International Protection of the Ozone Layer
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The Ozone-Depletion Problem

Basic Issue Definition

In the stratosphere, the atmospheric layer between 10 and
50kilometresabovetheearth’ ssurface, ozoneiscontinually
created frommol ecular oxygen, and destroyed, by absorption
of high-energy radiation from the sun and chemical
reactions.! Though the resultant equilibrium concentration
of ozoneissmall, only afew partsper million, itissufficient
to absorb most of sun’s harmful ‘Ultraviolet B’ radiation,
preventing it from reaching the earth’ s surface. The ozone
layer wasdiscoveredin 1913, and for most of the twentieth
century has been of scientific interest for its effects on
radiation and temperature in the atmosphere, and on the
climate.

It was first suggested in the 1960s that human activities
could ater the ozone layer, and the modern understanding
of the threat of ozone depletion was first stated in 1974 in
apaper by Molina and Rowland.® They hypothesized that
thechlorofluorocarbons(CFCs), anextremely versatileand
useful class of chlorine-containing industrial chemicals,
could deliver chlorine to the stratosphere where it would
catalyse the destruction of ozone, thereby reducing the
amount present in equilibriumandincreasing theamount of
UV radiation reaching the earth’s surface.

Higher surface UV could cause several kinds of harm to
human health and ecosystems. The strongest and best-
understood effect of increased UV -B exposureisanincrease
in non-melanoma skin cancers; other health effects of UV-
B that aresuspected or observed, but that arelesswell known
in their causal mechanism, magnitude, or significance,
includeincreasesincataracts, possibleincreasesinmelanoma
skin cancers, and suppression of certain specific forms of
immune response.* Increased UV-B also appears to be
associated with reductions in the productivity of oceanic
plankton, and may cause changesin terrestrial ecosystems,
biogeochemical cycles, andtropospheric chemistry, though
the precise nature and significance of these changesiis not
well understood.

Both the scientific understanding and the policy
implicationsof ozonedepletion haveevolved withtime, but
the basic understanding of the problem remains largely as
stated by Malinaand Rowland. Thebasic policy problemis
to managethereduction and eventual €limination of human

ozone-depleting substances (ODSs). As knowledge has
advanced and uses of ozone-depleting chemicals have
expanded, the set of relevant chemicals has broadened
beyond the CFCs, to include many other stable chlorine-
containingchemicals, aswell assimilar chemicalscontaining
bromine, which is even more effective than chlorine a
catalysing ozone destruction.

In the industrialized countries, the problem is being
addressed by technol ogical substitutionandprocesschange,
substitutinglessor non-ozone-depl eting alternativesfor each
use. In the less-industrialized countries, the problem is
different and more difficult: it involves phasing down the
existing, very limited capacity to produce and use ODSs,
and avoiding expansion of new capacity, while meeting
urgent devel opment needs for the servicesthese chemical's
provide, particularly refrigeration. Other associated
development issuesinclude the effect of ODSsrestrictions
intheindustrialized countrieson exported-orientedindustry
indevel oping countries, andtheimplicationsfor devel oping-
country agriculture of restrictions on methyl bromide, the
most recent ODS to come under pressure for controls.

ScientificUnder standing: Remaining Uncertaintiesand
Disputes

Thebasic scientificunderstanding of ozonedepl etionisthat
emissionsof certain chemically stable, insolublemolecules
containing chlorine or brominemix thoroughly through the
lower atmosphere and hence reach the stratosphere, where
under ultravioletradiationthey break aparttorel easereactive
chlorine or bromine atoms. These catalyse the destruction
of ozone, turning it back into molecular oxygen.

As a consequence of this process, globa average ozone
reductions of about 5 per cent have been observed sincethe
mid-1960s, with the largest reductions at temperate and
polar latitudes. In north and south temperate latitudes, the
downward trend in total ozone is about 4-5 per cent per
decade. In the Antarctic, adifferent set of catalytic ozone-
destructionprocessesoccur, alsoduetochlorineandbromine
from man-made chemicals. These processes, involving
chemical reactions on the surfaces of polar stratospheric
clouds that depend on the extreme cold of the Antarctic
winter night, generate extreme ozone [0sses every spring
(September and October). Ozonel ossesinthisannud ‘ ozone
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hole’ have been up to 60 per cent, including near-total
destruction of ozonebetweentheatitudesof 14and 19km.,
over an areathat sometimes extendsto includethe southern
tipof South America. Whilesomeof thenecessary conditions
forasimilar ozonecollapsehavebeen observedintheArctic,
no such severe Arctic losses have yet occurred, and the
Arctic's different meteorology and warmer winters make
them relatively unlikely.

