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L INTRODUCTION

It is important to recognize at the outset that the greenho’use effect is nothing
new, that it is extremely complex, and that our input to this effeect in the past century,
without our recognizing it, has embarked us on an enormous, unplanned, planetary
experiment that poses unprecedented challenges to our wisdom, our foresight, and our
scientific capacity.

The greenhouse effect is one that is familiar to almost everyone of us. Its most
common and familiar application is that of the market gardener who uses it to bring the
temperature of his greenhouses sufficiently above the ambient outside temperature to
allow him to extend the growing season. But the greenhouse effeet is much older than
this. Indeed it is the greenhouse effect that is responsible for this planet developing in
such a fashion that life has become possible on it. '

In its simplest manifestation, the greenhouse effect results in trapping of some of
the energy that reaches the earth from the sun — enough to raise its temperature toa .-
range acceptable to carbon-based life. Ishall return to this below. : :

‘Only very recently have we begun to appreciate the exqulsxte complexity of the
chemlstry and physies underway in our atmosphere as radiant energy from the sun —
nuclear fusion energy — interacts with complex molecules in" the upper atmosphere;"
molecules ‘such as ozone, Og, which shield out the ultraviolet radiation that would
otherwise make the surface of the earth untenable to life, molecules like chlorine oxide,
-Cl0, that are a new addition to-our atmosphere and that catalyze the destruction of this
ozone leading, for example, to the — recently discovered massive holes in the ozone
layer that appear over the Antarctic — and now increasingly over the Arctic — and
molecules like water HoO and carbon dioxide COZ which are transparent to the incoming
radiation from the sun %ut opaque to the radiation that the earth would otherwise reemit
baeck 1nto space. Beyond that, the situation .is enormously complex because the
greenhouse effect is obviously no respecter of national or political boundaries and its
understanding demands information and analyses that span the entire globe. Only within
_ the past very few years have we had the information handling capacity to even begin to
 approach so gargantuan a computational and information handling problem.

Those working in atmospherie seiences can well be excused from being reminded
of King Alfonso X of Castile, a medieval patron of astronomy who, after much study, is
reported to have said,

"If the Lord Altmghty had consulted me before embarkmg on the Creatlon,
I would have recommended something simpler." .

It is well to remember that 31gmf1cant scientific study of the greenhouse effect
began only during the International Geophysmal Year (IGY) of 1957-1958 and public
interest and concern about the effect is, of course, much more recent having peaked
. dramatically during the summer of 1988 as a consequence of the extensive droughts in
the Middle West and the unusually high temperatures experlenced across the continent.
Charles Keeling of the Serips Institution of Oceanography in La Jolla, California was the
person most responsible for the greenhouse component:of the Internatlonal Geophysical
Year program and, in particular, for setting up the two primary measuring sites for
atmospheric carbon dioxide. One is near the summit of Mauna Loa on the island of
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Hawaii and the other:s at the South Pole station of the US Antarctic program. These
measuring sites have been used continuously since their establishment and provide us
with the basie CO, data that we have today. More recently they have been augmented,
of course, with a great-many measuring sites worldwide but the Mauna Loa data, in
particular, provide us with the most direct evidence for the fact that mankind has, since
1850, put something like 650 billion tons of carbon — in the form of earbon dioxide —
into the atmosphere of this planet. By a very large margin this is the largest impact that
man has. had on Spaceship Earth.

The consequences of this massive global experiment are still far from certain but
the combination of better data, better models, better computers, and greatly increased

" public interest has made it possible for us to begin to see some of the inevitable

consequences, at least in broad outline. These consequences are staggering and almost
beyond question will have significant effects within the lifetime of our children and
massive, if not indeed, catastrophic effects within- the lifetime of our great
grandchildren. S -

IL UNDERLYING SICENCE

Let us begin then with some very elementary physics — all that is required to
understand at least the outlines of the greenhouse effect. The wavelength of any
radiation depends directly on- the temperature of the source that emits it. The radiation
coming from ‘the Sun, for example, is 20 times shorter in wavelength than that from the
earth; that from the sun has its energy peaked in the visible range of wavelengths
whereas that from the earth is in the infrared. Moreover it is well known that the
intensity of the radiation — that is the anlount of energy carried by it — is proportional
to the fourth power of the temperature (T?) of its source and it is this sharp temperature
dependence that makes the balance on which we depend for regulation of the earth's
temperature such a sensitive one. Clearly at balance, all the energy reaching the Earth
from the Sun must eventually be.reradiated into space otherwise the temperature of the
Earth rises until this balance is again established. The original equilibrium was
established many millions of years ago and since the energy output of our sun is .
remarkably stable over time, change in the earth's temperature occurs whenever we — or
Nature — change the character of our atmosphere and upset the balance between the
short wavelength radlatlon coming in and the long wavélength radlatlon attempting to
escape. :

It was the water vapor in the early planetary etmosphere that blocked a particular
range of infrared wavelengths and, in so doing, caused the tem%erature at the surface of
the earth to rise to the present average value of 15 OC or 59°F with which we are all

‘familiar. Were it not for the greenhouse effect, in fact, the oceans would have frozen

solid, would have remained solid throughout the year and the planet would have remained
lifeless. On the other hand, if the greenhouse effects runs away — as it has done on
Venus where the atmosphere is_ much more opaque to infrared radiation — the surface '
temperature, at balance,-is 400°C or 750°F so that, for example, lead on the surface of
that planet is normally molten. :

' There are a broad range of infrared wavelengths and, in achieving the early .
planetary balance, water vapor blocked out only a small subset of these wavelengths.
Because there is enough water vapor in the atmosphere to remove essentially all the
energy at wavelengths to which water vapor is opaque, c¢hange in the amount of the
water vapor over any normal range no longer changes the earth's temperature. We have
removed all the energy in this particular band of wavelengths so adding more water
cannot remove more, and we would have to remove an enormous amount of water,
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however, far beyond the capability of any forseeable natural process before we reached

: the state where energy in this band again began to escape. -

The case of carbon. dioxide is different in that we have not yet saturated our
atmosphere despite the enormous amount of this gas that we have delivered to it. ]

M.  THE HISTORICAL RECORD

By drilling deep holes into the Greenland and Anfarctic icecaps — icecaps th‘at are

-several miles in depth — we can, in a sense, go backward in time and, from the tiny

bubbles-trapped in this primordial ice, we can examine samples of the Earth's atmosphere

_ dating back in time for hundreds of thousands of years. What we find from such
- measurements is that the amount of carbon dioxide in ‘the primordial atmosphere

remained essentially constant at 275 parts per million (ppm) over hundreds of thousands °
of years until about 1850.. Since 1850, the amount has increased almost linearly with
time and now amounts to about 346 ppm; superimposed on this steady climb is an annual
oscillation. The amount of carbon dioxide in the atmosphere drops by a few percent
during the summer and autumn and increases -during the winter and spring. This is almost

_-certainly a reflection of the fact that plants and forests absorb more carbori dioxide

during their growing season than is emitted from other sources but return much of this to
the atmosphere during the winter and spring. T '

IV.  SOURCES OF CARBON DIOXIDE

Where doeé this ineremental carbon dioxide, appearing since 1850, come from?
More than 50% comes from the burning-of fossil fuels. In this country from 1850 to.

. about 1900 wood was the dominant fuel. From 1900 to 1950 wood was replaced by coal

and from 1950 until the present, coal has been replaced by oil and natural gas. All of

- these release energy through the oxidation of carbon to produce earbon dioxide. The

cleanest of these fossil fuels, both in an environmental sense generally and in terms of

" the amount of carbon dioxide liberated per unit of energy, is natural gas with coal being

by far the worst in both respeets.

A second major source of carbon dioxide oceurs in the manufacture of Portland
cement where limestone — calcium carbonate — is heated to yield lime — calejum oxide
— and release carbon dioxide. A third major source of carbon dioxide oceurs in the.

_destruction of forests and, in particular, tropical forests. . -

Forest destruction contributes to carbon dioxide in two ways. First of all, in

'kilh'ng‘ the living trees it makes them. unavailable to absorb carbon dioxide and

incorporate it into their biomass structure;.secondly, cutting of the tropical forests

. exposes the formerly protected humus on the forest floor -to biological decomposition,
again yielding carbon dioxide. Cutting also adds to the humus layer the nonmarketable

debris left after the forest harvesting.

It is a sobering~“and seandalous. fact that -at our present rate 61‘ destruction of .

| tropical forests all significant ‘such forests will be gone in 15 ‘years. The largest

remaining, by a large margin, are in the Amazon basin in Brazil with lesser ones in
equadorial Africa; it bears ‘emphasis that in addition to the effects just noted the
destruction of these tropical forests vastly reduces the biological diversity, the gene
pool, remaining on the planet. This gene pool is one of our greatest treasures — a
treasure that we have only begun to appreciate from which we ean, over time, discover -

‘new kinds of plants, new antibiotics, new characteristics in biological systems that can

have the most profound consequences on our future as a race. Here too we have only .



>

begun to appreciate the rate at whxch we are 1rretr1evably destroying a fantastlc‘
heritage. N

These are the. maJor sources of carbon dioxide but it bears noting that, in addition
to the forest takeup of this particular molecule, the earth's oceans have absorbed just
about the same amount of carbon dioxide as is currently in the earth's atmosphere, -

'-somethmg approaching 650 billion tons. of carbon equivalent, and have done so almost
entirely through the living creatures in the ocean. Until very recently it was assumed
that the upper hundred meters or so of the ocean was involved in rapld turnover with the
surface and that this layer contained most of the living creatures in the ocean so that it
also contained most of the trapped carbon dioxide. Detailed studies in recent years have

. shown, however, that this is not entirely true and that slow turnover and exchange
between the abyssal waters and those at the surface continue the absorption of carbon
dioxide and thus prevent that in the atmosphere from rising as rapidly as it otherwise
would :

Carbon dioxide now in the earth's atmosphere is approaching a level where it will
absorb all the energy in the wavelength bands to which it is sensitive and will thus
saturate so that further CO9 will have no further effect on the earth's temperature.

V. .| OTHER GREENHOUSE GASES

Unfortunately, however, we can draw very little comfort from this faet because
‘there are other greenhouse gases which are still in very low concentration in the
atmosphere and which are sensitive to large wavelengths bands. With increasing
" concentration these other gases can have major impact on the temperature balance.
'First among them is methane, CHy, a very powerful greenhouse gas whose major source
is decaying vegetation and humus, rice paddies, and the breath of ruminant animald
Again with destruetion of tropical forests and the increased decay rate of the waste
'vegetatlon, with massive increase in the area under rice cultivation, and with major
increase in the earth's bovine populatlon, methane in the atmosphere is increasing
rapidly. '

Although ozone is normally discussed only in terms of its behavior as a shield in
the upper atmosphere against solar ultraviolet radiation, it too is a very powerful
greenhouse gas produced at lower altitudes primarily as a result of photochemistry,

- induced by solar radiation, in'smog clouds resulting from automotive exhaust.

It is a somewhat sobering fact that the New Haven region has the worst ozone
contamination situation anywhere. Whereas prior to 1850, ozone in this part of the world
was normally at about the 10 parts per billion (ppb) level, during the summer of 1988, it
frequently reached 200 ppb in New Haven. Worse than that there is nothing whatsoever
that could be done by Connecticut as a State, or New Haven as a city, to change this
situation in any significant way. These 200 ppb of ozone that we measure typically
between 11 a.m. and 1 p.m. result from solar radiation-induced photochemistry in the -
cloud of smog produced by the morning automobile traffic into New York City as this
cloud drifts in the prevailing wind pattern up the Connecticut coast reaching New Haven
about noon. It bears emphasis that in addition to ozone, this smog photochemistry also
produces some extraordinarily dangerous carcinogens and other harmful chemicals. The
ozone itself, in addition to its greenhouse potential, is enormously destructive of rubber
products,'speclflcally automobile tires, and of the tissues in the human lung. These are
effects of ozone in the lower atmosphere as opposed to those more frequently dlscussed
1n the upper atmosphere.

C o awem e
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VL  GREENHOUSE EFFECT TEMPERATURE CHANGES

. I have mentioned above that it is the greenhouse effect that is responsible for
holding the temperature of our planet at some 15°cC. . How big a change in this average
planetary temperature is required to have significant other effects? Fortunately we
have excellent information on this because studies on the polar ice caps have shown

" conclusively that at the depthof the most recent ice age, about 140,000 years ago, the

average planetary temperature was 5°C — that is — the average had decreased by only
10°C or 18%F. From these same ice cores we can determine with high precision that in

the so-called Little Ice Age in the 17th century — a time wherein both the northern

‘United States and Europe had snow throughout the summer — corresponded to an average

temperature drop of only 1.5°C — 2.7°F — from the current value. The point here is
that even a very few degrees change in the average temperature can have completely
dramatic consequences. The system is an extraordinarily sensitive one. -

VIL . WORLD CLIMATE MODELS

What is new in the past few years is our ability to understand this -sensitivity in
vastly greater detail than was the case previously. In large measure this has resulted
from the availability of supercomputers that are able to.cope with the enormous data
flow required to characterize the state and behavior of the .earth's ‘atmosphere.

" Currently there are three major world centers having such capabilities. One is at -

Princeton, New Jersey, under the direction of Joseph Smagorinski operated by the

" National Oceanographic and Atmospheric Administration; one is at Cambridge University

in England, under the direction of Professor Brian Mason, and ¢6ne is in Novasibirsk, the
science ecity in Soviet Siberia, where, until very recently, the Center was under the

_direction of Professor Yuri Marchuk who has just recently been appointed to the

Presidency of the Soviet Academy of Sciences. Only within the.past year or two has it
been possible to compare the computer results obtained using quite different models

“developed independently in these three centers to obtain some feeling for the model

reliability and the degree to which their predictions agree. "Fortunately, the agreement
is remarkably good suggesting that the underlying science is reasonably in hand.

Unfortunately, however, our measurements, our data base, and our predictions are
all enormously crude.. Currently, for example, we make predictions at.10 levels in the
atmosphere on a grid that is 300 miles on the side. Under United Nations auspices, we
are currently moving to a finer grid where we will be able to make predictions at 20

‘levels in the atmosphere and on a grid 150 miles to the side. - This change to a less erude

grid represents a factor of 16 in the cost.of data eollection and analysis. On the horizon,
but still far out of reach both economically and- technieally, is ‘the desire to make
predictions at 20 levels in the atmosphere and on a grid 60 miles to the side. . This would
require an increase by a factor of 500 in the collection and analysis cost and it is quite

' clear that even here we would still be far beyond the region where one could hope for

predictions about local weather. It is well to keep in ‘mind the distinction between
climate and weather, between macroscopic and microscopic-predictions.

What have we learned in these massive atmospheric studies, beyond the fact that
our models appear to be soundly based? Striking, perhaps, is the fact that the planetary
warming, because of the greenhouse effect, would be highly nonuniform. For every
degree temperature rise at the equator, there would be roughly six degree rises at the

Poles, Since this is where the major ice caps store enormous volumes of water in the -

polar ice, these are the regions where.a six degree temperature change could have
dramatic consequences. Although we cannot predict in detail what the consequences will
be, it is already generally agreed that they fall in four classes, namely, changes in

-—
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percipatation patterns, changes in the incidence and strength of severe storms, changes
in agricultural productivity in different land mass areas, and finally, changes in.the sea
level. Most important of all it has become clear from even our present erude models
that these changes need not take place uniformly either.in space or in time. It is already
clear that there can be quite rapid flucuations on regional and local bases.

VII. SEA LEVEL CHANGES

. Perhaps the most dramatic consequences will be those relating to mean sea
level. Currently the mean sea level worldwide is rising at a rate of about one inch per
decade. To provide some calibration, it is relatively easy to calculate that complete

" melting of the polar ice caps would raise the mean ocean level by several hundred feet.

