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UNEP OZONE LAYER PROTOCOL NEGOTIATIONS 
INTER-AGENCY TRADE ISSUES GROUP 

SUMMARY OF DISCUSSIONS AND RECOMMENDATIONS 
ON DRAFT TRADE ARTICLE 

The Inter-Agency Trade Issues Group strongly supported the 
progress made at the last UNEP negotiating session on the issue 
of trade between Parties and non-parties. It felt that the draft 
article developed at the last session (based largely on a U.S. 
proposal) provided a very good focus for further discussions at 
the upcoming session. It recommended that the U.S. actively 
support the draft article, but seek to strengthen and improve it, 
as noted below: 

1. "Non-Party Compliers" exemption: The Trade Issues Group felt 
that the bracketed language in paragraphs 1-5, which allows a 
non-party otherwise in compliance to be exempted from the import 
restrictions, should be deleted. The Group's view was that it added 
unnecessary complexity to the Trade Article and might create a 
disincentive to membership in the Protocol. 

Among the reasons that had initially been used in support of 
this provision were: (a) it would ensure that the Article was 
consistent with the GATT (which allows trade restrictions for 
environmental protection, providing such restrictions were non­
discriminatory); (b) the u.s. needed it in order for the protocol 
to be implemented wholly under the authority of the Clean Air Act; 
(c) it would encourage compliance by so-called "pariah" states 
(e.g., Taiwan, South Africa) which would not be able to join the 
protocol because they were barred from the UN. 

On these points, the group felt that: (a) it could be argued 
that membership in the protocol would be the only way to ensure that 
a country was shouldering its responsibility to protect the ozone 
layer, and hence the exemption was not required to ensure consis­
tency with GATT; (b) the language in the Clean Air Act was suffic­
iently broad so as to cover restrictions on non-party imports, 
without the exemption; (c) any state (e.g., South Africa) could 
legally become a Party to the protocol, and any entity which was 
not a state (e.g., Taiwan) would not be subject to the import 
restrictions in the protocol, but could be covered by bilateral 
restrictions (see 4-15-87 USTR memo, attached). 

2. Non-Party Export Restriction: The Group considered whether 
paragraphs 1 - 3 of the draft Trade Article should be broadened 
to include non-Party exports, a question that had been raised by 
the delegation of France at the last negotiating session. The 
Group concluded that paragraphs 1 - 3 should not also cove~ exports. 

The group felt that banning or restricting non-Party imports 
already provided sufficient incentive for non-parties to join 
the protocol. Furthermore, since the adjusted production formula 
provides that only exports to Parties could be subtracted from a 
Party's annual emissions calculation, any exports to non-Parties 
would be counted in the exporting Party's annual limit (and 
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presumably the protocol is designed so that the sum of the national 
limits is at or below a level that adequately protects the ozone 
layer). Finally, restricting exports might, by cutting off supply, 
induce non-parties to begin producing CFCs on their own. 

3. Imports of Products Containing CFCs: The Trade Issues Group 
recommended that paragraph 2 of the draft Trade Article be strength­
ened by having an annex developed now, containing a list of the 
primary products in this category. The Group felt that this 
paragraph should be amended so that Parties would ban products 
containing the controlled substances, including but not limited 
to those on this list. The protocol should then provide for 
Parties to periodically r eview and amend the annex. The Group 
recommended t h at t h e delegation table a draft annex at the upcoming 
session, which would include a list of products (suggested list is 
attached) and the following definition of products containing: 

An article of trade which contains any of the substances 
controlled by this protocol as an active or passive element 
in its operation[, function, or design] or which contains 
any of the controlled substances in its structure or matrix 
over [ ] by volume or [ ] parts per million by weight. 

4. Products made with CFCs: While acknowledging that it still 
appears to be impractical to develop workable restrictions on 
imports for this product category, the Group felt that it would 
be useful to strengthen the wording of this paragraph by: 

(a) changing "study the feasibility" to "determine the 
feasibility"; 

(b) giving the parties a deadline for making this determination 
(i.e., "Within [ ] years after entry into force of this 
protocol, the Parties shall ... "); and 

(c) adding a sentence at the end of the paragraph obliging the 
Parties to ban or restrict any products which they have 
determined to be feasibly banned or restricted, and to 
develop a list of such products in an annex. 

5. Timing of import restrictions: The Group recommended that the 
U.S. delegation propose t h e following timing for paragraph~ 1 - 3 
of the trade article: 

Bulk - same time as the freeze (U.S. position is for 1 
year after entry into force); 

Products containing - later than for bulk, but reserve 
position until the timing of the control article becomes 
clearer; 

Products made with - allow 1 -3 years for Parties to 
determine the feasibility of restricting non-party imports 
of products in this category. 



