili ty to 
disturb this balance on a global 
scale, for example, by changing the 
structure oi vegetation and soils, or 
by changing distributions of 
chemicals and favouring one set of 
organisms at the expense of 
another, as m agriculture. 
Examples include the over-
exploitation oi a particular species, 
the elimination oi a 'pest' or the 
importation oi a single species as 
in monoculture. Man's activities, 
through agriculture and the 
destruction oi habitats, have 
tended to limit biodiversity and 
have thus reduced the gene pools 
in ways in which the effects may he 
diff icul t to predict. Agriculture now 
depends on only some 20 species 

for nearly ai l its 
production. Man's 
activities have led 
to cn elimination 
of species Irom 
specific areas 
resulting in 
extinction. Such 
activity removes a 
major resource 
Irom mankind. The 
chemicals 
produced by l iving 
organisms, 
especially plants, 
have provided the 
source materials 

for many prescription drugs and it 
is estimated that plant-derived 
medicines account tor some £15 
bi l l ion p a. on the international 
trade market, Man is also 
responsible tor introducing exotic, 
including genetically engineered, 
organisms into new territories. 

I 
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The Hydrosphere 

Wiitcr dominates tho global 
processes whether as a l iquid , in 
the vapour phase, or as a solid. Its 
role in the atmosphere, of which it 
is an important constituent, is 
covered under the section on the 
energy cycle. The hydrosphere, and 
in particular oceanic circulation, 
provides worldwide connections 
which operate as widely but less 
rapidly than the equivalent 
atmospheric processes. Such 
circulation facilitates the transfer 
of energy, particulate matter 
(sediments) and chemicals. The 
oceans iorm important sources and 
sinks in the biogeochemical cycles. 

The oceans play a crucial role in 
the carbon, nitrogen, phosphorus 
and sulphur cycles They absorb 
carbon dioxide . especially in the 
colder regions, and this water 
sinks, and circulates as bottom 
waters, eventually coming to the 
suriace again after a period of 
approximately 1000 years. The 
levei oi :his CO; absorption has 
st i l l to be definea end vet is 
iunccmentc l !o the understandina 

of the carbon cycle. The oceans are 
a major source of sulphur and its 
compounds through submarine 
volcanicity and through the 
production of dimethyl sulphide 

(DMS ) from plankton. The oceans 
also play a central role in the 
nitrogen cycle by the outgassing of 
ammonia, oxides oi nitrogen and 
other compounds and act as a sink, 
again principally through plankton, 
for phosphorus. The ocean system 
IS s t i l l relatively unexplored. 
Futher research is required to 
understand and quantify the 
natural perturbations in order to 
define the role of the oceans in the 
climate system. For example, 
studies of the equatorial Pacific 
phenomenon known as El Nino, 
which is associated with a reversal 
of equatorial wind pattern and 
changes in sea suriace temperature 
and atmospheric pressure known 
as the Southern Oscil lat ion, are oi 
considerable importance. By some 
estimates. Ihe cyclic El Nino 
climate event in 1983, associated 
with sea surface temperature 
changes oi about 1 C, caused 1,000 
deaths, as well us severe economic 
damage in Australia. Asia, North_ 

and South America and Africa. The 
significant heating of the eastern 
equatorial Pacific which occurs in 
such strong El Nino events is 
associated wi th significant 
climatic anomaliers over many 
regions around the World. 
It IS now suspected that such 
climatic tele- connections may well 
form a key part of the global 
climate system and it is important 
that the relationship of the UK and 
NW Europe to this system is wel l 
ident i f ied. It can be readily 
appreciated that the worldwide 
monitoring oi sea surface 
temperature is important. To this 
end the European Space Agency's 
ERS -1 satellite w i l l carr/ an 
instrument for measuring 
temperature changes, which can 
determine sea surface temperature 
to a accuracy oi better than PC. 
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The Energy Cycle 

The most fundamental flux which 
links the various components of the 
planetary system is that of energy 
derived from solar insolation. Solar 
energy heats the atmosphere and 
the oceans, part icularly in the 
equatorial regions. It is this flow of 
energy and the associated 
lat i tudinal imbalances which 
produce the global circulation of 
the atmosphere and the oceans. 
Within the energy cycle, there are 
many locations at which small 
changes can produce significant 
overall eifecTs. The atmosphere's 
role in transmitting, absorbing and 
reflecting radiation is critical and 
is determined by its chemical 
composition and the presence oi 
clouds, aerosols and particulate 
matter. The oceans provide the 
medium through which energy 
received at the Earth's suriace from 
the Sun at the tropics is transported 

towards the colder polar regions. 
Certain trace gases (eg carbon 
dioxide, methane and water 
vapour) play a major role in 
absorbing short-wave inira-red 
energy reflected irom the Earth's 
surface. Without this warming 
effect, the temperature at the 
suriace of the Earth would be some 
30'C colder than it is now. Of the 
trace gases, water vapour is the 
most significant. A temperature 
increase raises the capacity of the 
atmosphere to hold water vapour. 
Increased water vapour absorbs 
more energy and so could increase 
the temperature st i l l further. The 
increased atmospheric water 
vapour may lead to increased 
cloudiness which, depending on 
the type oi cloud iormed. could 
have an eiiect on the energy 
balances. Rising temperature, from 
whatever cause, w i l l affect the 
amount of atmospheric water 
vapour and cloudiness. 
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The energy cycle may be perturbed 
by external forcing irom changes in 
the Earth s orbi ta l characteristics 
such as the obl iqui ty of the orbit 
and its eccentricity. These cyclical 
changes in orbit change the 
amount oi solar insolation over 
geological timescales. Another 
external factor is the change in 
solar energy output itself. Internal 
forcing oi the system includes 
changing albedo (the reflectivity of 
lhe Earth's surface) and cloudiness 
resulting from natural cl imatic 
variation. 

Carbon dioxide fCOO irom fossil 
fuel burning is the single largest 
waste product from modern sociotv 
and has increased m atmospheric 
concentration by some 30% since 
tho Industrial Revolution. Natural 
levels of CO.i . as determined Irom 
icc cores, show a variat ion wi th 
chti i iging climatic conditions in 
thai tlio level was 200 parts per 
mi l l ion by volume ipomv) dur ing 
glacia l periods rising to 230ppmv 
dur ing interglacials. in 1958 the 
atmospheric concentration was 
SlSppmv and is now more ihan 
350ppmv: and is predicted to 
increase sti l l further at a rate of 

0 4°o per annum. Even if fossil fuel 
consumption were only to be 
doubled, and there is everv 
l ikelihood of this being achieved 
with the growth c-i the developing 
countries economies, then the C O ; 
concentration is expected to reach 
600ppmv The rise in atmospheric 
CO, IS exacerbated by the 
destruction, by burning, o! the rain 
forests. Other Man-induced causes 

01 an increasing aimosoheric CO) 
content come irom ;he cu::iva::cn 
of soils and hy the drainage and 
dry ing oi wetlands, peats and 
tundra. Tlie result of this increasina 
content of atmospheric CO- is 
predicted to be cn increase in 
average global iempera;ures c: 
between 1.5 C end 4.i; C. 
Regional var-.cticr.s —cv he rrucn 
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higher, especially in polar and 
near-polar regions. Man's abi l i ty to 
affect the energy cvcle bv changes 
in the chemical comcosition oi the 

atmospheric gases is shown by the 
changes in atmospheric CO-. . We 
are now also witnessing increases 
in other gases such as methane. 

CFCs and nitrous oxide wi th 
similar radiative properties. These 
gases may have a cumulative 
eiiect similar to that induced by 
carbon dioxide and are several 
orders of magnitude more effective 
infra red absorbers, molecule ior 
molecule, than C O T . Methane, at 
its lowest atmospheric 
concentration oi about 0.3ppmv at 
the peak of glaciation is now at a 
level oi approximately i.7ppmv; it 
may continue to rise at the current 
rate of t to 2 per cent per year. 
Recent 
calculations 
have shown that 
the efiect of these 

other trace gases 
can double the 
warming 
resulting from 
COn. Such global 
warming could 
accelerate the 
present sea level 
rise, probably 
giving a rise of 
between 30 
centimetres and 
60 centimetres, 
by the middle oi 
the next century 
The eifects of this 
change in sea-
level could 
include, erosion 
of beaches and 
coastal margins; 
land-use 

changes: wetland loss; increased 
frequency and seventy oi flooding; 
loss of water resources; damage to 
port facilities, coastal structures 
and water management systems. 

In addition to changes m the 
energy cycle from changing 
atmospheric chemistry, there are 
other physical effects which need 
to be taken into account. One is the 
effect of cloudiness discussed 
previously and here an increased 
warming may have a negative 

effect. Second, the 
level oi aerosols 
and dust in the 
atmosphere is an 
important factor: 
increasing levels 
oi dust w i l l 
reduce incoming 
radiation 
substantially The 
level oi 
volcanism which, 
in turn, affects 
atmospheric dust 
loads has been 
shown to have 
major 
consequences 
1815 was the 'year 
without a 
summer' 
iol lowing the 
eruption of the 
Tcmbora volcano 
The devastation 
of Krakatoa and 

more recently the El Chichon 
(Mexico) eruption have included 
significant increases in 
atmospheric dust. Similarly, a 
recent study on the likely 
environmental consequences of 
nuclear war has demonstrated the 
sensitivity of the World's climate 
system to extreme smoke and dust 
loading, no matter what the cause. 
Urbanisation, changing land use 
patterns, and desertification alt 
efiect the reflectivity of the Earth 
(albedo) as do the changes which 
would result from a melting or the 
extension of the polar ice caps and 
hence they can have a climatic 
eiiect. 

Adjustments to the energy cycle 
may result from changes in total 
solar radiation and in the Earth's 
orbital variations and sucii 
changes have been identiiied 
through both historical and 
geological time Tho consequences 
oi human activity are additional 
factors. It is important to 
disentangle the various changes 
from one another in order to predict 
future climate variation. 

Hydrologicai Cycle 

The hydrologicai cycle is perhaps 
the most basic of the global cvcles 
influencing global circulation in 
the atmosphere and the oceans and 
as the routes icr the 
biogeochemical cycles. The global 
hydrologicai cycle links the 
reservoirs of water icontained 
wi th in the oceans, ice and snow 
lakes, rivers, ground water, clouds 
and atmospheric water vanouri as 
well as the fluxes between them. 
The timescales involved in the 
various parts ol the cycle diiier 
widely. For example, atmospheric 
water vapour has an average 
residence time o: 10 days whi le that 
oi water m the oceans varies irom 
10 tc I5G0 years. .\ comolete 
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understanding and quant i i icat ion 
oi the processes and mechanisms 
oi the cycle would be a major 
advance. In particular, it is 
important to understand the 
dynamics of the ma]or global 
ireshwater reservoirs and iheir loie 
m rti-lation to the global energy 
budget, water supply and climate. 
Global warming is likely to have a 
significant effect on climate 
patterns and hence on the 
hydrologicai cycle. Most 
s ignif icant iy the stabil i ty of the 
West Antarctic Ice Sheet could be 
put at risk by global warming, and 
could cause sea levels to rise bv as 
much cs 6 metres should there be 
wholescale melt ing of the ice sheet. 
Man s direct influence on the 
hydrologicai cycle is confined 
largely to the land part c i the cycle 
where chances m lend use isuch cs 
foresir.- or urbcnisciion;. 
agriculture iir.c!'jd;r.a '.rr'.actioni 

w i l l have an efiect on the quantity 
and qual i ty oi available freshwater 
ior the sustenance of l ife. The 
dependence oi Man on freshwater 
and the f ragi l i ty ot this dependence 
is demonstrated by the small 
proportion (2.6%) of total planetarv 
water which is freshwater, the bulk 
oi which IS stored in ice caos and 
glaciers or at more than cOO metres 
depth below the surface and 
thereiore d i i f icu i t to retrieve 

The use oi water ior irr igation is 
widespread. However, the hisiorv 
and indeed the present practices 
show that irr igation produces cs 
many problems as it solves. 
Currently, about 2.S mi l l ion square 
kilometres of farm land are 
irr igated, representing 18°j of the 
cult ivated land in the world . Each 
year SOOO square kilometres 
become irrigated ior the !:: = t time -
but rouahiv the same area 

irrigated land becomes desertiiied. 
Scl inat ion associated w i t h bad 
drainage and high water tables 
causes problems and can be on a 
vast scale: a 1977 estimate 
suggested that 0.2 mi l l ion square 
kilometres of the area under 
irrigation was waterlogged. II such 
land is not reclaimed quickly, by 
drainage, then sal ination becomes 
very d i i i icu l t lo reverse. At the 
same time the need for i r r igat ion 
has depleted freshwater reservoirs. 
Important examples are Lake 
Baikal (which is a significant factor 
in the Asian climate system; and 
groundwater reserves which may 
not be renewable, as in the central 
and south-western USA. 

Biogeochemical Cycles 

The study of the sources, pathways 
end sinks for chemical elements, 
r.otab'lv ccrbon. r.iiroaen ana 

The carbon cycle is perhaps the 
most significant o i the three 
elements dealt wi th in this section 
in that it is carbon dioxide and 
methane which have or are likely 
to have, the greatest effect on 
climate change. The reservoirs and 
pathways oi the carbon cycle are 
complex. Major gaps still exist in 
our knowledge oi the carbon cycle 
and, in particular, the role'oi the 
oceans as a sink for COi , The 
uncenainty about the magnitude oi 
this sink means that the 
interpretation of the carbon cycle in 
terms of changing atmospheric 
COi levels is demanding. It is 
necessary to be able to deiine the 
carbon budget much more 
accurately in order to determine 
the role of the oceans end the 

biosphere in this regard. For 
example, estimates ot the amount 
of organic carbon in World soils 
range irom 700.000 bi l l ion to 
3000.000 bi lhon tons and the range 
oi estimates ior CO2 released irom 
soils is signihcant (at 800,000 
mil l ion ton p.a.) compared to the 
release from fossil fuel burning [S 
bi l l ion tons p.a.). There is st i l l some 
uncertainty about the reasons for 
rising levels oi atmospheric 
methane which is increasing more 
than twice as rapidly as CO^ and 
has been increasing linearly at 
least since 1951. As staled eariier. 
methane is four orders of 
magnitude more effective as a 
greenhouse gas than C O T and any 
rise in atmospheric concentration 
w i l l add signif icantly to the 
greenhouse eiiect. 

Nitrogen produces highly reactive 

oxides in the atmosphere which 
interlink with the chemistry of other 
elements and. in the case of nitrous 
oxide, acts as a greenhouse gas. 
The availabil i ty of nitrogen 
controls plant growth and hence 
the rate oi photosynthesis in many 
terrestrial systems. The magnitude 
oi nitrogen fixation in many 
biological systems is st i l l far from 
certain and even if known, the ratio 
of fixation from natural processes 
to that resulting from human 
activity needs to be determined. 
Similarly, natural denitrification 
processes require further 
quantiiication. The efiect of 
increasing fertiliser application in 
agriculture is bound to have a 
mult ipl ici ty ot eiiects from its 
presence in groundwater to an 
increase in nitrate run-off and 
hence raising coastal water nitrate 
levels which w i l l , in turn, influence 
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primary production in the sea. 
Increased primary production 
thence could have both positive 
and negative effects on marine 
environmental conditions and 
could clfect fisheries. 