We know from fossil and geologie records that 125,000 years ago — at the warmest point
in the period between the last two ice ages — the mean sea level was 20 feet higher than
at present and we can also calculate that the-disappearance of only the Ross ice shelf in

‘the Antarctic would correspond to just such a rise in sea level. This ice shelf is several -

miles thick, is some 200 miles in length, and can be thought of as a huge 'slab of ice

~anchored only at one end on the rocks of the Antarctic continent and floating on the

ocean water throughout most of its lengths. One of the truly catastrophic scenarios
discussed by atmospheric scientists involves a sufficient increase in mean sea level —
through gradual warming of the planet — with part of the increase coming from the
melting of ice caps-and part from simple thermal expansion of the water in the oceans —
to the point where the Ross ice shelf breaks loose from its moorings and slips off the
continent. Were this to happen, the mean sea level would rise some 20 feet almost
instaneously, that is in the time that the resulting tidal wave would take to travel round
the globe. What is the probability of this happening? No-one knows for sure — but it is
entirely possible ' ;

IX. AGRICULTURE PRODUCTIVITY

With respect to agricultural productivity, it is quite clear that even a few degrees:
increase in the mean planetary temperature would shift major agricultural productivity
from the US Midwest into the Canadian prairies, from India and the Southern Soviet
Union into Siberia, and that the agricultural productivity of both South Afriea and
Argentina would be increased at the: expense of more tropical areas. It is possible also

-that Australia could become vastly more productive with precipitation extending into.the
-central desert on more than the current few times per century basis. One thing is

abundantly clear; the United States would lose in any such agricultural shift and the
Soviet Union would win. It would take remarkably little change to reestablish a central
desert in the US Southwest.

X..  INTENSE STORMS

Our undierstanding of the earth's atmosphere is not sufficiently detailed, as yet,

for us to prediet with any certainty the kind of changes to be expected in the frequency
and intensity of hurricanes, tornados, and other more localized phenomena. It is clear,
however, that warmer oceans will unquestionably drive wilder hurricanes and more
violent tornados. It is also true that warming of the general oceans can have dramatic

consequences through, for example, a shift of the entire Gulf Stream away from its"

current path where it moderates the climate of the British Isles, Scandinavia, and
Northern Europe in a'way that becomes all too obvious when one compares the English
climate with that of Hudson Bay.



XL  MAJOR CLIMATE CHANGES

I have mentiened . that precipitation patterns could revitalize the Australian’
desert. Even farther beyond our range of prediction, is what might happen to the
Sahara. Our models are suffxclently good now, however, that we can run computer
experiments asking, what if, in many regions of the globe.. One of the interesting
consequences of such experiments is the discovery that if it were possible to put enough
water on the Sahara Desert to moisten the surface to a depth of only 4 inches, the
climate pattern would flip and the Sahara region would become a tropical rain forest in a
new stable climate configuration' which, incidentally we know to have occurred in the
past from our radar observations from satelhtes, all of which show massive fossil river
beds and water courses throughout the entire Sahara. It is quite clear also that the
pattern of the monsoons in India and Southeast Asia would change completely with even a
small change in average world temperature. Since literally millions depend for their
existence on the reproducibility of these monsoons to produce the rice erops, change here
could be catastrophie., The fact that 1987s monsoon was unusually weak has led to the
death of more than 10.million people in India and Bangladesh and serves as an indicator
of possible futures. The 1987 massive drought in the Brazilian Northeast — because of
the low population density in that region — had no such striking consequences but it, too,
is indicative of the sensitivity of our atmospheric system and our world climate patterns
to even small changes. .

XII. . GREENHOUSE TIME SCALES

What has perhaps surprised atmospheric scientists more than anything else in
recent years, is the discovery that massive changes can occur in periods of only a few
years. That is mstantaneously on a geological time scale, The most striking example of
such a rapid change is the development of the so-called ozone hole over Antarctica. It
has been found that 90% of all the ozone between 15 and 20 km above the Antarctic ice
cap has disappeared in the past 9 years for a 50% decrease overall in the Southern polar
region. Because this is such a striking phenomenon, it has attracted the world's
atmospheric scientists and amazingly rapid progress has been made in understanding the
phenomena involved. It is now known, for example, that this _depletion of the polar ozone
is caused by a single molecular catalyst, chlorine oxide (Cl0O). It is also known that the
chlorine in this molecule comes almost entirely from man-made chlorofluorocarbons -
(CFC's). The reason that these catalytic molecules operate so effectively over:
Antarctica and not elsewhere on the planet, at least at their present eoncentrations,
reflects the fact that Antarctica is an isolated continent surrounded by the frigid
Antarctic Ocean and the South Polar Current. During the Antaretic winter, the
temperature drops low enough to form clouds of icy microecrystals on whose surfaces the .
catalytic destruetion of the ozone proceeds very rapidly and the presence of the frigid
polar current keeps the atmospheric temperature low enough to-maintain these aerosols
long enough to destroy a substantial fraction of the ozone. The same effect has not been

at northern latitudes because there is no similar free-flowing water surface around the .

polar ice cap to keep the atmospheric temperature down; ominously, however, only in the
past few months seientists have begun to report local ozone depletion in the Arctic

It is-clear, that if we continue to produce chlorofluorocarbons this effect will
continue to spread as the concentration of chlorine oxide in the atmosphere increases.

XOL.  ATMOSPHERIC CHLORINE

- This question of the release of chlorine into the earth's atmosphere has been
recogmzed internationally as an emergency mtuatxon and, in September 1987, 24

——=
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countrres signed the so-called Montreal protocol which calls for cuttmg CFC use in half
by 1998. Only six.months later, the findings of NASA's Ozone Trends Panel suggest that
the protocol's limitations probably will not be sufficient to save the ozone layer and that
even more stringent reductions in CFC's w111 be requxred

The CFC's were introduced in 1930 and have four basxc uses — refrigerants,
blowing agents for making foam, cleaning fluxds, and propellants. As refrlgerants, they

are used in most freezers and refrigerators as well as in air conditioning units in -

" automobiles and buildings. As blowing agents, they are used in making both rigid foam,
. which appears in such items .as foam ice chests and fast food hamburger boxes and
flexible foam appearing in furniture cushions and féam pillows.  As cleaning agents, they
wash hundreds of products from computer chips to -artificial hip-joints. “As propellants,
they are used in aerosol sprays in much of the world, although their use has been banned
in the United States, They also appear in fire extmgmshers, in urethane shoe soles, and

- in applications too numerous to list. Currently, the world chlorofluorocarbon industry is -

a $2.5 billion one and we in the US produce roughly 500,000 tons of these products each
- year. DuPont alone produces over $600 million worth of CFC's per year but DuPont has
taken the leadership in ‘announcing that it will phase out CFC production entirely —
replacing the CFC's with new molecules, that_have been developed with additional
hydrogens in their structure so that they are‘suseeptlble to- break-up in the lower
atmosphere. Much of the problem with CFC's simply reflects. the same property that
makes them so desirable in the above listed applications; they are extraordinarily stable
and because of that make their way unscathed into the upper atmosphere where they are
finally broken up by energetic ultraviolet from the sun and their chlorme atoms are left
free to do their catalytlc work. :

XIV. FEEDBACK MECHANISMS

 Obviously there are very complicated interactions here. If there is less ozone,

then less infrared will be stopped by the ozone layer and the greenhouse effect resulting
from of the ozone will be decreased while ultraviolet transmission to the earth's surface
will increase., There are other feedback mechanisms. If the mean temperature
_ increases, then the Arctic permafrost melts and releases large amounts of both carbon
dioxide and methane whxch in turn increase the temperature nse so that we have a
‘positive feedback loop. " Again, if the earth's temperature increases, the polar sea
temperatures increase and complex molecules in the Aretic and Antarctic Ocean called
calthrates that are stable only at very low temperature decompose hberatmg huge
amounts of methane further i mcreasmg the temperature rise.

A feedback loop that is not at all well understood is associated with the fact that
automotive transport produces not only carbon dioxide but also oxides of nitrogen. The
higher the combustion temperature the more abundant the nitrogen oxides compared to
- carbon dioxide. On the one hand, these nitrogen oxides can act -as fertilizers and
promote much more rapid growth of the planet's forests so that carbon dioxide is taken
out of the atmosphere and bound into biomass. On the other hand they can increase the
low atmosphere ozone levels — the photochemistry in smog problem discussed above —

which results in the destruction of forests and the release of carbon dioxide so that we

‘have the potential of both negative and positive feedback driven by’ the nitrogen
oxides. This is only a crude example of the kind of complex1ty that atmospheric
chemists and physicists are attempting to resolve in order to improve their models,
- recognizing that each time one of these improvements is added to a climate model, the
amount of computation required goes up by orders of magmtude and new generatlons of
supercomputers become essentlal :




XV. = COURSES OF ACTION

What then can we, as a civilization, do about the greenhouse effect. First of allit
must be emphasized that nothing that we do will have an immediate effect. We have
.. already loaded an enormous-mass of greenhouse gas into the earth's atmosphere and we
have no way of removing it. At best, we can stop making the situation worse.

Perhaps most direet and immediate, we can ban production of chlorofluorocarbons
and attempt to convince other nations to follow suit. We can take steps to reduce the
amount of carbon dioxide that we are adding to the atmosphere through the burning of
fossil fuels. It bears emphasis that the Chinese have long considered that the burning of
such fuels verges-on the criminal because these exquisite organic molecules that we burn
for their thermal energy are the feedstuff for pharmaceutical, plastic, and a great many
other industries and our descendants will find it necessary to recreate such molecules at
- vast expenditure of resources and energy because we will have depleted most of those
that nature has produced over the roughly 5 billion year life of our planet. It is a
- sobering thought that although we in the United States have less than 6% of the world's
-population, we are -responsible for more. than 33% of the total world's energy
consumption. It is also sobering to realize, that the developed world, in something a
little over 60 years, has used well over 50% of the readily available oil and natural gas.

. But how do we stop burning. fossil fuels? Obviously ‘we are not prepared for a .
massive reduction in our standard of living nor are we prepared to switch from
electricity to much less convenient sources of energy. It appears to me that we have
little choice but to move forward with the exploitation 6f nuclear energy, an energy
source that provides no atmospheric load whatsoever. . : :

We have had nuclear fission energy available to us with uranium and thorium fuels
for some 40 years but, particularly in this country, we have not used it wisely. In France

" -and in Japan, the announced national-goals are to have more than 90% of electrical

energy —. and a significant fraction of space heating as well — produced from nuclear
-sources by the mid 1990s whereas in the US the fraction of our energy coming from
nuclear- fussion sources has remained essential-constant at about 12% since the early
1960s. This, in part, reflects the fact that in Japan, for- example, it is possible to go
from the decision to build a nuclear reactor to the point where it is producing economic
electricity in 4.5 years. Whereas in the United States, 14.5 years is more typical. The
ten year difference, coupled with the cost of financing these nuclear power plants,
‘clearly makes us economically noncompetitive with the Japanese.

More important, -however, we have not, in this country, succeeded in convincing
our public that nuclear energy is indeed safe. In part, this has reflected a somewhat
cavalier view that nuclear reactors were not all that. different: from ‘eoal or oil fired
burners in that they produce steam which drives turbines which generated electricity in -
“the usual way and, therefore, the standards of training and of operation in the civilian
power. industry are not, for example, anywhere near those which Admiral Rickover
insisted upon in the nuclear Navy. The architectual and engineering firms who designed
the nation's civilian reactors also made the very profitable — for them — mistake of
- reinventing the wheel at each reactor site. Obviously this was done with the intent of

‘deriving additional profit but also it happened because both they. and their utility
customers wished to include each engineering improvement as it appeared. This
- unfortunately resulted in reactors that were all different; each one had to be put through
an extraordinarily long and detailed safety. certification program, stretching out the
construetion time and increasing the cost. ' : ‘

—az
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- 1 am convinced that in order for the United States to return to nuclear energy in a
substantial ‘way it will be necessary for the industry and the utilities to develop new
reactors that are intrinsically safe — ‘that is, that if their electrical power or their
cooling water, or-anything else, is interupted. they simply close themselves down —
without damage — and remain until someone’ chooses to correct the situation. Such
reactors have been clearly demonstrated to be feasible. What is required is some several
hundred million dollars of up-front engineering costs to make them commercially
feasible.” Secretary Herrington of the Department of Energy has just announced that in_
developing a new weapons material (tritium and plutonium) production reactor system for-.
the nation he plans. to devélop just such. a reactor — a 350 megawatt, modular high--

.- temperature, gas-cooled unit which can be made in multiple copies, certified as safe

-. once and for all so that a utility simply adds more of these units as it needs more
. capacity, gaining at the same time the flexibility of being able to turn off one of more of
these modular units for refueling, repair, modification, or what have you.. Unfortunately, .
such a development is perhaps five years and more probably ten years away in this
country. : '

There has been much discussion of the possibility of eliminating fission energy —
because of perceived -waste disposal problems — ‘and going directly to fussion,
_ reproducing here on the earth's surface the energy source of our Sun. Unfortunately,
- although we have now. demonstrated that the release of fussion energy is feasible on a
laboratory scale, the engineering problems, which include compressing the heavy
hydrogen fuel to some 20 million pounds per square inch and simultaneously heating it to
close to 100 million degrees are so demanding that it is most unlikely that we will have
economic fussion energy before 2025, ' , ‘ ’

It is ‘essential, however, that we make the decision to move in this direction of
inereased dependence on.nuclear energy as soon as possible. It is essential that we
recognize that the current trend to switeh from oil and natural gas to coal in our
electrical generating stations is in the wrong direction in terms of the greénhouse effect -
and it is essential for us-to realize that we who use a disproportionate share of the
planet's energy must take the lead in reducing the utilization of fossil fuels.

We must recognize, for example, that it is unreasonable for the United States to

turn to the Third World and demand that it eschew the use of convenient fossil fuels in

- its development after we have used such a. prodigal share in ours, We have the ability to

. go directly to a nuclear technology whereas the Third World simply does not and it is

essential that the United States join with France and Japan and the other developed
countries in moving away from the era of fossil fuels. :

, It is important also for us to work together with countries like Brazil to develop
- alternatives to the destruction of tropical forests not only because of greenhouse
considerations but also as noted above because they are irreplacable gene pools.

And it is also essential that we continue to develop better automotive engines
with cleaner exhaust, because in their absence, major urban centers are well on their way
to becoming unlivable.” Mexico City is an excellent example at the present time; Los
Angeles and New York are rapidly becoming ones. One of the new technologies in this
area.that demands careful study is that evolved in Brazil where all new automobiles are
required to burn alcohol rather than petroleum-based fuels with considerable reduction in
the exhaust problem. The transition betwgen these fuels is much less simple than.is
generally anticipated in that it requires major changes in most engine components to
avoid the very rapid destruction that occurs when aleohol is burned in an engine designed ‘
for gasoline. ' : : - T



'XVI. CONCLUSIONS

‘Like a great many other problems in a'démocracy, the greenhouse-effect. and its
potential consequences will not be addressed unless informed citizens make it clear to

- their representatives in Washington and in state capitals that they are concerned about
~ the issue and that they expect action. It is the responsibility of citizens to inform

themselves about such problems and then to communicate their concerns directly to their

* - representatives. Even a few thoughtful, individual letters on a particular topic appears’

as a ground swell of publie concern to a hard-pressed legislator and just as we have the
responsibility for taking leadership in this country we also have at hand the mechanisms

for doing so.

As I have indicated above, the greenhouse effect is nothing new and indeed life on
earth depends upon it but our modifications of our atmosphere, and the consequence
change in the greenhouse effect that these modifications produce, does represent the
largest unplanned experiment that our race has yet undertaken. Unless we devote our
best efforts to understanding what the greenhouse effect can do to world climate -and
through it to the areas that I have discussed in this paper, the consequences for our

. descendants may well be catastrophic. We have no time to waste!



- FIGURE CAPTIONS . - - -

Figure 1: -~ Carbon dioxide concentrations measured, in parts per million, at the
' Mauna Lao Observatory established in 1957 by the Seripps Institution of

- Oceanography. The annual oscillations are thought to reflect the take-up of earbon

dioxide from the atmosphere by forest growth during spring. and summer and its
subsequent release during autumn and winter as deciduous trees- lose their leaves. The
advantage of the Mauna Loa Observatory is that the 3000 and more miles of the Pacifie
Ocean surrounding it in all directions ef fectively isolates it from local perturbations and

‘provide a true measure of the average planetary atmospheric concentration, .