-3-

6. Technology export restrictions: The Group reaffirmed its 
previously held view that paragraph 4 would be difficult to 
enforce, given the nature of the technology, and that consequently 
the delegation should be instructed to trade this paragraph for 
something of higher priority. If this was not possible and the 
article remained, t h e group felt that the delegation should 
support retaining the verb "discourage" (one of the three bracketed 
choices in the text) and should support having this article apply 
only to non-parties. 

However, the Group felt that paragraph 5 should be strongly 
supported, and should be generally applicable (i.e., not just 
restricted to non-parties). 

7. Exemption from paragraghs 4 and 5: At the previous UNEP session 
an exemption to paragraghs 4 and 5 was proposed, to allow for the 
export of "good" technologies (i.e., those which do not contribute 
to a depletion of the ozone layer). The Group agreed with the 
rationale for this exemption (paragraph 6 of the trade article), 
but suggested that the language be tightened up. The Group therefore 
recommended that the delegation propose the following language 
for paragraph 6: 

"The provisions of paragraphs 4 and 5 shall not apply 
to products, equipment, plants, or technologies which 
improve containment, recovery, recycling, or destruction 
of the controlled substances, or otherwise contribute 
to the reduction of emissions of these substances." 

8. Definition of bulk: At the previous session, the delegation 
had been authorized to propose a definition on bulk trade, for the 
purposes of the trade article and the adjusted production formula 
(which the u.s. has proposed only count bulk exports and imports). 
As the delegation had not had the opportunity to propose a defini­
tion at that session, the Group felt that the delegation to th~ 
upcoming session should do so. The definition is as follows: 

"bulk exports or imports means any export or import of 
a commodity c o ntaining [10 lbs.] or more of non-recycled 
substance(s) c o ntrolled by this protocol. 

9. Non-compliance by Parties: The Group considered the question 
of whether non-complying p a rties should be treated as non-parties 
for the purposes of this article. If they are not, then the 
possibility exists of a nation joining the protocol for the sole 
purpose of avoiding the import restrictions, but with no intention 
of fulfilling its obligation under the control article. If they 
are, then the protocol would contain an element of "enforcement" 
which has heretofore been lacking. 
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The major problem which the Group identified of having the 
trade restrictions apply to non-compliers as well as non-Parties 
was how a non-complying Party would be identified. Some possibil­
iti~s (which are not mutually exclusive) include: (a) by the 
secreta riat (for the simple case where a party's own submitted 
data show it to be out of compliance); (b) by a majority vote of 
the parties; (c) by having one or more parties submit an allegation 
of noncompliance to an arbitration panel, which would issue a 
finding. 

The Group recommended that the delegation discuss this issue 
at the upcoming session. However, it felt that the issue had 
ramifications that went beyond the trade article, and that having 
general provisions on non-co mpliance in the protoco l made more sense. 

Drafted by: 

Jim Losey 
EPA/OIA (382-4894) 
4/21/87 



"PRODUCTS CONTAINING" 
PROPOSED LIST 

1) refrigeration equipment 

auto air conditioners, building air conditioners, 
refrigerators, freezers, dehumidifiers 