Sulphur is important in the 
biogeochemical system apart irom 
its obvious role in acid 
precipitation. The total amount of 
sulphur now entering the 
atmosphere has doubled owing to 
human activity. Additionally, the 
role of sulphur from natural 
sources is st i l l far irom understood 
as in the contents oi volcanic 
gases, the production oi hydrogen 
sulphide and dimethyl sulphide 
(DMS) by marine organisms, 
sulphate in soils and sulphides 
and sulphates in mineral deposits. 
DMS when oxidised to sulphate, 
has implications for policies ior the 

control of acid precipitation in 
regions where DMS can be a major 
source of SOT . It is also significant 
in the formation of aerosols which 
could then have an efiect on cloud 
condensation nucieation. The main 
natural source of sulphur is from 
volcanoes and levels ot SOT from 
volcanic sources is both variable 
and unpredictable. Together wi th 
dust, volcanic sulphur-bearing 
aerosols w i l l have a global effect 
fo l lowing a major v olcanic 
eruption. 

Much environmental research 
undertaken is concerned with local 
or regional effects rather than 
global cycling. For instance, the 
movement oi toxic materials in 
groundwaters and the radionuclide 
pathways in the environment are 
examples oi local pollution 
research. Nevertheless, this is a l l 

part oi biogeochemical cycling in 
which local components add up to 
a global picture oi sources, sinks 
and fluxes oi the chemical 
elements. 
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An Intemational 
Endeavour 

Over the pas: iorty years, the 
International Council oi Scientific 
Unions iICSU) has been a major 
supporter end co-ordinator oi 
internationai environmental 
research programmes. These 
activities have oiten been achieved 
wi th the heip trom. and in 
association wi th . United Nations 
Educationci Scientiiic and Cul tura l 
Organisation lUNESCO) and the 
United Na:io-s Environment 
Programme'.UNEP) These 
programmes ere often ini t ia ted by 
international groups of interested 
scientists rather than as a 
consequence o: pressure from 
potential users of the knowledge 
Iikoly to be created. The 
[jrogrammes have included the 
Internat iorc i Geophysical Year 
(IGY) in I957.'5-3. the International 
Biological Programme (IBP) _ 
lunning trom ; r64 to 197-1 and the 
various prc-grammes of the 
Scientific Committee on Problems 
oi the Environment (SCOPE). UNEP 

has also promoted major 
international environmental 
programmes and has been 
especially active in promoting the 
Global Environment Monitoring 
System iGEIMSl which provides 
databases ior the international 
community on environmental 
matters. UNESCO, through its 
International Hydrologicai 
Programme, the Inter-
Governmental Oceanographic 
Commission and the Man and the 
Biosphere Programme, has worked 
closely wi th ICSU and the world 
scientiiic community in promoting 
environmental programmes. Many 
oi the programmes have both a 
scientific element (ICSU) and a 
poli t ical and training element 
(UNESCO) and are run on a joint 
basis. 

One of the most significant 
programmes in terms oi global 
environmental research is the 
World Climate Programme 
established in 1979 by the World 
Meteorological Organisation 
IWMO) in concert wi th ICSU. The 
World Climate Programme (WCP) 
has four distinct sub-programmes 

aimed at understanding the 
mechanisms of world climate and 
its var iabi l i ty (the World Climate 
Research Programme - WCRPl, the 
impact of climate change (World 
CUmate Impact Studies), which 
also involves UNEP: an 
applications programme which has 
devoted its attention to the aifect of 
cl imate change on human health; 
and a programme to kici l i tate data 
exchange. Each part oi WCP has 
developed a series of important 
international activities. In research. 
WCRP has developed or is 
developing a number of projects of 
significance including the World 
Ocean Circulation Experiment 
(WOCE) which brings together a 
programme oi ocean observations 
using satellites, ships and other 
platforms; the International 
Satellite Cloud Climatology Project 
(ISCCP) to study the role of clouds 
in the climate system; the 
International Land Surface 
Climatology Project (ISLSCP) to 
study the interactions between 
land and the atmosphere; and the 
Global Energy and Water Cycle 
Experiment (GEWEX) aimed at 
studying the interactions oi energy 
systems and the hydrologicai cycle 

There are also regional (eg in the 
Atlantic region, the International 
Council ior the Exploration of the 
Seas, ICES) and national 
organisations who have sponsored 
and supported intemational 
environmental programmes teg in 
the US. the NSF Ocean Dr i l l ing 
Program and the NASA - Global 
Tropospheric Experiment!. 

In recent years, the lead m 
developing an integrated concept 
oi research on the global 
environment has been taken by the 
USA. principally through the 
National Aeronautics and Space 
Administration (NASA) and the 
National Science Foundation (NSF). 

Although in i t i a l ly developed as a 
blueprint (Global Habitabil i ty) for 
activities for a space agency, other 
American agencies have become 
involved, wi th the result that a new 
programme proposal has emerged 
entitled Earth System Science, This 
proposal is now seen as a key part 
of the International Geosphere -
Biosphere Programme (IGBP) 
established in 1987 by ICSU. 

IGBP is a major new init iative in 
international science which 
attempts an integration oi a wide 
variety of disciplines and areas of 
study in a global environmental 
research programme. Emphasis is 
being put on the need ior the 
development oi an adequate global 
data and information system. The 
programme has not yet been 
determined in detail but the 
programme w i l l emphasise the 
Interactive physical, biological and 
chemical processes ol the Earth 
system and the manner in which 
they are.iniluenced by human 
activity. Priority w i i l be given to 
systems which have significant 
change on the timescale of decades 
to centuries and on the 
development oi practical and 
predictive capabilities. 

In the USA. there are initiatives in 
Congress to give legislative force 
to a national global environmental 
programme which w i l l complement 
legislation on its National Climate, 
Arctic Research and National Acid 
Precipitation Programmes, In 
Canada, the agency Environment 
Canada has developed strategy 
plans which envisage strong links 
with international environmental 
science and technology and 
recognises that access to this 
international environmental 
knowledge depends on the 
national contribution to the global 
pool and its capacity to understand 
and interpret it. In Japan, there is 
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increasing awareness among both 
Government and the general public 
of the importance of global 
environmental research. The World 
Bank has strengthened its 
Environment Department and w i l l 
be ini luencing policies on the 
depletion oi non-renewable 
resources and the exploitation of 
renewable resources such as 
tropical rain iorests. Programmes 
sponsored by the Commission oi 
the European Communities (CECi 
have tended to concentrate on the 
category oi regional issues such as 
acid precipitation and the pollution 
oi regional seas. However, this 
pattern is changing as the CEC 
responds to calls tor sustainable 
development. The CEC can be a 
major catalyst in developing and 
faci l i ta t ing European contributions 
to major international programmes. 
These a l l exempli fy the growing 
awareness and action being taken 
by national and international 
bodies to develop an 
understanding of the global 

environment. There is also an 
increasing willingness ior nations 
to come together to take joint on 
issues oi environmental concem as 
seen in the Montreal Protocol on 
the production of CFCs. There is 
now an increasing will ingness ior 
nations to come together to 
consider issues oi environm.ental 
concern and to take joint action as 
seen in the Montreal Protocol on 
the production oi CFCs. 

The international scene in terms of 
environmental research is both 
diverse and complex. It ranges 
from national programmes open to 
other nations through bilateral end 
regional programmes to truly 
international endeavours, end 
covers tho private, public and 
voluntary sectors In ihe UK 
involvement in international global 
envtrcnmcntnl research 
programme's is ulj iquitous because 
there is a strong tradition wi th in 
the UK of taking part in 
international scientiiic 

• programmes. Our contribution to 
such endeavours has been both 
strong and welcomed by other 
participants. 
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British Involvement 

British scientists have made major 
contributions to the foundations of 
modern global environmental 
research; indeed four of the 
acknowledged pioneers of a global 
scientific approach -Newton, 
Hutton. Lyell and Darwin - were 
British. Today. 
British scientists 
lemain among the 
vanguard of 
scientific enquiry. 
Our meteorologists 
are leaders m the 
provision of global 
models ot the 
dtmosphere; our 
oceuriograpiiers are 
pioneering global 
inoritjls of the ocean 
c;irculution; our 
'joolocjisis ciiid 
(joophysicisis are 
sludyirig tho 
tic-tni led con-
soquonccs of the 
tovolution in 
geological thought 
resulting from the 
concept ol plate 

lectonics which they did much to 
create: our palaeoclimatologists 
are discovering aspects of 
onvironmental changes in the past 
that suggest specifications for 
models designed to predict climate 
in the future: our hydroiogists. have 
been pioneers in the study ot the 
hydrologicai cycle and in 
quantitative and quali tat ive water 
resources; our ecologisis are 
respected worldwide ior their 
conit ibuiions to ihe development 
and investigc::ons of models oi 
ecosystems; and we have 
established a formidable tradition 
in polar research, especially in the 
Antarctic, which is a key 
component in the global svsiem. 
This list is far irom complete, but ;t 

does reveal a level ot intellectual 
expertise and commitment to the 
study oi global science wi th in 
Britain. This widespread interest in 
a l l the aspects oi global 
environmental research exists 
w i i h i n Government, public 
agencies, the private sector and in 
universities and polytechnics. 
This sound scientiiic base ior 

forward 
business 
planning on an 
ident i f iable 
timescale and 
targets and in 
policy-making 
is important. 
Furthermore, 
an integrated 
approach to 
global 

academic development and in 
sustaining the UK scientific 
research base. This w i l l enable the 
UK to maintain its own research 

effort, to collaborate with other 
countries, to advise polit icians and 
industrialists on important 
environmental issues and provide 
the trained personnel needed by 
industry. 

It is important ior the UK to identify 
those activities, products and 
services for which we-have 
expertise and are already in the 
forefront. On these we should 
concentrate our future research 
investment. In this category we 
may place our capabilitv in global 
modelling, oceanography, 
hydrology, plant ecology, software 
development and database 
management, satellite instrument 
development, chemical analysis 
und microanalysis and earth 
observation systems from 
satellites. There are other 
activities, products and services in 
which we need to cooperate with 
other countries through 
international agencies. Examples 
include satellite contruction and 
launching, large-scale ocean 
d r i l l i ng tor sediment cores, global 
monitoring networks and some 
multi-ship research. Lastly we 
should also identify those 
activities, products and services ior 
which other countries already lead 
and which we should therefore 
leave to oth ers whilst keeping a 
close watch on the results and 
seeking opportunities lor 
cooperation. For instance the UK 
has no very high f ly ing aircraft 
which can be used for earth 
observation and for research on 
atmospheric composition and 
chemistry. 

The Report of the World 
Commission on Elnvironment and 
Development (the Brundtland 
Repon,' stresses the need for 
sustainable development in both 
the developed and the developina 
nations. This concept is welcomed 

and endorsed by the UK 
Govemment in its response to the 
report. Global environmental 
research lies at the core oi the 
concept of sustainable 
development and w i i l be an input 
to the iormulation oi UK aid 
schemes m response to 
environmental need. The need for 
sustainable development is 
reflected in new looks at the 
problem oi raising l iv ing 
standards, particularly in 
developing countries, without 
imposing both an intolerable 
energy demand and an intolerable 
pollution burden on the planet. For 
instance, we must look to the use of 
more energy-efficient systems oi 
both supply and end-use 
technologies in both the developed 
and developing nations. 

It should be recognised that global 
environmental research is oi long-
term benefit to the UK as it allows 
for a scientifically-based 
regulatory framew'brk to be 
developed in which industry can 
operate. It provides the basic 
information on environmental 
trends and provides opportunities 
for the development of new 
technologies in research and in 
areas in which environmentally 
acceptable activities are required. 
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The Importance of 
Global Environmental 
Research 

Environmental changes in the 
British Isles have seldom if ever 
been so severe or prolonged as to 
dominate Government policy as 
they do in many other countries 
Nevertheless, there have been 
environmental events in British 
history that have posed significant 

econom.ic and social problems. 
Examples include the sequence ot 
severe winters (during the 15th, 
16th and 17th centuries' known as 
the Little Ice Age and the year 
without a summer in 1316. Recent 
examples include the drought ot 
1975 76 and the increase in 
radioactive ia l l ou; resulting from 
the Chernobyl nuclear power 
station accident in 1995 Many of 
these changes, part icularly the 
weather related events, represent 
the extremes oi the range ot 
variabi l i ty around mean values of 

temperature, ra infal l , windspeed 
and solar radiation which, taken 
over decades, remain relatively 
stable. Man has developed his 
mode of l iv ing to cope wi th an 
environment which in the short 
term exhibits variabi l i ty but which 
in the longer term exhibits stability. 
Man is aware irom historical 
records oi the likely means and 
var iabi l i ty to be expected though 
the t iming oi extreme events is not 
predictable and it is the surprise 
associated wi th the onset oi these 
events such as high or low 
temperatures, high or low ra infa l l 
and high wind speed which cause 
d i f f icu l ty to the economv and 
society. 

Some recently observed 
environmental changes such as the 
rise in tropospheric carbon dioxide 
and the seasonal tali in polar 
stratospheric ozone have reached 
values which F.O far as is known the 
global syslom in its present iorm 
has not previously attained. There 
are predictions Irom computer 
models that these changes w i l l 
lead to other major environmental 
perturbations such as global 
warming, rising sea level, 
changing geographical 
distributions ot precipitation and 
solar radiation and increased ultra 
violet radiation at the Earth's 
surface. The predictions include 
m.ajor long term alterations to 
mean values and to associated 
variabi l i ty lar outside man's 
previous experience in the last 
20,000 years. However these 
predictions are a l l based on 
assumiptions and on very 
inadequate data. It Man is to cope 
ccnsiructiveiy with environmental 
change then research must have 
three main objectives. The first is 
improved predictions of long term 
environmental scenarios based on 
more extensive observations of the 
environmental systems and on 

enhanced computer models. The 
second is improved predictions of 
the impact and timescales oi such 
scenarios upon Man and his 
resource needs ior water, food, 
energy and minerals and on his 
societal and polit ical systems. The 
third IS a need to communicate the 
results. 

An immediate aim of global 
environmental research in the UK 
is to predict the consequences of 
changes in the global environment 
for the national environment. Thus 
It IS already apparent that sea level 
is r ising wi th eiiects on coastal 
erosion, flood control and salt 
water intrusion into suriace and 
groundwaters It is already 
confirmed that averaae 
temperature has increased by 1"C 
since the beginning ol the centurv. 
Together these changes might be 
expected to lead in decades to 
changes in natural habitats and to 
w i l d l i f e though the long torm 
records are not sufficiently 
adequate to relate any taunal and 
floral changes to environment 
change. Increases in methane, 
lead, sulphur dioxide, nitrogen 

oxides and ozone in the 
atmosphere have also been 
documented wi th some associated 
effects on buildings, human health, 
and vegetation. Further changes in 
these environmental parameters 
are anticipated. Changing climate 
patterns resulting from a global 
warming induced by rising levels 
oi CO-: . methane and CFCs, could 
liave a major eifect on the British 
Isles. Such a warming could cause 
a rising sea level from the thermal 
expansion of the oceans and later, 
should the warming continue, irom 
ice cap melt ing. The UK already 
spends some £200m per year on 
coastal defences which 
demonstrates the need to protect 
Ihe low ly ing areas of eastern and 
southern England as well as many 
of the major cities, including 
London, which are particularly 
vulnerable 

Any substantial environmonlal 
change w i l l affect large sectors ol 
ilie UK economy. There have been — 
several recent studies to examine 
the impact oi environmental 
change on the economy with 

particular emphasis on agriculture, 
c iv i l engineering, transport, energy 
and insurance. The studies are 
based on the assumptions about 
future environments wi th no 
certainty about whether or when 
they w i l l occur. The conclusions are 
that there would be major changes 
in many aspects of the economy but 
that none are likely to be 
disastrous. It is also clear that the 
different sectors oi the economy 
require different amounts of 
warning time to adjust to 
environmental change. Thus there 
is an immediate need to make a 
thorough examination of 
alternative energy sources with 
respect to environmental eiiects 
because investment in power 
stations must be planned now in 
relation to electricity production ior 
the next 25 - 30 years. Fossil fuel 
burning may have to be limited or 
the balance of energy sources 
modified i i CO._) emissions are lo be 
reduced. Nuclear power may be 
substituted if questions related to . 
safety, radiation control and radio­
active y/aste disposal can be 
answered satisiactorilv. Beneiits 

which could be derived from 
renewable energy sources also 
need to be taken into account. 
Other industrial sectors such as 
bui lding construction and flood 
control also require immediate 
consideration Buildings erected 
now w i l l have a life expectancy of 
at least 50 years, well into the time 
when environmental change may 
dictate their modification. Similarly 
because sec level is already rising, 
flood control measures such as the 
Thames Barrier require continuing 
appraisal and attention. In some 
economic sectors, such as 
agriculture and transport the 
effects may be accommodated 
within a much shorter time. Other 
sectors such as insurance are also 
likely to be affected. Al l impact 
studies so far have been very 
preliminary and need to be 
extended when clearer indications 
of local or regional change emorgo 
from global environmental 
research. 