Figure 2: An artist's conception of the planet some 20,000 years ago when it was

entering the coldest part of the last ice age. As indicated, huge ice

sheets — several .miles in thickness in some places — covered much of North America,
Europe, Asia, and Antarctica.- With so much of the planet's water locked up in this ice,
sea levels were very much lower — perhaps as.much as 100 meters lower — than is the
case today. The enormous weight of the ice in these sheets was such that the continental
land mass was depressed by many tens of meters in, for example, the Central Plains in .
both the US and Canada and these areas are still rebounding. Long Island is the terminal*":
moraine resulting from this last great glaciation period and marks the southern extremity
of the ice sheet, ‘ ' '

Figure 3: Carbon dioxide concentrations and atmospheric temperature changes as
functions of time — measured backwards from the present. Both of

these measurements are obtained from the small samples of atmosphere trapped.in
bubbles .in the remaining ice sheets in Greenland and in Antarctica. Since these ice
sheets, in some regions, preserve the annual contributions to the sheet in much the same
way that tree rings record the annual growth, and something of the growth environment,
it'is possible — by selecting an appropriate set of ‘annual slices from the ice cores — to
isolate atmospheric samples from a particular time period in the past. Having made such.
a selection, when the ice has melted the atmospheriec sample trapped at the time in small -
bubbles ‘the snow fall involved became part of the ice sheet is released and can be
subjected to detailed analyses. The carbon dioxide content can be measured directly by
infrared spectroscopy, for example, while the atmospheric temperature at the time of
deposition can be measured from precision examination of the ratio between the
concentrations of ordinary and heavy hydrogen i.e. hydrogen and deuterium. The carbon
dioxide concentrations here are given in parts per million and from the deuterium
concentrations the changes in temperature, measured relative to the present value, are
shown in degrees Centigrade. It bears noting that at the depth of the last ice age, some -
20 million years ago the average atmospheric temperature was only slightly less than 10
degrees lower than at present and that some 130,000 years ago the temperature was -
roughly a degree higher than at present., The remarkable thing about these data is the
extent to which the carbon dioxide and temperature records are correlated; it is this kind -
of experimental data that -provides the evidence for the greenhouse effect and for the

dominance of carbon dioxide.as the greenhouse gas in the historical past, ‘ ’

Figure 4: - Average seasonal variation of ozone showing a typical peaking in the
spring and summer months and a decrease in winter in representative
locations in the Northern Hemisphere in the United States and in Europe. " For
comparison, data for Paris from the year 1880 is also shown in this figure. The changes
both in terms of absolute magnitude and of its seasonally variation, are striking. Ozone




Figure 5: Atmospherxc methane concentrations, shown here in ‘parts per billion, -
can also be extracted from the Greenland ice cores. . As is evident from
this flgure, ‘the concentration remained roughly constant at about 750 ppb until about 100
.years ago and has more than doubled since that t:me, currently the concentration is
rising exponentlally :

Elgure 6: In order to establish the reality of methane as an effective greenhouse
gas, it is possible to compare the time dependence of the atmospherie
methane with the average world temperature profile — both ‘determined from the ice
core studies as was done .for the case of carbon dioxide in Figure 3. As illustrated here,
the methane concentration, in parts per million, tracks the temperature variation, as
_determined from hydrogenic 1sotope data, over the period from 130,000 to 160, 000 years
before the present — a period in Wth‘h a major glaclatlon came to an end, '

" Pigure Tz Global mean temperature varxatlons based on land and marlne '
measurements shown relative to those from a 1950-1979 reference
pemod. “The solid line drawn through the histogram is a running average of the annual
. averages and shows a clear rise over the period shown. As indicated in this figure, over
“the past 100 years the mean global temperature has increased by roughly O. 50
Centigrade. It is of interest to note that 6 of the warmest years since such global mean
temperature data have been accumulated on a systematic basis, i.e. the last 150 years,
have occurred since 1980, -It is too early yet to identify these anomalously warm years
.with the greenhouse effeet as opposed to a local fluctuation such as that evident in the
period around 1900 but the trend has captured public attention both in the United States
- and abroad and has made available for the first time the resources that can lead to much
fuller understanding of the complex greenhouse phenomena. :
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SUBJECT: Revised RSWG Legal Measures Paper on Elements of a
Framework Climate Convention

On behalf of RSWG Chairman Dr. Frederick M. Bernthal,
attached is the revised RSWG Legal Measures paper, the product
of the April 10-11 Topic Coordinators' meeting in Geneva. Note
that, in both format and content, the revised version resembles
the draft circulated by the international topic coordinators a
few weeks ago. The paper will be up for adoption at the June
RSWG meeting, along with the rest of the RSWG report. If
adopted at the June RSWG meeting, the attached paper would take
the place of the Legal Measures paper developed at the RSWG
Workshop in October 1989.

Two particular areas of improvement in the text should be
noted. First, the language on monitoring has been moved from
the issues section to the generally agreed section. Second, in
addition to previous references to the comprehensive greenhouse
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example, on page 2 of the topic coordinators' report (ticks 2
and 3) and on page 8 (tick 4), reference is now made to

"protocol(s)". On page 15, the list of individual greenhouse
gases as posssible subjects of protocols has now been deleted
and replaced with the sentence: "While it is recognized that

the Convention is to be all-encompassing, the negotiating
parties will have to decide whether greenhouse gases, their
sources and sinks, are to be dealt with: individually, in
groups or comprehensively; in annexes or protocols to the
Convention."
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1pCC: RESPONSE STRATEGIES WORKING GROUP

LEGAL MEASURES: REPORT OF TOPIC CO-ORDINATORS

(Canada, Malta and the UK)

Executive Summary

1. fThe co-ordinators’ report has as its primacy cbjective the compilation of
alenents that might be included in & future framework Conventioh~-on Climate
Change, and 8 discussion of the issues that are 1ikely to arise in the context

5 developing those elements.

2.  Thers is & general view that while existing legal ingtrumenta and
institutions with a bearing on climate should be fully utilized and !urthtr '
ltrangthcnod, they are insufficient alone to meet the challenge., A very btoad
{nternational congenaus has tho:e!o:o om.rqod in eh. I7CC, canti:med notably |
at the 44th United Nationl General Assembly, on the need for a framework
Conveation on Clisate Change. Such a Convention should generally follow the
format of the Vienna Convention !oé the Protection of the Ozone Layer, in
laying down, as & pinigus, Qanoral :inetploi and obliqationa. 1% should
further be framed in such & wty as to gain the adherence of the largest
posaible nunbar and most suitably balanced lprocd of countries while

pernitting timely action to be taken; it lhould contain provision fox

separate Annexes/protocels to deal with specific ebligations.



-

(a) Financial needp of developing countzies: The need for additional

regources for devaloping countries and the manner in which thir should
be addxensedf particularly in terms of the nature, size and conditions
of the funding, even if detailed aérangemantl form the subject o? a
separate protpéol, will have to be cﬁnsidoxad by the negotiating

parties.

(b} nggiggmont and transfer of technology: The basis on which the
prometion of the dovolépmont and transfer of techneology and proviaién
of technical sasistance to developing countzies should take place will
need to be elaborated, taking into account considerations such as
tormﬁ of trangfer, assured sccess, intellectual property rights and

- -

ghe envirennental goundness of such techaology.
. ° .

(c) Institutions: Views differ substantially on the role and powers of
the imstitutions £¢ be created by the Convention, parti¢ulacly in

exezcising supsrvision and cantrol ovar the abligations undeztakan.

5. The inc¢luaion of any particular element in the paper does not imply

consensus with respect to that element, or the sgresnent of any particular

' governmant to includa that element in a Convention,

8. The co-ordinators have not sought to make & valus judgement in listing
and sunmarising in tﬁo sttached bnp-r the elements proposad for inclusion in a
granework Convention: thair text seaks merely to sasist the future
negotiators in thctr-eask. Thay note hbwgvo: that & readiness to address the
foregeing fundamental probless in a realistic manner will be » prerequisite
for ensuring the success of the negotiations and the support of a sufficiently

wide and representative spread 9! nations.



As part of the commitment of the parties to action on greenhouse gas amisaions

and the adverse effects of qlobal waroing, the Convention would alse address

the pa:ticular £1nancia1 needs of the dovnloping countzies, the question of

the access to and tranltcr of tochnoloqv. and institutional roqui:emontl.

The paper polnts out & number of isaues to be decided in the negotistion

of a Convention. In general these are:

4.

the political 1mpcrati§o of striking the correct balances: on the one
hand, betwean the aréunbntn for a far-peaching, action-oriented’
Conventisn and the need £or urgent adoption of such & Convention 8o as
to begin tackling the ptqblon of climats change; and, on the other ‘
hand, between the cost ot tnaction and tha lack of scientitio

cortainty;

the extent to which sﬁocifie obligations, particularly on the control
of smisslons of carbon dioxide and otgor greenhouse gases, should bo'
included in the Convention itself or be thé. subject of gaparate

protocol{e):

the timing of negotiation of such protocol(s) in relaticn to the

negotiations on the Convention.

In particular, within the Convention the following specific issues will

need to ba addressed:
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POSSIBLE ELEMENTS FOR INCLUSION IN A FRAMEWORK CONVENTION

ON CLIMATE CHANGE

PREAMBLE

In keeping with common treaty practice including the format of the
Vienna Convention, the Climate Change Convention would contain a preamble

which might seek to address some or all of the following items:

- a description‘of problem and reasons for action (need for timely and

effective response without awaiting absolute scientific certainty);

- a reference to relevant international legal instruments (such as the
Vienna Convention and Montreal Protocol) and declarations (such as

UNGA Resolution 43/53 and Principle 21 of the Stockholm Declaration);

- recognition that climate change is a comﬁon concern of mankind,
affects humanity as a whole and should be approached within a global
framework, without prejudice to the sovereignty of states over the
airspaee superadjacent to their tgf:itory as recognised under

international law;

-  recognition of the need for an environment of a quality that permits a

life of dignity and well-being for present and future generations;

- reference to balance between sovereign right of states to exploit
natural resources and concomitant duty to protect and conserve climate

for benefit of mankind, in a manner not to diminish either;



endorsement-and elaboration of concept of sustainable development;

recognition of the need to improve scientific knowledge (eg through
systematic observation) and to study the social and economic impacts

of climate change, respecting national sovereignty;

recognition of the importance of development and transfer of
technolog& ana of the circumstaﬁces and needs, particularly finéncial,
of'developing countries; need for regulatory, supportive and
adjustment measures to take into account different levels of

development and thus differing needs of countries;

recognition of responsibility of all countries to make efforts at the
national, regional and global lévels to limit or reduce greenhouse gas
emissions and prevent activities which could adversely affect climate,

while bearing in mind that:

- most emissions affecting the afmosphe;e at present originate in

industrialised countries where the scope for change is 'greatest;

- implementation may take place 1n different time frames for
'dszerent categorles of countries and may be qualified by the means
at the disposal of individual countries and their scientific and

technical capabllltles,
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- emissions from developing countries are growing and may need to
grow in order to meet their devélopment requirements and thus, over
time, are likely to represent'an increasingly significant

percentage of global emissions;

recognition of need for development of strategies to absorb greenhouse
gases, ie protect and increase greenhouse gas sinks; to limit or
reduce anthropogenic greenhouse gas emissions; and to adapt human

activities to the impacts of climate change.

Other key issues which will have to be addressed during the

development of the preambular language include:

should the preamble address the particular problems of countries with
an agricultural system vulnerable to climate change and with limited
access to capital and technologies, recognising the link with

sustainable development?

should mankind’s interest in a viable environment be characterised as

a fundamental right?

is there an entitlement not to be subjected, directly or indirectly,

to the adverse effects of climate change?
should there be a reference to the precautionary principle?

in view of the inter-relationship among all greenhouse gases, their

sources and sinks, should they be treated collectively?



" should countries be permitted to meet’ their aggregate global climate

objectives through joint arrangements?

should reference be made to weather modification agreements such .as

the ENMOD treaty as relevant legal 'instruments?

is there a common interest of mankind in the development and

application of technoldgies to proteét and preserve climate?

does the concept of sustainable development exclude or include the
impositioﬁ of new conditionalify in the provisibn of financial
assistance to developing countries, and does it imply a link befween

the protection and preservation of the environment, including climate

‘change, and economic development so that both are to be secured in al

coherent and consistent manner?

»ié there a minimum standard of living which is a prerequisite to

adopting response strategies to address climate change?
DEFINITIONS

As is the practice, definitions will need.to be elaborated in a

specific article on definitions. The terms which will need to be defined will
depend on the purpose of the Convention and thus the langﬁage used by the

negotiating parties.
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GENERAL OBLIGATIONS

Following the format of such treaties as the Vienna Convention, an

article woula set out the general obligations agreed to by the parties to the

~ Convention. Such obligations may relate to, for example:

the‘adoption‘of appropriate measures to protect against the adverse
effects of climate change, to limit, reduce, adapt te, and as fér és
possible prevent, climate change in accordance with the means at
partiés’ disposal and their capabilities; and to avoid creating other‘

environmental problems in taking such measures;

the protection, stabilisation and improvement of the composition of
the atmosphere in order to conserve climate for the benefit of present

and future generations;

taking steps having the:effect of limiting climate change but which

are already justified on other grounds;

use of climate for peaceful purposes only, in a spirit of good

neighbourliness;

co-operation by means of»research, systematic observation and
information e#change in order to understand better énd assess the
effects of human activities on the climate and thé potential adverse
environmental and socio—econbmic impacts thaf could result from

climate change, respecting national sovereignty;



encouragement of the development and transfer of relevant

technologies, as well as the provision of technical and financial
assistance, iaking into account the particular- needs of developing

countries to enable them to fulfil their obligations;

co-operation in the formulation and harmonization of policies and
strategies directed at limiting, reducing, adapting to and, as far as

possible preventing, climate change;

co-operation in adoption of'appropriéte legai or administrative

measures to address climate change;

provision for bilateral, multilateral and regional agreements or
arrangements not incompatible with the Convention and ité
annexes/protocols, including opportunities for groups of countries to

fulfil the requirements on a regional or sub-regional basis;

co-operation with competent international organisations to implement
effectively the objectives of the Convention;

encouragement of and co-operation in the promotion of public education
and awareness. of the environmental and socio-economic impacts of

greenhouse gas emissions and of climate change;

strengthening or modification if necessary of>existing legal and

inst;tutional instruments and arrangements relating to climate change;



provision on funding mechanisms.

Other key issues which will have to be addressed in the process of

elaborating this article include the'folloqing:

should there be a provision setting any specific.éoals with respect to
levels of emissions (global or natiénal) or atmospheric ‘concentrations
of greenhouse gases while ensuring stable development of the world
economy, particularly stabilisation by industrialised countries, as a
first step, and later'reduction of CO3 emiss;ons'and emissions of
other greenhouse gases not controlléd by the Montreal Protpcol; such
provisionvwould not exclude the application of more stringent natioqal
or regional emission goals than those which may be provided for in fhe

Convention and/or its annexes/protocols?

in light of the preambular languége, should there be a provision
recognising that implementation of obligations ﬁay take place in
different time frames for different categories of country and/or may

be qualified by the means at parties’ disposal and their capabilities?

should there be a commitment to formulate appropriate measures such as
annexes, protocols or other legal instruments and, if so, should such
formulation be on a sound scientific basis or on the basis of the best

available scientific knowledge?



- in addressing the transfer of technology particularly to developihg

countries, what should be the terms of such tfansfers (ie commercial -
vs. non-commercial, preferential vs. non-preferential, the
relationship between transfers and the protection of intellectual

property rights)?

- should funding mechanisms be limited to making full use of existing

mechanisms or a;so entail new and additional resources and mechanisms?

- should provision be made for envifonmental impact assessments of
planned actiQities that are likely to cause significant climate change
as well as for prior notice of such activities?

- what should be the basis of emission goals in the protocol(s)?

- should the particular problem of sea-level rise be specifically

addressed?
- is there a linﬂ between nuclear stockpiles and climate change?