2) rigid foam 

insulation, packaging, food service 

3) flexible foam 

seating and padding cushions 

4) fire fight i ng s y stems and products 

portable fire extinguishers, fire systems, 
recharge tanks 

5) small containers 

recharge and consumer products 
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qJ I. General Objectives 

~~~~ ~ The general objectives for the USG in these negotiations 
vJ QJl, continue to be as delineated in the Circular 175 of November 28, 
~ 1986: 

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

B. 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%), subject to C; and 

c. 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. 

II. Objectives for this Session: 

A. Keep the negotiations focused on elab~~ating a protocol 
based on the U.S. freeze-reduction approach (now included 

[i n the Chairman's text), and resis t efforts to resurrect 
~ \_other options (e.g., Canadian, Soviet). frvt:> of--i~ k)~} 

L., 8 ~, gs 4 'iG j -
0

' - .J-..-fo 
B. Maintain previous U.S. negotiating posit ion as 1o ng ~\)'o,t.c::A 

possible, including goal of virtual phaseout unle~~ ( ~ 
scientific evidenci?J---eineige~ 

c. 

E. 

Focus attention on defining a meaningful initial reduction 
step beyond a freeze, and try to narrow stringency and 
timing ranges in the Chair's text. 

Tus.,stl>I\._ ____ _ 
'eorrt±-n-ue to press fe"I"7 as broad a coverage of chemicals 
as possible (based on initial U.S. list of priority 
chemicals), with CFC 113 specifically included. 

Compromise (based on section III below) if this is 
judged essential to achieve protocol which meets basic 
U.S. objectives (i.e., protecting the environment, 
stimulating a transition away from CFC reliance, and 
avoiding major economic dislocations and shocks). 

F. Maintain and strengthen earlier U.S. positions on trade and 
scientific assessment, which have received strong support. 

lStrive for progress on the LDC issue, emphasizing an approach 
that will encourage LDCs to join but does not undercut our 
long-range environmental objectives. 

G. Work toward final agreement on all basic elements of the 
protocol, including stringency, timing, scope, trade aspects, 
treatment of developing countries, and scientific assessment. 
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o Freeze the ozone depletion potential of emissions from CFC-11, -
12, -13, and halons 1301 and 1211, at 1986 levels in the first full 
calendar year after the protocol enters into force; 

- any country that has 1986 levels within 70% of their his­
toric high of aerosol use additionally will reduce aerosol use 
by 25%. 

o Schedule a 20% reduction of ozone depletion potential of emissions 
from 1986 levels in the sixth year after the protocol comes into 
force; 

- change to a 30% reduction; also add--for countries that 
have demonstrated that by 1986 a majority of aerosol propel­
lants were not the CFC species now being a candidate for 
control--the level of national reduction is set at 20% of 1986 
levels, plus a reduction of ozone depletion potential of 
emissions equal to the 1986 aerosol usage. 

o Schedule a scientific and technological review to be completed 5 
years after the protocol is opened for signature and, based on this 
review determine: 

(1) if the 20% reduction level (or the 30% minus the aerosol 
credit level) is sufficient or more control stringency is 
needed. 

(2) if a next round of emission reductions~ to go into force 
8 to 10 years after the first reduction, should be negotiated. 

o Emissions in terms of ozone depletion potential to be calculated 
are: 

Production+ Imports - (Exports+ Distruction + Long-Term Encapsulation) 

Where Long-Term is 50 years or more, 

and other articles of the protocol will determine how the calculation of 
each tennis to be demonstrated . 



A Proposal For A Revised CFC Negotiation Posture For the U.S. 

Background. In 1976 the U.S. unilaterally initiated a ban on 
the use of CFC as propellants in aerosol containers. This 
action was based on preliminary scientific information that 
CFCs could have an adverse environmental effect. To date 
only the Nordic countries and Canada have followed suit. 
(West Germany, we are told, is planning such a ban.) Our 
actions have had the following effect between 1976 and 1985 
according to industry data: 

* 

o U.S. use of CFCs as aerosols declined 92% (from 412 
to 32 million pounds). 

o Total U.S. use of CFCs declined by 13% (from 750 to 
650 million pounds) mainly because non-aerosol use 
increased by 83% (from 338 to 618 million pounds). 

o In the Rest-Of-The-World (ROW), use of CFC aerosols 
declined by 31% (from 632 to 438 million pounds). 

o Total ROW use of CFCs increased by 9% (from 1150 to 
1250 million pounds) because of a 57% increase in 
non-aerosol use (from 518 to 812 million pounds). 

o Aerosols often use CFC-11 and 12 which are 
environmentally the worst actors. 

0 Currently 25% of world CFC use is for aerosols. 
ROW the corresponding figure is 35%. 

o The rate of growth for non~aerosol CFC usage was 
6.93% for the U.S., 5.12% for ROW, and 5.87% for 
the entire world. 

The following information excludes consumption in the 
eastern bloc nations. 

In 

Happens that a freeze would result in a more-or-less stable 
overall ozone situation. (See Exhibit C.) However, a freeze 
at current levels of CFC consumption would have the largest 
negative economic impact on the U.S. and others who have 
already eliminated aerosol use. The ROW would be able to 
preserve more beneficial uses while eliminating aerosols. In 
fact, we estimate that the RO W c ould abs.orb reductions up to 
25 or 30% phased in over 5-10 years by merely shifting out of 
aerosol usage of CFCs. 

Environmentalists will not be satisfied with a freeze because 
while total ozone would remain constant, the ozone profile 
would be redistributed with more ozone near the ground and 