Manufacturing is effected by 
changing environmental conditions 
because it not only uses non­
renewable resources but it is the 
origin of many environmental 
changes such as the depletion of 
stratospheric ozone due lo CFC 
manufacture, and the increased 
production of methane. Increasing 
international pressure for controls 
and the substitution of 
'environment-friendly' products is 
likely to take place and mdustry 
must be able to keep abreast of 
such trends which are. likely to be 
driven by results stemming from 
global environmental research. The 
Montreal Protocol represented a 
significant albeit the first step in 
international action. Other areas 
where international issues are 
likely to arise are m the use of 
tertilisers and pesticides and in 
many aspects oi eiiluent end 
pollution control. Such concerns are 
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insurance. Our standing in the 
world depends increasingly on tiow 
oltier coiinlries perceive we are 
responding to environmental 
problems This view ot Britain m 
lhe world could wel l depend on our 
abi l i ty and wil l ingness to 
contribute to global environmental 
research and to scientiiic 
exploration of distant places, such 
as Antarctica, which are cri t ical in 
an understanding of the whole 
global system. 

The UK aid programme is an 
important part oi UK endeavours. It 
responds to requests irom 
developing countries. 
Consideration ot global 
environmental research is an 
important factor in this process and 
in making UK a id programmes 
relevant to changing conditions. 
Many of these economies are 
iregiie and may not be able to cope 
wi th the rapid changes which may 
result from changing cl imatic 
conditions. 

Some Technical 
Problems 

There are some important technical 
aspects of global environmental 
research which need to be 
addressed to which the skills 
available in the UK may be 
particularly well placed to 
contribute. In pa rticular the 
computer modelling involved in 
global environmental research 
requires major contributions to 
software development ior 
algorithms and ior data reduction, 
storage analysis and inter­
pretation. There are contributions 
needed in developing satellite 
instruments for earth observation 
and environmental monitoring 
instruments for observing over long 
time periods and inaccessible 
areas of the globe such as the deep 
ocean. There are also needs for 
specialist vehicles for instrument 
deployment, maintenance and 
retrieval on land, at sea and in the 
a i l . The UK already has some oi 
these vehicles, including research 
ships, but they need to be 
developed and increased. 

There are two central technical 
problems in climate modelling 
which is crit ical to global environ­
mental research. The iirst is how to 
solve the equations in the 
development oi predictive models. 
They are invariably non-linear and 

t in <jl i i tu(lc ot cLxjul 
I llirr.. oblQ' 
perpelual lununry ' 

s i m u l a l i o n . us incia niqh-r i jsolul i 
g loba l atmospheric moael. The r 
• p p i o i i m a t e l y pcra l l i 
strength sely proporl ional la iheir spaci:^a. 

require numerical integration 
using computers. In practice, the 
content oi the model is limited by 
the power of the computer 
avai lable . For the last forty years, 
computers have increased in speed 
by a factor oi ten every tive years, 
and there is every prospect that 
such exponential growth w i l l 
continue into the next century On 
that assumption it is possible to 
plan research in global environ­
mental research on the basis of 
greatly increased computer power 
being avai lable after the decade or 
so of research needed to design, 
test and collect data for a new 
model. The second technical 
problem is how to satisfy the 
demand for data needed to 

stimulate 
the design 

of future 
global models, 

then to test them and 
f ina l ly to operate them. The data 

have to be global. Some of them 
must be collected systematically 
from a l l round the worid, as the 
meteorologist does for weather 
forecasting. Others concentrate on 
particular locations oi importance 
to the model, tor example, the 
Southern Ocean, where the 
Antarctic Circumpolar Current 
links the circulations in the 
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Pacific, .Atlantic and Indian oceans. 
Satellite observations provide a 
unique global coverage of certain 
aspects oi the environment; their 
development has been the key to 
the current growth in global 
environmental 
research. 
Satellites also 
provide a means 
ol tlaia 

collection Irom 
autornciic and 
rornoie f ic tc 
recorders. 
Britain has 
played a 
signiiicant role 
in European 
plans lor 
observing ihe 
Eartii irom space 
lluoucjh our 
prirticipalion in 
KSA. How.-.vor, 
sii|i.'lli!r-s cunricjl 
IM'it-'t til--.- whoh; 

lii.-iiuiiui. The 
saliill i lr; (iciie 
tins to h<j 
interpreted and 
validated bv 
extensive 
collection of 

unmanned probes that w i l l love 
around the deep ocean. Such 
systems are now being developed 
in Britain and are very necessary 
given that our knowledge oi the 
oceans is very incomplete 

contemporarv ground data and 
.nar^y o: the daia needed ior global 
models have to be collected in situ, 
on the continents or in the oceans. 
For example, in the oceans, there is 
great scope tor acousiic and ooticcl 
remote sensing from submerged 
:r.strumen;s. and for autonomous 

compared with other parts of the 
global system. 
The need to maintain continuous 
records in order to discern subtle 
changes and trends is crucial . It is 
only the painstaking work on 
observations oi COi levels in the 
atmosphere since the late 1950's 
that revecied the inexorable rise in 
atmospheric concentration of that 
gas. Similarly, observations of 
stratospheric ozone levels by the 
British Antarctic Survey at Hciley 
over some jO veers led to the 

discovery of the ozone hole. We 
need to sustain long time-series 
observations, end provide for their 
analysis and to extend these 
observations into other diagnostic 
phenomena. Long-term ecological 

research sites can 
be extremely 
sensitive 
indicators of 
climatic or 
environmental 
change apart 
from giv ing early 
indications of 
ecological 
reactions. 
Similarly, the 
extension of our 
knowledge in 
time by the use of 
ice-core chemistry 
and by sediment 
cores from both 
oceans and lakes 
is useful in 
disentangling 
'natural ' environ­
ment var iabi l i ty 
from that induced 
by Man's 
activities. 

The need to 
collect data in 
situ from the 
continents and 

from seas within the exclusive 
economic zones of coastal states 
poses problems of access. A l l 
countries of the World must 
appreciate that they should 
participate in global envircnm,entai 
research. Observations in one part 
oi the World may be important in 
understanding changes in another 
distant part of the planet. Fcr 
example, the El Nino phenomenon 
which directly affects South 
America can be linked to chanaina 
conditions in North America and on 
the countries of the 'Western. Pacific. 
A l ! countries should be Dreoared ;o 

provide data for use in global 
models which w i l l improve the 
value of these data and which w i l l 
lead to a greater understanding of 
global processes. 

In the earth sciences, there are 
technical and socio-economic 
problems ot prediction oi 
volcanicity and oi earthquakes. It is 
easier ior the tormer rather than the 
latter if suificient instrumentation 
is available The UK is an 
acknowledged leader in the 
development of seismic sensor and 
recording equipment and in 
engineering design of siructures to 
withstand earth tremiors. This 
knowledge is being made 
available worldwide. 

Tho development of predictive 
mathematical models is essential 
for understanding physical 
jnocesses. Modelling w i l l need to 
•,-mbrace biological factors 
recognising that these are even 
Miore complex and increase the 
uncertainty of prediction. We are 
now approaching the threshold 
when biological interactions can be 
added to the purely phvsical 
models used hitherto. At the same 
time, the current physical models 
have considerable uncertainties 
which need to be overcome with 
refinements to models end the 
Iterative process oi model 
development and more 
comprehensive data collection 



Conclusions 

Environmental change at the 
global level resulting irom Man's 
activities can now be observed. 
The extension oi deserts and 
widespread soil erosion can be 
blamed upon the destruction of 
forests and vegetation cover and 
on the forms of cul t ivat ion 
practised by Man. The rise in 
carbon dioxide, methane, sulphur 
dioxide, nitrogen oxides. CFC s 
and other gases in the atmosphere 
can be attributed to Man's 
activities, including the 
combustion oi iossil tuels and the 
release oi Man-made chemicals. 
There are predictions based on 
limited data put into relatively 
simple computer models which 
indicate that these activities may 
lead to global climate changes of 
temperature and precipitation. In 
turn global climate changes may 
lead to melt ing of the mam ice 
masses, to rising sea level and 
land inundation, to saline 
in l i l i ra t ion oi freshwater and the 
possible destruction of major 
centres of population. 

Tlie impact of these changes on the 
UK and World environment on a l l 
aspects of our way of l ife can be 
perceived only impressionaticaliy 
and sketchily but sufficiently to 
justify research on these impacts 
and more importantly, in the first 
instance, on environmental 
change. 

A global environmental research 
programme should a im' 

i to establish the natural 
variation in the global 
environment both temporally 
and geographically; 

i l to establish the interaction oi 
the natural variation wi th 
Man s activities and so 
establish the variation m the 
g:obai environment 
'irttributcble to men 

i i i to develop the capability of 
predicting natural and Man-
made variation; 

IV to develop means ot reducing, 
preferably eliminating, the 
undesirable aspects oi Man's 
activities. Global 
environmental research w i l l 
involve: 

Global environmental research 
w i l l involve" 

I long term earth observation of 
environmental phenomena 
from satellite, aircraft, ships, 
submersibles and land based 
craft and from instruments and 
robots; 

l i on-site experimentation, 

111 data capture, reduction, 
analysis, storage and 
interpretation; 

iv computer and software 
development; : 

V modelling of global systems for 
the purpose of predicting 
future environments. 

Global environmental research 
needs to be pursued urgently and 
internationally since no one 
country can afiord, or has access to 
the territory, needed ior al l the 
research that is required. The UK, 
as a major trading nation, w i l l be 
aitected directly and indirectly by 
the environmental changes should 
they occur. The UK science 
community w i l l therefore 
participate in global environ­
mental research in order to 
maintain the levels of skill and the 
understanding oi global research 
and be able to advise objectively 
Government, industrialists and the 
public on these issues. 
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p a t h w a y s . 

V e r y S i g n i f i c a n t . Changes in 
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energy demand . S i m i l a r l y water 
supp ly is a f fec ted by c l i m a t i c 
cond i i ions . Nuclear power a n d 
g roundwate r supply raise issues ol 
b iogeochemica l pa thways in terms ot 
waste d i sposa l and m g roundwate r 
ei iects. > 

S o m e S i g n i f i c a n c e . Dependent on 
supply of p r imary products and 
therefore responsive to changes in 
factors a f f e c t i n g supply. C i i m c i e 
change could have major ei iects on 
transport systems and veri icie des ign. 

S i g n i f i c a n t . Demands on c i v i l 
e n g i n e e r i n g in coastal deiences are 
p ropor t iona l lo c l ima t i c ei i f rcis on sea 
l eve l . S i m i l a r l y overseas c i v i l 
e n g i n e e r i n g has a d i rec i r e la t ionsh ip 
w i t h f.-nvironmentnl changes. Chmati . ' 
change nttects b u i l d i n g des ign. 

S o m e S i g n i f i c a n c e Tourism w i i ! be 
suscept ible to chang ing c l i m a i e . 

S o m e S i g n i f i c a n c e . Sc-a e n d air 
t ransport a l lec ted by c h a n g i n g 
e n v i r o n m e n t a l condi t ions . 

S i g n i f i c a n t . Insurance is pa r t i cu la r ly 
a f fec ted by chang ing env i ronmen ia ! 
condi t ions . 

Not s i g n i f i c a n t . 

S i g n i f i c a n t . C h a n g i n g 
env i r onmen t a l condi t ions ibo ih mar ine 
& a tmospher ic i affect dc-ience 
considera t ions . 

V e r y S i g n i i i c a n t . R & D on GEB is ot 
c ruc i a l importance, as is educa t ion at 
a l l levels concerning g loba l 
env i r onmen t a l processes. C h a n g i n g 
env i r onmen t a l condi t ions las seen in 
s t ratospheric ozone dep le t ion and in 
b iogeochemica l pa thways ! w i l l have a 
direct etlect on heal th end hea l th care 

M i l d l y S i g n i i i c a n t . C h a n g i n g 
env i r onmen t a l condi t ions may make 
new demands on loca l services such as 
recreat ion. 

Notes 
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654 23 November 1988 

SAVING THE OZONE - INTERNATIONAL CONFERENCE 

Nicholas Ridley, Secretary of State for the Environment today 

announced that the Prime Minister and he would host a major 

International conference on the ozone layer In London during 

March next year. 

• 
In answer to a Parliamentary Question from Tony Baldry, MP 

Banbury, who asked what further action he intends to take 

Internationally to protect the ozone layer, Mr Ridley said: 

"My Rt Hon Friend, the Prime Minister and I propose to c a l l a 
I 

major international conference on the protection of the ozone 

layer early next year. ' I t w i l l be in London in March. The 

Prime Minister w i l l participate. I t w i l l be held in association 

with the United Nations Environment Programme (UNEP) under whose 
auspices the Montreal Protocol was successfully developed. 
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'I shall be inviting Ministers from developed and developing 

countries, world industry and international organisations. I 

want the conference to demonstrate that industry has already 

developed, or soon w i l l , new products and processes that w i l l 

enable a l l countries quickly to reduce the use of chloro­

fluorocarbons (CFCs) and move to a CFC free world. 

"The House i s already aware that we are calling for world-wide 

emissions of CFCs to be reduced by at least 85%, and as soon as 

possible. I was convinced of this urgent need by the latest 

s c i e n t i f i c evidence. My Noble Friend, the Minister for Housing, 

Enviroriment and Countryside, w i l l tomorrow, at the Environment 

Council, be urging our European colleagues to make these 

reductions by the turn of the century and to agree that the 

Montreal Protocol must be strengthened to this effect. This 

further action i s essential not only to protect the ozone layer 

but also because CFCs are powerful greenhouse gases which 

contribute to the risk of global warming and consequent climate 

change. The Montreal Protocol w i l l come into force on New 

Year's Day. Our conference in March w i l l give a p o l i t i c a l boost 

to the important f i r s t meeting of the Parties in Finland the 

follovring month which w i l l begin the formal process of reviewing 

the protocol. I have told the Executive Director of UNEP that 

the United Kingdom would like to host the second meeting of the 

Parties when we hope the reductions we are demanding w i l l be 

agreed. This w i l l be in April 1990. 
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I t i s not enough for ttie United Kingdom or even the European 

Community to take action on i t s own. A c l e a r commitment i s 

needed from a l l world governments, including those who have not 

yet signed the Protocol; i f we are to have any chance of 

preventing further damage to the ozone layer. i t i s not enough 

to set objectives. Our London Conference must show how they w i l l 

be achieved in practice." 

NOTE TO EDITORS 

M?r,̂  speech to the Royal Society on 27 September the Prime 
h., OTTO drew part i c u l a r attention to the global problems caused 
oy CFCs which not only deplete the ozone layer but are also 
greenhouse gases. 