INSTITUTIONS

It has been the general practice under international environmental
agreements to establisﬁ various institutional mechanisms. The parties to a
Climate Change Convention might, therefore, wish to make provision for a

Conference of the Parties, an Executive Organ and a Secretariat. The



Conference of the Parties may, among other things: keep under continuous

review the implementation of the Convention and take appropriate decisions to

this end; review current scientific information; and promote harmonization of

policies and strategies directed at limiting, reducing, adapting to and, as

far as possible, preventing climate changé.

Questions that will arise in developing provisions for appropriate

institutional mechanisms include:

- should any of thé Convention’s insti;utions (eg the Conference of the
Parties and/or the Executive Organ) have the ability to take decisions
inter alia on response strategies or functions in respect of
surveillance, verification and compliance that would be binding on all
the parties and, if so, should such an institution represent all of
.the parties or bé composed of a limited number of parties eg based on

equitable geographic representatibn?
- what should be the role of the Secretariat?

- what should be the decision-making procedures, including voting

requirements (eg consensus, majority)?



if a trust fund or other financial mechanism were established under

the Convention, how should it be administered?

should scientific and/or other bodies be established on a permanent or
ad hoc basis, 'to provide advice and make recommendations to the
Conference of the Parties concerning research activities and measures

to deal with climate change?

should the composition of the above bodies reflect equitable climatic

or geographic representation?

should there be a provision for working groups, eg on scientific

matters as well as on socio-economic impacts'and response strategies?
what should be the role of non-governmental organisations?
RESEARCH, SYSTEMATIC OBSERVATIONS AND ANALYSIS

It would appear to follow general practice to include provision for

co-operation in research and systematic monitoring. 1In terms of research,

each party might be called upon to undertake, initiate, and/or co-operate in,

directly or through international bodies,zthe conduct of research on and

analysis of:

physical and chemical processes that may affect climate;
- substances, practices, processes and activities that could modify the

climate;



- techniques for monitoring and measuring greenhouse gas emission rates

and their uptake by sirks;

- iméfoved climate models, particularly for regional climates;

- environmental, social gnd economic effects that could result from
modifications of climate;.

- alternative substapceé, technologigs and practices;

- ehvironmental,_social and econémic efﬁects of response strategies;

- human activiﬁiés affecting climate; |

- coastal areas w;th particular referehce tb sea-level rise;

- water resﬁufces{ and

- energy efficiency.’

The parties might also be called upon to co-operate in establishing
and improving, directly and/or through comﬁetént international bodies, and .
taking fully‘into account national legislation and relevant on-going
activitiéskat the national, reéional and international levels, joint or
complementary programmes for systemati¢ monitoring and analysis of climate,
including a possible worldwide system; and co-operate in ensuring the
collection, validation and transmission of research, observational data and

analysis thfough appropriate data centres.
Other issues that will arise in developing this provision include:

- should consideration be given to the establishment of panels of
experts or of an independent scientific board responsible for the
co-ordination of data collection from the above areas of research and

“analysis? -
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- should provision be made for on-site inspection?

- should there be provision for open and non-discriminatory access to

meteorological data developed by all countries?

- should a specific résearch fund be established?

INFORMATION EXCHANGE AND REPORTING

Precedeﬁts would suggest. the inclusion of a provision for the
transmission of informa;ion through the Segretariat to the Conference of the
Parties on-measures adopted by them in iméiementation of the COnQention and of
protocols to which;they are party. 1In ;n annex to the Vienna Convention, the
types of information exchanged are specified and include scientific,

technical, socio-economic, commercial and legal information.

For the purposes of elaborating this provision, issues having to be

addressedvby the négotiating parties include the following:

- is there a need for the elaboration of a comprehensive international
research programme in order to facilitate co-operation in exchange of

scientific, technological and other informétion on climate change?

- should parties be obliged to report on measures they havevadopted for
the implementation of the Convention, with the possible inclusion of
regular reporting on a comparable basis of their emissions of

greenhouse gases?
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- should each barty additionally be called upon to develop a national
inventory of emissions, strategies and available technolegies for
addressing climate change; if so, the Convention might also call for
the exchange of information on such inventories, strategies and

technologies?
DEVELOPMENT AND TRANSFER OF TECHNOLOGY

While the issue of technologf has been addressed in the section on
General Obligations, it might be considered desirable to include separate
provisions on technology transfer and technical cooperation. Such provisions
could call upon the parties to promote the development and transfer of
technology and technical cooperation, taking into account particularly the
needs of developing countries, to enable them to take measures to protect
against the adverse effects of climate change, to limit, reduce and as far as

possible prevent climate change, or to adapt to it.

Another issue which will arise is: should special terms be attached to
climate-related transfers of technology (such as a preferential and/or
non-commercial basis and assured access to, and transfer of, environmentally
sound technologies on favourable terms to developing countries), taking into

consideration the protection of intellectual property rights?
SETTLEMENT OF DISPUTES

It would be usual international practice to include a provision on the

settlement of disputes that may arise concerning the interpretation or
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application of the Convention and/or its annexes/protocols. Provisions
similar to those in the Vienna Convention for the Protection of the Ozone
Layer migﬁt be employed, ie voluntary resort to arbitration or the
International Court of Justice (with a binding award) or, if neither of those
options is elected, mandatory resort to conciliation (with a recommendatory

award).
OTHER PROVISIONS

It would be the usual international practice.to include clauses on the

following topics:

- amendment of the Convention;

- status, adoption and amendment of ‘annexes;

- adoption and entry into force of, and amendments to, protocols;
- signature;

- ratification;

- accession;

- right to vote;

- relationship between the Convention and its protocols;
- entry into force;

- reservations;

- withdrawal;

- depo;itary;

- authentic texts.
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ANNEXES AND PROTOCOLS

The negotiating parties may wish the Convention to provide for the
possibility of annexes and/or protocols. Annexes might be concluded as
integral parts of the Convention, while protocols might be concluded
subsequently (as in the case of the Montreal Protocol to the Vienna Convention
on Protection of the Ozone Layer). While it is recognized that the Convention
is to be all-encompassing, £he negotiating parties will have to decide whether
greenhouse gases, their sourcés and sinks, are to be dealt with: individually,
in groups or comprehensively; in annexes or protocols to the Convention. The
following, among others, might also be considered as possible subjects for

annexes or protocols to the Convention:

- agricultural practices;

- forest management;

- funding mechanisms;

- research and systematic observations;

- energy conservation and alternative sources of energy;
- liability and compensation;

- international emissions trading;

- international taxation system;

- development and transfer of climate change-related technologies.

Issues that will arise in connection with the development of annexes

and protocols include:
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timing, ie negotiating parties advocating a more action-oriented
Convention may seek to include specific obligations in aﬁnexes as
opposed to subsequent protocols and/or negotiate one or more protocols

in parallel with the Convention negotiations;

sequence, ie if there is to be a series of protocols, in what order

should they be taken hp?
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EXECUTIVE SUMMARY - RESPONSE STRATEGIES WORKING GROUP

1.0 INTRODUCTION

Climate change is an issue which concerns the entire
jnternational community. 'The IPCC's Response Strategies
Working Group (RSWG) explored possible options for responding
to climate change at the national, regional, and international
levels. 1In carrying out this work the RSWG evaluated current
and future sources and levels of greenhouse gas emissions,
available measures for limiting the increase in the atmospheric
concentration of such gases, and options for adapting to
possible climate change.

The RSWG has identified a large number of short and long
term options for consideration by the international community
in addressing climate change. There are, for example, many
options available for limiting greenhouse gas emissions from
the energy, industry, agriculture, and forestry sectors through
the adoption of a variety of technologies and resource use
strategies. Measures are also available for enhancing the
ability of coastal regions and natural resources to adapt to a
changing climate.

The implementation of specific response strategies will
depend on national and regional circumstances and on the
development of an international consensus on how to address
climate change. This report is designed to provide a
preliminary analysis of the many complex issues related to the
development of such response strategies. While further work is
required on the major topics which have been identified, in
particular research related to the economic costs of
implementing specific response options, this report, as an
international consensus document, provides an important interim
guide for policy makers around the world.

2.0 ANTHROPOGENIC SOURCES OF GREENHOUSE GAS EMISSIONS

A wide range of human activities result in the release of
these greenhouse gases into the atmosphere. Anthropogenic
emissions can be categorized as arising from energy production
and use, industrial activity (primarily the production and use
of CFCs), agricultural practices, and changes in land-use
patterns (including deforestation and biomass burning). The
relative contribution of these activities to climate forcing
change are shown below in Figure X.

DRAFT
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'CURRENT CONTRIBUTIONS TO GLOBAL WARMING
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The most important source of greenhouse gas emissions is
energy production and use. The consumption of energy from
carbon-based fuels (coal, petroleum, and natural gas) for
industrial, commercial, residential, transportation, and other
purposes results in large emissions of CO2 and other gases and
accounts for about 57 percent of the climate forcing change
resulting from human activities. Industrial activities not
related to energy use comprise another 20 percent of
anthropogenic contributions. The vast majority of these
contributions result from the production and use of CFCs and
other halocarbons, powerful greenhouse gases which also deplete
the stratospheric ozone layer, in various industrial processes.

Agricultural practices account for about 14 percent of
climate forcing change from human activities. B8Significant
amounts of methane are released in the process of rice
cultivation and cattle raising, while nitrous oxide is released
during the use of nitrogenous fertilizers. Another 9 percent
of anthropogenic contributions are the result of deforestation,
biomass burning, and other land-use patterns which release CO2,
methane, and nitrous oxide.

Estimates of current greenhouse gas emissions, however, are
imprecise because of uncertainties regarding both total
emissions and emissions from each source. Emissions from
certain sources are particularly difficult to measure. For
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example, estimates of CO2 emissions from deforestation and of
methane emissions from rice cultivation, cattle raising, and
biomass burning vary by factors of two or more.

3.0 FUTURE GREENHOUSE GAS EMISSIONS

Greenhouse gas emissions from most sources are likely to
increase rapidly in the future in the absence of any specific
policy measures designed to limit their growth. As economic
and population growth continues, in particular in the
developing countries, there is expected to be a sharp increase
in energy use, agricultural activity, and land use modification
patterns, which will result in rising future emissions of CO2,
methane, nitrous oxide, and other greenhouse gases. CFCs
provide the only exception to this trend as their use is being
restricted under the terms of the Montreal Protocol on
Substances that Deplete the Ozone Layer.

The RSWG developed estimates of future emissions of
greenhouse gases to the year 2100 based on: World Bank
estimates of world economic and population growth; estimates by
experts' groups of future rates of energy use, deforestation,
and agricultural production; and the assumption that the
current Montreal Protocol would be implemented worldwide,
albeit with less than 100 percent global compliance. Using
these assumptions, it is estimated that CO2 emissions will more
than triple by the year 2100 from 1985 levels, methane
emissions nearly double, and nitrous oxide emissions increase
nearly 50 percent. SEE FIGURE X:

FIGURE X

INCREASE IN'GREENHOUSE GAS EMISSIONS OVER 1985 LEVELS

CO2 (petragrams C) -6 8 12 15 19 22
N20 (teragrams N) 12 14 16 17 17 18
CH4 (teragrams) 540 614 761 899 992 1062
Source: Task A report

The emissions projections also show that the regional
sources of greenhouse gases are likely to change dramatically
in the future. At the present time, the OECD countries account

for about __ percent of all emissions, the USSR and Eastern
Europe about __ percent, and the developing countries the
remaining __ percent. However, as a result of the relatively

greater economic and population growth rates ezpected to take
place in developing countries, their relative share of future
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greenhouse gas emissions will rise sharply, to an estimated _

percent of global emissions by the year 2050. See TABLE X

TABLE X

1985 ' , 2050
OECD
USSR/EE .+ Figures to be drawn from Task A report
LDCs B

The cumulative effect of these projected emissions on the
atmosphere was calculated using the concept of equivalent CO2
concentration, in which the contributions of :all greenhouse
gases to climate forcing change are converted into their
equivalent in terms of CO2 concentrations. The RSWG found
that, under the assumptions used in estimating future
emissions, by the year 2030 the concentration of greenhouse
gases in the atmosphere will contribute the same amount to
climate forcing change as would a doubling of CO2
concentrations from pre-industrial levels. In the absence of
any policy changes, it is estimated that these greenhouse gas
concentrations will continue to increase through the rest of
the century. SEE FIGURE X

FIGURE X

EQUIVALENT CO2 CONCENTRATIONS

1250

1050

650

CO2 DOUBLING .

450
250

It must be emphasized, however, that there are significant
inherent difficulties in making long term projections of this

1985 . 2000 ‘ 2025 2050 2075 2100
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kind. Because these estimates make assumpt1ons'about future
rates of population growth, economic growth, deforestation,
agricultural production, technological innovation, and other
factors, their accuracy is highly uncertain. While they
represent an educated best guess of what the. future may look
like under "business- as-usual" conditions, they should be used
w1th caution. ' . ,

Nonetheless, the latest data be1ng developed by the RSWG
suggests that the 2030 date is a conservative estimate for a
Cco2 equlvalent doubling and that emissions may actually rise
" faster than is projected under this scenario. For example,
data supplied recently by some 20 countries on 1likely future
energy and industry emissions 1nd1cates that energy-related
emissions in the year 2025 could be roughly 20 percent higher -
than 1n the "business-as-usual® scenario dlscussed above.

4.0 RE5EQﬂ5E_SIEAIEQlES_EQB_ADDBE&SIHQ_QLIMAIE_SHAHQE

Because c11mate change could result in 51gn1f1cant 1mpacts on
the global environment, it is important to begin considering now
what measures. might be taken in response to this prospect. The
RSWG explored a wide range of measures which the international
community may wish to take into account in this process.

Measures both to 11m1t net ‘greenhouse gas emissions and to
increase the ability of society and ecosystems to adapt to a
changing c11mate were reviewed. \

The con51derat10n of cllmate change response strategles,
however, presents formidable difficulties for policy makers. On
the one hand, there is 1nadequate information available to make
sound policy analyses because of: (1) remaining uncertainties
regarding the magnitude, timing, and ‘regional 1mpacts of climate
change; and (2) the lack of data on the economic costs of
- implementing spec1f1c response ‘options. On the other hand, the
potentially serious 1mpacts of climate change on the global
environment may requlre some. response strategies to be
"implemented even in the face of such 51gn1f1cant uncertalntles. _

Recognizing these factors, a large number of options were

- - evaluated. Some of these options appear to.be economically and

soc1a11y feasible for implementation in the near-term while
others, because they are not yet economically viable or requlre
- further research, may be more appropriate for implementation in
the longer-term. In general, the RSWG found that the most
effective response strateg1es are those which are:

o - Beneficial for reasons other than climate change and
' justifiable in their own right, for example energy
efficiency, better management of forests and other natural
resources, and reductions in CFC production and use;
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o Cost effective and economically efficient; -

o Able to serve multiple social, economic, and environmental
purposes; ' ‘

o. Flexible and subject to mod1f1cat1on, so0 that they can
balance increased understand1ng of climate change with
further actions;

o Compatible with the concept of sustainable econom1c
development,

o Administratively pract1ca1 and effect1ve in terms of
‘application, monitoring, and enforcement,

o) Equitable in terms of dlstrlbut1on of costs and obligations

across natlons, 1ntergenerat10nal and income class categories;

o. Take into account the obllgatlons of both developed and
: developlng countries in addressing this issue, while
recogn1z1ng the spec1a1 needs of developing countries

5.0 OPTIONS FOR LIMITING GREENHOUSE GAS EMISSIONS
The RSWG reviewed available meesures for mitigating climate

change by limiting net emissions of greenhouse gases from the
energy, industry, transportation, forestry, agriculture, and

‘other .sectors. These measures include those which limit -

emissions from greenhouse gas sources (such as energy production)
as well as those which enhance natural sinks for greenhouse gases:
(such as forests and other blomass) . An ana1y51s of both short
and -long term options for each major emlss1ons sector is provided
below.

