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Talking Points 

On Ozone Depletion 

of Energy and Environment Working Group 
February 20, 1987 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ! ,__....- r 

o Ralph, a ke oal of this discussion is to inform everybodyi·s ~ ;JM~/ :: filt/,-.. 
about wnere things stand on this issue. A second key goal "'{_ 
to discuss how the international negotiations on ozorLe / 
depletion will affect our writing of domestic regulations. 

o You might s tar t ou t by noting that next week a U.S. team is 
trav e l ing to Vienna for a s econd round of negotiations on an 
inte r nat i on a l protocol to r e duce ozone-depleting chemicals. 

o Then, you c oul d call upon Ted Har r is to bring the group up to 
da t e on t h e s ta te of negot i a ti o n s a nd on the U.S. position. 

o You ma y also wan t to call on Ri c h a r d Benedick, the l eader of 
the U.S. delega tion, to el a bo r ate. 

0 You might t hen tu rn to the is sue of drafting domest i c 
reg ul at i ons. EPA is under a court order to issue regulations 
controlling ozone-depleting chemicals by the end of the year. 

--d u -j _A. '7\{_,... 
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Yo u migh t ask Milt on Russ el l o f EPA to fill the group 
where EPA now stands in d eveloping those regulations? 

in on 

The Justice Department is also working on some proposals to use 
market incen t ives to reduce ozone-depleting chemicals 
domestically. Thi s initia tive wa s listed in the President's 
State of the Union message t o Co ngr e ss. 

Yo u mi ght ask Tom Hookano from Hank Habicht's staff at Justice 
wh ere these propo s als stand. 

o A key question t o ask is tow at extent the U.S. international 
negotiating position will limit the Administration's 
flexibil ' ty in writing regulations domestically? 

o Two rel a ted, a nd probably controversial, questions are: By 
pushing for a phase down in the production of ozone-depleting 
chemicals internati onally, are we almost guaranteeing that we 
will have fo write similarly stringent regulations 
domest i c ally , even if no international protocol is ever signed? 

o And, has the Administration ever decided that the scientific 
evidence linking CFCs (or chlorofluorocarbons) to ozone 

I 



deletion justifies a phase down in CFC production, as opposed 
merely to a freeze? 

o Depending on how the discussion goes, you may be able to 
determine whether the issue requires that options be presented 
to the DPC. 



THE WHITE HOUSE 

WASHINGTON 

February 25, 1987 

MEMORANDUM FOR JOHN D. NEGROPONTE, STATE 
HENRY HABICHT II, JUSTICE 
DONALD PEARLMAN, INTERIOR 
GEORGES. DUNLOP, AGRICULTURE 
MICHAEL T. KELLY, COMMERCE 
RANDY DAVIS, 0MB 
MILTON RUSSELL, EPA 

FROM: RALPH C. BLEDSOE 

SUBJECT: Stratospheric Ozone Depletion Review 

The Domestic Policy Council Working Group on Energy, Natural 
Resources and the Environment met on Friday, February 20, 1987 to 
discuss the United States negotiating position, under the United 
Nation's Environment Program on the control of chemicals .which 
are thought to deplete stratospheric ozone. The U.S. delegation 
is meeting in Vienna this week (February 23-27, 1987) to discuss 
a phase down of emissions of the major ozone depleting chemicals . 
EPA is under ~ourt order to decide by May 1987 whether to engage 
in rule making on controlling chemicals that may effect the 
stratospheric ozone layer. 

The DPC will be reviewing whether scientific evidence 
linking CFC's with ozone depletion justifies a phase down, what 
the economic impact of a phase down would be, and what impact 
such a pllase down would have on our defense capabilities. 

In order for the Council to properly address this issue, 
options and information need to be developed. It would be 
appreciated if you would serve on this review group in order to 
outline the following: 

o a brief history of the ozone depletion issue; 

o the decisions that have been made to date which 
give guidance to the U.S . delegation to the UNEP 
ozone layer protocol negotiations; 

o the status of t he EPA court order to write 
domestic regulations on ozone depletion; 

o the scientific evidence available on ozone 
depletion; 
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o the economic impact of a phase down of CFC's in 
the U.S.; 

o olicy questions , if any, that should be addressed 
by the DPC. 

I will be in touch with you to schedule our first meeting. 

Thank you for your cooperation. 



THE WHITE HOUSE 

WASH I NGTON 

Ozone Subgroup Meeting 
March 30, 1987 

Issue: What positions should the take regarding domestic and 
international efforts to counter sfratospheric ozone depletion? 

Background: Strong international and domestic concern exists 
over stratospheric ozone depletion caused by emissions of CFCs 
reacting chemically in the upper atmosphere. Ozone is an 
essential buffer of ultraviole t light; significant depletion 
could cause skin cancer, retard crop production and damage 
ecosystems. No significant depletion is now occurring, yet with 
the continued increase in CFC emissions and the length of time 
CFCs remain in the atmosphere, de letion is expected to occur 
absent global reduction efforts. 

The United Nations Environment Programme sponsored the Vienna 
Convention for the Protection of the Ozone Layer in March, 1985. 
The United States played a leading role in negotiati.ng the 
Convention. An intensive scientific research and technical 
analysis effort has been conducted pursuant to the Convention. 

The United States, through the State Department and EPA, has 
continued to play a leading role in the negotiations toward a 
Protocol on Chlorofluorocarbons to the Vienna Convention. The 
State Department eceived authority to negotiate a protocol 
pursuant to in t er-agency approval of the November 28, 1986 
Circular 175 requesting such authority. The Circular 175 
authorized the United States delegation to negotiate a protocol 
providing for: 

I. A near-term freeze on the combined emissions of the most 
ozone-depleting substances; 

II. A long-term schedu ea reduction of emissions of these 
chemicals down to the point of eliminating emissions from all 
but limited uses for which no substitutes are commercially 
available (such reduction could be as much as 95%), subject 
to III; and 

III. Periodic review of the protocol provisions based upon 
regular assessment of the science. The review could remove 
or add chemicals, or change the schedule or the emission 
reduction target. 

Status: The next negotiat Lon toward a protocol is scheduled for 
April 27, 1987. The State Department believes that, in order for 
the United States to retain control of the negotiations, our 



negotiating position must include a specific proposal for future 
emissions reductions beyond a freeze at 1986 levels. The State 
Department has requested inter-agency approval of the EPA 
proposal of a 40-70% reduction over the next 6-10 years. There 
is widespread perception that the United States currently seeks a 
95% reduction in emissions even though this has never been our 
official position. 

As a result of a Natural Resources Defense Council lawsuit 
against EPA, the Administrator must determine, by May 1, whether 
domestic emissions reductions are necessary. Unilateral action 
would disadvantage the United States in world markets and may not 
result in significant global reductions. It is, therefore, to 
our advantage to address the ozone issue internationally. Yet 
an international agreement on emissions reductions would require 
domestic regulations for implementation. 

General DPC Options: 

-Let current efforts proceed with State and EPA coordinating 
interagency concurrence process; 

-Determine desired reductions after considering the science, 
the economic impacts and alternative policies; 

-Link or separate domestic and international strategies after 
considering success of 1978 unilateral ban and 
interconnecting factors. 



MEMORANDUM 

THE SECRETARY OF THE INTERIOR 

WASHINGTON 

June 5, 1987 

TO: HEADS OF DEPARTMENTS AND AGENCIES 

FROM: SECRETARY OF THE INTERIOR 

SUBJECT: CHLOROFLOUROCARBONS (CFCs)/STRATOSPHERIC OZONE 

Attached, for your information, is a copy of my June 4, 1987, 
letter to Senator Tim Wirth which describes in detail my position 
on CFCs/stratospheric ozone. 

I am sharing copies of the letter with Congressional sponsors of 
CFC/ozone legislation and other interested parties. 

Please don't hesitate to call me, or have your staff contact my 
Executive Assistant Don Pearlman, if you have any questions. 

(A~ 
DONALD PAUL HODEL 

Attachment 



THE SECRETARY OF THE INTERIOR 

WASHINGTON 

Honorable Ti.m::>thy E. Wirth 
United States Senate 
Washington, D.C. 20510 

Dear Senator Wirth: 

June 4, 1987 

Thank you for inquiring about my position regarding chlorofluorocarbons (CFCs) 
and stratospheric ozone, and thank you very much for questioning whether 
statements attributed to me in press reports were true. They were not. 