On 3 October the Government announced that i t accepted the 
s c i e n t i f i c evidence presented by the second report of the UK's 
btratospheric Ozone Review Group. This said that chlorine i n 
rne stratosphere must be s t a b i l i s e d i n order to prevent further 
wo??L?r^^®*^°'': achieve t h i s the Government accepted that 
worldwide emissions of CFCs must be reduced by at l e a s t 85% as 
soon as possible, and i s now urging the world community to adopt 
centSJ^^ "̂ ^̂ ^ r e a l i s e such reductions by the turn of the 

l ^ t ^ n l i ^ r ; ^ Protocol on Substances that Deplete the Ozone Layer 
was adopted on 16 September 1987 when i t was signed by the UK 
;HH^5"''°^f^'^ Community and 23 other countries. More than 20 
nrniyi°"^i countries have, signed subsequently. The Protocol 
ptoviaes for the production and consumption of CFCs 11 12 113 
114 and 115 to be reduced by 50 per cent i n three stages by'1999' 
i H^o^no^®*^"^^®^ production and consumption of halons 1211 1301 
mi^J. t 1 ° frozen from, 1992. The Protocol provides for thes4 
measures to be reviewed i n 1990 and every four years thereafter 
on the basis of available s c i e n t i f i c , environmental, technical 
and economic information. 

I t i s intended that the Protocol should enter into force on 1 
January 1989. The UK, together with the dependent t e r r i t o r i e s 
aas completed the necessary formalities and i s ready to r a t i f y 
moni,h''Zl°''°^ simultaneously with the European Community next 
month, as soon as the other member states are ready. 

-3-



w.,̂  announced i t s i n t e n t i o n of 
The B r i t i s h aerosol ^ - ^ - ^ ^ l l J ^ Z ^ 7^^^^^ the end of 1989. 
phasing out CFC use i n nlans f o r reducing emissions 
Other user i n d u s t r i e s have ^^nSJives (where they are 
of CFCS and halons by ' ' ^ l ' ' ^ J ^ ^ ^ l ^ ^ i U s wasteful methods, 
a v a i l a b l e ) by r e c y c l i n g or cFCs, has c a l l e d f o r 
I d , one of Europe's major m n u f a c t u r e r ^ ^ ^ ^ ^^^^^.^^ 
an urgent review of the Prorocoi 
agreement on the eventual phaseout of CFCs. 

^ r i i ^ ^ n g u I J i e s : 01 276 3000 
(Ask f o r Public Enquiries U n i t ) 
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INTERNATIONAL 

Missing: bits of an ozone layer 
"Serendipity" is a word cry­
ing out for an opposite. It 
would sum up the bad luck 
of those who, having 
sought a solution to one 
problem, find that it begets 
a bigger problem undreamt 

of before. It would capture the irony of 
the chlorofluorocarbons (cFCs), gases 
which are extremely stable and therefore 
perfect for many good causes, such as 
refrigeration, but which can therefore 
survive the long journey to the strato­
sphere and disrupt the delicate chemistry 
of the ozone layer. 

The depletion of the ozone layer in­
creases the amount of dangerous ultra­
violet radiation reaching the earth's sur­
face. The technology to replace CFCs in 
many applications is already available; 
and in rich countries the political will to 
do so is growing. Just before a 123-nation 
conference in London this week on sav­
ing the ozone layer, the European Com­
munity and the United States an­
nounced their intention to ban CFCS— 
perhaps by as early as the mid-1990s in 
the case of the Europeans. 

Poorer countries face a different 
problem. At present they use virtually no 
CFCs. India and China, with a third of 
the world's population, use 2% of its 
CFCs. To be good global citizens they 
must resist the temptation to use more of 
the gases as their economies grow. "They 
need not go through a CFC phase at all," 
says Mrs Margaret Thatcher. But she ac­

knowledges that in order to avoid it the 
developing world will expect the help of 
the rich countries. 

Many delegates at the London confer­
ence favoured creating a "world atmo­
sphere fund", probably under the aus­
pices of the United Nations 
Environmental Programme, to pay for 
the transfer of ozone-friendly technology 
from north to south. Alternatively, the 
technology could be paid for under bilat­
eral agreements or debt-swaps. 

If such arrangements can be made, 
poor countries may be willing to sign the 
Montreal Protocol, an agreement on 
CFCs signed by 21 countries in 1987 and 
more since. In London 20 extra coun­
tries promised to sign up, bringing the 
total to 53. Unfortunately, the protocol's 
aim to cut the 1986 level of CFC emis­
sions in half by 1996 is now considered 
far too: low. And there are other gases to 
be got rid of: the halons in fire extin­
guishers, which are covered by the proto­
col, and—according to some scientists— 
carbon tetrachloride and methyl chloro­
form, which are not. 

A wider lesson to take home from 
London is that it may be possible to meet 
a global problem with a global response. 
If, as they look back, the people of the 
twenty-third century see the ozone crisis 
as the beginning of such sensible global-
ism, they may detect a serendipitous side 
to it—as the ozone layer above them fi­
nally restores itself to the more healthy 
levels of the 1960s. 

connection to Porto Velho is completed, its 
exports of timber, rubber and Brazil nuts 
must travel twice as far to Brazilian ports as 
they would to the Pacific. Freight costs for 
soyabean exports to Japan from Mato 
Grosso state would be slashed by direct ship­
ment through Peru, no doubt squeezing 
American competitors. The $300m highway 
would also please the army. It has long 
dreamed of building a road close to the pe­
rimeter of its northern borders with Peru, 
Colombia, Venezuela, Guyana, Surinam 
and French Guiana. 

Foreign complaints about Brazil's treat­
ment of the Amazon have nonetheless made 
Brazilian environmental groups, including 
the country's small green party, suddenly 
fashionable in the press. More important, 
the powerful TV Globo network has taken 
up the cause. The environment seems likely 
to become an issue in November's presiden­
tial election. Just possibly, Brazilians will one 
day conclude that it is in their own interest 
to protect the Amazon. 

THE ECONOMIST MARCH 11 1989 

Venezuela 

Rioting all the 
way to the bank 
FROM A SPECIAL CORRESPONDENT IN CARACAS 

AT LEAST 300 and perhaps as many as 
L. 600 people may have died but, for the 

moment, President Carlos Andres Perez is 
standing firm. The economic reforms that 
touched off a spasm of rioting, shooting and 
looting throughout Venezuela on February 
27th are to go ahead. So, it seems, are the 
interest payments on the country's $38 bil­
lion of foreign debt (see chart). 

Before the rioting subsided, the presi­
dent showed signs of backing down. "The 
disturbances were the result of a crisis that 
can be written in capital letters: the foreign 
debt," he said. At one point he hinted that 
Venezuela would suspend interest payments 
(repayment of the principal is already sus­
pended). But his chief debt negotiator in 
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New York said that the president's remarks 
had been misunderstood. 

With barely a pause to sigh with relief, 
the American Treasury and a committee of 
commercial banks are scrambling to come 
up with bridging loans of more than $1 bil­
lion to tide Venezuela over until $1.8 billion 
of new IMF money can be secured some time 
in the spring. Venezuela is hoping eventu­
ally to obtain $1.6 billion from the banks 
and $3.78 billion over three years from the 
IMF. As with Mexico's unused $3.5 billion 
bridging loan from America last autumn, 
the conditions of any new Treasury loan for 
Venezuela will probably be kept secret. 

Even for those not already sceptical of 
Mr James Baker's debt-reduction "plan" of 
1985, the Venezuelan mayhem raises trou­
bling questions. Mr Baker wanted the banks 
to lend more to the debtor countries on con­
dition that the debtors reformed their econ­
omies and began to grow their way out of 
debt. Instead, i.he banks cut their lending 
where they could, while many of the debtors 
flinched at the needed reforms. Venezuela is 
one of the countries where the Baker plan 
should be working. It has been democratic 
for 31 years; its newly elected president was 
deemed both competent and popular. If 
Venezuela cannot adopt sound policies 
without bloodshed, the outlook is bleak for 
the jittery new democracies in Peru, Brazil 
and Argentina. 

The recent disorder points to the big­
gest failure of the Baker approach. The cred­
itor countries, acting through the IMF and 
the World Bank, have done too little to re­
ward the reforming debtors. Venezuela has 
confirmed that the best way to get prompt 
help from America is to let a political emer­
gency develop. New credit can then be ex­
tracted under duress. A believable promise 
that the reforining countries would see more 
foreign capital in return for their effons 



Isaac Burton Tigrett II 
2927 Maple Avenue 

Dallas,TX 75201 

Phone: 214/954-0375 FAX: 214/220-0629 

March 1,1989 

Senator Albert Gore 
393 Russell Avenue 
US Senate Office Building 
Washington, D.C. 

Dear Senator Gore: 

I am sure you are aware that they are having an ozone conference in Great Britain at 
the end of this week or the first of next week. I will be delighted to help you with 
this in any way. 

I am sending to you another package which contains a video and information 
concerning a very exciting project involving a new environmental group. Many 
celebrities have now become involved. Please take time to view the video. I am 
sure you will be very excited about it. 

Kind regards. 

Isaac Burton Tigrett 
(dictated and signed in his absence) 
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Ozone 
And 

Upheaval 
The world wlU little note nor long 

remember whether or not John 
Tower becomes Secretary of 

Defense. Nor. In the long run — per­
haps even in the short — will it much 
matter whether Eastern Airlines 
lives or dies. But as these questions 
dominated the headlines and broad­
casts of a journalism that thrives on 
today: 

• More than 100 nations met In Lon­
don to pursue a challenge set them by 
the European Community and the 
Buah Administration to eliminate by 
the end of the century industrial 
chemicals threatening the vital ozone 
layer. 

• In the backwash of anti-austerity 
rioting that left about 300 dead and 
2.000 injured in Venezuela, President 
Carlos Andres P r̂ez said (though he 
later tried to retract it) that his coun­
try might have to suspend all debt 
paymenu to foreign nations, signifi­
cantly inchiding the U.S. 

There's a pair of stories that really 
matter, and wfll for years to come — 
one a sign, of intemational coopera­
tion on an imminent environmental 
problem, the other a warning signal 
about the clear and present danger of 
third world debt 

But even while they were haulbig 
the bodies off the streets of Caracas, 
the Bush Administration was fo­
cused^ like its predecessor, on the 
tired old question of the contras and 
the Sandinistas in Nicaragua. That 
Reagan-generated conflict never did 
rise, and certainly doesn't now, to the 
high level of importance implied by 
the controversy it has aroused. 

When Mr. Baker was Treasury Sec­
retary, he developed a plan, largely 
unsuccessful, to ease the third world 
debt problem — which hasn't gone 
away but has grown in severity. Now, 
Instead of tackling it anew, he asks 

Two global 
issues that 
far transcend 
Tower or the 
airline strike. 

Congress for more aid to the contras. 
That's a slap in the face to the Central 
American presidents who recently 
signed a new peace proposal, and a 
sad commentary on the new Adminis­
tration's regkmal prioriUes. 

Mr. P6rez probably won't actually 
"«oend - not yet — all Venem l̂a's 
payments on iu $33 bUlion foreign 
debt, although principal payments al­
ready have been halted. Default 
would too criUcaUy damage his na­
tion's 1 intemational credit standing. 
But the rioting that followed his impo-
sition of relatively mild anti-inflation 
measures suggests that Latin popula-
Uons—Venezuela's is one of the most 
democratic — cainnot be squeezed 
forever to pay foreign debts. 

lhe danger is twofold. Tlghtoiing 
austerity measures to enable Latin 
govemments to make huge payments 
--llnflated by high interest rates set a 
decade ago—to gringo and European 
banken ultimately will produce so 
much popular unrest that default 
may be foreed and democracy could 
be overthrown. Mexico, Brazil. Ar­
gentina, Peru. Venezuela — all bear 
virtually unbearable debts. Default 
and upheaval in me could lead to 
mora of the same in the others. 

For the U.S., Latin default might 
threaten the banking system, and the 
overthrow of democracy obviously 
wouU damage hemispheric subility; 
even if neither happens, forced aus­
terity in Ladn America prevents its 
nations from importing American 
goods, a heavy burden on the U.S. 
trade imbalance. 

The necessary respraise, the only 
effecUve response, is debt relief — in­
cluding the stretchout of terms, the 
reducUon of interest rates, even in 
some cases the forgiveness of loans 
the Latin nations were pressured into 
accepting, together with the neces­
sary legislaUon to make it possible 
for U.S. commercial banks to take 
these steps. If any of that is to happen, 
President Bush and Secretory Baker 
will have to take the lead. 

They already provide such leader­
ship on important environmental 
questions. Acid rain preventkm is high 
on Mr. Bush's agenda and Mr. Baker's 
first official pronouncement was a 
commitment to act against global 
warming. Now WiUlam K. Reilly. the 
director of the E.P.A., has been sent to 
London with an important Administra-
Uon commitment to the worldwide 
elimination of ozone-threatening 
chemicals by the year 2000. 

Ozone depletion allows more ultra­
violet radiation from the sun to reach 
the earth's surface. That increases 
the risk of skin cancer and eye cata­
racts, causes ill effects in crops and 
aquatic life and may contribute to 
global warming. Even after the of­
fending chemicals are eliminated, 
those already in the stratosphere will 
continue for decades to attack the 
ozone layer. 

The Bush Administration has 
moved strongly but none too soon 
against these dangers. A similarly 
alert response to the debt crisis would 
make more sense than another 
dreary round of battle for the contras 
— or even for poor old battered John 
Tower. • 
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The Environment w 

Clean Air Backers Like 1 
Way Wind Is Blowing 

By PHILIP SHABECOFF 
Special to H K N « " T l " * * 

WASHINGTON, March 6 - Almost 
every year for the last eight years 
legislation to strengthen the Clean 
Air Act haa been introduced in Con-
a&s, and each time it died. 
'NOW there is some optimism ̂ that 
tReliaw may be changed by the lOlrt 
CdHgress. There is, it might be said, 
something in the air this year. 

One thing in the air is more poUu­
tion The Environmental Protection 
Afjency recently reported that urban 
smoa last year was the woret on 
?eSrd. And the Clean Air Act has 
A M I in place since 1970. . . 

Richard E. Ayres, chairman of the 
National Clean Air Coalition of envi-
ronhiental, public health, consumer, 
labor and church groups. rec«iUy 
told a House committee. "We believe 
that the declining air quality of our 
cities can fairly be characterized as a 
public health crisis." 

New Year, SanM Issues 
The issues in the legislative debate 

over die Clean Air Act remata essen­
tially unchanged over the years, in 
addition to dealing with urban smog 
and the 100 cities across the country 
that are not cleaning it up. the det»te 
on Capitol HUl wiU also take ta what 
to do about add rainin particular and 

Bush is gaining 
credence as a real 
foe of acid rain. 

amission of toxic substances ta gen-

• . ^ t this year the Itaeup of players 
inrolved ta the legislative contest has 
been significantly reshuffled. The 
nejif heavy hitter favoring tougher air 
poUution.controls is President Bush. 

Tifter an an early attempt to 
werten the law's standards on pro-
tecOng public health, the Reagan Ad­
ministration basically took no direct 
rdlain the Congressional debate over 
ciean air. That absence of e'wcut'yf 
laaitership was often mentioned by 
members of Congress and envircm-
ntaaullsts as a prime reason for me 
lacli of progress toward tighter con-
tnft . 
•President Bush, however, has 

plb^ed support for a stronger law, 
iiffitading action to reduce the pollu­
tants that cause acid rain, mdustrial 
emission of sulfur and nitrogen 
oxlcies that fall to earth in ram and 
sijm and kill fish and threaten for­

ests. WlUlam K. Reilly. an environ­
mentalist Mr. Bush appotated to head 
the Environmenul Protection Agen­
cy, is now preparing the Administra­
tion's clean air biU. 