- The energy sector plays a vitally important role in economic
development for all nations. At the same time, because energy
product1on and use accounts for about 57 percent of all current
greenhouse :gas emissions, energy p011C1es need to ensure that
sustained' economic-growth occurs in a manner that also preserves

. the global environment for future generations. Climate change

clearly represents an unprecedented challenge to energy policy
development. L

The RSWG's consideration of response strategies in the energy
and industry. sector suggests that economic growth and reductions
in greenhouse gases can co-exist and that policies and
technologles can make a mean1ngfu1 contribution to limiting
emissions. However, there is no single quick-fix technological
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option for limiting greenhouse gas emissions. Alcomprehensive
strategy is necessary which deals with improving efficiency on

both the demand and supply sides as a priority and emphasizes

technological research and development.

There are a number of options available for reducing
greenhouse gas emissions from energy systems. The most relevant
categories of technologies and systems are:

o efficiency improvements and conservation in energy supply,
conversion and end-use;

o fuel substitution by energy sources which are lower in
greenhouse gas emissions (e.g. natural gas, nuclear, and
renewable sources);

o] reduction of greenhouse gas emissions by removal,
recirculation or fixation.

From an analysis of available technologies in these
categories it is clear that some technologies are available now
and are generally economically feasible whereas others need
further technological development to: lower costs or to improve
environmental benefits. TABLES X and Y provide various
examples of technologies within each of the broad categories
defined above, and their possible application in the shorter
and longer time frames. An analysis of these options by sector
is provided below. :

ran X ion ¢+ The technical potential for vehicle
efficiency improvements is very high despite the substantial
improvements which have already been made. Potential reduction
of greenhouse gases using current technology is in the range of
50 percent. - However, market potential is constrained by
replacement rates of vehicles, consumer demand, and the
preference for large, more powerful and better equipped cars.
Substantial technical potential also exists for fuel
substitution through: (1) the use of fuels derived from natural
gas, ethanol, or other fuels derived from biomass; or (2)
development of non-fossil electricity for electric or
hydrogen-fuelled vehicles. Presently, however, the market

" potential of most of these options is very low for a variety of

reasons.

Buildings Sector: The technical potential for energy

efficiency gains in the residential and commercial sectors is
substantial. New homes can be built which use only about half
of the energy needed for heating and cooling existing homes,
while retrofits of existing homes could result in 25 percent
energy use savings. Reductions of energy use in existing
commercial buildings of at least 50 percent may be feasible,
and new commercial buildings could be up to 75 percent more
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efficient than existing buildings. However, realization of a
significant percentage of these potential gains requires major
implementation efforts involving governments, the private
sector, and individual consumers.

Electricity Sector: - Under current price conditions, both
efficiency and fuel substitution are largely dependent on the
rate of retirement of existing power plants, the growth in
demand for electricity, and the cost of the replacement plant.
The technical potential for greater efficiency in electricity
generation is in the range of 15 to 20 percent. Fuel
substitution (e.g. from coal to natural gas) could achieve in
the range of 50 percent improvement in CO2 emissions. The
economic potential for greater fuel efficiency and for fuel
switching is considerably lower and is very sensitive to
assumptions about future fuel prices.

Industrial Energy: The documented technical potential for
efficiency improvements in the industry sector ranges from 13
percent in some sub-sectors to over 50 percent in others.

There may also be significant potential for reducing greenhouse
gas emissions through industrial fuel switching. However, this
potential must be viewed from the perspective of the very
dramatic efficiency improvements which have been already
achieved in the energy-intensive industries over the last 15
years. :

5.2 LIMITATION OF NET EMISSIONS FROM THE INDUSTRY SECTOR

The most significant source of greenhouse gases associated
with industrial activity is the production and use of CFCs and
other halocarbons. However, while CFCs represent a very
important source of greenhouse gas emissions (about 17 percent
of global contributions), the RSWG did not consider control
strategies for this gas since this issue is already addressed
under the Montreal Protocol on Substances that Deplete the
Ozone Layer. International negotiations are now underway on
possible modifications to the Montreal Protocol. The outcome
of these discussions will have an important impact on climate
change response strategies.

5.3 LIMITATION OF NET EMISSIONS FROM THE AGRICULTURE SECTOR

About 14 percent of global greenhouse gas emissions can be
attributed to the agricultural sector, in particular livestock
systems, rice cultivation, and the use of nitrogenous
fertilizers. Limitation of emissions from this sector presents
a challenge because the processes by which greenhouse gases, in
particular methane and nitrous oxide, are released in
agricultural activities are not well understood. There appear,
however, to be a number of short-term response options,
economically viable in their own right, which could contribute
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to a 11m1tat10n of net emissions from agr1cu1tura1 sources. In
addition, there are a number of promising technologies and
practices which, in the longer-term, could significantly reduce
greenhouse gas emissions.

Short-Term Options:

Livestock systems: Methane emissions can be reduced
through: management of livestock wastes under low oxygen
conditions; expansion of supplemental feeding practices;

and increased use of product1on and growth enhancing agents.

Fertilizer use: Nitrous oxide emissions may be reduced by
using improved fertilizer formulations and application
technology.

Ma;ginal.lanﬂs: Areas marginally suitable for annual
cropping systems could be shifted to perennial cover crops
for fodder or pastoral land uses, or forests if soils are
suitable. Such actions would increase carbon uptake, both
in the vegetation and soil, and would yield other benefits.

le i i : Where appropriate,
minimum or no-till systems could be introduced for those
countries currently using traction tillage as part of the
annual cropping sequence.

Longer-Term Options:

Rice cultivatjon: A comprehen51ve approach, including
management of water regimes, development of cultivars,
efficient use of fertilizers, and other management
practices, could lead to a 10 to 30 percent reduction in
- methane emissions from flooded rice cultivation, although
substantial research is necessary to develop and
.demonstrate these pract1ces.

Livestock: Through a number of technologies it appears
that methane emissions may be reduced from livestock
systems by 25 to 75 percent per unit of product in dairy
and meat productlon, although many uncerta1nt1es exist.

Eg;ti;izg;a: Fert111zer-der1ved emissions of nitrous oxide
potentially can be reduced (although to what extent is
uncertain) through changes in practices such as using
"fertilizers with controlled nitrogen conversion rates,
improving fertilizer-use efficiency, and adopting
alternative agricultural systems.
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Forestry practices and other human activities associated
with land-use, such as biomass burning and landf1lls, account
for over 9 percent of global greenhouse gas -emissions. A
number of short and long term response options for limiting net
emissions from these sectors -have been identified.

Short-Term Options:

Forestry: The development and implementation of policies
‘to reduce deforestation and forest degradation and to -
ensure the health of existing forests can lead to
_substantial net CO2 reductions.

-- Long. term CO2 storage may be enhanced through
substitution of wood for high energy input materials and
further recycling of forest products.

-- Existing international institutions and programs, such
as the Tropical Forestry Action Plan process and the
International Tropical Timber Organization, could be
strengthened, supported, and extended to deal with troplcal
deforestation issues.

- Surplus or marginal agricultural land could be
converted to forests to enhance CO2 sequestering.

-- Fossil energy sources may be replaced with wood through
the use of managed sources of biomass, such as fuel-wood
plantations, in particular in temperate  and boreal regions.

Eigmagg_ﬂn;ning: Biomass burning can ‘be reduced through
fire management programs and widespread use of alternative
agricultural practices.

Waste Management: Landfill methane recovery systems and
flaring may be practical for many developed countries,
while biogas systems to treat wastewater 'in developing
countries also could reduce methane emissions.

Longer-Term Options:

Forestry: Wood production could be increased through the
development of new silvicultural measures and genetically
1mproved trees.

-~ Forest protection could be enhanced through the
incorporation of strategies for fire, insects, and diseases
into future management plans and through the development of
silvicultural adjustment and stress management strategies.
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- Because temperate forests are 1ntens1vely managed,
there could be specific opportunities to limit net CO2
‘emissions by expanding temperate forest blomass.'

—- 'The demands on tropical forests for the expansion of
. agriculture could be reconciled with the concurrent need
for forest conservation through 1ntegrat10n of agriculture
~and forestry plans.

Biomass burning: Trace gas emission from biomass burning -

and other land use practices may be reduced through
w1despread adopt1on of sustalnable agr1cu1tura1 practices.

;Haste_ﬂanagement: Methane emissions from landfills could
be reduced 30 to 90 percent through gas collection and
“flaring, while methane emissions from wastewater treatment
can be reduced completely by biogas plants. Demonstration,
tra1n1ng, and technology. transfer are necessary to realize
"these potentlals.

6.0 RET,N_,"‘_ : ” ,

. There has been considerable international discussion of
targets for spec1f1c greenhouse gas emissions, in partlcular
€02, which is the most abundant of the gases. At the ‘November
1989 Noordwijk Conference on Atmospherlc Pollution and Climate

‘Change, the final declaration called on the IPCC to examine
possible quantitative targets for greenhouse gas emissions,
including a stabilization of COZ emissions by the year 2000 and
a 20 percent. reduction in CO2 emissions by 2005. The
Conference .also called for consideration of the feasibility of
increasing net forest growth. by 12 m1111on hectares per year.

The RSWG has made consideration of the feasibility of
quantitative targets .a priority task, - although it was not
possible to complete such an analys1s by the time of this
-report's publlcatlon. The pr1mary constraint on conductlng
this analys1s is the serious lack of data on the economic costs
of the various response options for limiting net greenhouse gas
emissions. While. the technological feas1b111ty of a number of
. options has been demonstrated, there is very little information
available on the actual ‘economic costs associated with
1mplementat10n of such options. This issue has been identified
as one of the most important areas for-future research by the
RSWG and concerned 1nternat10na1 organlzatlons

The RSWG was able to conduct some preliminary analyses

related to the stabllizatlon of emissions, primarily co2, from .

the energy sector. .It was found that, when compared to the
expected rate and level of global eémissions by the year 2005,
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stabilizing emissions from the energy sector would require
reductions of about one-third by 2010. The ana1y51s also
indicated that ‘the capacity of different regions of the world
to reduce emissions levels varies greatly. Some preliminary
results on prospects for stabilizing CO2 emission from the
energy sector are that.

o Some West European countries may be able to stabilize or
- reduce CO2 emissions by early in the next decade through a
variety of measures including taxes, energy efficiency
programs, nuclear power, natural gas, and renewables.

(o] East European countrxes and the USSR may be able to reduce
CO2 emissions over the next two decades if policies to
restructure their economies, increase efficiency, and
promote economic development are successfully implemented.

(o} Developlng countries may be ‘able to reduce their annual
growth in CO2 emission from over 3 percent to around 2
percent,- while maintaining economic growth. The largest
opportunities in developlng countries appear to be
increased efficiency in both energy supply and demand.

o Some North American and OECD Pacific countrles may slow the
growth in CO2 emissions by increased efficiency in energy
supply and demand, fuel switching, and other measures.

7.0 MWW

In addition to the limitation options discussed above, the
RSWG reviewed available options for adapting to climate
change. The consideration of adaptatlon options is critical
for two reasons. First, because there is predicted to be a lag
time between emissions and subsequent climate change, the
climate may already be committed to a certain degree of
change. Implementation of adaptation measures may thus be
necessary regardless of any limitation act1ons which may be -
taken.

Second, should significant climate change occur, it will
likely be necessary to consider limitation and adaptation
strategies as part of an integrated package in which policies
adopted in the two areas complement each other. It is
particularly important to address those cases where limitation
and adaptation policies may work at cross purposes. For
example, the use of plantation forests to provide substitutes
for fossil fuels may be contrary to strategies for enhancing
the ability of ‘ecosystems to adapt to a changing climate.

The RSWG explored two broad categories of adaptation
options:
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o Coastal zone management, or options which mazimize the
ability of coastal regions to adapt to possible sea level
rise and increased frequency and severity of storms; and

o Resource use and management, or options which address the
potential impacts of climate change on food production,
water availability, other natural resources, and
biodiversity.

7.1 COASTAL ZONE MANAGEMENT

Global climate change is projected to raise sea level by as
much as one meter over the next century and, in some areas, to
increase the frequency and severity of storms. - Although there
‘remain uncertainties regarding the possible rate and magnitude
of sea level rise, hundreds of thousands of square kilometers
of coastal wetlands and other lowlands could be inundated,
'while ocean beaches could erode perhaps as much as one hundred
meters. Flooding could threaten lives, agriculture, livestock,
and structures, while saltwater could advance inland into
aquifers, estuaries, and soils, thus threatening water
supplies, ecosystems, and agriculture in some areas.

Some nations are particularly vulnerable. Eight to ten
million people live within one meter of high tide in each of
the unprotected river deltas of Bangladesh, Egypt, and
Vietnam. Half a million people live in various coral atoll
nations that lie almost entirely within three meters of sea
level, such as the Maldives, the Marshall Islands, Tuvalu,
Kiribati, and Tokelau. Even in nations that are not, on the
whole, particularly vulnerable to sea. level rise, some
low-lying areas or regions dependent on fisheries resources
could be threatened. :

Available responses to sea level rise fall broadly'into
three categories: ‘

o Retreat: Under this option no actions would be taken to
protect the land from the sea - the focus would instead be
on providing for people and ecosystems to shift landward in
an optimal fashion. This choice could.be motivated by
either excessive costs of protection or by a desire to
maintain ecosystems.

o  Accommodation: Under this strategy, while no attempt would
' be to protect the land at risk, measures would be taken to
allow for continued habitation of the area. Specific
responses under this options would include erecting. flood
shelters, elevating buildings on pilings, converting
agriculture to fish ponds, or utilizing flood or salt
tolerant species.
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o Protection: A protection strategy uses site-specific
features such as sea walls, dikes, dunes, and vegetation to
protect the land from the sea so that existing land uses

- can be retained. R :

There are varying socio-economic implications for each of
these options. Retreat would lead to .a loss of property, '
potentially costly resettlement of populations, and, in some
notable cases, refugee problems. Accommodation would result in
declining property values, increased damage from storms, and
costs for modifying infrastructure. The protection option
would involve the considerable economic costs of building sea
walls and other structures (even ignoring the impacts of .
flooding, a one meter rise would require 360,000 km of coastal
defenses at an estimated cost of about $500 billion) and could
also result in negative impacts on fisheries -and recreational
uses.

AgLiQns_tg_21g2a1g_fg1_Eéséihle_Seg_Lgxgi_Rise:

In general, the RSWG concluded that: (1) in a few.
noteworthy cases, the impacts of sea level rise could be
disastrous; (2) in a few cases impacts would be trivial; but
(3) for most coastal nations, the impacts would be serious but
manageable. While the uncertainties regarding the potential
for sea level rise are being addressed by scientists, a number’
of short term options. exist which would enhance the ability of
coastal zones to adapt to sea level rise and which are also
. beneficial in their own right. These include:

o Improving scientific and public understanding of the
problem and increasing research on which options are _
_warranted given current information. Better information on
land elevation and other coastal zone features is also
necessary as most nations do not have detailed maps from
which to determine the coastal areas and resources

vulnerable to sea level rise.

o Ensuring that coastal development does not increase the
vulnerability of coastal regions to sea level rise.
Actions in particular need of review include river levees
and dams, conversion of mangroves and other wetlands for
agriculture and habitation, and increased settlement in
low-lying areas.

(o} Strengthening emergency preparedness and coastal management
programs. There is a need for evacuation plans, emergency
shelters, and improved forecasts of tropical storms,
particularly in developing countries.
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o Enhancing national, regional, and international plann1ng
efforts to: identify coastal areas at risk; assess the
implications of adaptive response measures; and provide
assistance to developing countries in addressing the
problems associated with sea level rise. The role of
international organizations like the WMO and OIC in
monitoring and predicting changes in see level and UNEP in
collecting and disseminating 1nformat10n will be important.

(o] Considering the possibility of sea level rise in the design
and location of current coastal infrastructure and coastal
defenses. While structural measures to prepare for sea
level rise are not yet warranted, it is sometimes less
expensive to design a structure today 1ncorporat1ng these
factors than rebuild it later.

e} Developing, by the year 2000, national coastal zone
management plans which ensure that risks to populations are
minimized while recognizing the need to protect and
maintain important coastal ecosystems.

o) Supportlng natlonal efforts directed at limiting population
growth in coastal areas. 1In the final ana1y51s, rapid
population growth in coastal areas and, in partlcular,
areas vulnerable to sea level rise, is the main underlying
problem affecting both the efficacy of coastal zone
management and the success of adaptlve response options.