A long-term trend in surface UV intensity has not been
detected—such atrend would be difficult to detect because
UV hasnot been monitored for enoughyears, and issubject
to large variations from local meteorology—but local
measurements of both ozone and UV show the expected
associationof lower ozonewithhigher UV, inbothtemperate
and polar latitudes.

There are three key areas of scientific uncertainty and
controversy. First, current stratospheric models under-
predict the depletions that are observed at middle and high
latitudes. Other reactive processes involving sulphate
aerosols (which surged after the 1991 eruption of Mt.
Pinatubo, and are probably associated with the large
depletions observed in 1992 and 1993) are suspected, but
thesearenot yet well modelled. Second, theextent of ozone
depletion likely to occur in the Arctic cannot easily be
predicted, principally due to the Arctic’s less stable
meteorology, and highinter-annual variability. Third, there
remainssubstantial uncertainty intheglobal budget of methy!
bromide, an ozone-depleter that comes from the ocean and
from a few human sources, principally agricultural
fumigation, biomassburning, and automobileexhaust from
leaded gasoline. Uncertainty is particularly acute for the
auto-emissions source, and the ocean sink.

These uncertainties are of some, but limited, policy
significance. But recent writings in the popular press,
particularly inthe United States, have claimed that far more
seriousscientificuncertaintiesand controversiesexist. These
writingstypically mix rea points of scientific dispute with
outdated, refuted, or eccentric work, and employ a variety
of rhetorical devices to argue or imply that the apparent
scientificconsensuson ozonedepletionisinfact aconspiracy
to suppressalarge body of important dissent. These works
have claimed, for example, that most chlorine in the
stratosphereisnatural inorigin; that CFCscannot risetothe
stratosphere because they are heavier than air; and that the
Antarctic ozone hole is a natural phenomenon that was
observed as early as 1958. Because these writings have
found sympathetic hearingsamong political actorsinterested
in scaling back environmental regulation, they have gained
widecirculation, and many peoplein Americanow believe,
erroneously, that the ozone-depletion hypothesis has been
refuted.®

The International Response to Ozone Depletion

Basic Instruments: Convention, Protocol, and Fund
After the ozone threat was hypothesized in 1974, there
followed several years of controversy that culminated in
domestic actioninfour countriesto restrict CFCsin aerosol
sprays.” Atthe sametime, thefirst international discussions
took place under United Nations Environment Programme
(UNEP) and World Meteorological Organization (WMO)
auspices, and a 1977 international meeting agreed on an
‘International Plan of Action’. Forma negotiations for a
treaty torestrict ODSsbeganinJanuary 1982, and eventually
yielded the 1985 Vienna Convention, the 1987 Montreal
Protocol to the Convention, and its London (1990) and
Copenhagen (1992) Amendments.? Further amendments
wereto be undertaken at the November 1995 meeting, held
in Vienna to commemorate the tenth anniversary of the
signing of the Vienna Convention.

International Rules of Conduct

The core rules established under the 1987 Protocol are
national limitsontheproductionand consumptionof various
classesof ODSs,® plusacommitment to assessthese control
measures at least every four years. In the origina 1987
Protocoal, five CFCswereto be cut by half and three halons
to be frozen; each subsequent amendment has added more
chemicals to the regulated list, while accompanying
adjustmentshavemadestricter and earlier thelimitsapplying
toalready controlled chemicals. The1990amendmentswere
thefirsttorequirecompleteeliminationof certain substances:
CFCs, halons, and methyl chloroform. The 1992
amendments included controls and eventual phase-outs of
the hydrochlorofluorocarbons (HCFCs), chemicals whose
main markets are as interim substitutes for CFCs, which
deplete ozone by roughly 1 to 10 per cent asmuch asCFCs
do.

The 1992 amendments also included provision for
exempting essential usesof CFCsand hal onsfromthephase-
outs, and nominations for proposed essential uses were
reviewed by the Technology Assessment Panel in 1994 and
1995. In 1994 many exemption applicationswere received
and only a few were granted: none for halons, and three
small usesfor CFCs (inhalants for respiratory medication,
solventsfor rocket manufacture, and certain laboratory and
analytic uses). In 1995 fewer exemption applicationswere
received, and the Panel recommended a dlightly modified
set of exemptions, dropping laboratory and analytic uses
and adding certain halon uses.