I have not su_;Jgested and do not believe that the ccmplex issues concerning 
effects of stratospheric ozone depletion should be or could be solved by sane 
simplistic approach such as sunglasses, hats and lotions. 

In essence, the basic issue is whether the President merely will be presented 
with a proposal which sinply authorizes negotiating "the best possible" 
international agreement on the subject, or whether he should have the 
opportunity to establish for our negotiators meaningful guidelines which 
indicate such things as how many countries must sign, what percentage of 
global CFC production and/or use must cane 1.111der the agreement, which 
chemicals must be included, and the like in order for an agreement to be 
acceptable to the United States. Certainly, unilateral action by the United 
States would do little to address the problem and would be to our 
disadvantage. 

This issue currently is before the President's O:rnestic Policy Council (DFC). 
Let me elaborate on sane of its aspects. 

The purpose of IFC consideration is to be sure that, upon the considered 
advice of his entire Cabinet, the President, rather than just one or two 
agencies or departments, is afforded the opportunity to pass judgment on the 
position to be taken by the United States Goverrrnent during international 
negotiations concerning possible limitations on global production and use of 
CFCs and similar chemicals. This is a ccrrplex issue of potentially great 
significance to the American pecple, their health, their lifestyle, their 
environment and their econc:l'I!{. It is the DFC's responsibility to subject 
available scientific information to tholl]htful review and to present to the 
President an array of responsible options concerning the negotiating position 
of our government. 





Honorable Timothy E. Wirth 
Page 2 
June 4, 1987 

Contrary to certain press reports, I have not yet decided for nyself what 
c:ptions are worthy of consideration by the President, much less \ltlat the 
pief~rced option should be. Data and analysis on the multi-faceted aspects of 
the issue still are being develcped on an inter-agency staff basis for DFC 
consideration. Once such information is available, the DPC manbers, inclooing 
JT1/Self, will be in a position to reflect on a preferred array of options and 
then discuss our vie'fiS with the President. 

I am quite disturbed~ those who carelessly or deliberately provided the 
misinformation concerning IT1/ views which resulted in the erroneous press 
reports regarding this matter. The potential :irrpact of CFCs and similar 
chemicals upon stratospheric ozone and the potential consequences of such 
:irrpacts, and of possible measures to avoid or mitigate such inpacts, upon the 
lives of millions of Americans, not to mention other countries' citizens, are 
very serious issues which deserve thol.Qhtful evaluation at the highest levels 
of our government. The manner in which the matter has been characterized by 
those, who, it appears, are determined to confine the President's options to 
those only of their crafting, has the unfortunate tendency to trivialize 
legitimate concerns and to inhibit informed analysis and policy making. 

I believe the threshold question to be dealt with is: what is our objective? 
Are we atterrpting to deal with a potentially serious health problem, or is the 
proposed strategy of limiting production and use of CFCs also aimed at other 
types of potential problems? The essential thrust of the answer so far has 
been that our primary concern is potential adverse i.npact on people's health, 
specifically, skin cancer. Once that threshold question is finally resolved, 
we must tackle the who, what, when and haw questions. 

First, if the scientific theories are accurate, then the problem is one that 
we as a Nation must seek to solve throUJh international cooperation. We must 
convince a substantial portion of the rest of the world that this is a problem 
which must be dealt with and solved on a global basis. A negotiating 
objective of obtaining agreenent fran "as many nations as possible" could be 
meaningless if, in our zeal to reach an agreement, we enter a pact which, for 
exarrple, does not bind those nations which now and prospectively are likely to 
be significant producers and/or users of CFCs and similar chemicals. My 
i nformation is that, at the last set of international negotiations in Geneva, 
which were conducted under the auspices of the United Nations Envirorment 
Program (UNEP), less than one-third of the United Nations member countries 
"'1'ere represented, and several emerging industrial nations, such as South 
Korea, Taiwan, the People's Republic of China, India, Singapore, and Pakistan, 
were not present. The Soviet Union was the only Eastern Bloc nation present. 
In my view, it would be foolhardy for the United States to limit ocmestic 
production and use of CFCs, only to be confronted with global ozone depletion 
caused t,y, other nations' continuing to enjoy unfettered CFC production and 
use. 



Honorable Tim::>thy E. Wirth 
Page 3 
June 4, 1987 

It should be noted that United States leadership on this issue has brou;;Jht 
increasing support frCJTI other oountries, but the President should be given the 
q:,po~wnity to oonsider to what extent that leadership might cease to be 
effective if the United States alone, or in ooncert with only relatively few 
other producing and consl.ltling countries, entered into a CF'C limitation 
program. The President should be able to consider what constitutes 
sufficient, assured participation~ other nations before any agreement 
receives our government's approval. 

Secondly, we must have a well-thou;;Jht out prq:,osal which, while designed to 
protect American interests, will gain acceptance by other oountries, with de 
rninimis exceptions, if any. No longer can the United States merely make -
assertions and arm-twist the ~rld canrnunity into agreement and catpliance. 
Our facts, data, and analysis must be credible, so that our argunents will be 
convincing. We should base our prq:,osals on a realistic understanding of 
when CFC substitutes will be available in ccmnercial quantities, the cost to 
our society to adapt to them, and whether they will be safe fran a health and 
environmental standpoint. 

If the theories which underlie our concerns about CFCs are accurate, then the 
burden is on those who \oiOuld not insist on all chlorine-emitting CFCs,' as 
distinguished frCJTI just a few, being subjected to international limitations. 
You will note fran the enclosed copy of the "Chairman's Text," which emerged 
frCJTI the Geneva negotiations, that only three CFCs were agreed upon, t\oiO 
(indicated by parentheses) were discussed but not agreed upon, and halons 
(believed to be powerful emitters of ozone-depleting chlorine) were not 
included at all. I am advised that it is unclear whether Japan will agree to 
limitations on CFC 113, which is used as an effective cleansing agent for 
COTiputer chips. 

It is important to determine whether and to what extent an international 
agreement in sane way will give "credit" to the United States for its 1978 
unilateral ban on "non-essential" aerosol sprays containing CFCs. Since, as 
mentioned above, substantially all the countries of the \oiOrld, develq:>ed and 
developing, should be bound by the agreement, the President has to determine 
whether to accept the st.ggestions of sane that develq>ing oountries be excused 
fran the same level of restrictions as are being proposed for the United 
States. 

Certainly, any international-agreement should assure that catpliance ~ each 
signatory is mutual and verifiable. We also need to know whether this Nation, 
which is carrnitted to the concept of free international trade, will support, 
as has been st.ggested by sane, trade sanctions against oountries -tlich do not 
adhere to the obligations imposed by an international agreement. 
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Honorable Ti.nothy E. Wirth 
Page 4 
June 4, 1987 

Thirdly, we must have an acceptable mechanism for future decisiomiaking. No 
plan should be put forward which, regardless of good intentions today, in 
effect-precludes basing the international regulatory actions of the future on 
serious scientific review. To create today regulatory "targets• which are to 
obtain five to twelve years fran no,.,, based on the nodelling of today which 
admittedly is plagued by uncertainties and which certainly will change after 
the proposed "freeze" has been in effect fort~ years, is highly questionable 
policy. It seems logical to me that there should be adequate time between the 
proposed "freeze" and the scientific review conterrplated by the "Chairman's 
Text" to enable signatories to ascertain and to evaluate new scientific, 
technological and medical information before the decision is made to rrove 
forward to the next targeted reduction; otherwise, the "scientific review" 
could be meaningless. 

Moreover, any international agreement which provides for future regulatory 
decisions by vote of signatories should be designed so as not to leave the 
United States wholly subject to the voting power of ot:J:)er nations whose 
econanic and political objectives may be entirely inconsistent with our c,.,m. 
Before we agree to an international protocol, perhaps it ~uld make sense to 
have a pretty good idea as to how the danestic regulatory mechanism would 
allocate among U.S. producers and users of CFCs and similar chemicals the 
burden of contributing to internationally agreed-upon "freezes" or reductions 
in their production and use. 

The foregoing are but sane of the major facets of this carplex issue. Neither 
the D:rnestic Policy Council nor the President has had an q:>portunity to 
address them, notwithstanding the fact that there is divergence of opinion · 
arrong interested departments and agencies as to the nature and seq:>e of an 
agreement that will be in the best interests of the peq:>le of the United 
States. Yet, it is reported that those involved in the negotiating process 
already have scheduled signing of the international agreement at a planned 
September meeting in Montreal. The President should not be presented with a 
fait accarpli. The Nation and he deserve better. 