7.2 RESQURCE USE AND MANAGEMENT

Resource use and management refers to a broad range of
human activities and natural ecosystems which could be affected
by climate change. These include agriculture, animal
husbandry, fisheries, water resources, land use, forests, and
biological diversity. Some of the major concerns which need to
be addressed when considering adaptation options for resource
use and management include:

o Food and fiber security: A changing climate could result
in shifting patterns of food production from agricultural,
fisheries, and other sources.

o Water resource availability: Because climate change could

results in modifications in the hydrologic cycle, water
availability patterns may be altered.

o . Mg_gggﬂ_ﬂggsxsggmgL A changing climate could result in

shifts in the natural range of managed ecosystems, such as
plantation forests, with potentially negative results.

o] mana ms: Unmanaged ecosystems, which include
" most of the world's forests and which contain most of the
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world's biological diversity, could likewise be adversely
affected by shifts in climatic zones. ' :

[The potential impacts of climate change on the use and
management of resources are very poorly understood (see Impacts
Working Group report). Furthermore, credible regional
. estimates of changes in critical climatic factors, such as
temperature, soil moisture, interannual and interseasonal
variability, and frequencies of droughts, floods and storms,
are simply not available. While it is clear that some of the
impacts of climate change on resources could be negative and
others positive, a more specific quantification of those
impacts is not possible at this time. 1In general, however, it
can be said that: (1) those resources which are managed by
humans are more suited to successful adaptation than unmanaged
ecosystems; and (2) thé faster the rate of change, the more
likely it is that impacts will be negative]. .

In recognition of the uncertainties regarding resource use
and management, the following analysis provides general, rather
than specific, options. The appropriateness of these options
for individual countries may vary depending on. the specific
social, environmental ‘and economic context.

" Despite the considerable uncertainties regarding climate -
change impacts on resource use and management, certain
anticipatory actions can be taken to improve resiliency to
climate change. There are a number of responses that are
probably economically justified under present-day conditions
and which could be undertaken for sound resource management
reasons, even in the absence of climate change, to meet .
increasing demands on these resources. These actions, which
could generally be implemented in the short-term, include:

-- Measures which would augment our knowledge base to make
more reasoned judgments for resource use response
strategies or which promote research on resource issues.
Examples of such measures include:

(o] stimulating the development bf practices for more
efficient resource use; S

o disseminating information on the resource use and
management practices that already exist globally under
widely divergent‘climatic conditions;

o developing néw resources (e.g. drought or salinity
resistant cultivars and genetically engineered
species) which could cope with the potentially worst
‘consequences of climate change;
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(o} developing new food products that can be more easily
stored and improving storage facilities where yields
tend to be unstable;

(o} identifying vulnerable areas and developing
inventories of the current and future state of
resources;

(o} protecting biodiversity (including 1ncreased research

on the preservation of biological resources in situ
and ex situ) and germ plasm resources.

Measures which lead to an increase in the productivity or
efficiency of crops, forests, livestock, fisheries, and

other resources consistent with principles of sustainable
economic development. Examples of such measures include:

o) increased meat or milk productivity per animal

o increased productivity of fuelwood, timber, and other
forest products

o increased agricultural productivity_

o reviewing and eliminating, where appropriate, direct
and indirect subsidies and incentives for inefficient
resource use, '

Measures to expand carrying capac1t1es (for those areas
where carrying capacities are strained or extended). These
could include implementing pollution control measures,
improving access to potable water or transportation
infrastructure, or increasing irrigation water use
efficiency and drainage to allow water supplies to serve
greater areas.

Measures to promote and strengthen resource conservation
and sustainability of resource use -- especially in highly
vulnerable areas and in developing countries. This could
include developing methods whereby local populations and
resource users gain an economic stake in conservation and
sustainable resource use (e.g. by investing resource users
with clear property rights and long-term tenure)

Other measures which could assist adaptation, such as:
encouraging water conservation; allowing voluntary water
transfers or markets; improving food distribution and
storage; promoting sustainable management practices and
continuing and improving agricultural and natural resource
research/extension institutions. .
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) . aptation Options:

There are also a number of other possible responses which
are costly or otherwise appear to be more appropriate for
consideration in. the longer-term, once uncertainties regarding
climate change impacts are reduced. Options in this category
include: '

6 Building large capital structures such as dams to provide .
for enhanced availability of water and other resources.

o Strengthening and enlarging protected natural areas and
establishing conservation corridors to enhance the.
adaptation prospects for unmanaged ecosystems.

o ' Developing alternatives for current‘resouch-basedJ
livelihoods. ' -

8.0 MEQHAEIEME_EQE_LM2LEMEEil!ﬁ_BEEEQHSE_SIBAIEQIES

The RSWG also considered in detail several priority areas
which- must be addressed in order to adegquately implement
limitation or adaptation responses. These "implementation
mechanisms" represent the primary vehicles through which _
national and international responses to climate can be brought
into force. The specific implementation mechanisms considered
were: ‘

o . Public information and education;
o Economic (market) measures;
(o} Technology dé#eiopment and transfer;

o Financial measures;

0 Legal and institutional measures, incluﬁing possible

elements of a framework convention on climate change.

The results of the RSWG's deliberations on these issues are
provided below.

8.1 PUBLIC INFORMATION AND EDUCATION

An environmentally informed global population is essential
for addressing and coping with an issue .as complex as climate
change. Because climate change has the potential to affect,
either directly or indirectly, almost every sector of society,
broad global understanding of the issue will facilitate the
adoption and implementation of response options. The
dissemination of information also represents a powerful
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economic instrument for ensuring that markets accurately take
jnto account potential consequences and/or opportunities of
climate change.

The core aims of public education and information programs
are to:

(o} Promote awareness and knowledge of climate change issues

o Encourage positive practicés to limit and/or adapt to
climate change

0 Encourage wide participation by all countries, both
developed and developing,. in addressing climate change and
developing appropriate responses.

Given the importance of a well-informed population, the
RSWG developed suggestions and approaches for improving
international awareness of the causes and potential impacts of
climate change. 1In this process it was recognized that, while
broad-based understanding is essential, no single mechanism can
work for every group or in every culture or country. The
social, economic, and cultural diversity of nations will likely
require educational approaches and information tailored to the
specific requirements and resources of particular locales,
countries, or regions.

A number of national and international actions can be taken
to disseminate broadly information on climate change. These
include the: ' '

o Establishment of national committees or clearing houses to
collect, develop and disseminate materials on climate
change. This could help provide focal points for
information on issues such as energy efficiency, energy
savings, forestry, agriculture, etc.

o Use by international organizations (UNESCO, UNEP, WMO,
etc.) of IPCC reports in developing and providing to all
countries understandable guidelines for future actions.

o Use of an existing international institution, or
development of a new institution, to serve as a
clearinghouse for informational and educational materials.

8.2 [ECONOMIC (MARKET) MEASURES

It is important that any potential measures to limit or
adapt to climate change be as economically efficient and
cost-effective as possible. 1In general, environmental
objectives can be achieved either through: (1) regulations
requiring the use of a specific technology or attainment of
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specified goals; or (2) economic instruments such as emissions
fees, subsidies, tradeable permits, or sanctions.

Economic instruments, through their encouragement of
flexible selection of -abatement measures, frequently offer the
possibility of achieving environmental improvements at lower
cost than regulatory measures. Unlike many regulations, they
also tend to encourage innovation and the development of
improved technologies for reducing emissions. It is unlikely,
however, that economic instruments will be applicable to all
circumstances. For example, where market distortions or
failures exist, regulations may be more approprlate. In the
final analysis, some combination of economic and regulatory
measures will likely be the most appropriate.

Three important considerations were identified as potential
barriers to the achievement of environmental objectives through
these market-based mechanisms: (1) market mechanisms require
the adequate dissemination of information to achieve their
maximum benefits; (2) existing measures and institutions, such
as subsidies, sanctions, regulations, and technical standards,
may encourage counterproductive behavior; and (3) other
competing social, environmental, and economic objectives may be
relevant, and thus need to be considered together with climate
change-related measures as part of an integrated policy
package. These barriers should be addressed when developing
plans for the use of economic measures.

A number of specific economic instruments were identified
that might be used as alternatives or supplements to regulatory
actions in meeting environmental goals:

o A system of tradeable emissions permits: An emission
permit system is based on the concept that the economic
costs of attaining a given environmental goal can be
minimized by allowing for the trading of emissions rights.
Once an overall national or international limit on
emissions has been set, emissions entitlements could be
provided to emitting sources and free trading of such
entitlements could be allowed. This would reduce the costs
of meeting a given emission target because: (1) as in
“international trade, comparative advantages between trading
entities would be maximized; and (2) economic incentives
would be created for the development of improved greenhouse
gas limitation technologies.

o A system of emission charges: Emission charges are levied

on specified emissions depending on their level of
contribution to climate change. Such charges may prov1de a
means of encouraging emitters to limit or reduce emissions
to a level that is socially desirable and provide an
incentive for diverse parties to implement efficient means
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of 11m1t1ng or reduc1ng emissions. Another advantage of.

charges is that they generate revenue which could provide a
- funding base for further pollution abatement, research, and

administration, or allow other taxes to be ‘lowered.

o suhsiﬂies:~ Subsidies are aimed at encourag1ng
.environmentally sound actions by lowering their costs.
Subsidies could be used, inter alia, to encourage the use
'of energy-efficient equipment and non-fossil energy
sources, and the development of . greater use of
env1ronmenta11y sound technologles.

0 Sangtigns:‘ A. f1na1 type of economrc 1nstrument is the use
of economic sanctions for the enforcement of international
agreements. This would require an international convention
to establish a system of agreed trade or financial ‘
-sanctions to be imposed on countries not adhering to agreed ‘
regimes.

It has also been suggested that the -economic costs of
meeting possible greenhouse gas limitation targets, should such
be considered necessary in the future, could be- minimized by
considering all greenhouse gas sources ‘and sinks :
comprehensively. Under tlis approach individual countries
would be assigned an allowable emissions level, in Cco2 .
equivalent terms, for all their greenhouse gas emissions.
Countries would then be free to determine what specific
measures to 1mp1ement domestically to meet that target by
limiting emissions or -enhancing sinks of any combination of
greenhouse gases. This would enable countrles to implement the
domestic program which allows them to meet a given target at
the least cost for their spec1f1c economlc "and soc1a1 position.

Each of the approaches outlined above, however, has
potent1a11y significant drawbacks in terms of implementation
and acceptability. Their use at the national, regional, and
international levels requires careful consideration and w111
vary dependlng on the spec1f1c circumstances 1nvolved.

8.3 IEQHHQLQQX_DEZELQEMEHI_AHD;IBANSEEB

, The development and transfer of technologies is vital for
any global effort to address climate change. The development
of new technologies may provide the means by which societies’

" can meet their energy, food, and other needs in the face of a
changing climate while at the same time ‘minimizing emissions of
greenhouse gases. - Prompt transfer of technologies, especially
to developing countrres, is likewise an important -aspect of a
global effort to limit or adapt to climate change. :
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Technology Research and Development Issues:

Technological development is urgently needed to: limit or
reduce anthropogenic greenhouse gas emissions; absorb such
gases by protecting and increasing sinks; adapt human
activities to the impacts of climate change; and detect and
predict climate change and its impacts. Technology development
will have to be pursued in a wide range of activities such as
energy, industry, agriculture, transport, water supply, coastal
protect1on, and management of natural resources. 8ome of the
prlmary areas where further technology research and development
is needed are:

o Energy, in particular those technologies which provide for
using energy more efficiently and which promote the use of
non-fossil energy sources (e.g. affordable renewable energy
sources and safe nuclear power).

o} Natural Resources, including technologies for increasing
y1e1ds of forests and other greenhouse gas sinks, reducing
emissions from agricultural sources, and introducing new
varieties which are adaptable to a chang:ng climate, and
genetic englneer1ng to develop new spec1es

o Monitoring, in particular those technologies which enhance
our ability to make accurate predictions about the
magnitude, timing, and regional impacts of climate change.

Technology Transfer:

The fastest rate of increase of greenhouse gases emission
is occurring in developing countries. As a result, the most
urgent need for the transfer of technologies for limiting or
adapting to climate change is to the developing countries.

Such advanced technologies may provide an alternative which
would allow developing countries to avoid economic growth
patterns which also result in high greenhouse gas emissions. A
number of efforts are currently underway through bilateral and
multilateral arrangements which could be further expanded.

A number of impediments, however, hinder the effective
transfer of technologies to developing countries. These
include lack of financial resources, necessary institutions,
and trained human resources. Existing institutions should be
strengthened to finance technology transfers, train human
resources, and evaluate, introduce, and operate new
technologies. :

Existing legal provisions and restrictive trade practices
are also possible constraints. In this context, the issue of
intellectual property rights presents a case where
international opinion is mixed. Some hold that the universal
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international protection of such rights will promote the
effective development and transfer of technologies, while
others hold that provisions for the protection of intellectual

. property rlghts should be determined by the recipient

countries, in accordance with their particular legal regimes.

8.4 EIHAHQLAL_HEASHRES

Industrialized and developing countries a11ke have a common
responsibility to address the potential threat of climate
change. Responses to climate change can not be effective
unless there is broad participation from all countr1es,
regardless of their level of development or economic
structure. However, the special circumstances of the
developing countries, including their vulnerability to problems
posed by climate change and their lack of financial resources,
must be recognized. Financial assistance to developing
countries represents an important mechanism for enabling them
to undertake adequate measures to limit or adapt to climate
change.

Financial resources channelled to developing countries
should focus on those activities which contribute both to
limiting greenhouse gas emissions and promoting economic
development. Among the highest priority areas for assistance
are those that promote the:

o] Efficient use of energy and the increased use of low-fossil
or non-fossil fuels;

o _Rational forest,management practices and reforestation;

o Agrlcultural techn1ques which m1n1m1ze greenhouse gas
emissions;

o Introduction of alternatives for ozone-depleting substances;

o Ability of developing countries to deveiop‘programs to
address climate change, including research and development
activities and public awareness and education;

o Participation by developing countries in international fora
on climate change, such as the IPCC. .

A number of possible sources for generating and channeling

financial resources were considered. International opinion,

however, is mixed with regard to the nature of such sources.
Some have stressed the need for new resources and institutions
in addition to those which already exist for providing
financial assistance to developing countries. Others have
emphasized, before additional resources or funding mechanisms
are considered, the effectiveness of existing development
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assistance programs for addressing possible climate-change
related needs of developing countries must be fully evaluated.

Nonetheless, it was agreed that any assistance which may
become necessary should flow in a timely, coordinated, and cost
effective manner. In this context the international community
should build on work underway or planned in existing
institutions such as the World Bank, regional development
banks, and other multilateral organizations. Individual
developing countries should also initiate studies, with donor
assistance, on their current and projected emissions levels and
assistance needs for limiting such emissions. In addition,
further consideration is needed of the important contributions
which the private sector might make, through technology
transfer, foreign direct investment, and other means, to assist
developing countries to respond to climate change.

8.5 LEGAL AND INSTITUTIONAL MEASURES

A number of institutions and international legal mechanisms
exist which have a bearing on the climate change issue, in
particular those dealing with the environment, science and
technology, energy, natural resources, and financial
assistance. One of these existing international legal
mechanisms, the Vienna Convention on the Protection of the
Ozone Layer and its associated Montreal Protocol on Substances
that Deplete the Ozone Layer, deals specifically with reducing
emissions of important greenhouse gases which also deplete the
ozone layer. However, there is a general view that, while
existing legal instruments and institutions related to climate
change should be fully utilized and further strengthened, they
are insufficient alone to meet the challenge.