Devel oping countriesthat consumelessthan 0.3 kilograms
of ODSs per person per year are known as ‘Article 5
countries', and are subject toless-stringent controls. For all
substances controlled in the 1987 Protocol and the 1990
amendments(CFCs, halons, carbontetrachl oride, and methy!
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MONTREAL PROTOCOL
Enacted September 1987
Entered into force January 1989

5 CFCs Cut 20% Cut 50%
3 Halons
LONDON AMENDMENT
Enacted June 1990
Entered into force August 1992

15 CFCs Bcslé/to Eliminate completely

3 Halons Cut 50% Eliminate completely

Carbon Tetrachloride Cut 85% Eliminate completely

Methyl Chloroform Cut 30% Cut 70% Eliminate completely
- ) Eliminate completely by 2040
HCFCs (Nonbinding resolution) (if possible by 3020)
COPENHAGEN AMENDMENT
Enacted November 1992
Entered into force June 1994
15 CFCs %f,/to Eliminate completely
3 Halons Eliminate completely

Carbon Tetrachloride -+ Cut 85% Eliminate completely

Methy! Chloroform _r%é/tn Eliminate completely
Eliminate
HCFCs Cut 35% | Cut 65% Cut 90% | Cut 99.5% completely

HBFCs Eliminate completely
Methyl Bromide

)
I I I I I

1985 1990 1995 2000 2005

T T T 7 >
2010 2015 2020 2030 2040

Fig. L. Industrial-contry obligations to reduce ozone depleting substances

Note: This figure indicates the obligations that industrial countries have undertaken to control various ozone depleting substances under successive
international agreements. Each bar shows the agreed control levels for a particular chemical compound or group of compounds from the date when the
controlswere enacted to the date when compound(s) must be eliminated completely; each section of the bar showswhen aparticular control level comes
into effect. For instance, the Copenhagen Amendment, enacted in November 1992, requiresindustrial countriesto cut CFCs 75 per cent (from their 1986

levels) by 1994 and to eliminate them altogether by 1996.

Source: Edward A. Parson and Owen Greene (1995), ‘ The Complex Chemistry of the International Ozone Agreements’, Environment, 37/2 (Mar. 1995),

19.

chloroform), Article5 countries’ commitmentsare delayed
by tenyearscomparedtothoseof theindustrialized countries.
For methyl bromideand HCFCs, first controlledinthe 1992
amendments, obligationsfor Article5 countriesare not yet

specified.'* Moreover, the large number of developing
countries who have not yet ratified the 1992 amendments
are bound only by the 1990 obligations, phasing out CFCs
and halons by 2010 and methyl chloroform by 2015.
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Asanincentive for countriesto join, the Protocol includes
several restrictions on trade in regulated substances and
related products with non-Parties. Bulk trade in restricted
substances with non-Parties were prohibited in 1990
(imports) and 1993 (exports), whileimportsfromnon-Parties
of products containing controlled substances were banned
from 1992. In addition, the Protocol required Parties to
consider banning imports of products made with, but not
containing, controlled substances;*2 but Parties decided in
1993 that such restrictions were infeasible.®®

A crucid innovation of the 1990 amendments was the
establishment of a fund, supported by contributions from
the industrialized-country Parties, to pay the extra or
‘incremental’ coststhat Article5 Partiesincurredinreducing
and eliminating ODSs. The negotiated size of the Fund was
$US240 million tota for the interim period 1991-3, and
$US510 million for 19946, with national contributions
derived from the UN scale of assessment.™ Contributions
are formally voluntary, though sometimes described as

The core phase-out commitments, and the financial
commitments associated with the fund, were identified in
1990 as crucial elements of a two-way deal. Indeed, a
carefully worded passage in the 1990 amendments states
that Article 5 Parties’ ‘capacity to fulfil’ the control
obligations‘ will depend uponthe effectiveimplementation
of thefinancial co-operation. .. andtransfer of technology’.*

International Ingtitutionsand |mplementation

The Protocol isgoverned by the Conference of the Parties,
which meetsannually with authority to amend the Protocol,
following morefrequent negotiating meetings of an‘ Open-
Ended Working Group’. Parties must consider revisions of
the Protocol’ s core obligations at |east every four years. A
small Secretariat in Nairobi supports both Convention and
Protocol.