I believe that, with well-docunented information, a scientifically based 
review process and creative thinking, this issue can be dealt with by the 
~rld ca11Tlunity in a rational way for the good of all. 

Thank you for the opportunity to respond to your interest. 

~·~ 
IDNALD PAUL HODEL 

cc: Chairman Bennett Johnston 
Ranking Minority Member McClure 



Cost Benefit Analysis of a Protocol Freeze and a 20% 
and a further 30% Reduction in CFC Emissions 

~;fl~~ 
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A cost benefit analysis has been performed for the projectedAski 
cancer death~ skin cancer non-fatal cases, and cataracts health 
effects projected from increased UV(B) occurring at the projected 
baseline growth of CFC emissions and at the levels of emissions 
contemplated by a protocol freeze of emissions, a 20 % reduction 
therof, and a further 30% reduction therof. Such analysis 
involves economic uncertainties and is not being presented with 
respect to the benefits derived from reducing the incidence of 
UV(B) on plants, aquatic life, the human immune system, ground 
level ozone concentrations, polymer degregation, and global 
temperature because of the lack of sufficient quanti~1ve 
experimental information. However the benefits of these non-
quanifiabily evaluated benefits are acknowledged to exist and to 
be additive to the other benefits which were valued an 

J o 11--vb'-
A range o assumptions was used in theJana ysis. Te key 
variations in1hl,ie assumptions were the valya~ioRg of lives 
(2 million and 4 million were used) and the discount rates for 
the costs and the benefits. 4% and 6% were used for the benefits 

' -
and the costs were evaluated at the same ri;· ~ ~ 't ~ 
Sensitivity analysis was performed with res'j~ct ~o the/~eoRo~ie 1--~~~ 

..... valuation of lives gJvecl and the growth in~ ... value over time. prw,,,: ........ ...1. 

[? The uncertainty in the underlying data from which the individual V 
health effects were calculated was not separately estimated. The 
central values for health effects from the EPA Risk Assessment 
Analysis were used in the cost benefit analysis. In order to 
bound the benefit assumptions by the uncertainty in the 
underlying health effects data, climate models, etc., the 
calculated benefits should be reduced or multiplied by a 
significant factor which could be as much as ____ % reduction 
of< a ___ fold multiplication. 

The conclusioniof the analysis, which are shown in table form in 
Appendix ___ , are as follows: 

A. The benefits from a "protocol freeze" of the CFC 
emissions are substantially more ·:t:m:m,fi:uiai than ~ G"costs over 
all plausible assumptions and ranges of uncertainty. 

B The aggregate benefits of a "prptocol freeze" plus a 
20% reduction in CFC emissions are also in almost all plausible 
cases substantially in excess of the costs. 

/C.€.i:)vc. 71 o"' 
C. However the benefits of the 20% s-t---ep alone are not in 

all cases in excess of the costs of the 20% ~ alone. 
R..e-.:.vc7' ,,; 

D. The costs of the further 30% reduction appear in many 
cases to exceed the benefits from the further 30% reduction. 



STRATOSPHERIC OZONE 

Relationship of Protocol to Legislation and Litigation 

Legislative Impact 

If the international negotiations for a protocol fail, there 
will be a strong push for a unilateral domestic reduction on 
Capitol Hill. Key Senators and Congressmen have been making 
statements to this effect for months; recent press attention will 
only heighten that resolve. If the protocol called for a freeze 
plus a 20% reduction, the outcome is less certain. However, 
Congress would undoubtedly hold additional hearings to determine 
the need for further domestic reductions. If, on the other hand, 
the protocol mandated a freeze plus a 50% reduction, it seems 
likely that any pressure for additional regulation domestically 
would dissipate. Environmental groups, which were initially 
backing a 95% target, have agreed that a freeze plus 50% 
reduction would be a very positive beginning. Therefore, without 
their pushing additional action, Congressional action, at least 
in the near term, would be unlikely. 

Litigation Impact 

If the international negotiations result in a scheduled 
reduction, that should have little bearing on the pending NRDC 
suit, which was filed to compel the Administrator of EPA to 
promulgate regulations governing stratospheric ozone and seeks a 
schedule for such regulation. Should NRDC or the Court try to 
impose substantive emissions levels through this suit, we have 
sound defenses. So long as negotiations are continuing, there 
would seem to be no impact on current litigation. However, if 
there is no international agreement, it will be difficult to 
continue to argue for no domestic regulation, either in the 
existing schedule suit or in a future challenge. EPA will be 
hard pressed to urge for more time to study the issue, having had 
at least eight years (by October 1988) since the ANPRM was 
published. 



SUMMARY OF HEALTH AND ENVIRONMENTAL F.FFECTS 

Depletion of the ozone layer would result in increased 
penetration of biologically damaging ultraviolet radiation (UV-B) 
to the earth's surface. Based on the research completed 
to date, gr~ater exposure to UV-B radiation has been linked 
to increases in the number of skin cancers an<l cataracts, 
suppression of the human immune response system, damage to 
crops and aquatic organisms, increased formation of ground-level 
ozone (smog), and accelerated degradation of certain plastics. 

Based on case control, epidemiological, and ecological 
studies, dose-response relationships were developed and 
reviewed as part of EPA's risk assessment. This analysis 
suggests that a protocol freeze of CFC-11, -12, and -113 
could result in almost 950,000 fewer deaths in the U.S. 
for cohorts horn before 2075. A 50 percent reduction in 
the major CFCs would result in almost 1 .1 million fewer 
deaths. This analysis assumes that current trends toward 
increased exposure to sunlight are halted, that the average 
age of the population remains constant, and that no major 
improvements in treatment of skin cancer occur. 

Recent studies have also shown a strong dose-response 
relationship beteen UV-B an<l the incidence of cataracts. 
Approximately 12.5 million caseR in the n.s. could be 
averted by a protocol freeze for cohorts born by 2075. 
A 50% reduction in the maier CFCs would result in approxi­
mately 16.3 million cases averted. While laboratory 
studies link UV-B to suppression of the human response 
system with possible implications for increasing the incidence 
of herpes simplex an<l leishmaniasis, research into possible 
broader implications has not been undertaken. 

Limited studies have examine<l the effects of increased 
UV-B radiation on plants and aquatic organisms. Five years 
of field studies of soy beans provide the most extensive data 
and suggest potentially large losses in yield. Lahoratory 
studies of UV-B effects on aquatic organisms show changes 
in community composition and reduced breeding season for 
phytoplankton and loss of larvae for higher order fish. 
Potential implications for the aquatic food chain have 
not been studied. 

Initial case studies show that increase<l ITTT-B radiation will 
increase background levels of urban groundlevel ozone and will 
accelerate the breakdown plastics usecl in outdoor applications. 



SUMMARY OF HEALTH AND ENVIRONMENTAL EFFECTS 

Depletion of the ozone layer would result in increased 
penetration of biologically damaging ultraviolet radiation 
(UV-B) to the earth's surface. Based on the research 
completed to date, greater exposure to UV-B radiation has 
been linked to increases in the number of skin cancers and 
cataracts, suppression of the human immune response system, 
damage to crops and aquatic organisms, increased formation 
of ground-level ozone (smog), and accelerated degradation of 
certain plastics. 

Based on epidemiological and ecological studies, 
dose-response relationships were developed and reviewed as 
part of EPA's risk assessment. The extent of additional 
cancer deaths will depend on the degree of CFC control. If 
today's ozone level is maintained, the projected number of 
skin cancer deaths for White U.S. citizens born before 2075 
would be 2,100,000. If the ozone level is decreased by 26% 
(no controls on CFCs)J "there would be a projected increase 
in the number of skin cancer deaths of 1,200,000 over the 
base of 2,100,000. For an ozone level decrease of 7.7% (a 
protocol freeze), there would be an increase in skin cancer 
deaths of 253,000 over the case in which there was no ozone 
depletion. For an ozone level decrease of 6.1% (a 20% 
reduction), there would be an increase in skin cancer deaths 
of 168,000 over the base. For an ozone level decrease ot 
3.2% (a 50% reduction), there would be an increase in skin 
cancer death of 89,000 over the base. This analysis assumes 
that the average age of the population remains constant, 
that exposure to sunlight (e.g., sunbathing) does not 
increase, and that no major improvements in treatment of 
skin cancer occur. 