A very broad international consensus has therefore emerged
in the RSWG, confirmed notably at the 44th United Nations
General Assembly, on the need for a framework convention on
climate change. Such a convention should generally follow the
format of the Vienna Convention for the Protection of the Ozone
Layer in laying down, at a minimum, general principles and
obligations. It should further be framed in such a way as to
gain the adherence of the largest possible number and most
suitably balanced range of countries, while permitting timely
action to be taken. 1In addition, it should contain provisions
for the adoption of separate annexes/protocol(s) to deal with
specific obligations. As part of the commitment of the parties
to action on greenhouse gas emissions and the adverse effects
of climate change, the convention should also address the
particular needs of the developing countries, the question of
the development and transfer of technology, and institutional
requirements. : '
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- A number of overarching issues will have to be decided in
the negotiation of a.COnvention. These include:

o the political 1mperat1ve of striking the correct balance:
~on the one hand, between the arguments for a far-reaching,
action-oriented convention and the need for urgent adoption:
of such a convention so as to begin tackling the problem of
" climate change; and, on the other hand, between the costs
of inaction and the lack of scientific certainty;

0 the extent to whlch.spec1flc obllgatlons, particularly on
the control of emissions of greenhouse gases, should be
included in the convention itself or be the subject of a
i separate protocol(s), : '

o the timing of negotiation of such a protocol(s) in relation
to the negot1at1ons on the conventlon.

In addition, specific issues will need to be addressed,
such as: -

(o} Financial needs.of developing countries:  The need for
additional resources for developing countries and the
. manner in which this should be addressed, particularly in
terms of the nature, size and conditions of the funding,
will have to be considered by the negotlatlng parties even
if detailed arrangements form the subject of a separate
protocol. - 2,

o} Development and transfer of technology: The basis on which
the promot1on of the development and transfer of technology
and provision of technical assistance to developing
countries should take place will need to be elaborated,
taking into account considerations such as terms of
transfer, intellectual property rights, and the
env1ronmental soundness of such technology.

(o] Inst1tut1ons. Views differ substantlally on the role and
powers of the institutions to be created by the convention,
partlcularly in exercising.supervision and control over the
ob11gat10ns undertaken.

Many . countries and international organizations have called
for the initiation of international negotiations on a framework
convention after completion of the IPCC's first assessment '
report. The RSWG's ana1y51s of possible elements of a

~ framework convention is intended to provide guidance on the
major issues which will likely need to be considered in
preparing for such negotiations.
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9.0 CONCLUSION

Climate change is an issue which concerns the entire
jnternational community. All countries contribute to .the
atmospheric concentration of greenhouse gases and it is likely
that emissions of these gases from almost all regions of the
world will rise rapidly through the next century. The
potential impacts of climate change would likewise be felt in
all corners of the globe. : ‘ ]

A large number of response measures are available at the
national, regional, and international levels to address climate
change. -Actions can be taken both to limit the quantity of
greenhouse gases which are being released into the atmosphere
~ and to adapt to a changing climate.. While a great many
' "possible response options have been identified in this report,

some warrant special attention as being particularly important
and feasible for introduction in the short term. These include:

o Implementation of measures which are already economically
and socially justifiable in their own right -and which also
provide benefits from a climate change standpoint.
Examples include increased energy efficiency, improved use
of forests and other natural resources, and reductions in
the production and use of CFCs.

o Increased research tb'ieducelthe scientific uncertainties
regarding the magnitude, timing, and regional impacts of
climate change. . ) ‘ . o

o Increased research to understand the economic costs of
specific response options so as to provide an adequate
information base for making sound policies.

o . Development by individual countries of national inventories
of greenhouse gas emissions and national plans evaluating
those measures which could be undertaken to limit - :
greenhouse gas emissions or adapt to the potential impacts
of .climate change. :

o Strengthening of existing national, regional, and
international institutions which have a bearing on climate
change, in particular those which improve our scientific
understanding of climate change, promote the development of
technologies for limiting or adapting to such change, or
assist developing countries in addressing this issue.

0. Development of a framework convention on climate change
which can gain the adherence of the vast majority of the
international community and which, at a minimum, lays down
general principles and obligations for addressing climate
change.
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The RSWG will continue its work to further define and
evaluate the available response options. Because climate
change is a truly global concern, participation of all
countries in this effort is vital. Climate change represents a
major challenge to the international community, but it is clear
that this issue can be addressed through close cooperation in
efforts such as the IPCC.



" DRAFT

1.0 INTRODUCTION TO OVERALL (200-page) RSWG REPORT
1.1 ESTABLISHMENT OF THE RESPONSE STRATEGIES WORKING GROUP

The Intergovernmental Panel on Climate Change (IPCC) was
established under the auspices of the World Meteorological
Organization (WMO) and the United Nations Environment Program
(UNEP) to address the need for an international organization
which could deal with the issue of climate change. As
summarized in WMO Executive Council resolution 4 (EC-XL) of
1987, the organizdtion's objectives are to address c11mate
change by. ;

~"(i) Assessing the scientific information that is related
to the various components of the climate change issue, such
as emissions of major greenhouse gases and modification of
the Earth's radiation balance resulting therefrom, and that
are needed to enable the environmental and socio-economic
consequences of climate change to be evaluated; and

(ii) Formulating realistic response strategies for the
management of the climate change issue."

At the IPCC's first.meeting in Geneva in November 1988, the
Panel agreed that its work included three main tasks:

(i) Assessment of available scientific information on
climate change; :

(ii) Assessment of environmental and socio-economic
impacts of climate change; and

(iii) Formulation'of response strategies.

To accompllsh these tasks in the most efficient and
expeditious manner possible, the IPCC decided to establish
three Working Groups to deal with each of the tasks identified
above. The IPCC agreed that the three working groups, on
science, impacts, and response strategies, would be chaired,
respectively, by the Unlted Klngdom, Soviet Union, and United
States.: :

The latter of these Working Groups, the Response Strategles
Working Group (RSWG), held its first meeting in Washington in
January 1989 under the chairmanship 6f Dr. Frederick M. .
Bernthal of the United States. RSWG Vice- ~Chairs were also
named from Canada, China, Malta, the Netherlands, and Zimbabwe.

At that first meeting, the RSWG established a Steering
Committee and four Subgroups to carry out a work plan for
formulating response strategies (see figure X). The RSWG
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Steering Committee was given respon51b111ty for coordinating
the Working Group's activities in general and for specifically
addressing two cross-cutting. tasks: (1) the development of
greenhouse gas emissions scenarios; and (2) the development of
a strategy for considering implementation mechanlsms. The four
RSWG Subgroups were tasked with developing a range of climate
change response strategies in the areas of: (1) Energy and
Industry; (2) Agriculture and Forestry; (3) Coastal Zone .
Management; and (4) Resource Use and Management. It was agreed
that the first two subgroups would consider measures for
limiting net greenhouse gas emissions from the energy,
industry, agriculture, and forestry sectors, and that the
latter two subgroups would deal with measures for adapting to
the impacts of c11mate change on coastal reglons and natural
resources.

1.2 RSWG STEERING COMMITTEE

The RSWG Steerlng Commlttee was establlshed to provide for
overall coordination and direction of the RSWG's work. It was
also agreed that the Steering Committee would undertake

'_cross -cutting tasks relevant to. the work of all the RSWG

Subgroups or to the act1v1t1es of the other two IPCC Working
Groups.

1.2.1 Emissions Scenarios: At its first meeting the RSWG
requested that, as its first task or "Task A", the Steerlng
Committee conduct an analysis of possible future scenarios of
global emissions of greenhouse gases. ~The purpose of these
scenarios was to provide the four RSWG subgroups and the IPCC
Science and Impacts Working Groups with a preliminary basis for
conducting long range analyses. By April 1989 a
U.S.-Netherlands team of experts developed three possible
scenarios of future emissions correspording to: (1) the
equivalent of a CO2 doubling from pre-industrial levels by
about the year 2030; (2) a CO2 equivalent doubling by
approximately 2060; and (3) a doubling by about 2090 with
stabilization thereafter. The group subsequently developed two
additional emissions scenarios correspondlng to emissions
projections in which atmospheric concentrations of greenhouse
gases are stabilized at a level less than a CO2 equlvalent
doubling. In addition, the Steering Committee's emissions
projections have been complemented by more recent work
developed by the Energy and Industry and Agriculture and
Forestry Subgroups based on individual country studies of
likely long-term greenhouse gas emissions trends.

While the scenarios are hypothetical,and based on a number
of assumptions which are highly variable when projected over
such long time periods, they provide the IPCC Working Groups
with a view of what the future may look like and what actions
might be necessary to modify that future. The RSWG intends to
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contlnue modifying and refining .these estimates to prov1de the
best assessment possible of future emissions patterns.

S 1.2.2 Implementation Mechanisms: The Steering Committee's
second task or "Task B" was to develop a plan for identifying
"implementation mechanisms", or, in other words, the specific
means through which ‘response strategies can be brought into
force in an effective manner. The Steering Committee agreed
that it would consider five categories of implementation
mechanism and named two or three countries to act as
co-coordinators for each topic area:

o) Public education and information, which comprises those
mechanisms designed to stimulate global awareness of the
climate change issue and possible response strategies

- (co-coordinators: United States and China);

o Economic (market) measures, or those mechanisms which
ensure that response strategies are designed in the most
cost-effective and economically viable manner possible
(co- coordinators: Australia and New Zealand);

0 Technology development an ansfer, Wthh relates both to
mechanisms for promoting the development of new
technologies to limit or adapt to climate change and to
those which encourage the transfer of -climate change
related technologies internationally (co- coordlnators
Japan and India);

o] Financial measures, or those mechanisms which assist in the
ability of countries, in particular developing countries,
to address climate change (co-coordinators: Netherlands and
France); and

o Legal and institutional measures, which deals with
.assessing legal and institutional mechanisms for addressing
climate change, including the possible development of a
framework convention on climate change (Co-coordinators:
United Kingdom, Canada, and Malta).

The RSWG held a special workshop on these implementation
mechanisms in October 1989 in Geneva. The workshop was
attended by 43 countries and 8 international organlzatlons and
provided an opportunity for a broad exchange of views on these
_1mportant mechanlsms for addressing climate change.

1.3 RSWG SUBGROUPS

The RSWG agreed that consideration of specific response
strategies would be conducted by four subgroups in the areas
of: (1) Energy and Industry; (2) Agriculture, Forestry, and
Other Human Activities; (3) Coastal Zone Management; and (4)
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Resource Use and Management. The first two subgroups were
designed to address "limitation" issues, e.g. measures to limit
net greenhouse gas emissions from the energy, industry, ‘
agriculture, and forestry sectors. The latter two subgroups
were set up to consider measures for adapting to the impacts of
climate change, for -example the impacts of sea level rise on
coastal regions or of changing temperature and precipitation
patterns on natural resources.

1.3.1 Energy and Industry Subgrgug: The Energy and Industry
Subgroup (EIS), co-chaired by Japan and China, was tasked with

defining policy options for climate change response strategies
related to greenhouse gas emissions produced by energy
production, conversion and use, as well as emissions from
industrial sources not related to energy use. The EIS
considered energy uses in the industrial, transportation, and
residential sectors that produce CO2, methane, nitrous oxide
and other gases, and defined technological and policy options
to reduce emissions of these gases. The EIS also developed
estimates of future greenhouse gas emissions from the energy
and industry sector.

1.3.2.  Agriculture, Forestry and Other Human Activities
Subgroup: The Agriculture, Forestry, and Other Human
Activities Subgroup (AFOS), co-chaired by the Federal Republic
of Germany and Zimbabwe, was given the mandate of deallng with
issues related to the limitation of greenhouse gas emissions
from the agriculture, forestry and other sectors not related to
the production or use of energy or industrial activities. The
AFOS reviewed in particular methane emissions from livestock,
rice, biomass, and waste sources, CO2 emissions from
deforestation or CO2 uptake from reforestation, and nitrous
oxide emissions from the use of fertilizers. The AFOS also
developed estimates of future greenhouse gas emissions from the
agriculture, forestry, and other sectors. -

1.3.3 Coastal Zone Management Subgroup: The Coastal Zone
Management Subgroup (CZMS), co-chaired by New Zealand and the
.Netherlands, was tasked with considering response strategies
for dealing with the impacts of sea level rise and the
increased incidence of storms and other extreme events on
coastal regions. The CZMS reviewed information from
governments, institutions, and nongovernmental organizations on
technologies, practices, and other relevant activities for the
coastal zone and held workshops on technologies and practices
in both the Southern and Northern Hemispheres. Based on this
work, the CZMS developed a.series of options for dealing with
potential climate change impacts on coastal regions.

1.3.4 Resource Use and Management Subgroup: The Resource Use
and Management Subgroup (RUMS), co-chaired by Canada, France,

and India, was tasked with considering measures for adapting to
the impacts of climate change on agriculture, fisheries, animal
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husbandry, water resources, forests, wildlife and biological
diversity, and other natural resources. The RUMS considered
possible strategies for either reducing the potential negative

“impacts or taking advantage of possible positive impacts of

climate change on food security, water availability, and
natural ecosystems in general. '

1.4 OTHER FACTORS

In conducting its activities, the RSWG recognized that the
task of developing response strategies was both complex and

difficult, particularly because its work would depend on

analyses being developed simultaneously in the IPCC Science and
Impacts Working Groups. -The RSWG was also faced with the need
to complete an interim assessment report by the summer of 1990
to form part of the IPCC's first assessment report. Given
these constraints, the RSWG agreed that it should concentrate
on a short-term (18 month) work plan which would focus on the
following elements:

o development and distribution of preliminary emissions
scenarios;

o refinement of a strategy for considering implementation

mechanisms;

o) carrying out of short term work plahs of the four RSWG
subgroups for integration into an overall RSWG report;. and

o] development of longer term workplans:

This RSWG report represents the analysis which it was

- considered feasible to complete in the time available from the

first RSWG meeting in -January 1989 to the adoption of this
report by the RSWG in June 1990. This report identifies a wide
range of possible response strategies for limiting or adapting
to climate change and reviews available mechanisms for
implementing these strategies. It is recognized, however, that
there is considerable work to be done in further defining and
assessing the response strategies. The RSWG has thus developed
a work plan for the next 18-month period and thereafter, with
an emphasis on areas where further information is needed to
develop response strategies, so that future efforts can be
directed in the most effective manner possible. '

It-must also be emphasized that the RSWG's task is to
identify and evaluate response strategies, not to determine
which actions should be undertaken by the international
community to deal with climate change. The response strategies
which have been identified therefore represent options rather
than recommendations. While the RSWG has sought to provide
useful guidance for policy makers, the determination of what



-l Ve oy

—6=

actions should be undertaken is a subject for formal
1nternat10na1 negotlatlons

Finally, the RSWG, and the‘IPCC as a whole, has had to deal

- with the difficulties presented by the relatlvely limited

participation by the international community in some aspects of
the Working Group's activities. The participation of centrally

‘planned and developlng countries, in particular, has not been

as -extensive in some of the RSWG's teehnlcal work as would be
ideal for an exercise of this nature. The RSWG has made great

-efforts to increase the. partlclpatlon of all countries, in
partlcular developlng countries, in its work program. This

remains an issue which needs the careful attention of the IPCC
as a whole.
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"United States Department of State

Burean of Oceans and International
Environmental and Scientific Affacrs

- Washéngton, D.C. 20520

March 23, 1990 N
UNCLASSIFIED
MEMORANDUM
To: Distribution
From: OES - Richard J. Bmith
Subﬁect: RSWG Legal Mechanisms Paper g

Attached is the revised legal mechanisms paper prepared by
the international topic coordiators. We have worked with the
British and Canadians informally to ensure, as was agreed in
February, that the structure of the paper is ‘that of an
"jssues™ paper. The paper is a distinct improvement over the
previous two versions and would appear to be a valuable
contribution to future negotiators.

We are seeking to clarify the status of the two U.5.
contributions on existing legal agreements and institutional
arrangements; as you may recall, they were to be attached as
appendices to this report. ‘

Roger Beetham has invited one representative each from a
limited number of RSWG members (20) to attend a meeting in
mid-April to further refine the paper. In preparation for that
meeting, we request that you submit any comments to Sue Biniaz
{phone: 647-1370; fax: 647-1037) by March 320.