Atleast oneyear beforeeachreview, Partiesmust establish
expert panelsto review current developmentsand report to
them. ThePanel s—on Science, Technol ogy and Economics,
and Effects—include dozens to hundreds of international
experts, serving as individuals. Each Panel reports recent
progress, responds to specific questions from the Parties,
and submitsareport to the Partieswhich isalso distributed
publicly. Assessments were conducted in 1989, 1991, and
1994, each time reporting one year in advance of a major
review meeting of the Parties. Theassessmentsarebelieved
tohavebeenhighly influential inParties' reaching agreement
on modifications of control measurements, including the
decision to move to full phase-outsin 1990.%

TheProtocol requiresevery Party toreport itsproduction,
imports, and exports of every controlled substance, aswell
as amounts used as chemical feedstocks and destroyed by

approved technologies. These reports are required first for
abaselineyear—1986for substancesfirst controlledin 1987,
and 1989 for those first controlled in 1990—and annually
thereafter. Thoughit wasoriginally intendedthat all Parties
would report separately, it was agreed in 1990 that because
of the European single market, the EU would be permitted
to report consumption, import, and export data jointly.

Itisstated that for reasons of commercia confidentiality,
nearly all these self-reported national data are kept
confidential. The Secretariat publishes reports that present
national production and (calculated) consumption figures
only in aggregate for broad groups of regulated chemicals.
Partiesmay view the detailed national dataof other Parties,
but only by specific request, while others may not view it
under any conditions.

Implementationand compliancedifficultiesareaddressed
by the ten-member Implementation Committee. The
Committee, established in 1990, meets two or three times
eachyear toconsider questionsof implementation or possible
non-compliance which either Parties or the Secretariat can
bring to its attention. It invites countries whose
implementation is questioned to appear, discusses the
problems, seeks constructive resolution, and reportsto the
Conference of the Parties; it has no power to bring any
stronger measures to bear against non-compliance. Thus
far, the Committee has mostly concerned itself with
difficulties implementing the Protocol’s requirements to
report dataon national production and consumption. While
thereis some evidencethat itswork hasimproved levels of
data-reporting, the Committee and its procedures had not,
asof summer 1995, addressed substantiveinstancesof non-
compliance.

Supporting Phase-outsin Devel oping Countries
Though control obligations for Article 5 countries do not
comeinto effect until at least 2000 (depending on which of
the Protocol amendments a country has ratified), the
Protocol’ s Multilateral Fund and its associated institutions
areintended to start reducing consumptionimmediately, by
identifying enterprise-level investment projects to reduce
or eliminate ODSsin Article 5 countries, and funding their
‘agreed incremental costs'.

The Fund isgoverned by an Executive Committee of the
Parties, containing seven memberseach from Article5 and
non-Article 5 countries, which meets two or threetimes a
year, supported by a Secretariat based in Montreal. The
actual work of identifying, planning, and executing ODSs
reduction projects is carried out by four ‘Implementing
Agencies': the World Bank, UN Development Programme
(UNDP), UN Environment Programme (UNEP), and, since
October 1992, theUN Industrial Development Organization
(UNIDO),whoworkincollaborationwithnational officials
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andunder thedirection of theExecutive Committee. Specific
policy decisionsregarding what kindsof costsand activities
tofund, onwhat terms, aremadeby theExecutiveCommittee.

The process of carrying out Fund projectsis as follows.
The government of an Article 5 country, assisted by an
Implementing Agency, preparesa’ country programme’ that
states present and projected use of ODSs and identifies
opportunities for reduction.” The Executive Committee
approves country programmes, after which (or sometimes
before) Implementing Agencies bring forward proposed
investment projectsfor Executive Committeeapprova , then
implementthem. Threeof thefour Implementing Agencies—
the World Bank, UNDP, and UNIDO—undertake
investment projects, while UNEP provides a variety of
information and capacity-building services.

Asof June1995total fundsallocated to thelmplementing
Agencies were $US309 million, of which $US67m. had
been disbursed. Of this totdl, that allocated to investment
projects (the activities that directly phase out ODSs) was
$US239m., of which $US32.6m. had been disbursed.
Disbursement ratesfor Implementing Agenciesrangedfrom
1610 60 per cent, and for investment projectsfrom 10t0 29
per cent.®

Asof 1 June 1995, twenty investment projects had been
completed, eliminating an estimated 1,455 tons of ODSs.%®
Of these, all wereimplemented by UNDP, and twel vereached
completion in 1995. In addition to investment projects and
country programmes, some funds are being spent on
‘institutional strengthening’, tobuild up national regulatory
institutions responsible for meeting Protocol obligations,
though concern hasrecently mounted that theseexpenditures
may be superfluousin the smallest consuming countries.