Recent studies have also shown a strong dose-response 
relationship between UV-Band the incidence of cataracts. 
Approximately 12.5 million cases in the U.S. could be 
averted by a protocol freeze for cohorts born by 2075. A 
50% reduction in the major CFCs would result in 
approximately 15 million cases averted. While laboratory 
studies link UV-B to suppression of the human response 
system with possible implications for increasing the 
incidence of herpes simplex and leishmaniasis, research into 
possible broader implications has not been undertaken. 

Limited studies have examined the effects of increased 
UV-B radiation on plants and aquatic organisms. Five years 
of field studies of soy beans provide the most extensive 
data and suggest potentially large losses in yield. 
Laboratory studies of UV-B effects on aquatic organisms show 
changes in community composition and reduced breeding season 
for phytoplankton and loss of larvae for higher order fish. 
Potential implications for the aquatic food chain have not 
been studied. 

Initial case studies show that increased UV-B radiation 
will increase background levels of urban ground level ozone 
and will accelerate the breakdown plastics used in outdoor 
applications. 
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Irneact of Chlorofluorocarbons (CFCs) on At,mos,Rheric O:zone: 

Issue: 

Emissions of chem1cals containfng chlorine (e.g., CFCs) and bromine (Halons) 1nto the 
atmosphere may bf depleting the stratospheric ozone layer, reducing the screen aga1nst 
harmful ulrav1olet radiation and a1tering the Earth's c1imate system. 

Theory and roi' l Pred1 ct 1 ons: •• s"""of u,o,-lA"-'\cl~ 

Continued growth ~f CFC a alon emissions at 3 percent per year, which 1s consistent 
with economic project1o , is predicted to yield a global1y averaged overhead-eolumn ozone 
depletion of about 6 retnt by the year 2040 and more thereafter. In contrast. a true 

. global freeze of the m1ss1o·ns of chlorine and bromine conta1nin9 ,hem1ca1s at the present 
rates is predicted to i1e1d a ma~m globa11y averaged co1umn dep1et1on of less then 0,5 
percent by the year 2015 and ◄ •~•Ag thereafter. rn both cases, thfs assumes continued 
growth in the atmospheric abundan~es of carbon dioxide and methane. which partially 
offse.the ~hlorine and bromine effect. lt 1s further predicted that the ozone deplet1on 
w111 bl 2-3 times larger at high 11titud11 ,than the global average and less near the · 
,quator. 

Furthtrmore1 even with a true globtl freeza,1t 1s predicted there w1l1 be !n eventual 25 
pefcent redu~tion of ozone 1n the upper st"ratospherQ leading to a local cooling of about 5 
degrees centigrade. Th• consequences of this cooi1ng to climate at the Earth's surface 
are currently unc1ear. 

The CFCs are greenhouse gises and hence can contr1buta to a warm1ng of surface 
temperttures, Current understanding predicts that a true g1oba1 freez• through 2030 w111 
aventua11y jit1d a CFC-induced warming of 0.25-0.S degrees centigrade, which is comparable 
to the natura1 var1at1on observed during the past two centuries • . 

While thest theor1es indeed simu1ate much of the present atmosphere fafrly we11, they ere 
not perfect, wnieh does p1ace factors of two or three uncertainty on the1r pred1ctive 
abilities, 

Obsarvat1ons: 

Ground .. butd obstrvat1ons shaw that co.lumn ozone generally 1ncrused about 3 percent 1'rom 
1960 to tha aarlt 1970 11, remained constant throughout the 1970's, and has decreased 

~th.(.Gr~cY It)' Gb~ut ~ ,.,,.~~. ~~·~- •a4e,,.~ • • ~,~~va~ ◄ ·~, •• ,,~ ~~e◄ ,,,~ • ,,ere-,e ~~ 
the 1ast 11vtr1l years. In add1t1on, .both ·satellite and ground-based observations have 
shown that ozorte hu decreased in the upper stratosphere by about 7 percent dur1ng tha 
11st decade. Whtther tht recent deere,ses 1n column and ~pper stratospheric ozone are due 
to I natu.ra 1 pheflo~_ena or 1 n pa rt to CFCs rema 1 ns an open quest ion. 

Observations have d1mon1tr1ted maJor (SO percent) column ozone decrease$ over Antarctica 
in the spring season s1ncQ the m1d-19?0 1s. Both man-made (CFCs) and natural (solar cycle 
and climate ehange} causes have been proposed. None art yat fu11y confirmed. Therefore 
91obal ramif1cat1ons art ~urrently unknown. However, even 11 the cause fs natura2,1t 
would not undermine confidence 1n g1oba1 CFC~ozo~e models, 

Im,21 ications: 

If the goa1 1s to 11mit predicted global and h1gr.-1at1tude column ozone and the upper 
1tr1to1phtri c o.zone ctephti ona to 1 eu than the dacadal natul"al var1abi Ht,y (a faw 
ptrcent),then reductions beYond a true ;1oba1 freeze may bt required~ It shou1d be noted 
th4n even a protocol that reduces em1ss1ona as much as 20 ■50 pereent could fall short of a 
true globa1 freeze s1nea ,t w111 not include all chem1eala, compliance 1n developed ~ 
~ountries may be less than 100 percent, and" substantial growth 1n CFC usageFoccurf 1n ,.J 
deve1op1ng countries. The long 11fet1meL of the CFCs and Ha1ons (100 years) imply t~at if 
th•te GhemiG•l* c•~•• •~vi.ronmenta1 domage then lu11 ~•cover~ would to~o man~ decadac avQn 
with CQmp1ete termfnation of tmis1ions. Hencet emission rate reduetfons done ear11er need 
~~• h• &1 severe as those done much 1ater. 
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MEMORANDUM FOR THE DOMESTIC POLICY COUNCIL 

FROM: THE ENERGY, NATURAL RESOURCES & ENVIRONMENT 
WORKING GROUP 

SUBJECT: Stratospheric Ozone 

On May 20, 1987, the Council met to discuss the 
protocol negotiations currently underway to limit 
ozone depleting chemicals. 

international 
em i s s i on s of 

Several questions were raised and the Working Group was asked to 
provide answers. The questions were: 

* 

* 

* 

What are the legislative and legal impacts of an 
international ozone protocol? 

What are the most up-to-date scientific data on climatic 
and health effects of ozone depletion? 

What is the cost/ benefit effect of an international 
treaty restricting ozone depleting chemicals? 

The following information has been summarized by the Working 
Group after discussion of detailed presentations by experts in 
each area. 

Legislative/ legal 

A pending lawsuit against the EPA seeks to compel the 
Administrator to promulgate regulations governing stratospheric 
ozone and to schedule such regulation. The court is not likely 
to act as long as international negotiations continue. If the 
international negotiations result in a scheduled reduction, the 
EPA would have sound defenses to any attempt by the plaintiff or 
the court to impose substantive emissions levels through the 
lawsuit. However, if there is no international agreement, it 
will be difficult to continue to argue for no domestic 
regulation, either in the existing lawsuit or in future 
litigation. EPA will be hard pressed to ask for more time to 
study the issue having initiated study of the issue eight years 
ago. 

To date legislative action has been restrained by strong 
opponents of domestic legislation (such as Congressman Dingell). 
If the international negotiations for a protocol fail, there will 
be a strong push for a unilateral domestic reduction on Capitol 
Hill. Key Senators and Congressmen have been making statements 
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to this -effect for months; recent press attention will only 
heighten that resolve. If the protocol called for a freeze or a 
freeze plus a 20 percent reduction, the legislative outcome is 
less certain though Congress would undoubtedly hold additional 
hearings to determine the need for further domestic reductions. 
If, on the other hand, the protcol mandated a freeze plus a 50 
percent reduction, it seems likely that any pressure for 
additional regulation domestically would dissipate. 
Environmental groups, which were initially backing a 95 percent 
target, have agreed that a freeze plus 50 percent reduction would 
be a very positive beginning. Without a strong push from these 
groups, additional action, congressional action, at least in the 
near term, would be unlikely. 

Climatic 

Both satellite and ground-based observations have shown that 
ozone has decreased in the upper stratosphere by about seven 
percent during the last decade. Total column ozone has decreased 
by about 4 percent since 1980. It ~snot known whether natural 
phenomena or CFC and Halon emissions have caused these decreases. 