UNCLASSIFIED
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- IPCC:1 REBPONSE STRATEGIES WORKING GROUP

Legal Measures: Report of Topic Co-ordinators
(Canada, Malta and the UK)

l. The following report has as its primary objective the discussion
cf elements that might be ineluded in a future framework Convention
on Climate Change, and a discussion Of the issues that are likely to
arisa in the context of developing those elements,

2. There is a general viaw that while existing legal instruments
and institutiona with a bearing on climate should be fully utilized
and further strengthened, they are insufficient alone to meet the
challenge. A very broad {nternatiocnal consensug has therefore
emerged in the IPCC, confirmed notably at the 44th United Nationg
General Assembly, on the need for a framework Convention on Climate
Change, Such a Convention should generally follow the format of the
Vienna Convention for the Protection of the Ozone Layer, in laying
down, as a minimum, general principles and obligations. 1t should
further be framed in such a way as to gain the adherence of the
largest pessible number and most suitably balanced spread of »
countries; contain provision for separate annexes/protocols to deal
with specific obligations, eg research and systematic obsarvation,
obligations concerning greenhouse gagss. As part of the commitment
of the parties to action on greenhouse gas emigssions and the adverse
effects of global warming, the Convention would also address the
particular financial needs of the developing countries and the
question of the access to and tranefer of technology,

3. The paper points out a number of iasues to berdecided in the
negotiation of a Convention. In general these are:

- the political_imberative of Btriking the correct
balance between the arguments for a ﬁar-reaching,
action-oriented Convention and the need for urgent
adoption of asveh a Convention so as to begin tackling

alain  mnmaml T .. _p Sov e . - [ PR
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- whather, in view of the intér-relatiOnship Anong all
greenhouse gases, their sources and sinks, they should be
treated collectively;

—- whether a number of countries should be permitted to meet
their aggregate global climate objectives through joint
arrangements, ‘

2. DEFINITIONS

As is the practice, definitions will need to be elaborated in a
epecific article on definitions. The actual terms to be defined
will dapend on the purpose of the Convention and thus the language
used by the negotiating parties, and may need to include:

= clipate;

- ©¢limate change;

= adverse effects

- greenhouse gases;

- ‘their sinks and sources;
- €05 equivalence.

. TCENERAL ODLIOATIONS

Following the format of such treaties a8 the Vieana Convention,.
an article would set eut the genera] obligations agreed to by the
Parties to the Convention, Such obligations may relate to, for
example: ' )

- - the responsibility té adopt appropriate measures to protect
against the adverse effects of climate change, to limit,
adapt to, and as far as possible pravent, climate change and
to avoid creating other environmental problems in taking
such measures; ‘

- the responsxbzlity to pvntect and improve the composition of
the atmosphere in order 0 conserve climate for the benafit
of prepent and futura geneerions:
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encouragement of steps having the effect of limiting climate
change (eg reforestation, ensrgy aefficiency) but which are
already justified on other grounds;

exploitation of climate for peaceful purposes only and in
aceordance with the principles of good neighhourlinesa;

co-operation by means of research, systematic observation
and information é#change in order hetter to understand and
asgess the effects of human activities on the climate ang
the potential adverse environmental and socio-economie s
impacts that could result from climate change;

sncouragement of the development and transfer of relavant
technologies, as well as the provision of technical and
financial assistance, taking into account the particular
needs of devaloping countriss to enable them to fulfil
their obligations:

co-cperation in the formulation and harmonization of
policies and strategles directed at limiting, reducing,
adapting to-and, as far as possible praventing, climate
change; ‘

co—Operaticn in adoptiocn of appropriate legal,
administrative or regulatory measures to address elimate
changs; - ‘

provision for bilaterzl, multilateral and regional
agreements or arrangements not incompatible with the
Convention and i{ts annexaes/protogols, including
apportunities for groups of countries to fulfil the
requirements on a regional or sub—regionél basis;

permissibility of more stringent national or regional
emigsaion targets thap provided for in tha Convention
and/or {ts annexes/protocols! |
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co-operation with competent. international organisations
to implement effectively the objectives of the Convention;

80Cio-econamie impacts of greenhouse gas enissions and of
climate change;

ensuring stable development of the world economy,
Particularly etabilisation by industrialised countriea, as
a8 first gtep, of CO» enisasions apg emissions of other

by the means at a parties’ disposal;

commercial va, non-commercial, Preferential ve,
non-preferenrial, the relationship between transfers ang
the protection of intellectual Property righta);

1
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- vwhether the question of additiohality.'with respect to
financial assistance, or the devalopment of new funding
mechanisms and additional financial resources (eg a
'Climate Trust Fund), should spscifically be mentioned in
regard to aiding (compensating) developing countriés in
meeting their obligations under the Convention, particularly

' those which may have to bear an abnormal or special burden;

- whether to provide for prior notiee and pfovision of
.relevant environmental impact assessment information of
Largefséala planned activities4that are likely to eause
aignficant climate change; ‘ ’

- what should be the'basié of emission targets in the
protocols {eg per capita, GDP);

- the particular problem of sea ;evel rise;
-~ how much detail the Convention should go into, eg over

obligations in respact of co-operation in research and
information,

4. INSTITUTIONS
It has been the general practice under international

| env1ronmental agreemants to establish various institutional

mechanisms. The Parties to a Climate Change Convention might,
therefore, wish to make provision for a Secratariast, a Conference.of
the Parties and a Bureau/Executive Committee. The Secretariat would
perform certain administrative functions assigned to it under the
Convention. The Conference of the Parties may, among other things:
keep under Continuqué review the implementation of the Convention;
review current scientific informationy and promote harmonization of
appropriate policies, étrategies and meaaures for min{mising the
releagse of substances causing or likely to cause climate»change.

The Bureau/Executive Committee might ke entrusted with functions in
respect of surveillance, verification and compliance. -
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Issues that may arise in developing provisions for appropriate
institutional mechanisms include:_

whether any of the Convention's institutions (eg the
Conference of the Parties or the Bureau/Executive chmittee)
should have the ability to take decisions on response
strategies or functions in respect of surveillance,
varification and compliance that would be binding on all
the'partias and, 1if 60, whether such an institution would
represent all of the parties or be composed of a limited
number of parties based on eguitable geographie
representation:

1f a trust £und or other financial machanism were
established under the Convention, whether there ghould be
an institution for the administration of such a mechanism:

whether or not to establish a Scientific Couneil to provide
advice and make recommendations to the Confarence of ‘the
Parties concerning rasearch activities and measures to deal
with climate change;

whether to provide for the establishment of working groups,
eg on scientific matters as well as on socioc-economic
impacts and responge strategies.

5. RESEARCH AND SYSTEMATIC ORSERVATIONS

It would appear to follow general practice to include provision
for co-operation in researéh and, particularly with respect to aiyv
pollution agreements, systematic monitoring., 1In terms of research,
if one were to follow the Vienna Conventicn model, the parties might
be called upon to undertake, initlate, and/or co-operate in,
directly or through international bodies, the conduct of research

on:

—_

physical and chemica) prncessns that may affect climate;

subastances, practices, processes and act1v1t19= that could
modify tha climate;
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implementation of the Convention and of protocol# to which they are
party. In an annex to the Vienna Convention the types of
information exchanged are specified and include scientific,
technical, soclo-economic, commarcial and- legal information.

' For the purposes of elabcrating this provision, issues having to
be addressed by the nagotiating partiar might include Lhae following:

- Wwhether there is the need for the elaboration of a
comprehensive international research programme in order to
facilitate co-operation in exchange of sclentific, .

technological and other informstion on climate change;

-~ whether parties should be‘obliged to report on measures they
have adopted for the impiementatidn of the framework
Convention, with the possible ineclusion of regular reporting
on their emissions of greenhouse gases:

- whether each party should additidnally be called upon to
develop a national inventory of emissions, strategies and
available technologies for addressing climate change; if so,
the Convention might also call for the exchange of
information on such inventories, strategies and
technologles.

7. TECHNOLOGY TRANSFER . .

While the issue of technology has been addressed in the sectinn
on General Obligations, it m;ght,be congidered degsirable to inciude
& saparate provision on technology transfer. Such a provision could
call upon the parties to promote the development and transfer of
technology and provision of technical assistance, taking into
account . particularly. the needs of developing countries, to enable
them to take steps to limit, reduce and as far as possible prevent
climate changa, or to adapt to it.

An {ssue that is likely to arise is whether special terms (eg
preferential and/ur non-commercial)‘would attach to climate-related
transfers of technology. This provigion will requirs further
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Whether a single annex OF protocol might cover more than
ohe of the above,subjgcta (eg all greenhouse gases might be
the subjact of 4 single protocol);

timing, ie, negotiating parties advocating a more Actione
oriented Convention may seek to include specifie
Obligations in annexes as opposed to subsequent pProtocols;

Sé¢quence, |{e, if there are to be a series of protocols, in
what order are they to be taken up (foz,example,‘ﬁhether
priority ahould pe given to those Areas concerning which i
the state of scientific understanding is mogt develped or
whether greehhouse>ga555'should-be treated in accordance °
with their eignificanas tn torms or contributing to elimate
change, ’
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relationship between the Convention and its protocols;
entry into force:

reservations:

withdrawal;

dapositary;

authentic texta.

AMNNEXPL AND PROTUCOLS
The negotiating parties may wish the Convention to provide fory

the possibility of annexes and/or protocols. Annexcs might be

concluded as integral parts of the Convention, while protocols might

be concluded subsequently (as in the case of the Montreal Protocol
to Lhe Vienna Convention on Protection of the Ozone Layer). The
following amang othara, might be considersad as possible subjects for

annexes or protocols to the Convention:

fossil fuels;

carbon dioxide; ‘

agricultural practices;

methane!

nitroues oxide:

Eropospheric ozone:;

foreatation;

funding mechanisms;

rasearch and sygtematic observations;
energy conservation and alternative sources of energy:
protection of greenhouse gas ainks;
liability and cdmpenqation; :
international emissions trading;
emission control technologies;
adaption technologies and practices;
development and transfer of technology;

Issues that may arise in connection with the development of

annexes and protoculs include:
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- techniques for.unnitorihq and measuring greenhouse gas
:emislion rates;
- improved climate models, particularly for regional climates:
- environmental, social and economic effects that could result
from modifications of climate; A
! ~ alternative substances, technologies and practices;
- environmental, social and economic effects of response
strategien; |
- human activities affecting climate;
- coagtal areas with particlar reference to sea-level rise;
~ wWater rescurces; and ‘ *
- energy efficlency,

Other issues that might arise in devéloping this provision might
include: : .

- whether consideration should be given to the establishment
of panels of experts or of an independent scientific board
responsiblé for the co-ordination of data collection from
the above areas of research;

—  whether the parties should co-operate in promoting or
establishing, directly and/or through combetent
international bodies, joint or complementary programmes for
systematic monitoring of the climate, including a possible
worldwide system;

- whaether to co-operate in ensuring the collection, validation
and tranamission of research and observational data through
appropriate data centres.

- the possibility of on-site inspection.

6. INFORMATION EXCHANGE AND REPORTING _
Precedents would suggest the inclusion of provision [or the
transmission of information through the Saecretariat to the '
- Conference of the Parties on measures adoptad by them in
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= recoghition of responsibility of all countries te make
efforts to limit or reduce greenhouse gas enissions and
prevent activities which woulg aglversely affect climate;

- recognition of need for development of. strategies to absorb
greenhouse gages, ie protect and increase greenhouse gas
gsinks: to liwit or reduce anthropogenic greenhouse gas
emissions and to adapt human activities to the impacts of
alimate change,

2

Other issues which may rige during the development of the
preambular languaga could include:

- vhether it is sufficient for the preamble to recognise the
responaibility of all countries to address climate change,
noting that most emigsions curreéntly and historically -
originate in industrialized countries where the scope for
change is greatest; that emissions from developing countries
may need to grow in order to meet development reguirements
and thus are likely to represent, over time, an increasingly
significant percentage of global em1ssions' that '
implementation of the Convention may take place in different
time frames for different categories of countries and may be
qualified by the means at the disposal of individual
countries and their scientific and technical capabilitiaes;

= vhether already in the preamble the particular problems of

~ countries with an agricultural system vulnerable to climate
change and with limited access to capital and technologias
should ba addressed, recognising the link with shstainablé
developrant;

~ whether mankind's interegt in a viable environmant should be
characterised ag a fundamental right:

= Wwhether thera fe an antitlemenl not to be subjected,
directly or indirectly, to the adverse effects of climata

LY TR e VP
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ELEMENTS FOR INCLUSION IN A CONVENTION ON CLIMATE CHANGE

1., PREAMBLE

In keeping with common treaty practice including the format of
the Vienna Convention, the Climate Change Convention would contain a
pfeamble which might seek to address the following items:

= a description of problem and reasons for action (need for
timely and effective response while awaiting absolute
sciaentific certainty);

- @2 refarence to relevant legal instruments (such as the
Vienna Convention and Montreal Protocol) and declarations
(such as UNGA Resolution 43/531, Principle 21 of the 4
Stockholn Declaration 4nd the ENMOD Treaty):

-~ recognition that climate change is a common concern of

mankind, affects humanity as a whole and shiould be
epproached within a global framework:

- recognition of the need for .an environment of a quality
that permits a life of dignity and well-being for present
and future generations:

- referaence to balance Letween sovereign right of states to
expleit natural resources and concomitant duty to protect
and conserve climate for benefit of mankind;

- endorsement of éoncspt of sustainable development;

- recognition of the need to improve scientific knowledge
(eg through systematic observation) and to study the social
and economic impacts of climate change;

=~ recoghition of the importance of development and transfer of
technology and of the circumstances and needs, particularly
tinancial, of developing countries: need for ragulatory,
supportive and adjustment measures to take into acemunt
different levels of development of countries;
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- the extent to which specific obligations, particularly
on the control of emissions of carbon dioxide and other
greenhouse gases, should be inecluded in the Convention
itenle or be the subject of separate protocols:; |

- the timing of negotiation of such protocols in relation
to the negotiations on the Convention,

4. In particular, within the COnvention'the following specific
issues will need to be addressed: "
(a) Financial needs of developing countries.
The need for additional resources far devaloping
countries, and the manner i{n which this should be

Addressed, particularly in terms of the nature, size
and conditions of the funding, even if detailed
srrangements form the esubdect of a separate protocol.

(b) Transfer of technolqu. The hasis on which the
promotion of the developmant and trangfer of technology
and provision of technical assistance to daveloping
countries should take place will need to be elaborated,
taking into account congiderations such ag terms of
transfer, assured access, intellectﬁal property rights
and the environmental socundness of such technology.

(e) Institutions., Views dlffer substantially on the role
and powers of the institutions to be created by the
Convention particularly in axercising supervision and

control over the obligations undertaken.

5. The co-ordinators do not saek to make a value judgement in
listing and summarising in the attached paper the elements proposed
for inglusion in a framework Convention: their text seeks merely to
assist the future negotiators in theip task. They note lowever that
& readiness to,addrésa the foregoing fundaméntal'problems in a
realistic manner will be a prerequisite for ensuring the success of
the negotiations and the support of a sufficiently wide and

roprasantat iva smvand a8 mmeda_ o v
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considaration of issues related to amsuraed access Lo, and transfer
of, environmentally sound technologies on favourable terms to
developing countries, and the protection of intellectual property

rights.

¥
8. CONSULTATION
The parties negotiating the Conventien may wish to conasider a
provigion on ¢onsultation between, on Lhe one hand, parties whose
planned activities are likely to cause climate change and, on
the other hand, the Secrstariat, relevant internationa) =

organlsations and other parties concerned.

9, SETTLEMENT OF DISPUTES

It would be usual international practice to include a provisioen
on the settlement of disputes that may arise concerning the
interpretation or application of the Convention and/or ito
annexes/protocols, Provisions similar to those in the Vienna
Convention for the Protaction of the Ozone layer might he employed,
ie voluntary resort to arbitration or the International Court of
Justice (with a binding award) or, if neither of those options is
elected, mandatory resort to conciliation (with a recommendatory

.

award),

19, OITHER PRUVISIONS
It would be the usual internatinnal practice Lw juclude clanses
on the following topics:

- amendment of the Convention:

- status, adoption and amendment of annexes;

- adoption and entry into force of, and amendments to,
protocols;

- signature;

~ ratification;

- accesglion;

- right to vote:

-