Though for the first three years of the Fund’s operation
project proposalscameforward dowly, theratehasrecently
increased sharply. Consequently, for thefirst timethemoney
has not always been available to fund all projects brought
forward. Recently, the Executive Committee has sought to
prioritize projectshy defining cost-effectivenessthresholds
and asking the Secretariat to screen proposals. In the July
1995 meeting, the Secretariat screened out 90 of the 238
proposals brought forward, principally on grounds of
insufficient cost-effectiveness. There has been some
suggestion that project proposalsare responding to the new
criteriaby biasing estimates of costsand amounts of ODSs
to be phased out.

National Implementation

National Regulationsand Legislation

By September 1995, 149 Parties had ratified the Montreal
Protocol, 103 PartiestheLondon Amendment, and 47 Parties

the Copenhagen Amendment, which entered into forcein
June 1994. In addition, several non-Parties have chosen to
escape the Protocol’ strade sanctions by submitting datato
show that they are meeting the same targets as Parties.

All OECD countries have passed laws or regulations to
implement the phase-outs, with most moving ahead of
international targetsinat least somesmall way. Most national
regulationsoperatethrough quantitative permitsto produce
or trade ODSs. In some nations these are fixed all owances,
inothers, they canbeexchanged among enterprises, or traded
among chemicals in proportion to their ozone-depletion
potentials.

For example, in the United States, the Environmental
Protection Agency (EPA) regulations of December 1993
set phase-out dates of 1994 and 1996 as required by the
1992 protocol amendments. In addition, the regul ations set
phase-out timetabl esfor particular HCFCs, intended tomeet
the Protocol’s aggregate HCFC limits, and require that
methyl bromide use be eliminated by 2001.° Controls are
implemented through production and import allowances,
whicharedistributed to original producersand importersin
proportiontotheir baselines, and can betraded acrossfirms
and between substances. Imports of reused or recycled
substances do not require an allowance. In addition, ODSs
aresubject to atax that increases up to their phase-out date.
Other regulations prohibit venting CFCs or HCFCs, and
require products made with ozone-depleters to carry a
warning label .2

In Article 5 countries, given their low prior levels of
consumption and their ten-year grace period, it is not
surprisingthat consumptionisincreasingrapidly. NoArticle
5 countries have yet enacted laws or regulations to restrict
ODSs, but the country programmes prepared for the
multilateral fund containavariety of phase-out commitments
and objectives. In these programmes and el sewhere, many
Article5countriesdeclaretheirintentiontoeliminateODSs
beforethe 2010 deadline of the 1990 protocol amendments.
For example, of the 40 countries that had country
programmes approved by September 1994, 8 plan to
eliminate CFCs by 1998 or earlier, and 13 more between
1999 and 2001; the highest-consuming countries tend to
have later phase-out targets, though, so the average CFC
phase-out target of Article 5 countries is 2007.%

Results of National Implementation

According to Parties' self-reported data and industry
estimates, OECD countrieshavereduced CFCsfar ahead of
the Protocol’ s targets, to 36 per cent of the 1986 baseline
level by 1993.22 Except for Russia, halon production ceased
in all developed countries in 1994 as required.?* Both
production and consumption increased substantially in
Article 5 countries since 1986, as the Protocol permits, but
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Table 1. World CFC consumption (kilotonnes)

1986 1990 1992

USA 327 206 153
Japan 133 111 61
European Union 310 184 137
Other OECD 92 58 35
Former USSR 120 110 87
China 19 355 43
Other Article 5° 53 46 14
Non-Parties 10 2 3
Unidentified

to match world sales 69 49 240
World sales® 1,133 802 643

a 1991 figure
b UNEPdata
¢ Industry estimates

Source: Selected entries from UNEP (1994), Report of the Technology
and Economics Assessment Panel, table 2.1., 32.

have remained very small relativeto the prior consumption
of the industrialized world.®