•RefraaUng,' a New YoAer Says 
"For the firat time ta the history of 

the acid rata baltie ta Congress we 
have ta the Oval Office a President 
who acknowledges the problem exists 
and has made a commitment to oe 
oart of the solution rather than part 
bf the problem." said Representative 
Sherwood Boehlert. a New York Re­
publican who favors strong legisla­
tion because acid rata is harming 
lakes ta his Adirondack? district. 
"What a refreshtag change." 

Some recent changes on Capitoi 
HiU could smooth the way for clean 
air legislatioa Most imporunt. per­
haps, was the election of Senator 
George J. Mitchell, Democrat of 
Matae. as Senate majority leader re-
plactag Senator Robert Byrd of West 
Virginia. As chairman of the Senate 
Environmenul Protection Subcom­
mittee ta the 100th Congress. Senator 
MUcheU fought hard for passage of a 
tighter clean air biU. Senator Byrd 
concerned that a such a bill might 
cost coal mtaers their jobs, was an 
obstacle to Senate legislation for 

^ Y M r after year, the Senate Envi-
itmmost Committee, witii heavy rep­
resentation from the New England 
and Mid-Atlantic SUtes. which suffer 
the worst effects of acid rata, would 
report out a new clean air biU; year 
after year, the blH failed to come to a 
vote on the floor.' _ 

This year, said Senator Max Bau­
cus. Democrat of Montana, the new 
chairman of the Environmental Pro­
tection Subcommittee, an efiort 
would be made to reach out to sena-
tora from all parts of the country to 
try to work out a blH that would be 
widely acceptable. 

New Mood of Compromise 
"Thtags are clearly different this 

year" said Senator Baucus. "we 
have a new President who wants an 
acid rata biU. We have a new ma-
lority leader and a new mood to com-
proinise on the biU. The sutes are 
less polarized this year than they 
were before. I just think that all the 
factora you look at tend to potat oyer-
whelmtagly to passage of the bill. 

In the past the legislative politics 
affecttag the clean air bill in the 
House was almost the opposite ol 
what obtained ta the Senate. There 
was a good chance that the House 
would vote a stronger law, but the 
House Energy and and Commerce 
Committee could not agree on a bill to 
send to the floor. 

Represenutive Henry A. Waxman, 
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Democrat of CaUfomia, chairman of 
the Health and Enviironment Subcom­
mittee, tried agata and again to draft 
legislation- that would require much 
stronger controls on ackl rata and 
urban smog. But Representative 
John D. DtageU, Democrat of Michi­
gan, chairman of the full committee, 
sought legislation that]he believed 
would not compromise the competi­
tive position of Detroit's automobUe 
industry. I 

But Mr. Waxman has recentiy ex­
pressed optimism that a strong clean 
air bill wUl pass this year. In part this 
optimism is based on the fact that the 
House Speaker, Jim Wright of Texas, 
has made clean air a top priority. 

Industry Hhitt at Accepting 

While Industry usuaUy opposes 
regulation restricttag industrial 
moves and costtag Industry money, 
there is a growing business com­
munity trend now to accept a 
strengthened clean air law.^or one 
thing, it looks lUce it is going to happen 
whetiier Uiey lUte it or mx. "Industry 
sees that the ship is leaving the dock 
this year and they want|to be on It," 
said a Congressional aide. 

S. William Becker, executive direc­
tor of the State and Territorial Air 
Pollution Admtaistrators. said that 
the states were coming up with their 
own programs like limittag emissions 
from car exhausu and requiring 
vapor controls on gas pumps. Indus­
try, he said, is more incltaed to com­
promise "because the altemaUve ta 
this debate is not to escape regulatkn 
but to be regulated SO different ways 

by state govemments." 
He also said the agreement be­

tween the Govemora of New York 
and Ohio last year on acid rata legis­
lation showed that the issue was no 
kmger pdariztag the states. 

Pressure ae Economy 
WUllam D. Fay, director of the 

dean Air Worktag Group, an tadus-
tiy ooaUtlon formed to tafluence the 
legislative debate, said that business 
woukl welcome a strengthened law if 
"It doesn't place undue pressure on 
the economy." 

Mr. Fay also said he hoped industry 
would be represented ta the debate 
and that whatever legislation was 
acted on would not be written by the 
National Clean Air Coalition. He said 
that unless the environmenullsu 
abandoned their "stridency," 
progress was unlUiely. 

Mr. Ayres of the Clean Air Coalition 
said that the environmental groups 
were wUUng to work with tadustry for 
an acceptable biU. But he added that 
any adequate bUl would have to re­
duce sulfur emissions by 10 to 12 mil­
Uon tons over 10 years, reduce pollu­
tion frotn automobiles and tracks and 
sharply cut toxic substances that 
buataesses pour tato the air. He said 
he expected the automobile and elec­
tric utUlty tadustries to present the 
chief obstacles. 

"If we go at the problem with a 
positive attitude it is possible to come 
up with a solution that can' reduce 
pollution without adversely affecttag 
any part of the country," -Mr. Ayres 
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Now IS time to prepare 

H the Ug tUngB bilife are flowing smootĥ  
ly. tbe Uttle tbtaigs warfc tliansetves ouL̂ ;̂ :̂ 

la tbe case of tbe Nebraska'ecxmpnq^ 
over tbe last three years, federal farm {lay:^ 
meats have been one of tbe big tfalngB : 
averaging over |1 UDion per year. Contrast 
that dollar inflow to an annul aviorage of, 
less thain $500 million in federal payments 
over tbe'previous five years, and a case'can 
be made that the recent relative healOf of' 
Ndvaaka's ag sector rests lai^.on Uncle 
Sam's largess, v-::-^^: :^--n tA-. ^\ 

The current level of federal paymeipliB;: 
however. Is not likely to conttame. And that^s 
a irobaUUty that farmers and state govenh.: 
ment should be dealing with today in ida» 
njng ftifare expenditures. -.rrj=rr^ 
: Currently, ttie ddnte is v^iether to ic-
tend the 1985 farm bill through 1991, or to 
write a new five-year law. Republicans are 
leaning toward extending the bin so the new 
law can take into account intemational 
trade negotiations now underway. Demo­
crats are leaninig toward rewilttaig tbe biU 
thisyear, . , > V.. 

From a strictly short-term and Nebrada 
economic perspective, an extension seems 
the more pradeBt course, even with another 
decUne in target jsice tevela It gives'the 
state another year of known, if declining, 
federalreveuies. ^'. ^^:: 

Payment̂ ttfNeiSrasKas 

19S119a219S3-;M«19aS19a01S871 
' lees iow¥b(BMd eh USOA 

'lhpaymsnlinatfonafly.,*h<:,f o;̂^ 

Whether in 1991 or 1982. tbe Kebnska ag 
sector may face a: sharper drop in federal 
payments in aiiww'farm UL Budget defi­
cits, urban and siicifQ concerns, tbe Bush ad-
mUistration's stated direction and the lack 
of an embtion-flned,. yisQde farm crisis all 
argue that Confess win cut farm subsidy 
payments slttUTjljfô r̂ ,? .J-.. -

. Our concern ooiiiid be made niô  
modity prices increased to levels that prof­
its replaced sub ês. At this point, bow-
ever, that is whistling in tbe dark. . :< 

"-: It's time lo lecogidze that one of the big 
things in the Nebraska economy is likely to 
change in the ̂ iniy 19NKK; ' :>V̂  

THE NEW YORK TIMES, SATURDAY. MARCH 4, 1989 

Soviet Wheat Purchase 
WASHINGTON, March 3 (AP) 

The Soviet Union has bought an addi­
tional 485,000 metric tons of United 
States wheat at subsidized prices, the 
Agriculture Department said Thurs­
day. Melvta E. Sims, general sales 
manager for the department's For­
eign Agricultural Service, sakl the 
wheat was part of an authorization on 
Jan. 35 of more than two milUon tons 
under the Export Enhancement Pro­
gram. Mr. Sims said the wheat is 
scheduled for April shipment 

Li 
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S A V I N G T H E 
OZONE LAYER 
L O N D O N 
C O N F E R E N C E 

M A R C H 1 9 1 

UK STRATOSPHERIC 
OZONE REVIEW GROUP 

SECOND REPORT 

The executive summary of the second report of the United Kingdom's Stratospheric Ozone Review Group (SORG) is below 
as background information for delegates. The report, published in October 1988 reviews recent developments in scientific 
knowledge and understanding of stratospheric ozone depletion. 

SORG was set up in late 1985 by the Department of the Environment and the Meteorological Office to review current 
understanding of stratospheric ozone and the threat to it from man's activities, and to provide the Department with advice on 
scientific matters relating to policy issues. 

THE SORG REPORT 
EXECUTIVE SUMMARY 
1 Since the last report from the Group, in 1987, it has become clear 
that significant depletion of the stratospheric ozone layer results 
from man's activities. 

2 In 1987, the springtime depletion of ozone over Antarctica (the 
ozone hole) was more severe, and lasted longer, than previously. At 
altitudes between 14 and 18km the concentration of ozone was 
depleted by over 95% on occasions, and the total column ot ozone 
was reduced to about 40% of its pre-1975 thickness. 

It is now virtually certain that the depletion is caused by man-made 
chlorofluorocarbons (CFCs) in an atmosphere which has been pre­
conditioned by processes involving polar stratospheric clouds. After 
the polar sunrise high concentrations of active chlorine are released, 
leading to a rapid depletion of ozone between late August and early 
October 

3 The role of bromine compounds (including halons) in the 
Antarctic ozone depletion does not, at present, appear to be large. 
However this situation could change if the bromine content of the 
stratosphere increases significantly 

4 There is evidence of a year-round reduction of ozone of about 
5% since 1979, poleward of 60°S. This may be linked to the 
springtime Antarctic ozone depletion. 

5 In the absence of other changes, the Antarctic ozone hole will 
continue to appear each year until stratospheric chlorine levels fall to 
those of the mid-1970's. Even if no more man-made chlorine were to 
be released into the atmosphere, this would take many decades. 

6 Evidence has been found for chlorine chemical reactions, similar 
to those over the Antarctic, over Arctic regions. Although some 
decreases in ozone have been observed over the Arctic, these are 
not as drastic as those over the Antarctic. Extensive studies are 
planned in the Arctic in early 1989. 

7 A major reanalysis of global ozone data has been made by the 
NASA/WMO Ozone Trends Panel. Ground-based measurements 
between 30°N and 64°N indicate that, after allowance has been 
made for the effect of solar and other cycles, the annual mean 
column ozone decreased by 1.7-3% between 1969 and 1986. 
Within these latitudes the depletion is greatest between 53'N and 
64°N in winter months, amounting to about 7%. 

These measured changes are significantly larger than those 
predicted. Existing models used to assess the global effects of CFC 
emissions significantly underestimate the effects of chlorine in high 
latitudes. There is a distinct possibility that the effects of chlorine are 
also underestimated at other latitudes. 

8 Models predict that, even with CFC emissions assumed to result 
from the Montreal Protocol, chlorine in the stratosphere will double 
over the next 50 years. To stabilize chlorine at present levels would 
require large cutbacks in CFC emissions; for example, 85% in the 
case of CFC12. 

9 Calculations, using various models and with various emission 
rates assumed to follow the Montreal Protocol, indicate that by about 
2050, globally averaged column ozone will have changed by 
between -4-0.25% and - 4 % . In all calculations, significant depletion 
is predicted in the upper stratosphere. 

It should be noted that, as indicated above, global models may be 
underpredicting the effect of chlorine. 

10 Scientific understanding of the processes which control ozone 
has improved since the last report. However many more 
atmospheric measurements and laboratory and modelling studies 
are needed to test and refine this. If the UK is to play a significant part 
in the continuing investigation ot ozone and other related 
environmental problems, there must now be a firm commitment to 
long-term funding for a programme of instrument development and 
deployment, study of the data obtained, and of processes relevant to 
their interpretation. A coordinated European programme is highly 
desirable. 

11 Man-made chlorofluorocarbons are responsible for the Antarctic 
ozone depletions, and are implicated in the reductions of ozone 
observed in the mid-latitude Northern Hemisphere. The current 
terms of the Montreal Protocol, whilst reducing emissions of some of 
these substances, still permit their concentrations in the atmosphere 
to increase. Unless emissions are reduced very much further as a 
matter of urgency it is likely that more severe depletion of 
stratospheric ozone will occur The only way to prevent further 
depletion, and to allow the atmoshere to recover is to phase out 
production of the major man-made carriers of chlorine and bromine 
to the stratosphere. 
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S A V I N G T H i F U R T H E R INFORMATION 
i ^ B ^ OZONE LAYER FOR D E L E G A T E S 

L O N D O N 

C O N F E R E N C E 
5 - 7 r w i A H C H l a a D 

Programme 
1. Conference Paper SOL 12 contains an updated programme with timings. The final detailed programme will be 
available at the Conference. 

Security and Registration 
2. Entry to the Conference Centre will be by special pass only. The pass will be in the form of a lapel badge issued at 
registration; the lapel badge should be worn at all times while in the building and retained until the end of the Conference. 
In the interests of all attending the Conference the security arrangements at the Queen Elizabeth II Conference Centre are 
particularly stringent. Delegates will be asked to walk through the metal archway detector on entering the Conference 
Centre and pass attache cases, briefcases or handbags through the X-ray detector. 

3. Pressure for registration on the morning of Sunday 5 March is likely to be heavy. Delegates may like to note that the 
Conference Centre will also be open between 14.00 and 17.00 on the afternoon of Saturday 4 March for registration. We 
hope that as many delegates as possible will be able to use this opportunity to register. 

4. Delegates are asked to be seated in the Churchill Auditorium by 09.50 on Sunday 5 March for the Opening Ceremony, 
at which the keynote address will be delivered by H. E. President Moi of Kenya. 

Government Statements 
5. As indicated in Conference Paper SOL 1 (Preliminary Information for Delegates) the conference programme provides 
opportunities for delegations to make brief country statements. The periods allocated for these are: 

Sunday 5 March 12.10-12.45 Ministerial Discussion! 
14.15-15.15 Ministerial Discussion II 
16.30-18.00 Ministerial Discussion III 

Monday 6 March 11.15-13.00 Ministerial Discussion IV 
14.30 -17.00 Ministerial Discussion V 

A speaking order will be established dunng the course of the Conference. It would be helpful if delegations could indicate in 
advance of the Conference if they have any preference for the period in which they would like to make their statement. 

6. Please may we stress that the maximum time available to each delegation for its statement is five minutes. 

Social 

7. Conference Paper SOL 1 gave details of the social events being held in connection with the Conference. We are 
delighted to announce that HRH The Prince of Wales will attend the dinner for Heads of Delegations on Monday 6 March. 
Entry to both the dinner and the reception for all delegates on Sunday 5 March will be by invitation only. Invitations for 
delegates will be distributed at the beginning of the Conference. All delegates are asked if they will kindly wear their lapel 
badges to the reception. 

Telephone 
8. The Conference Secretariat telephone number during the conference will be 01-798 4312. 
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K d f A t k ^ S A V I N G T H E V IENNA C O N V E N T I O N 
OZONE LAYER 
L O N D O N 

C O N F E R E N C E 
5 - 7 r w l A R C H 1 S B S 

The attached copy of the Final Act of the Vienna Convention for the Protection of the Ozone Layer is circulated as 
background information to the Conference. The Convention entered into force in September 1988. 

The Document details the agreements reached and the Final Declarations adopted by the Conference of Plenipotentiaries 
on the Protection of the Ozone Layer, held in Vienna from 18-22 March 1985. As well as providing the basis for the 
subsequent Montreal Protocol on Substances that Deplete the Ozone Layer, the Convention covers co-operation in 
research, systematic observations and information exchange. 