Continued growth of CFC and Halon emissions at three percent per 
yea r (as consistent with economic projections) is predicted to 
yield, by the year 2040, a globally averaged overhead-column 
ozone depletion of about 6 percent and a stratospheric ozone 
depletion of about 50 percent. These depletion levels are much 
larger than natural variability and are, therefore, significant. 

In contrast, a true global freeze of the sum of worldwide 
emissions of chlorine and bromine containing chemicals at the 
present rates is predicted to yield a maximum globally averaged 
column depletion of less than 0.5 percent by the year 2015 and a 
stratospheric depletion of 25 percent in the next 100 years. 
This stratospheric depletion would be much larger than natural 
variability and would, therefore, be significant. (Note that a 
"true global freeze" is not realistically attainable given 
expected compliance problems and the anticipated concessions to 
developing countries.) The theories and models upon which these 
predictions are based have uncertainty factors of two to three. 

Health 

Depletion of the ozone layer would result in increased 
penetration of biologically damaging ultraviolet radiation (UV-B) 
to the earth's surface. Based on the research completed to date, 
greater exposure to UV-B radiation has been linked to increases 
in the number of skin cancers and cataracts, suppression of the 
human immune response system, damage to crops and aquatic 
organisms, and increased formation of ground-level ozone (smog). 
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Based on epidemiological and ecological studies, dose-response 
relationshps were developed and reviewed as part of EPA' s risk 
assessment. The extent of additional cancer deaths will depend 
on the degree of CFC control. If today's ozone level is 
maintained, the projected number of skin cancer deaths for White 
U.S. citizens born before 2075 would be 2,100,000. If the ozone 
level is decreased by 26 percent, there would be a projected 
increase in the number of skin cancer deaths of 1,200,000 over 
the base of 2,100,000. For an ozone level decrease of 7.7 
percent (the likely result of a freeze included in the protocol), 
there would be an increase in skin cancer deaths of 253,000 over 
the case in which there was no ozone depletion. For an ozone 
level decrease of 6.1 percent (the likely result of a 20 percent 
reduction in emissions), there would be an increase in skin 
cancer deaths of 168,000 over the base. For an ozone level 
decrease of 3.2 percent (a 50 percent reduction), there would be 
an increase in skin cancer deaths of 89,000 over the base. This 
analysis assumes that the average age of the population remains 
constant, that exposure to sunlight (e.g., sunbathing) does not 
increase, and that no major improvements in treatment of skin 
cancer occur. 

Recent studies have also shown a strong dose-response 
relationship between UV-B and the incidence of cataracts. 
Approximately 12.5 million cases in the U.S. could be averted by 
a protocol freeze for cohorts born by 2075. A 50 percent 
reduction in the major CFCs would result in approximately 16.3 
million cases averted. While laboratory studies link UV-B to 
suppression of the human response system with possible 
implications for incresing the incidence of herpes simplex and 
leishmaniasis, research into possible broader implications has 
not been undertaken. 

Limited studies have examined the effects of increased UV-B 
radiation on plants and aquatic organisms. Five years of field 
studies of soy beans provide the most extensive data and suggest 
potentially large losses in yield. Laboratory studies of UV-B 
effects on aquatic organisms show changes in community 
composition and reduced breeding season for phytoplankton and 
loss of larvae for higher order fish. Potential implications for 
the aquatic food chain have not been studied. 

Cost/ Benefit 

A cost benefit analysis has been performed for the projected skin 
cancer deaths, skin cancer non-fatal cases, and cataracts health 
effects projected from increased UV-B radiation occuring at the 
projected baseline growth of CFC emissions and at the levels of 
emissions contemplated by a protocol freeze of emissions, a 20 
percent reduction thereof, and a further 30 percent reduction 
thereof. Such analysis involves economic uncer taint ies and is 
not being presentd with respect to the benefits derived from 
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reducing the incidence of UV-Bon plants, aquatic life, the human 
immune system, ground level ozone concentrations, polymer 
degradation, and global temperature because of the lack of 
suf f ic ien t quantitative ex per imenta 1 information. However, the 
benefits of these non quantifiably evaluated benefits are 
acknowledged to exist and to be additive to the other benefits 
which were valued and computed. 

A range of assumptions was used in the analysis. The key 
variations in the assumptions were the valuations of lives saved 
(two million and four million were used) and the discount rates 
for the costs and the benefits. Four percent and six percent 
were used for the benefits and the costs were evaluated at the 
same rate. 

Sensitivity analysis was performed with respect to the economic 
valuation of lives saved and the growth in their value over time. 

The uncertainty in the underlying data from ,which the individual 
health effects were calculated was not separately estimated. The 
central values for heal th effects from the EPA risk Assessment 
Analysis were used in the cost benefit analysis. In order to 
bound the benefit assumptions by the uncertainty in the 
underlying health effects data, climate models, etc., the 
calculated benefits should be reduced or multiplied by a 
significant factor which could be as much as ___ percent 
reduction of a ___ fold multiplation. 

The conclusions of the analysis, which are shown in table form in 
Appendix ___ , are as follows: 

--The benefits from a "protcol freeze'' of the CFC emissions are 
substantially more than the costs over all plausible assumptions 
and ranges of uncertainty. 

--The aggregate benefits of a "protocol freeze" 
percent reduction in CFC emissions are also in 
plausible cases substantially in excess of the costs. 

plus a 
almost 

20 
all 

--However, the benefits of the 20 percent reduction alone are 
not in all cases in excess of the costs of the 20 percent 
reduction alone. 

--The costs of the further 30 percent reduction appear in many 
cases to exceed the benefits from the further 30 percent 
reduction. 

QUESTIONS FOR DECISION 

DPC guidance is sought on the following six issues involved in 
the stratospheric ozone negotiations. 
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1. Should the U.S. continue to participate in international 
negotiations toward a protocol to control emissions of ozone 
depleting chemicals? 

There is inter-agency agreement that international emissions 
control action is preferable to unilateral domestic control 
action for environmental and economic reasons. Unilateral 
domestic emissions controls are not likely to protect the ozone 
layer from depletion if other countries continue to emit 
ozone-depleting substances. In addition, unilateral domestic 
action would disadvantage U.S. industry in world markets. 
Moreover, it appears that legislative and judicial pressure may 
result in unilateral domestic emissions controls in the event 
negotiations toward an international control protocol fail. 

The Working Group recommends that the U.S. continue to 
participate in international negotiations toward a control 
protocol. 

2. Should the U.S. delegation continue to negotiate pursuant to 
'-S the C i r cu 1 a r 1 7 5 ? 

Y~for 
//0~ '~ 

i 
ov 

The November 28, 1986 Circular 175 (approved by inter-agency,;, 
review) authorizes the U.S. delegation to negotiate a protocol 
providing for: 

I. A near-term freeze on the combined emissions of the most 
ozone-depleting substances; 

~~ JOf' 
I I. A long-term scheduled reduction of emissions of these 
chemicals down to the point of eliminating emissions from all 
but limited uses for which no substitutes are commercially 
available (such reduction could be as much as 95 percent); 

I I I. Periodic review of the protocol provisions based upon 
regular assessment of the science. The review could remove 
or add chemicals, or change the schedule or the emission 
reduction target. 

While there has been much discussion about the specific terms of 
a potential protocol, there is no disagreement with the general 
framework set out in the Circular 175. The Circular 175, 
however, allows for various approaches to a control protocol. 
The remaining issues address the desirability of these various 
approaches. 

The Working Group recommends that the U.S. delegation continue 
to negotiate pursuant to the Circular 175. 

~?.IZ.-
3. What chemicals should the U.S. seek to include in the ~ · 

&rotocol 1L 
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.rt.l/ There is inter-agency agreement that a freeze on emissions at \\> 
v~ 1986 levels should cover al 1 of the important ozone depleting \ l "< 

chemicals including the Halons. (l'5 
wb+t: CN/Ml_r ,~d Ir\ ~ rf ~~ ~ ,L~ 

.A/ Any f_urther reductions shoud exclude the Halons for national \l~\ 
0 '< .... secur 1 ty reasons. ~'l)) \ 

Note: The Departments of Commerce and Energy question the \~ll 
advisability of requiring further reductions for CFC 113 given ~ 
its importance to the semi-conductor industry and to the nation'~ ~":::J"V"-'' 

defense. ~~,'g_ 
The Working Group recommends that the delegation seek a freeze on 
all ozone depleting chemicals including the Halons and CFC 113, 
and that any further reductions include all important ozone 
depleting chemicals except the Halons and CFC 113. 