Phase-downs have been much less successful in the
transitional economies, though, particularlyinRussia. While
Russian ODS production dropped substantially after 1990,
this reflected the general economic contraction of the
transition rather than a shift to less ozone-depleting
technol ogies. Russia sproblemsimplementing the Protocol
havebeen compounded by thebreak-up of the Soviet Union,
which left many industrial facilities for ODSs and related
productsinnew foreign countries, someof themnon-Parties
to the Protocol and hence subject to trade restrictions.
According to 1995 estimates used by the Technology and
Economics Assessment Panel, Soviet CFC consumption
declined from 120 to 87 kilotonnes from 1986 to 1992, but
increased its share from 11 to 15 per cent of the world total
as the OECD decreased its consumption.?® Russia did not
phase out halon production in 1994 (after reporting to the
1993 Conferenceof the Partiesthat it would be unableto do
s0), and in 1995, together with four other transitional
economies, appealed for a4-5 year extension to the phase-
out deadlines (to 1999 or 2000), accompanied by financial
andtechnical assistance. TheGlobal Environment Facility
has devel oped acountry programmefor Russiathat aimsat
eliminating ODSsuse by 1999 at acost of US$90 million.?
A May 1995 decree of the Russian government implements
the trade and data-reporting requirements of the Protocol,
and requiresthe Environment Ministry to develop an ODS
phase-out schedul e based on the results of Russia's appeal
for the phase-out extension.

National Reporting and |mplementation Review
Obligations to report data came into force before any
obligations to reduce or eliminate ODSs, and it is only
through Parties’ reports that implementation of core
commitmentscan beassessed. But reporting hasbeenweak,
withmany Parti essubmitting consistently lateor incomplete
reports, or none.® At thetime of the 1994 Conferenceof the
Parties, only 46 of 114 Partieshad reported 1993 data, while
more than 40 had not even reported baseline-year data.

The sources of non-reporting or difficulty in reporting
have been various. The European Union (EU) has asserted
that the single market makes trade among member states
intointernal trade, sotheEU Commissionaggregatesnational
figures to report trade between the EU in total and other
states. Italy failed to report its production for severa years
due to domestic bureaucratic difficulties®

Many statesexperiencedifficultiesbecausetheir national
stati stical systemsdo not distingui sh substancesand products
as finely as does the Protocol; nor does the international
Harmonized Commodity System distinguish ODSs from
other halogenated hydrocarbons, and enough extra codes
will not beadded despitetheParties' request.® If thenumber
of distinct categories of chemicals, products, and activities
that must be reported continuesto increase, the limitations
of statistical reporting systems will become even more
serious.

In addition, many Article 5 countries simply lack the
institutional capacity to gather and report data. A recent
initiative by the Implementation Committee and the Fund
Secretariat to provide funds for ingtitutional strengthening
seems to have yielded modest improvementsin reporting-
rates, though onemay arguewhether eliciting datareporting
from the lowest-consuming countries is a worthwhile
expenditure of resources and attention. A modestly
aggressivestancein 1994 by thelmplementation Committee
towardstheroughly forty statesthat had received assistance
but still not reported yielded further improvements in
reporting, but the effectiveness of the Implementation
Committeein resolving serious complianceissuesremains
to be tested.®

Assessment of Current Levels of Implementation
Implementation of thecurrently negotiated ODSphase-outs
hasbeen highly successful inthe OECD economies; of mixed
but limited success (though the required phase-outsremain
ambiguous) in the Article 5 countries; and unsuccessful to
date in the economies in transition that produce ODSs.
(Those, such asPoland, that import their consumption from
OECD countrieshavenodternativetophasingdownrapidly,
though at potentialy high cost.)

In the OECD countries, once the initial regulatory step
wastakenwiththe 1987 Protocol,implementationhaslargely
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been driven by market forces. Once it became clear that
certain ozone-depleterswoul d eventually beeliminated, the
manufacture and sale of the more costly and complex
substitutesbecame advantageousfor the producer industry,
whileuser industriesandentrepreneurshad strongincentives
to seek technical innovationsto useless, find substitutes, or
change processesto eliminate the need. After abrief initia
stand-off period, competition to be technically ahead and
thefirst down learning-curves has driven phase-outs ahead
of the required schedule. With localized exceptions,
including a few small-use sectors that have been granted
essential-use exemptions, continued implementation of
currently agreed phase-outs in the OECD countries is not
likely to pose significant problems.

The same commercial forces are driving some ODS
reductionsinArticle5countries, eventhoughthesecountries
will comeunder no production or consumptionlimitsfor 10
yearsor more. These forces are strongest in export sectors,
inlargeexport-oriented countries, andinmultinational firms;
hence these tend to be the places where early conversion
projects are being carried out. In other Article 5 countries,
andin sectorscontaining smaller firmsoriented to domestic
production, implementation so far has proved difficult and
islikely to remain so.

Intheeconomiesintransition, eliminating ODSproduction
has not been high on any political agenda, so no planshave
been carried out. The original Protocol measures, which
required these countries to convert without assistance like
the OECD, are now clearly inappropriate, and special
measures and financia assistance are being negotiated.