The Secretariat has copies of the Convention available in Arabic, Chinese, English, French, Russian and Spanish. 
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Clinton Presidential Records 
Digital Records Marker 

This is not a presidential record. This is used as an administrative 
marker by the William J. Clinton Presidential Library Staff. 

This marker identifies the place of a publication. 

Publications have not been scanned in their entirety for the purpose 
of digitization. To see the full publication please search online or 

visit the Clinton Presidential Library's Research Room. 





S A V I N G THE MONTREAL PROTOCOL 
OZONE LAYER 
L O N D O N 

C O N F E R E N C E 
5 - 7 M A R C H 1 9 B 9 

The attached copy of the Final Act of the Montreal Protocol on Substances that Deplete the Ozone Layer is circulated as 
background information to the Conference. The Protocol entered into force on 1 January 1989. 

The Document details the agreements reached by the Conference of Plenipotentiaries on the Protocol on 
Chlorofluorocarbons to the Vienna Convention in Montreal in September 1987, on measures to protect the ozone layer by 
reducing emissions of CFCs and limiting those of halons. 

The Secretahat has copies of the Protocol available in Arabic, Chinese, English, French, Russian and Spanish. 
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United NatkMs Enviroamait Programiiie (UNEP) 

MONTREAL PROTOCOL 
ON SUBSTANCES 

THAT DEPLETE THE 
OZdNE LAYER 

FINAL ACT 

1987 



HOMTRBAL PROTOCOL ON SUBSTAKCBS 
THAT DEPLETE THE OZOHE LAYER 

FINAL ACT 

1987 
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FINAL ACT 

1. The Conference of Plenipotentiaries on the Protocol on Chlorofluorocarbons 
to the Vienna Convention for the Protection of the Ozone Layer was convened by 
the Executive Director of the United Nations Environment Programme (UNEP) 
pursuant to decision 13/18 adopted by the Governing Council of UNEP on 
23 May 1985. 

2. The Conference met at the Headquarters of the Intemational C i v i l Aviation 
Organization, Montreal, with the kind support of the Govemment of Canada, from 
14 to 16 September 1987. 

3. All States were invited to participate in the Conference. The following 
States accepted the invitation and participated in the Conference: 

Algeria, Argentina, Australia, Austria, Belgium, Brazil, Burkina Faso, 
Byelorussian Soviet Socialist Republic, Canada, Chile, China, Colombia, 
Congo, Costa Rica, Czechoslovakia, Denmark, Democratic Yemen, Egypt, 
Finland, France, Germany, Federal Republic of, Ghana, Greece, Indonesia, 
Isra e l , Italy, Japan, Kenya, Korea, Republic of, Luxembourg, Malaysia, 
Mauritius, Mexico, Morocco, Netherlands, New Zealand, Nigeria, Norway, 
Panama, Peru, Philippines, Portugal, Senegal, Spain, Sweden, Switzerland, 
Thailand, Togo, Tunisia, Uganda, Ukrainian Soviet Socialist Republic, 
Union of Soviet Socialist Republics, United Kingdom of Great Britain and 
Northem Ireland, United States of America, Venezuela. 

4. The European Economic Community also participated. 

5. Observers from the following States attended the proceedings of the 
Conference. 

Dominican Republic, Ecuador, Hungary, India, Kutraiit, Poland. 

6. Observers from the following United Nations bodies, specialized agencies, 
intergovernmental and non-govemmental organizations also attended the 
Conference: 

World Meteorological Organization (VMO), General Agreement on Tariffs and 
Trade (GATT), Intemational C i v i l Aviation (ICAO), Organization of African 
Unity (OAU), Council of the European Communities (CEC), Organization for 
Economic Co-operation and Development (OECD), Intemational Chamber of 
Commerce (ICC), Federation of European Aerosol Associations, European 
Chemical Industry Federation, Chemical Manufacturers Association, Natural 
Resources Defense Council, World Resources Institute, Environmental 
Defense Fund, Greenpeace, Friends of the Earth, Seattle Foundation 
(Canada), Mammouth Intemational Humanitarian Societies Square Project 
Inc. (Canada). Watto Laboratories Intemational (Canada), Dr. F.A. 
Homonnay and Associates (Canada), Intemational Organization of Automobile 
Manufacturers, Alliance for Responsible CFC Policy, Air-Conditioning and 
Refrigeration Institute (USA), Environmental Protection Agency (USA), 
Institute for European Environment Policy, National Fire Protection 
Association, Dupont Canada, The Beloff Group (Canada), Produits Chimiques 
Allied Canada Inc., United States Air Force. 

/. . . 
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7. The Conference ms formally opened by Dr. Mostafa K. Tolba, the Executive 
Director of UNEP. In the course of the inaugural ceremony, the Conference 
heard a welcoming address by the Honourable Tom McMillan, P.C, M.P., Minister 
of the Environment, on behalf of the Govemment of Canada. 

8. Dr. Mostafa K. Tolba served as'Secretary-General of the Conference and 
Dr. Iwona Rummel-Bulska (UNEP) served as Executive Secretary. 

I 

9. The Conference unanimously elected Ambassador W. Lang (Austria) as its 
President. | 

10. The Conference also elected the following officers: 

Vice-Presidents: Ambassador^E. Hawas (Egypt) 

Dr. V. Zakharov (Union of Soviet Socialist Republics) 

Rapporteur: Mr. C.R. Roque (Philippines) 

11. The Conference adopted the following agenda: 

1. Opening of the Conference. 

2. Organizational matters: 

(a) Adoption of the rules of procedures; 
(b) Election of the President; 
(c) Election of the Vice-President and Rapporteur; 
(d) Adoption of the agenda; 
(e) Appointment of the members of the Credentials Committee; 
(f) Appointment of the members of the Drafting Committee; 
(g) Organization of the work of the Conference. 

3. Consideration of the draft Protocol to the Vienna Convention for the 
Protection of the Ozone Layer. 

1 

4. Report of the Credentials Committee. 

5. Adoption of the Protocol to the Vienna Convention for the Protection 
of the Ozone Layer. 

6. Adoption of the Final Act of the Conference. 

7. Signature of final instruments. 

8. Closure of the Conference. 
1 

12. The Conference adopted as its rules of procedure document UNEP/1C./9/2 
proposed by the secretariat. i 
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13. In conformity with the rules of procedure, th« Conferanctt established the 

following Committees: 

Committee of the Whole; 

Chairman: The President of the Conference 

General Committee: 

Chairman: The President of the Conference 

Members: The Vice-President of the Conference, the Rapporteur 

and the Chairman of the Drafting Coamittee 

DraftinR Conmittee: 

Chairman: Mr. Jon J. Allen (Canada) 
Members Argentina 

Australia 
France 
Japan 
United Kingdom 
United States 

Credentials Committee: 

Chairman: Ambassador Jose M. Bustani (Brazil) 

Members: Finland 
Germany, Federal Republic of 
Indonesia 
Kenya 
Mexico 
Norway 

14. The main documents which served as the basis for the deliberations of the 
Conference were: 

Seventh Revised Draft Protocol on [Chlorofluorocarbons] [and Other 
Ozone Depleting Substances], UNBP/IG.93/3 and Rev. 1; 

Reports of the Ad Hoc Working Group of Legal and Technical Experts 
for the Elaboration of a Protocol on Chlorofluorocarbons to the 
Vienna Convention for the Protection of the Ozone Layer (Vienna 
Group), UNEP/WG.151/L.4, UNBP/WG.167/2 and UNBP/WG.172/2. 

15. In addition, the Conference had before i t a number of other documents 
that were made available to i t by the Secretariat of UNBP. 

16. The Conference approved the recommendation of i t s Credentials Committee 
that the credentials of the representatives of the participating States as 
listed in paragraph 3 should be recognized as being in order. 

/. . . 
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17. On the basis of the deliberations of the Conmittee of the Whole, the 
Conference, on 16 Septeaiber 1987, adopted the Montreal Protocol on Substances 
that Deplete the Ozone Layer. The Protocol, Which is appended to this Final 
Act, will be open for signature at the Ministry for External Affairs of Canada 
in Ottawa from 17 September 1987 to 16 January 1988 and at the United Nations 
Headquarters in New York from 17 January 1988 to 15 September 1988. 

18. The Conference also adopted the following resolutions Which are appended 
to this Final Act: 

I 
1. Resolution on the Montreal Protocol. 

2. Resolution on the exchange of technical information. 
] 

3. Resolution on the reporting of data. 

4. Tribute to the GovenuMnt of Canada. 

19. At the time of the adoption of this Final Act, some delegations made 
declarations Which are recorded in this document. 



IN WITNESS WHEREOF the representatives have signed this Final Act. 

DONE at Montreal, this sixteenth day of September one thousand nine hundred 
and eighty seven in one original in the Arabic, Chinese, English, French, 
Russian and Spanish languages, each language version being equally 
authentic. The original text will be deposited with the Secretary-General of 
the United Nations. 

/.. 
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1. RESOLUTION ON THE MONTREAL PROTOCOL 

The Conference, 

Having adopted the Montreal Protocol on Substances that Deplete the Ozone 
Layer, 

Noting with appreciation that the Protocol was opened for signature in 
Montreal on 16 September 1987, 

RecallinR the Vienna Convention for the Protection of the Ozone Layer, 
adopted on 22 March 1985, 

Bearing in mind the Resolution of the Conference of Plenipotentiaries on 
the Protection of the Ozone Layer adopted on the same day which urged in the 
sixth operative paragraph " a l l States and regional economic integration 
organizations, pending entry into force of a protocol, to control their 
emissions of CFCs, inter alia in aerosols, by any means at their disposal, 
including controls on production or use, to the maximum extent practicable", 

1. Calls upon a l l States and regional economic integration 
organizations that have not yet done so to implement the sixth paragraph, 
bearing in mind the special situation of the developing countries; 

2. Appeals to a l l States to{become Parties to the Vienna Convention for 
the Protection of the Ozone Layer;^ 

3. Urges a l l States and regional economic integration organizations, 
including those that have not participated in this Conference, to sign and 
become Parties to the Montreal Protocol on Substances that Deplete the Ozone 
Layer; 

4. Requests the Executive Director of the United Nations Environment 
Programme to forward this Resolution to the Secretary-General of the 
United Nations and to circulate it to a l l States and regional economic 
integration organizations. 
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2. RESOLUTION ON THE EXCHANGE OF TECHNICAL INFORMATION 

The Conference, 

Having adopted the Montreal Protocol on Substances that Deplete the Ozone 
Layer, 

Realizing the importance of reducing as quickly as possible the emissions 
of these substances. 

Recognizing the need for an early exchange of information on technologies 
and strategies to achieve this, 

1. Requests the Executive Director of the United Nations Environment 
Programme (UNEP), pending the first meeting of the Parties, to make 
appropriate arrangements to facilitate the exchange of information on 
technology referred to in Articles 9 and 10 of the Protocol; 

2. Appeals to interested States and regional economic integration 
organizations to sponsor, at the earliest opportunity, in co-operation with 
UNEP, a workshop with the aim of: 

(a) Exchange information on technologies and administrative strategies 
for reducing emissions of the substances listed in Annex A to the Protocol and 
for developing alternatives, taking into account paragraph 2 of Annex I I to 
the Vienna Convention for the Protection of the Ozone Layer; and 

(b) Identifying areas in which further research and technical 
development are required, 

3. Urges a l l interested parties to participate in and contribute to 
such a workshop and to make expeditious use of the information so gained in 
order to reduce the emissions of those substances and to develop alternatives. 
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3. RESOLUTION ON REPORTING OF DATA 

The Conference, 

Having adopted the Montreal Protocol on Substances that Deplete the Ozone 
Layer, 

Convinced that the timely reporting of complete and accurate data on the 
production and consumption of controlled substances is critical to the 
effective and efficient implementation of this Protocol, 

1. Calls upon a l l Signatories to take, expeditiously, a l l steps 
necessary to acquire data and report on the production, import and export of 
controlled substances in a complete and timely fashion in accordance with 
Article 7 of the Protocol and taking into account paragraph 1 of Article 4 of 
the Vienna Convention for the Protection of the Ozone Layer; 

2. Invites Signatories to consult with other Signatories, and to seek 
advice and assistance from the United Nations Environment Progranme (UNEP) and 
other relevant intemational organizations, as necessary, in designing and 
implementing data reporting systems; 

I 
3. Calls upon the Executive Director of UNEP to convene, within six 

months of the adoption of this Resolution, a meeting of govemmental experts 
with the assistance of experts from relevant intemational organizations to 
make recomnendations for the harmonization of data on production, imports and 
exports to ensure consistency and comparability of data on controlled 
substances. 
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4. TRIBUTE TO THE GOVERNMENT OF CANADA 

The Conference, 

Having met in Montreal from 14 to 16 September 1987 at the gracious 
invitation of the Govemment of Canada, 

Convinced that the efforts made by the Govemment of Canada and by the 
civic authorities of Montreal in providing facilities, premises and other 
resources contributed significantly to the smooth conduct of its proceedings. 

Deeply appreciative of the courtesy and hospitality extended by the 
Govemment of Canada and the City of Montreal to the members of the 
delegations, observers and the secretariat attending the Conference, 

Expresses its sincere gratitude to the Govemment of Canada, to the 
authorities of Montreal and, through them, to the Canadian people and in 
particular to the population of Montreal for the cordial welcome which they 
accorded to the Conference and to those associated with Its work and for their 
contribution to the success of the Conference. 
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DECLARATIONS 
I 

made at the time of adoption I of the Final Act of the Conference of 
Plenipotentiaries on the Montreal Protocol on Substances 

that Deplete the Ozone Layer. 

1. Speaking on behalf of the developing countries, the delegate from Egypt 
stated that the developing countries' understanding on Article 2 of the 
Montreal Protocol on Substances that Deplete the Ozone Layer Is that any of 
Its provisions will In no way affect the agreement reached on subparagraph (c) 
of Article 3 -and on Articles 4~ and 5. 

2. Speaking on-behalf of the Europiean Economic Community, the delegate from 
Denmark stated'that a l l Member States of the European Economic Community and 
EEC will sign the Montreal Protocol 'on Substances that Deplete the Ozone Layer 
and that alb^'Member-States and EEC will ratify the Vienna Convention for the 
Protection of the: Ozone Layer as soon as .possible to allow the Montreal 
Protocol to- enter Into force on 1 January 1989. 

3. The delegate from the Soviet Union stated that trhlle fully sharing the 
Idea that the trade In CFCs should b̂e controlled, the Soviet Union finds It 
necessary to Include Into a corresponding Article a provision allowing Parties 
to f u l f i l their earlier coimnitments.[ That would be consistent with the letter 
and spirit of a l l intemational agreements. At the first meeting of the 
Parties an effort should be' made to jlntroduce amendments and corrections Into 
a number of Articles to make the Protocol more flexible and responsive to the 
needs of different countries. In par|tlcular, those with a low level of 
-consumption of ozone ̂<:depletlng substances. ' At the f irst meeting of the 
Parties, among other things, they should consider, besides the ozone depleting 
substances, the scientific "data on the effect of the use of altemative 
substances on human health and environment as well as ecological 
consequences. Scientific experts, to this end, should prepare a review of 
altematlves. In reiterating the will of our country to develop Intemational 
co-operation In the field of environmental protection and that of the ozone 
layer, the delegation of the Soviet Union considers, in'general, that the 
present Protocol seems to be ready for signing and that after having 
considered the legal basis of the provisions contained In certain 'Articles 
formulated in the last few days of the Conference, the question can be solved. 
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MONTREAL PROTOCOL ON SUBSTANCES THAT DEPLETE THE OZOHE LAYER 

The Parties to this Protocol, 

Being Parties to the Vienna Convention for the Protection of the Ozone 
Layer, 

Mindful of their obligation under that Convention to take appropriate 
measures to protect human health and the environment against adverse effects 
resulting or likely to result from human activities which modify or are likely 
to modify the ozone layer. 