4. What emissions control provisions should the delegation seek 
regarding stringency, timing, future study and implementing 
mechanisms? 

Points of Agreement: 

lj'f'Lssl<J'Y'O A. ..All a9cncioc 

.cJ l~~~~:;~0~~~~7s~~p~!~~ 

~ Ga,af' 
support a freeze, at 1986 levels, on 

of CFCs 11, 12, 113, 114, 115, and Halons 
effect one or two years after the protocol 

1 . 

enters into force. 

B. J U.J;--- agencjE s 
scientific, 

support regularly scheduled assessments of 
technological and environmental factors .. 

Questions: 

A. Should the dele ation seek an automatic 
reduction 1. ("'81:l&jesli ts ~eve11sal a~en 2/ 3 u ate) es take effec t 

.l:'"" y~ars after e n try i n t:D fo-rce ~ 

, Yes - e - Lands 

f:uur ...... 

ergy' ~ 20 b)o 

~j,. -a lSW..M c,f 1it~ 
1 

\ 1 - sf;M it 
( ' jt'\.Ctl)'\ .r (11>~-) D£- I \I/fr. 

Other age n c i es? - '°,t/ be?vz.j L . 11 l <I..{)_ I 'n ~~) 
. n~ ~\d£q~<TIA I::-'" -~~ oe.-0-.i.~f'dJI ~ rl--rro-c---~ B. Should the delegation seek an additional 30 percent l/)i, 

reduction to take ef feet 8 to 10 years after entry into force 
and after a majority vote affirming the reduction at a designated 
future time? 
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Yes EPA, Commerce, Just ice - Lands, Energy, State, 
NASA, OPD 

No OSTP 

Other agencies? 

C. Alternatively, should the delegation seek~ additional 
,,,,..- 30 pi.rcent reduction"T~ to take effect 8 to 10 years after entry 
~ into force automatically unless reversed by a 2/3 vote? 

- slJJ .t k. gcJl 
Yes -- EPA, State - ✓JJJ tf bt.. ,-t 
No -- Commerce, Justice - Lands, Energy, 0MB, OSTP, ~ 

OPD, UST R $~ ~ 0-J)il I ft_ ~ ~ 
Other agencies? opz.c.;il')e,:~ cf l ~ ~) 

D. additional ~ 

Yes 

No 

Allow 

EPA and State ( even 
automatic unless reversed by 

OSTP 

for future consideration 
Lands, Energy, 0MB, OPD 

The Working Group recommends that the U.S. delegation seek a 
freeze at 1986 levels; regularly scheduled assessments of 
scientific, economic, technological and environmental factors for 
review in future reduction decisions; a 20 percent reduction to 
take effect four years after entry into force unless reversed by 
a 2/3 majority vote; an additional 30 percent reduction to take 
effect 8 to 10 years after entry into force if affirmed by a 
positive majority vote of the parties; and allowance for further 
reductions if confirmed by future majority votes of the parties. 

~ ;- What should be the u.s. objective regarding the control 
~~ formula and trade provisions? 

~ There is inter-agency agreement that the U.S. delegation seek to 
include in the protocol an effective formula to control emissions 
with accountability, the fewest possible restrictions on the flow 
of trade and capital among parties, the most favorable formula 
for U.S. industry, and strong monitoring and reporting 
provisions. 
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The Working Group recommends that the U.S. delegation continue to 
pursue th~s obJect1ve. 

\~~ 
6. ') What should be the U.S. objective regarding participation~ and 
voting? 

There is inter-agency agreement that there should be the widest 
possible global partic i pation in the protocol. Limited 
concessionp, such as a grace period for developing countries, may 
be necessary to gain widespread participation. 

There is also inter-agency agreement that the U.S. 
should seek to include a system of voting which woul 
weight to the currently significant producing and 
countries. 

The Working Group recommends that the U.S. delegation continue to 
negotiate for widespread global participation and a voting system 
which would credit the major producing and consuming countries . 
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EFFECTS 

PROJECTED OZONE DEPLETION WILL INCREASE HEALTH CONSEQUENCES OF UVB 

• 

• 

Even without ozone depletion, projections show UVB is 
2.977 million skin cancer deaths of Americans 
165 million skin cancer cases 
426.516 million cataracts 

a serious problem 
born before 2075 

2 .S 4Jo 

Without a protocol, ozone depletion of 26% in 2075 is projected, which 
would increase UVB related health effects 

2 million additional skin cancer deaths 
98 million additional skin cancer cases 
43 million additional cataracts ~/ d} ~ .11~ 

A freeze would decrease ozone depletion to 7.7% and avert UVB damage ~ijq,J 
. ../ 1.6 million additional American deaths would be averted from no ~. 
~ protocol e(YltJS£if't'v.) 

79 million additional cases would be averted from no protocol _fJ _ft". L,()C.s 
32 million cataracts would be averted from no controls 1l'V 

~~{ 
or-✓rP)~~• A 20% protocol would decrease ozone depletion to 6.1% and avert 
\ (f'' r · E:-- additional damage 
J0 ,.,J)\~ - 80 thousand additional American deaths would be averted over a 

(>" \ freeze 
~' 4 million additional skin cancer cases would be averted over a 

\ 
• 

• 

• 

freeze 
2 million additional cataracts would be averted over a freeze 

A 50% global RrotocoJ.. would reduce depletion to 3 . 2% decreasing damage 
even more 

130 thousand additional American deaths would be averted over a 
20~~ protoco 1 

l 

7 million additional skin cancer cases would be averted over a 20% 
protocol 
7 million additional cataracts would be averted over a 20% protocol 

Uncertainties include future ozone depletion, the action spectra and 
statistical estimates of dose-response coefficients 

Considering quantifiable uncertainties, there is a 50% chance that 
the actual damages will be between 50% and 125% of the above 
estimates 
There is a 90% chance that the actual damages will be between 20% 
and 260% the above estimates 

UVB would suppress the immune system 
Evidence suggests a relationship to infectious 
A relationship has been demonstrated in herpes 
leishmanias 

d
. 1coi d s ..:.; £ s ' isease L\!: I 

simplex and -;11e -tn:pJC..-<U dt>~, 



EVIDENCE SUPPORTS THE CONCLUSION THAT DEPLETION WOULD EXACERBATE EXISTING 
ENVIRONMENTAL PROBLEMS 

• 

• 

Photochemical air pollution in places like Los Angeles would 
probably worsen 

The lifetime of outdoor plastics and paints would be shortened 
/I 

EVIDENCE SUPPORTS THE CONCLUSION THAT DEPLETION COULD SERIOUSLY INFLUENCE 
CROPS AND AQUATICS 

• 

• 

Knowledge is limited but experimental data indicate crop production 
may be reduced and ecosystems disturbed by ozone depletion 

Field experiments have not been done, but laboratory data indicate 
aquatic organisms are sensitive to higher UVB, especially during 
critical breeding seasons 

HIGHER EMISSIONS OF CFC AND ITS INDIRECT EFFECTS OF VERTICAL OZONE 
DISTRIBUTION WILL RA I GLOBAL TEMPERATURES AND CHANGE CLIMATE 

• 

• 

0253E 

in CFCs would lower ultimate global warming di rectly 
associat a with emissions to 2075 by .84°C for a freeze, .98°C for a 
20% r ed ction, and 1.28°C for a 50% protocol, plus or minus 50% 

Associ ted with temperature increases would be a yet unpredictable 
change in weather and climate patterns 
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Ad Hoc Working Group of Legal and Technical 
Experts for the Preparation of a 
Protocol on Chlorofluorocarbons to 
the Vienna Convention for the 
Protection of the Ozone Layer (Vienna Group} 

'lllird Session 
Geneva, 27-30 April 1987 

Original: ENGLISH 

TEXT PREPARED BY A SMALL SUB-WORKING GROUP OF 
HEAD OF DELEGATIONS 

ARTICLE I I: CONTROL MEASURES 

1. Each party, under the jurisdiction of which CFC 11, CFC 12, CFC 113, 

(CFC 114, CFC 115) are produced shall ensure that within (2) years after the 

entry into force of this' Protocor~e (Cbmbin-ed ~-niiua_rproou<?t.ion· a_nd imports} 

(canbined adjusted annual production} of these substances do not exceed their 

1986 level. 