Impact on the Problem

Theeffectivenessof thecurrently implemented measuresto
control ODSs can be directly measured, with alag, by the
concentrations of ODSs in the lower atmosphere and the
concentrations of reactive chlorine and bromine in the
stratosphere.

Recent controls have shown an observable effect; since
1992 the rates of growth of atmospheric concentrations of
controlled substances have begun to decline, while the
concentration of carbon tetrachloride has actually
decreased.® Inthesameperiod, atmospheric concentrations
of themost widely used alternativestoregulated ODSshave
begun to increase sharply.

The future evolution of the problem is projected using
numerical models that estimate future time-trends of
stratospheric chlorine and bromine concentrations. Current
projections based on the 1992 amendments show future
stratospheric chlorine asin the solid line in Figure 2, and
project that thestratospherewill returnto2p.p.b. of chlorine,
the concentration at which the ozone holefirst appeared, by

about 2045. These modelled projections of course depend
on particular assumptionsregarding futureimplementation
of phase-outsof al ODSs, including the HCFCsand methyl
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Fig. 2. Equivalent effective stratospheric chlorine

Note: Estimated equivalent effective stratospheric chlorine represented
by case A (Copenhagen Amendments) compared to the provisions of the
origina 1987 Montreal Protocol, andacasewithnointernational agreements
on ozone-depl eting gases (where a 3 per cent per year increase in global
emissionsof CFCsand methyl chloroform was assumed, lessthan known
trends up to that time).

Source: World Meteorol ogical Organization (1995), Scientific Assessment
of OzoneDepletion: 1994, Global OzoneResearch and Monitoring Project
Report No. 37 (Geneva: WMO), Xxxiv.

bromide, for which global phase-outs have not yet been
agreed. They alsodepend onassumptionsof how highArticle
5 country consumption will rise before their phase-out
obligations comeinto force, and of thelevel of compliance
with all present and future control measures.®

Barriers to Further Progress
Afewbarrierstofurther progressinimplementing protection
of theozonelayer arepresently evident, whileseveral others
are likely to become serious within afew years. The most
significant present difficultiesarethe black marketinODS
imports that has appeared in several OECD countries, and
acluster of implementation and political difficultiesaround
the management of the multilateral fund.

Substantial volumes of illegal CFC imports are entering
both the USA and Europe, driven by taxes and supply
shortagesas production capacity isphased down. Estimates
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of the size of the market, admittedly highly inexact, are
between 5 and 10 kilotonnesinthe USA and approximately
2.5 kilotonnes in the EU.% On cessation of production in
1996, CFC shortagesfor recharging existing equipmentwill
likely increase the size of the black market. Most black-
market CFCsareapparently manufacturedlegallyinRussia
or Article 5 countries, then fraudulently exported. The EU
has responded by tightly restricting imports of any used
ODsSs, though the Protocol permits these® Russia, in its
May 1995 governmental decree, also sought to limit black-
market trade, by requiring special licencesfor ODSexports
beginning in 1996.% Industry co-operates actively in
suppressing the black market, as black-market activities
have reduced the profitability of current manufacture of
legal (taxed) CFCs, and more expensive substitutes. The
incentive for illegal ODSs trade will persist as long as
production continues in some countries—either Article 5
countries with a ten-year grace period, or economies in
transition with a negotiated extension—while others have
ceased production and are experiencing shortages for the
recharge of old equipment.

Implementation of ODSreductionsin Article5 countries
is experiencing avariety of difficulties. The most obvious
has been the slow implementation of multilateral fund
investment projects, principaly due to the World Bank’s
implementation procedures, which rely on financial
intermediariesin host countries.®

Moreserioushave been problemsthat are arising because
of ambiguities in the original 1990 bargain that Article 5
countrieswould phase out ODSsif industrialized countries
paid the incremental cost of doing so. Both sides of the
transaction remain suspicious of the others' commitment.
Onthedonors' side, presently agreed fundsremain, by most
estimates, substantially smaller than the total incremental
costsof implementing presently agreed phase-outsinArticle
5countries. Moreover, thenominal sizeof theFundincludes
substantial contributionsfrom Eastern Europeandtheformer
Soviet Union, most of whom have never paid and cannot
reasonably beexpectedto, sotheFundiseffectively afurther
10 per cent smaller than its nominal size. Other countries,
including a few rich OECD countries, have aso shorted
their obligationsto the Fund inavariety of ways, including
not payingat all, paying late, and makingtheir contributions
inpromissory notes, deprivingtheFund of interestincome.®