Recognizing that world-wide emissions of certain substances can 
significantly deplete and otherwise modify the ozone layer in a manner that is 
likely to result in adverse effects on human health and the environment. 

Conscious of the potential climatic effects of emissions of these 
substances, 

Aware that measures taken to protect the ozone layer from depletion 
should be based on relevant scientific knowledge, taking Into account 
technical and economic considerations. 

Determined to protect the ozone layer by taking precautionary measures to 
control equitably total global emissions of substances that deplete I t , with 
the ultimate objective of their elimination on the basis of developments in 
scientific knowledge, taking Into account technical and economic 
cons iderat ions, 

Acknowledging that special provision is required to meet the needs of 
developing countries for these substances, 

Noting the precautionary measures for controlling emissions of certain 
chlorofluorocarbons that have already been taken at national and regional 
levels, 

Considering the Importance of promoting Intemational co-operation In the 
research and development of science and technology relating to the control and 
reduction of emissions of substances that deplete the ozone layer, bearing In 
mind In particular the needs of developing countries, 

HAVE AGREED AS FOLLOWS: 
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ARTICLE 1: DEFINITIONS 

For the purposes of this Protocol: 

1. "Convention" means the Vienna Convention for the Protection of the Ozone 
Layer, adopted on 22 March 1985. ^ 

2. "Parties" means, unless the text otherwise Indicates, Parties to this 
Protocol. 

3. "Secretariat" means the secretariat of the Convention. 

4. "Controlled substance" means a substance listed In Annex A to this 
Protocol, trtiether existing alone or In a mixture. I t excludes, however, any 
such substance or mixture tfhlch Is In a manufactured product other than a 
container used for the transportation or storage of the substance listed. 

5. "Production" means the amount of'controlled substances produced minus the 
amount destroyed by technologies to be approved by the Parties. 

6. "Consumption" means production plus Imports minus exports of controlled 
substances. 

7. "Calculated levels" of production, imports, exports and consumption means 
levels determined in accordance with Article 3. 

8. "Industrial rationalization" means the transfer of a l l or a portion of 
the calculated level of production of one Party to another, for the purpose of 
achieving economic efficiencies or responding to anticipated shortfalls In 
supply as a result of plant closures. 
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ARTICLE 2: CONTROL MEASURES 

1. Each Party shall ensure that for the twelve-month period commencing on 
the f i r s t day of the seventh month following the date of the entry into force 
of t h i s Protocol, and in each twelve-month period thereafter, i t s calculated 
level of consumption of the controlled substances i n Group I of Annex A does 
not exceed i t s calculated level of consumption i n 1986. By the end of the 
same period, each Party producing one or more of these substances shall ensure 
that i t s calculated level of production of the substances does not exceed i t s 
calculated level of production i n 1986, except that such level may have 
increased by no more than ten per cent based on the 1986 lev e l . Such increase 
shall be permitted only so as to sati s f y the basic domestic needs of the 
Parties operating under A r t i c l e 5 and for the purposes of i n d u s t r i a l 
r a t i o n a l i z a t i o n between Parties. 

2. Each Party shall ensure that for the twelve-month period commencing on 
the f i r s t day of the thirty-seventh month following the date of the entry into 
force of t h i s Protocol, and i n each twelve month period thereafter, i t s 
calculated level of consumption of the controlled substances l i s t e d i n Group 
I I of Annex A does not exceed i t s calculated level of consumption i n 1986. 
Each Party producing one or more of these substances shall ensure that i t s 
calculated level of production of the substances does not exceed i t s 
calculated level of production i n 1986, except that such level may have 
increased by no more than ten per cent based on the 1986 lev e l . Such increase 
shall be permitted only so as to sa t i s f y the basic domestic needs of the 
Parties operating under A r t i c l e 5 and for the purposes of i n d u s t r i a l 
r a t i o n a l i z a t i o n between Parties. The mechanisms for implementing these 
measures shall be decided by the Parties at t h e i r f i r s t meeting following the 
f i r s t s c i e n t i f i c review. 

3. Each Party shall ensure that for the period 1 July 1993 to 30 June 1994 
and i n each twelve-month period thereafter, i t s calculated level of 
consumption of the controlled substances i n Group I of Annex A does not 
exceed, annually, eighty per cent of i t s calculated level of consumption i n 
1986. Each Party producing one or more of these substances s h a l l , f o r the 
same periods, ensure that i t s calculated level of production of the substances 
does not exceed, annually, eighty per cent of i t s calculated level of 
production i n 1986. However, i n order to sa t i s f y the basic domestic needs of 
the Parties operating under A r t i c l e 5 and for the purposes of i n d u s t r i a l 
r a t i o n a l i z a t i o n between Parties, i t s calculated level of production may exceed 
that l i m i t by up to ten per cent of i t s calculated level of production i n 1986. 

4. Each Party shall ensure that for the period 1 July 1998 to 30 June 1999, 
and i n each twelve-month period thereafter, i t s calculated level of 
consumption of the controlled substances i n Group I of Annex A does not 
exceed, annually, f i f t y per cent of i t s calculated level of consumption i n 
1986. Each Party producing one or more of these substances s h a l l , f o r the 
same periods, ensure that i t s calculated level of production of the substances 
does not exceed, annually, f i f t y per cent of i t s calculated level of 
production i n 1986. However, i n order to s a t i s f y the basic domestic needs of 
the Parties operating under A r t i c l e 5 and for the purposes of i n d u s t r i a l 
r a t i o n a l i z a t i o n between Parties, i t s calculated level of production may exceed 
that l i m i t by up to f i f t e e n per cent of i t s calculated level of production i n 
1986. This paragraph w i l l apply unless the Parties decide otherwise at a 
meeting by a two-thirds majority of Parties present and voting, representing 
at least two-thirds of the t o t a l calculated level of consumption of these 
substances of the Parties. This decision shall be considered and made i n the 
l i g h t of the assessments referred to i n A r t i c l e 6. ^ 
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5. Any Party whose calculated level of production in 1986 of the controlled 
substances in Group I of Annex A was less than twenty-five kilotonnes may, for 
the purposes of industrial rationalization, transfer to or receive from any 
other Party, production in excess of the limits set out in paragraphs 1, 3 and 
4 provided that the total combined calculated levels of production of the 
Parties concemed does not exceed the production limits set out in this 
Article. Any transfer of such production shall be notified to the 
secretariat, no later than the time,of the transfer. 

6. Any Party not operating under Article 5, that has f a c i l i t i e s for the 
production of controlled substancesiunder construction, or contracted for, 
prior to 16 September 1987, and provided for in national legislation prior to 
1 January 1987, may add the production from such f a c i l i t i e s to i t s 1986 
production of such substances for the purposes of determining i t s calculated 
level of production for 1986, provided that such f a c i l i t i e s are completed by 
31 December 1990 and that such production does not raise that Party's annual 
calculated level of consumption of the controlled substances above 0.5 
kilograms per capita. 

7. Any transfer of production pursuant to paragraph 5 or any addition of 
production pursuant to paragraph 6 shall be notified to the secretariat, no 
later than the time of the transfer or addition. 

8. (a) Any Parties which are Meml!>ers States of a regional economic 
integration organization as defined in Article 1 (6) of the Convention may 
agree that they shall jointly f u l f i l their obligations respecting consumption 
under this Article provided that their total combined calculated level of 
consumption does not exceed the levels required by this Article. 

(b) The Parties to any such agreement shall inform the secretariat of 
the terms of the agreement before t^e date of the reduction in consumption 
with which the agreement Is concerned. 

(c) Such agreement w i l l become operative only i f a l l Member States of 
the regional economic integration organization and the organization concemed 
are Parties to the Protocol and have notified the secretariat of their manner 
of implementation. 

9. (a) Based on the assessments made pursuant to Article 6, the Parties may 
decide whether: 

( i ) Adjustments to the ozone depleting potentials specified in 
Annex A should be made and, i f so, what the adjustments should 
be; and 

( i i ) Further adjustments and reductions of production or consumption 
of the controlled substances from 1986 levels should be 
undertaken and, i f so, what the scope, amount and timing of any 
such adjustments and reductions should be; 

(b) Proposals for such adjustments shall be communicated to the Parties 
by the secretariat at least six months before the meeting of the Parties at 
which they are proposed for adoption; 

/... 
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(c) In taking such decisions, the Parties shall make every effort to 
reach agreement by consensus. If a l l efforts at consensus have been 
exhausted, and no agreement reached, such decisions shall, as a last resort, 
be adopted by a two-thirds majority vote of the Parties present and voting 
representing at least fifty per cent of the total consumption of the 
controlled substances of the Parties; 

(d) The decisions, which shall be binding on a l l Parties, shall 
forthwith be communicated to the Parties by the Depositary. Unless otherwise 
provided in the decisions, they shall enter Into force on the expiry of six 
months from the date of the circulation of the communication by the Depositary. 

10. (a) Based on the assessments made pursuant to Article 6 of this Protocol 
and in accordance with the procedure set out in Article 9 of the Convention, 
the Parties may decide: 

(i) Whether any substances, and if so Which, should be added to or 
removed from any annex to this Protocol; and 

( i l ) The mechanism, scope and timing of the control measures that 
should apply to those substances; 

(b) Any such decision shall become effective, provided that It has been 
accepted by a two-thirds majority vote of the Parties present and voting. 

11. Nothwlthstandlng the provisions contained In this Article, Parties may 
take more stringent measures than those required by this Article. 

ARTICLE 3: CALCULATION OF CONTROL LEVELS 

For the purposes of Articles 2 and 5, each Party shall, for each Group of 
substances In Annex A, determine Its calculated levels of: 

(a) Production by: 

(i) Multiplying its annual production of each controlled substance 
by the ozone depleting potential specified In respect of i t in 
Annex A; and 

(II) Adding together, for each such Group, the resulting figures; 

(b) Imports and exports, respectively, by following, mutatis mutandis, 
the procedure set out In subparagraph (a); and 

(c) Consumption by adding together Its calculated levels of production 
and Imports and subtracting Its calculated level of exports as determined In 
accordance with subparagraphs (a) and (b). However, beginning on 
1 January 1993, any export of controlled substances to non-Parties shall not 
be subtracted In calculating the consumption level of the exporting Party. 

ARTICLE 4: CONTROL OF TRADE WITH NON-PARTIES 

1. Within one year of the entry Into force of this Protocol, each Party 
shall ban the import of controlled substances from any State not party to this 
Protocol. 
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2. Beginning on 1 January 1993, no Party operating under paragraph 1 of 
Article 5 may export any controlled substances to any State not party to this 
Protocol. j 

3. Within three years of the date|of the entry Into force of this Protocol, 
the Parties shall, following the procedures In Article 10 of the Convention, 
elaborate In an annex a l i s t of products containing controlled substances. 
Parties that have not objected to the annex In accordance with those 
procedures shall ban, within one year of the annex having become effective, 
the Import of those products from any State not party to this Protocol. 

4. Within five years of the entry'Into force of this Protocol, the Parties 
shall determine the f e a s i b i l i t y of banning or restricting, from States not 
party to this Protocol, the Import of products produced with, but not 
containing, controlled substances. I f determined feasible, the Parties shall, 
following the procedures in ArtlclejlO of the Convention, elaborate In an 
annex a l i s t of such products. Parties that have not objected to I t In 
accordance with those procedures shall ban or r e s t r i c t , within one year of the 
annex having become effective, the Import of those products from any State not 
party to this Protocol. ^ 

5. Bach Party shall discourage the export, to any State not party to this 
Protocol, of technology for producing and for u t i l i z i n g controlled substances. 

6. Bach Party shall refrain from providing new subsidies, aid, credits, 
guarantees or Insurance programmes for the export to States not party to this 
Protocol of products, equipment, plants or technology that would f a c i l i t a t e 
the production of controlled substances. 

7. Paragraphs 5 and 6 shall not apply to products, equipment, plants or 
technology that, improve the containment, recovery, recycling or destruction of 
controlled substances, promote the development of altemative substances, or 
otherwise contribute to the reduction of emissions of controlled substances. 

8. Nothwlthstandlng the provisions of this Article. Imports referred to in 
paragraphs 1, 3 and 4 may be permitted from any State not party to this 
Protocol I f that State Is determined, by a meeting of the Parties, to be in 
f u l l compliance with Article 2 and ihls Article, and has submitted data to 
that effect as specified In Article|7. 

ARTICLE 5: SPECIAL SITUATION OF DEVELOPING COUNTRIES 

1. Any Party that Is a developing|country and Whose annual calculated level 
of consumption of the controlled substances Is less than 0.3 kilograms per 
capita on the date of the entry Into force of the Protocol for I t , or any time 
thereafter within ten years of the datee of entry Into force of the Protocol 
shall. In order to meet It s basic domestic needs, be entitled to delay Its 
compliance with the control measures set out In paragraphs 1 to 4 of Article 2 
by ten years after that specified In those paragraphs. However, such Party 
shall not exceed an annual calculated level of consumption of 0.3 kilograms 
per capita. Any such Party shall be entitled to use either the average of Its 
annual calculated level of consumption for the period 1995 to 1997 inclusive 
or a calculated level of consumption of 0.3 kilograms per capita, whichever Is 
the lower, as the basis for i t s compliance with the control measures. 

1 /... 
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2. The Parties undertake to fa c i l i t a t e access to environmentally safe 
altemative substances and technology for Parties that are developing 
countries and assist them to make expeditious use of such altematlves. 

3. The Parties undertake to facilitate bilaterally or multilaterally the 
provision of subsidies, aid, credits, guarantees or Insurance programmes to 
Parties that are developing countries for the use of altemative technology 
and for substitute products. 

ARTICLE 6: ASSESSMENT AND REVIEW OF CONTROL MEASURES 

Beginning In 1990, and at least every four years thereafter, the Parties 
shall assess the control measures provided for In Article 2 on the basis of 
available s c l e n t f i f i c , environmental, technical and economic information. At 
least one year before each assessment, the Parties shall convene appropriate 
panels of experts qualified In the fields mentioned and determine the 
composition and terms of reference of any such panels. Within one year of 
being convened, the panels w i l l report their conclusions, through the 
secretariat, to the Parties. 

ARTICLE 7: REPORTING OF DATA 

1. Bach Party shall provide to the secretariat, within three months of 
becoming a Party, s t a t i s t i c a l data on i t s production, imports and exports of 
each of the controlled substances for the year 1986, or the best possible 
estimates of such data where actual data are not available. 

2. Each Party shall provide s t a t i s t i c a l data to the secretariat on i t s 
annual production (with separate data on amounts destroyed by technologies to 
be approved by the Parties), imports, and exports to Parties and non-Parties, 
respectively, of such substances for the year during which i t becomes a Party 
and for each year thereafter. I t shall forward the data no later than nine 
months after the end of the year to which the data relate. 

ARTICLE 8: NON-COMPLIANCE 

The Parties, at their f i r s t meeting, shall consider and approve 
procedures and Institutional mechanisms for determining non-compliance with 
the provisions of this Protocol and for treatment of Parties found to be in 
non-compliance. 

ARTICLE 9: RESEARCH, DEVELOPMENT, PUBLIC AWARENESS 
AND EXCHANGE OF INFORMATION 

1. The Parties shall co-operate, consistent with their national laws, 
regulations and practices and taking Into account In particular the needs of 
developing countries, in promoting, directly or through competent 
Intemational bodies, research, development and exchange of Information on: 

(a) Best technologies for Improving the containment, recovery, recycling 
or destruction of controlled substances or otherwise reducing their emissions; 



- 19 -

(b) Possible altematlves to controlled substances, to products 
containing such substances, and tb products manufactured with them; and 

(c) Costs and benefits of relevant control strategies. 