2. Each party, under the jurisdiction of which substances referred to in 

paragraph l are not produced at the time of the entry into force of this 

Protocol, shall ensure that within (2) years from the entry into force of this 

Protocol (its combined annual production and imports) (its combined adjusted 

annual production} do not exceed the levels of imports in 1986. 

3. Each party shall ensure, that within (4) years after the entry into force 

of this Protocol levels of substances referred to in paragraph 1 attained in 

accordance with paragraphs 1 and 2 will be reduced by 20 per cent. 

4. Each party shall ensure that within (6) (a) , (8) (b) years after the 

entry into force of this Protocol, the 1986 levels of substances referred to 

in paragraphs 1 and 2 will be further reduced (by 30 per cent}, (a) (if the 

majority of the parties so decide, (b) (unless parties by a two-third majority 

otherwise decide), in the light of assessments referred to in Article III, 

suer. decision should be taken not later than (2) (4) years after entry into 

force. 
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5. Parties shall decide by (two-third majority) (a majority vote) 

- whether sub~tances should be added to or removed from the reduction 

schedule 

- whether further reductions of 1986 levels should be undertaken (with 

the objective of eventual elimination of these substances). 

These decisions shall be based on the assessments referred to in Ar-ticle III. 

Note: A second paragrr:Jj reading as follows has to be added to Article III. 

Beginning 1990, every four years thereafterJthe parties shall review 
~ 

the control measures provided for in Article II. At least one year 

before each of these reviews, the parties shall convene a panel of 

scientific experts, with canposition and terms of reference determined 

by the parties, to ·0 review advances'"in sc"ientific -~nderstandin~ 

modification of the ozone layer, and the potential health, 

environmental and climatic effects of such modification. 



Effects of CFC Emissions on Ozone Column 

Calculations for DPC Working Group 

R. Watson/NASA 

R. Johnson/OSTP 

5 June 1987 

OSTP Scenarios 

LLNL Parameterized 1-D Model 

...... 



Key Conclusions 

In order to minimize the decrease in the ozone column, it is essential to 

1. Minimize the growth rate in non-complying countries: 5% non-compliers 
growing at 5%/year has the same impact as 20% non-compliers growing at 3%/yr. 
Even 50% reductions in emissions of complying countries cannot offset the 
compounding effect of growth in non-compliers. 

2. Minimize the fraction of non-compliers at the earliest possible date. 

3. Note that a 5 year delay in reductions beyond a freeze among compliers has no 
significant direct impact on ozone. However, if earlier reductions lead to 
substitutes at an earlier date, and reduce the growth rate in non-compliers, that 
indirect effect would be significant. 
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•~n--o O o-0 - ·--· 5°¼ ~!~•:::::::::;;•===•-•-•- 0 I -a- 90% fr 2000 
~- ~--D "»., ----□............._ I -o- all fr 2000 . ■ a 

"'-.. '□ I ,... 20%@5% 
"· 10%@3% 

-6.00 

-8.00 

-10.00 

\ 

I ·•· all fr 2000 
after 2000 

\ \ \ 20%@3% 

after 2000: 20%@5% 10%@5% 

Growing 20% comply in 2000: 0, 1/2, all 
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Effects of CFC Reductions 
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1980 2000 2020 2040 2060 2080 2100 
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2.00 

·•- Global Freeze 

0.00 

-2.00 

-4.00 

--· ---· ---· -· ---- -~· •---=□::::=:::;;;a____,_ 

•-x~i~~~::::'~-

·0- 20°/<>@3% 

·•- cut in 92 & 97 

-a- cut in 97 & 02 

+ 2QO/o@5% 

-1r- cut in 92 & 97 

-6.00 

-8.00 
\ o a 

\o% grow at 3% 

·X- cut in 97 & 02 

-10.00 \ 
20% grow at 5% 
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Calculations for DPC Working Group 
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LLNL Parameterized 1-D Mcx:lel 



PARAMETERIZED CALCULATION OF 1-D TOTAL COLUMN OZONE CHANGE 
LLNL PARAMETERIZATION 

1986 
1990 
2000 
2010 
zeze 
Z030 
2040 

_ 20S0 
2060 
2070 
2080 
2090 

.e 
-.14 
- .43 
-.5Z 
- • 51 
-.42 
-.27 
-.es 

.19 
• ,4 8 
• Bl 

1.17 

2 
.0 

-.14 
•. 47 
-.57 
-.55 
-,46 
-.30 
-.09 

.16 

.46 

.79 
1.15 

3 
.e 

-.14 
-.42 
-.35 
- .17 

,08 
• 36 
.69 

1, 04 
1.43 
1. 83 
2.26 

SCENARIO 
4 
.0 

-.14 
-.47 
-.45 
-.26 
-.00 

.ZS 

.62 

.99 
1.38 
1.79 
2.22 

5 fcoca 
.e .e 

-.14 -.14 
-.74 -.50 

-1. 32 - , 75 
-1.73 -.88 
-2.01 -.91 
-2 .18 ~, 87 
-z, 27 - • 76 
-Z.28 -.60 
-2.22 -.38 
-Z,09 - .12 
-1.91 .-18 

1986 ASSUMED EMISSION LEVELS IN 10••6 kg 

6 
.0 

-.14 
- . 52 
-.ez 

-t.14 
-1.22 
-1.38 
-1.57 
-1.81 
-2.15 
-Z,64 
-3.35 

7 
.e 

-.14 
-.ss 
-.92 

-1.28 
-1,67 
-2.16 
-2,84 
-3.83 
-5.32 
-7.66 

-11.64 

CFC-11 CFC-12 CFC-22 CFC-113 CC14 CH3CC13 1211 1301 
343.4 504.5 117.6 166.5 80.5 564.8 4.5 4.5 

SCENARIO DESCRIPTIONS : 

CO2 - HAS 50th percentile 
CH4 - linoi:sr growth I! 0.817 PP"' anrually (about UL \ , 
NZO - e.zx COl'lpounded ennJal growth ' 

1. E~taatpna of fully halogenated epeciee (including Halon,> fiKtd et 
1986 levele to 1992, .8•1986 levele thereafter. CFC-22 and CH3CC13 
fixed at 1986 level, throughout. 

2, E~1111on1 cf fully halogenated •pec1ee (including Halon•> fixed et 
1986 level• to 1995, .8•1986 level, thereafter. CFC-22 and CH3CC13 
ft•od at 1986 levole throughout. 

3, £"1a1ion1 of fully halogenated epecie1 (including Halon,> flKed et 
1986 level, to 1992, .8•1986 levela to 199?, .66•1986 level• thereefter. 
CFC-22 and CH3CC13 fixed ■t 1986 lavel1 throughout. 

4, E~11110n1 of fully halogenated specie& (1nclud1nQ Halon,> fixed at 
1986 level5 to 1995, .8•1886 levol1 to %000, .56•1986 levels thereafter. 
CFC-ZZ end CH3CC13 fixed ■t 1986 levela throughout. 

S. EMieetone of ell h4logen-conte1ning 1peci•1 grow at 3l co~oundod enrually 
until 2000. E"i111on1 frozen at 1996 level• thereafter. 

freoie. E"11oton~ of ell halogen-containing epectee, fixed at 1986 level a. 

6, E~itelona of all halogen-containing 1pec11e eKcept Halon, ft••d at 
1186 level, throughout. Halon •"1•t1ona grow at JI co"pounded ■nnJally. 