Fromtheir side, Article5 countrieshave strongly resisted
any attempt to negotiate further tightening of controls on
ODSs, and have pushed for broad interpretations of the
kinds of projects and categories of costs that are deemed
‘incremental’. Their obligations to phase out HCFCs and
methyl bromide remain to be negotiated. Some Article 5
countries are aggressively producing and exporting ODSs,
and even commissioning new CFC plants, under the guise

of meeting their ‘basic domestic needs’ as permitted in the
Protocol %

Signsof strainhavebecomeclear at recent meetingsof the
Executive Committee, where for the first time insufficient
fundshave beenavailableto authorizeall projectsthat were
ready to proceed. Theimmediateresponsehasheentoapply
cost-effectivenesscriteriato order projectsfor funding, but
the problem of insufficient funds to do the job will only
grow more acute over the next few years.

Implementation problemswill surely increasefrom here.
Even considering only the implementation of currently
agreed measures, controls in the industrialized countries
will become stringent and costly for the first timein 1996,
including visibledirect coststo consumers. Thepredictable
consequencehasalready begun: apoalitical backlash against
the regime that includes spurious attacks on the scientific
consensusabout ozonedepl etion. Thestrongest initial attack
hasbeenagainst methyl bromidecontrolsintheUSA, which
impose a phase-out not yet agreed in the Protocol;* but
while political attacks against the core obligations of the
Protocol, the phase-outs of CFCsand halons, lack industry
support and have not gone far, visible consumer costs of
regulation could boost this movement.

Ascostly and difficult national controlsareimplemented
for thefirst time, the possibility that governmentswill have
serious concerns about others’ implementation will be
greater, and the non-compliance procedures, in particular
thelmplementation Committee, arelikely to betested more
strongly. Moreover, if controls are made more stringent,
thesedifficultieswill increase. More stringent controlswill
also be more complex, and asincreasing stringency makes
compliancemoredifficult,increasingcomplexity will make
non-compliance harder to recognize and demonstrate.
Further internationally negotiated controlsareasolikely to
address such activities as ODSs recycling, recapture, and
destruction. Nationa programmes on these activities may
beof highly uneven effectiveness, withthepotential toharm
effectiveness of the Protocol, and generate conflicts and
calls for intrusive domestic monitoring. International
registration and regulation of recycling plantshave already
been proposed, and similar oversight of the construction
and operation of ODS destruction facilitiesis likely to be
sought as soon as Parties are permitted to credit ODSs
destroyed against their domestic consumption.*

The largest opportunity for further global reductionsin
ODSs lies in specifying and tightening the phase-out
obligations of Article 5 countries, and in further measures
tomakeeffectivetheexistingnominal phase-out obligations
in the economies in transition. Asthe principal location of
endeavour shifts from OECD to non-OECD countries, the
basic character of the problem will change fundamentally.

Thesecurity of theagreement coupling global phase-outs
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with financial and technological aid will become central.
The present record of stinginess may have made the
atmosphere for negotiating further tightening of the limits
in Article 5 countries difficult. Moreover, the significance
of the project implementation difficulties encountered so
far isnot clear. Whileit may simply show a need for large
funding increases or reforms of the current system, it may
point to fundamental obstacles not amenable to short-term
solutions. Consequently, it could be that substantial
advancing of Article 5 phase-outs is unfeasible, even if
governmentscould agreeonthem.® The cost and feasibility
of such advances do not depend only on policies and
capacitiesin Article 5 countries, though; they clearly also
depend on improvements in the capacity and skill of the
Implementing Agencies, and may al sodepend ontradelinks.
It has been suggested recently that OECD firms are
lengthening the dependence of Article 5 and transitional
countries on CFCs and other soon-to-be-banned ODSs, by
selling them obsol ete products and technol ogy that depend
on them.#

In general, the international management of ozone
depletion has been consistently innovative, and fairly
successful. Strong agreementsto eliminate OD Sshavebeen
negotiated and, with afew exceptions, implemented in the
industrialized countries ahead of schedule. Important
innovations including the commitment to periodic review,
theuseof independent assessment panels, andtheMultilateral
Fund, have strongly influenced the content of subsequent
agreements. Thegainsof present progressareal ready evident
in the environment. But thejob isfar from finished, and in
many senses only the easiest part has yet been done. The
most instructive lessons of the ozone regime are those that
will be obtained from the attempts to sustain and extend
implementation over the next few years, as it becomes
difficult.
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