2. The Parties, individually, jointly or through competent intemational 
bodies, shall co-operate In promoting public awareness of the environmental 
effects of the emissions of controlled substances and other substances that 
deplete the ozone layer. 

3. Within two years of the entry into force of this Protocol and every two 
years thereafter, each Party shall submit to the secretariat a summary of the 
activities It has conducted pursuant to this Article. 

ARTICLE 10: TECHNICAL ASSISTANCE 

1. The Parties shall In the context of the provisions of Article 4 of the 
Convention, and taking into account In particular the needs of developing 
countries, co-operate in promoting' technical assistance to facilitate 
participation in and Implementation of this Protocol. 

2. Any Party of Signatory to this Protocol may submit a request to the 
secretariat for technical assistance for the purposes of implementing or 
participating in the Protocol. 

3. The Parties, at their first meeting, shall begin deliberations on the 
means of fulfilling the obligations set out in Article 9, and paragraphs 1 and 
2 of this Article, including the preparation of workplans. Such workplans 
shall pay special attention to thelneeds and circumstances of the developing 
countries. States and regional economic integration organizations not party 
to the Protocol should be encouraged to participate in activities specified in 
such workplans. 

1 
ARTICLE 11: MEETINGS OF THE PARTIES 

1 

1. The Parties shall hold meetings at regular intervals. The secretariat 
shall convene the first meeting of'the Parties not later than one year after 
the date of the entry into force of this Protocol and In conjunction with a 
meeting of the Conference of the Parties to the Convention, if a meeting of 
the latter is scheduled within that period. 

2. Subsequent ordinary meetings of the parties shall be held, unless the 
Parties otherwise decide, in conjunction with meetings of the Conference of 
the Parties to the Convention. Extraordinary meetings of the Parties shall be 
held at such other times as may be deemed necessary by a meeting of the 
Parties, or at the written request of any Party, provided that, within six 
months of such a request being communicated to them by the secretariat, i t is 
supported by at least one third of ithe Parties. 

3. The Parties, at their first meeting, shall: 

(a) Adopt by consensus rules |Of procedure for their meetings; 

(b) Adopt by consensus the financial rules referred to in paragraph 2 of 
Article 13; 

I /. . . 
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(c) Establish the panels and determine the terms of reference referred 
to In Article 6; 

(d) Consider and approve the procedures and Institutional mechanisms 
specified in Article 8; and 

(e) Begin preparation of workplans pursuant to paragraph 3 of Article 10. 

4. The functions of the meetings of the Parties shall be to: 

(a) Review the lnq>lementatlon of this Protocol; 

(b) Decide on any adjustments or reductions referred to In paragraph 9 
of Article 2; 

(c) Decide on any addition to. Insertion In or removal from any annex of 
substances and on related control measures In accordance with paragraph 10 of 
Article 2; 

(d) Establish, where necessary, guidelines or procedures for reporting 
of Information as provided for In Article 7 and paragraph 3 of Article 9; 

(e) Review requests for technical assistance submitted pursuant to 
paragraph 2 of Article 10; 

(f) Review reports prepared by the secretariat pursuant to subparagraph 
(c) of Article 12; 

(g) Assess, in accordance with Article 6. the control measures provided 
for In Article 2; 

(h) Consider and adopt, as required, proposals for amendment of this 
Protocol or any annex and for any new annex; 

( i ) Consider and adopt the budget for implementing this Protocol; and 

( j ) Consider and undertake any additional action that may be required 
for the achievement of the purposes of this Protocol. 

5. The United Nations, i t s specialized agencies and the Intemational Atomic 
Energy Agency, as well as any State not party to this Protocol, may be 
represented at meetings of the Parties as observers. Any body or agency, 
whether national or intemational, govemmental or non-governmental, qualified 
in fields relating to the protection of the ozone layer which has informed the 
secretariat of i t s wish to be represented at a meeting of the Parties as an 
observer may be admitted unless at least one third of the Parties present 
object. The admission and participation of observers shall be subject to the 
rules of procedure adopted by the Parties. 

ARTICLE 12: SECRETARIAT 

For the purposes of this Protocol, the secretariat shall: 

(a) Arrange for and service meetings of the Parties as provided for in 
Article 11; 

/. . . 
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(b) Receive and make available, upon request by a Party, data provided 
pursuant to Article 7; 

(c) Prepare and distribute regularly to the Parties reports based on 
information received pursuant to Articles 7 and 9; 

(d) Notify the Parties of any request for technical assistance received 
pursuant to Article 10 so as to facilitate the provision of such assistance; 

(e) Encourage non-Parties toi attend the meetings of the Parties as 
observers and to act in accordance with the provisions of this Protocol; 

(f) Provide, as appropriate, the information and requests referred to in 
subparagraphs (c) and (d) to such non-party observers; and 

(g) Perform such other functions tor the achievement of the purposes of 
this Protocol as may be assigned to i t by the Parties. 

ARTICLE 13: FINANCIAL PROVISIONS 

1. The funds required for the operation of this Protocol, including those 
for the functioning of the secretariat related to this Protocol, shall be 
charged exclusively against contributions from the Parties. 

I 
2. The Parties, at their f i r s t meeting, shall adopt by consensus financial 
rules for the operation of this Protocol. 

I 
ARTICLE 14: RELATIONSHIF» OF THIS PROTOCOL TO THE CONVENTION 

Except as otherwise provided in this Protocol, the provisions of the 
Convention relating to i t s protocols shall apply to this Protocol. 

ARTICLE 15: SIGNATURE 

This Protocol shall be open for signature by States and by regional 
economic integration organizations i n Montreal on 16 September 1987, in Ottawa 
from 17 September 1987 to 16 January 1988, and at United Nations Headquarters 
in New York from 17 January 1988 to' 15 September 1988. 

ARTICLE 16: ENTRY INTO FORCE 
I 

1. This Protocol shall enter into force on 1 January 1989, provided that at 
least eleven instruments of ratificiation, acceptance, approval of the Protocol 
or accession thereto have been deposited by States or regional economic 
Integration organizations representing at least two-thirds of 1986 estimated 
global consumption of the controlled substances, and the provisions of 
paragraph 1 of Article 17 of the Convention have been f u l f i l l e d . In the event 
that these conditions have not been f u l f i l l e d by that date, the Protocol shall 
enter into force on the ninetieth day following the date on which the 
conditions have been f u l f i l l e d . 

/. 
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2. For the purposes of paragraph 1, any such instrument deposited by a 
regional economic integration organization shall not be counted as additional 
to those deposited by member States of such organization. 

3. After the entry into force of this Protocol, any State or regional 
economic integration organization shall become a Party to i t on the ninetieth 
day following the date of deposit of i t s instrument of ratification, 
acceptance, approval or accession. 

ARTICLE 17: PARTIES JOINING AFTER ENTRY INTO FORCE 

Subject to Article 5, any State or regional economic integration 
organization which becomes a Party to this Protocol after the date of i t s 
entry into force, shall f u l f i l forthwith the sum of the obligations under 
Article 2, as well as under Article 4, that apply at that date to the States 
and regional economic integration organizations that became Parties on the 
date the Protocol entered into force. 

ARTICLE 18: RESERVATIONS 

No reservations may be made to this Protocol. 

ARTICLE 19: WITHDRAWAL 

For the purposes of this Protocol, the provisions of Article 19 of the 
Convention relating to withdrawal shall apply, except with respect to Parties 
referred to in paragraph 1 of Article 5. Any such Party may withdraw from 
this Protocol by giving written notification to the Depositary at any time 
after four years of assuming the obligations specified in paragraphs 1 to 4 of 
Article 2. Any such withdrawal shall take effect upon expiry of one year 
after the date of i t s receipt by the Depositary, or on such later date as may 
be specified in the notification of the withdrawal. 

ARTICLE 20: AUTHENTIC TEXTS 

The original of this Protocol, of which the Arabic, Chinese, English, 
French, Russian and Spanish texts are equally authentic, shall be deposited 
with the Secretary-General of the United Nations. 

IN WITNESS WHEREOF THE UNDERSIGNED, BEING DULY AUTHORIZED TO THAT EFFECT, 
HAVE SIGNED THIS PROTOCOL. 

DONE AT MONTREAL THIS SIXTEENTH DAY OF SEPTEMBER. ONE THOUSAND NINE 
HUNDRED AND EIGHTY SEVEN. 

/. . . 
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Annex A 

CONTROLLED SUBSTANCES 

Group Substance Ozone Depleting 
Potential*/ 

Group I 

CFCI3 
CF2CI2 
C2F3CI3 

''2̂ 4̂ 2̂ 
C2F5CI 

Group I I 

(CFC-11) 
(CFC-12) 
(CFC-113) 
i(CFC-114) 

(CFC-115) 

1.0 
1.0 
0.8 
1.0 
0.6 

CF2BrCl 
CF3Br 

C2^4^^2 

(halon-1211) 
(halon-1301) 
l(halon-2402) 

3.0 
10.0 

(to be determined) 

*/ These ozone depleting potentials are estimates based on existing 
knowledge and w i l l be reviewed and revised periodically. 
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Tlie attached paper, containing tiighlights from the presentations and discussion at the UNEP Workshop on Substitutes 
and Alternatives to Chlorofluorocarbons (CFCs) and Halons, held in The Hague, 19-21 October 1988, is circulated as 
background information to the Conference. 

The paper (UNEP ref. no. 02L.A16.1/4) describes possible substitutes for CFCs and halons and their uses in various 
applications, as well as countries' experiences in researching and using alternatives. 

Copies are available in English, French and Spanish. 

This is recycled paper Saving tfie Ozone Layer London Conference is held in association with the United Nations Environment Programme '^^^W^ 
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Page 2 

Addendum to section 2.3. 

21% of t o t a l CFC i s used as foam blowing agents and CFC-11 i s 

the major agent. 

Alternatives w i l l be HCFC-123 and HCFC-141b which i s flammable. 

Application t e s t s are now being carried out but some t r a i l s have 

shown several disadvantages compared with CFC-11, for example, 

dimensional e t a b i l i t y , strength of the formed products and 

thermal insulation become worse. 

Existing foam product makers have tp redesign systems. At the 

moment, the investment costs and the properties of foamed 

material are not c l e a r . 

Addendum to section 3.2. 

The electronic industries i n Japan do not have confidence i n 

aqueous-cleaning systems at t h i s stage. 

Therefore, unfortunately, we see no e f f e c t i v e solution other than 

conservation and recovery of CFC-113 for the CFC reduction within 

a given period of time, say within ten years. 

Regarding the status of conservation measures i n Japan, large-

scale enterprises, p a r t i c u l a r l y electronic, have already taken 

conservation measures such as i n s t a l l a t i o n of cooling equipments 

for recovery and adsorbing equipment. 

For small scale enterprises provision of such equipment has not 

been possible as i t i s r e l a t i v e l y expensive at t h i s moment and 

may not be economically feasible for most of them. 

Certain conservation measures, such as strengthening of shielding 

have been taken not only from the environmental but also from the 

ecocomic point of view. 
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British Embassy 
3100 Massachusetts Avenue NW Washington DC 20008 
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British Embassy 
3100 Massachusetts Avenue NW Washington DC 20008 

Telex Domertic USA 89-2370/89-2384 

Telex Intemetional 64224(WUI)/440015(ITT) 

Telephone (202) 462-1340 

Mr Andrew Sens 
Director 
Office of Rivlronmental Protection 
Room 4325 
State Department 
W&shington DC 20520 

Your reference 

Our reference " f f I 2 ' 

Date 

23 February 1989 

PHOTOCOPY 
Dear Andrew 

SAVIfX; THK OZONE LAYER CONFERHCE 

1. I attach a detailed progranme for the above Conference. I 
understand a copy has been sent to your Bnbassy in London. 

2. As you are aware delegations are invited, i f they wish, to 
make a statement of up to five minutes. We are now trying to produce 
a speaking order for these statements and I would be grateful i f you 
could let me know as soon as 'possible i f you have any preference for 
the timing of presentation of the US statement. 

Yours sincerely, 

Dr D J Yarrow 
Firs t .Secretary (Science) 
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SAVING THE OZONE LAYER CONFFTin^E 

SATTIRDAY 4 MARCH 

1400-1700 Registration (Sanctuary Foyer), 
PRESERVATION 

SUNDAY 5 MAECH 

0830-0945 

1OO0-1O30 

1030-1100 

1100̂ 1210 

Registration (Sanctuary Foyer). 

Opening ceremony with keynote address by HE President Moi 
of Kenya (Churchill Auditorium) 

Coffee break (Benjamin Britten Lounge). 

Session: 'Setting the Scene' 

The history of CFCs and Halons 
Hie Ozone Layer Sciences the history; 
the current state of knowledge; the dangers 
to human and other l i f e (Fleming/Mlittle BO':)ms) 

Speakers w i l l include: 
• I 

Dr Maurice Verhille, Atochem, France 
Dr F S Rowland, University of California 
Mr Joseph Farman, British Antarctic Survey 
Dr Robert Watson, NASA 
Dr Moharanad Ilyas, University of Science of Malaysia 

1210-1245 Ministerial Discussion I (an opportunity for delegations 
to ccittment on the issues addressed during the Conference 
or to make brief statements) 

1245-1415 Buffet lunch for a l l delegates (Benjamin Britten Lounge) 

1415-1515 Ministerial Discussion I I . 

1515-1630 Session 2; 'The Response of fcrld Industry' 

Existing alternatives 
New alternatives 
Conservation and recycling 
n̂ e retailer's point of view 
Developing country aspects 
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speakers w i l l include. 

Dr Peter Wallenberg, President, International Chairfcer of 
Commerce 

Mr Archie Dunham, Grô -ip Vice President, Du Pont 
Mr Denys Henderson, Chairman, ICI 
Dr Kenji Sekidd, Chief Engineer, Semiconductor Group, Ni 
Lord Sainsbury of Preston Candover, Chairman, J Samsbury 
Sr Alvaro Umana, Minister of Natural Resources, Mines and 

&iergy, Costa Rica. 

1630-1300 Ministerial Discussion TH 

1830-2000 Reception for a l l delegates (Durbar Court, PCO) 

MONDAY 6 MARCH 

1O00-1115 

1115-1300 

1300-1430 

1430-1700 

Session 3: 'Shared Awareness' 

the implications of the Montreal Protocol process 
for signatories and non-signatories; the particular 
needs of developing countries and how to tackle them. 

Speakers w i l l include: 

Mr Kaj Barlund, Environment Minister, Finland 
Lie Patricio Chirinos. Minister for Ecology, MeXiCo 

Ministerial Discussion IV: 

Buffet lunch for a l l delegates (Benjamin Britten Lounge) 

Ministerial discussion V: 

1700-1800 Session 4: 'Our Common Purpose' 

Synthesis of previous sessions and discussions; 
the way ahead. 

Speakers w i l l include; 

Dr Istvan Lang, Secretary General, Hungarian Academy of 

HE Nir Shridath Ramphal, Secretary General to ths 
Commonwealth. 

Dr Martin Holdgate, Director General, lUQ?; 
Conference Rapporteur 
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of Wales w i l l attend the dinner). 

TOI^AY 7 MA^ Churchill Auditorium 

1000-1100 Chairman's summing up. 

Adoption of final message. 

Closing ceremony, 

Did of Conference. 

1130-1230 UK Press Conference. 

«le<,.tes are asked to be seated on Sunday 5 Harch by 0950 for the 
opening ceremony. 

PHOTOCOPY 
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