7. eex of 1986 •"1aa1a"1 of all halogen-contatntng apect•• fro1en at 1986 
leval1 throughout. ZII of 1886 •"t11ion1 allowed to ;~ow at 31 
oo"Paunded anrually. 
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Juno Z, 1981 

PARAMETERIZED CALCULATION OF 1-0 TOTAL COLUHN OZONE CHANGE 
LLNL PARAMETERIZATION 

SCENARIO 
EBEEZE SH l uu; 

L'l ~~BB i;l:i! I ..._. ZiU I 1,8l ZII I &.15 
1.51 1 .11 1. 51 e B t 8 B 

1986 .e •• .e •• .e •• .e .e 
·- ~1191 ·.U -.14 -.16 - .14 -.14 -.14 -.14 •.14 

ZH0 -.76 -.se -.zs -.ss -.44 ·.54 -.69 -.48 
ze1e -1.19 -.75 -.30 -.92 -.44 ... 63 •1. es -.se 
zeze -1.51 -.88 -.Z4 -1.28 •.46" - .61 -1. 74 -.se 
Zl30 -1. 74 -.91 -.17 ·1.67 -.55 -.68 -Z.77 -1.58 
tt4e -1. 8! -.8'7 .18 - 2.1B -.?e -.88 -.-.s? -2.96 
2150 -1.99 -.76 .50 -Z,84 -1.15 -1.Z6 -e.es -5.80 
zase -z.e3 -.60 .87 -3.83 -1. sz -1.92 -16.2 ·lZ.3 
te'?e -t.et •,38 1. 30 -5.32 -2.sz -3.82 -46 -35 
7110 •1.97 -.17 1-78 -7. 66 -4.71 -, .a0 ) -50 ) -50 
zese -1. BS .18 2. 31 -11.64 -7.70 -7.82 > -se > -50 

1986 ASSUNED EMISSION LEYELS IN lloB leg ,-. .. 

C:Fr:-11 C:FC':-17 r.Fr, .. 77 CFC:·JJ3 CC14 CH3CC13 lZll '. 1301 
343.4 &84.5 117,6 166.5 88.5 564.8 4.S ' 4.6 •, 

CCENMIO DEECRIPTlONS~ 

~cz • fffl5 Mtn percentiie 
CH4 - linear growth I e.117 pp~ anrually (about 11), except•• noted. 
NZO - 1,21 cOfllpounded anrual orowth 

fc•u• 

E~i•■ ion1 of all ha1ogen-oo"ta1n1ng •peciae f1Kad at 1188 level,, 

H¥c'lt~ 

ZII of 1986 •~1••1ane a1au"•d to o~ow at eo~paunded anl"l.lal rate, of 
3 or & I, 

A· 811 of 1986 •~i111one of ell halogen-containtnc •Peete, con1t ■nt 
et 1186 level, thr-aughout. 

B - 811 of 1986 •"i111on1 of all halogen-conta1n1no 1peg1e1 conatant 

C 
.e 

•.U 
-.67 
-.79 

-1.es 
-1.7Z 
- 3.10 
·5.94 

-12,5 
-36 
> -F;0 
> -se 

at 1186 level, to 1992, thin conatant at l,1•1986 •"1••1one to 1997, 
then conatant at e.&•1186 •~la11on,. 
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4.00 

2.00 

0.00 

-2.00 

-4.00 
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9 -8.00 
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-10.00 
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I I 

2000 2020 2040 2060 2080 2100 

••• ---■---· 1.5% 

-~•- ■---· ...._v_•-■-•-■-•-
•--.._o-• o~~-

--• o~-o-o-o-~o-o 1.0% --. -· -· ---· ~-•-•-• 0.5% -•- 0.50% 

-0 - 1.00% 

-•- 1.50% 
Global freeze in 1990 

Effects of CH4 growth rates %/yr 



Effects of CFC Reductions 

I I 

1980 2000 2020 2040 2060 2080 2100 
4.00 --------.---.----....,----.-----, 

% 
2.00 

0 I ·•- Global Freeze 

--· z 0.00 X-x •--• I -o- 20%@3°/0 ........._x~!'.'!~o=a=,,.._- •-•--
0 X ·--.:::=:::;□~ 

I ·•- cut in 92 & 97 
-2.00 ~~:---:::::~~><~o-.........._ 

0
"'0,_ n 

I ·□- cut in 97 & 02 e 

~ 
o" □ 

-4.00 t ~ 0
"-. "a 

I* 20%@5% 

C I -1,,- cut in 92 & 97 
h 
a -6.00 L \ ';, 

~, 
\ I -x- cut in 97 & 02 

n 

-8.00 ~ \\ " 0 a g \ e 20% grow at 3% 

-10.00 L \ \ \ 
20% grow at 5% 

~u..,~ .\ 



lune 4, 

PARAMETERIZED CALCULATION OF 1-D TOTAL COLUMN OZONE CHANG! 
LLNL PARAMETERIZATION 

SCENARIO 
zei of' 1886 E~1111one Grow I 

3J / year 5~ I year 
8 a C . 8 a 

. - 1986 ·" ·" .e ·" .e 
1990 - .14 - .14 -.14 -.14 -.u 
ZIH -.55 -.55 -.55 -.S9 -.S9 
zeu -.92 -.se -.89 -1.19 ·1.15 
zeze -1.28 ·1.19 ·1.10 -1. 74 -1. 52 
Z830 -1.67 -1.44 -1.Zl -2.77 -2 .11 
ZM9 -Z,16 -1.69 -1.23 -4.57 -3.00 
2050 -Z.84 -1.99 -1.18 -a.es -4.51 
zese -3.83 -z. 39 -1.87 -16.19 -7. 31 
ze7e -5.3Z -Z.97 -.se -45.7 -13.36 
2880 -7.66 -3.8Z -.68 < -se •3Z.6 
2190 -11.64 -s.12 ... ~1 < •60 < •60 , .... . 

\ 

1986 ASSUNED ENISSION LEVELS IN 11••6 kc 

CFC-11 CFC-12 CFC-ZZ CFC· 113 CC14 CH3CC13 1Z11 
143.4 514.S 117,6 166.6 89.S 664.8 4.5 

SCENARIO DESCRIPTIONS= 

COZ • MS &Ith percentile 
CH4 • liner arowth I 1,117 pp~ enrually (about 11>. 
NZO • 1.%1 cORpaundad ann.aal growth 

111,z11 

' 

' .I 
-.14 
• .59 

.. 1.11 
-1. 31 
•1,48 
-1.57 
-1.57 
-1.50 
·1.38 
·1.19 
-.96 

1301 
-4.5 

1987 

811 af 1986 •"iaaiona of all halogen•containing tpociet conatant •t 
••au"•d 1886 •"11,lon level,. 

tel of 1985 •"i11iona ••au"ed to grow at 3 or SI per year CO"POUnded 
untU 2118. 

~ - ZII of 1986 •~1w1ion1 of all halogen•contain1ng ap•c1•• contin.a• to 
oo"paund at 3 or S s ■nrually after zeee. 

8 - One half of the ze I fraction of COIIIIPOUnd1ng l98S e~iaaiona are frozen 
. after ZIii at their ZIii •"i•wion l•v•l, th■ other half contitMee to 

-~" COIIJIPOUnd at I or S I ann.aally, 

C - Th• ZI I fraction af 1186 •"111ton1 .allowed to co..paund until ZIii are 
fra11n at the ZIH e111111lon ~level. . 

·P•t•r 8. Connell 
. 11.0. :-,lo1e Ill L•ZBZ 

/ :, .. :,,: . . :. '. .~CJ.i~•,-~•• · CA _,_:94559 ·: .. 

9~fliiifilliiti i r~L;e:,,:~.t·, .. :.::~k'.<c-#~(,.~~·· ·,., -
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Effects of CFC Reductions 
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•□- 20%@5% to 2000 



% 

0 
z 
0 

n 
e 

C 
h 
a 
n 
g 
e 

71ltJJ: 4 

Effects of CFC Reductions 
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-==u o-v ·~Q===x-~x-x->< __ x __ x __ x 
-~_-g-o-o-o-o-

O 
3% 

--□ ----□ .............._a 

'□ "'10%@3% 
a 

\after2000 

\ 20%@3% 

Growing 20% comply in 2000: 0, 1/2, all 

I I 

•X- Global Freeze 

-b- 20%@3% 

•□- 90% fr 2000 

-o- all fr 2000 
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Effects of CFC Reductions 
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~=-
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0 

5% 

~"" • \ • 
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after 2000: 20%@5% 10%@5% 

Growing 20% comply in 2000: 0, 1/2, all 

I I 

-x- Global Freeze 
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·•- 90% fr 2000 
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Effects of CFC Reductions 
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--)( 0 __ x __ o 3% 
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~- --□, 
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"J. '-• □ I ·•· all fr 2000 

\ \after2000 

\ \ \ 20%@3% 

-A- 20%@3% 

·□- 90% fr 2000 

-o- all fr 2000 

after 2000: 20%@5% 10%@5% 

Growing 20% comply in 2000: 0, 1/2, all 