~~ ss in the stratosphere. They believe an 85% reduction is 
~he minimally acceptable position. 



Finally, CFCs add to potential global warming. 

Proposal. To ensure a level playing field, the U.S. should 
seek as a first step, a worldwide reduction equivalent to a 
95% reduction, from 1976 levels, on aerosol CFC usage. This 
would allow the immediate establishment of a new "baseline" 
quota for each nation based on, say, its 1985 consumption 
level minus 95% of CFC aerosol use in 1976. This would: 

o Effectively reduce worldwide CFC usage by about 22% 
"immediately". Most of this would be in CFC 11 and 
12, the most environmentally damaging. 

o Establish a baseline which would not economically 
penalize the U.S. and other countries which have 
banned CFC for aerosols for their early, unilateral 
action--an action which all EEC nations have 
benefited from environmentally but were unwilling 
to undertake. 

o It would allow each nation to reduce uses in the 
most economically-efficient fashion. 

To cushion any adverse social and economic impacts in the 
short run, each developed nation could be given a small (x%) 
growth allowance until 1997, i.e., for ten years. 

It is assumed that x = 2%, i.e., the baseline quota is 
allowed to increase by 2% each year. 

Tables 2 and 3 provide approximate future CFC consumption 
figures und€r this scheme. This scheme would: 

o Provide greater reductions in CFCs than the 
currently proposed freeze until 1997. Cumulative 
consumption would be less with this proposal than 
under a freeze until past 2005--if this scheme were 
extended till at least that time. 

o Compared with a freeze-plus-20% reduction, the 
proposed reduction scheme is environmentally 
better for the first few years and worse after 
that. See Table 3 for a sample calculation 
with a hypothetical schedule which assumes that: 
(a) the freeze would be at 1985 levels and become 
effective in 1988, and (b) the additional 20% 
reduction becomes effective in 1990. That table 
shows that using this schedule, "crossover" would 
occur around 1993. Obviously one can vary the 
crossover point by va rying either the rate of 
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allowed growth applied to an adjusted base or the 
schedule. 

o Drastically reduce growth rates for nonaerosol uses 
from a 95% increase over 10 years to 22% for the 
U.S., and a possible 65% to 22% for the ROW. These 
are based on assuming that nonaerosol uses would 
grow at the same level as the 1976-85 average. 

o It would buy time to gain additional 
information on the phenomenon and to work on 
environmentally, and otherwise, safe 
substitutes. It is not expected that ozone­
depletion over the short run should be 
drastically affected by this approach. See 
Exhibit C provided by EPA/NASA during the 
briefings. An examination of this figure shows 
that under this proposal there would be virtually 
no change in stratospheric ozone in the early 
years. In fact, the ozone-depletion curve under 
this proposal would be above line A until 2006-­
at which point it will intersect that line. 

Finally, it is recommended that domestic agencies reallocate 
budgets and priorities to make this issue, both prevention 
and mitigation, a top priority. For example: 

o NIH/NCI research on skin cancers. 

o NIH research on UV effects on the immune 
system and other, non-cancer health effects. 

o DOI, USDA research to address possible effects of 
UV radiation on aquatic and plant species. 

The ban on aerosols is a first step. If the science 
continues to suggest the potential for serious life­
threatening conseque nces, we would urge significant reduction 
from the 1985 adjusted base. 

Further Discussion 

Those countries which have not accepted the aerosol ban will 
probably be unhappy with this proposal. They would argue 
that there are several CFC uses especially in the U.S. which 
are just as frivolous (e.g., auto air conditioners and fast­
food packaging), and that the U.S. per capita and per GNP 
consumption remains higher than in the rest of the world. To 
counter these arguments we should note that: 

o The U.S. took the first step in eliminating non ­
~ssential aerosol use. 
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o U.S. needs are greater than Europe's because the 
U.S. has, a larger proportion of population living 
in warmer, more humid climates, and that the 
distances between cities makes air-conditioned 
automobiles more beneficial. It may make 
sense to readjust quotas partly on the basis 
population-weighted climatic conditions. 

o The "non-aerosol-ban" nations have had a free-ride 
since 1978. It seems appropriate for the "non­
aerosol-ban" nations to shoulder their fair share 
of the future burden. In fact, even this would not 
compensate the aerosol-ban nations for the 
cost of past reductions, and research that enabled 
the phase out of CFC aerosol usage. 

o By establishing a historical 1985 base, the U.S. 
would probably have to reduce actual consumption 
since its initial baseline would be lower than 
current consumption. Moreover, it will involve a 
substantial slow down in non-aerosol CFC growth in 
the U.S. 

Under the above scheme, developing nations could be given a 
higher allowable growth rate than developed nations. For the 
10-year period (i.e . , until 1997) such a differential growth 
rate is not expected to increase overall CFC consumption 
drastically because of the present relatively low level of 
consumption in the developing world. Finally, any reduction 
in CFCs will help reduce concerns regarding fossil fuel 
combustion's effect on global warming (via CO2 emissions). 

Caveats. The numbers presented here are to be used with 
caution. 

o They assume consumption = emissions. 

o They also assume all CFCs have an equal ozone­
depletion potential. 

o They ignore consumption/emissions in the eastern­
bloc nations (EBN). 

o The numbers were generated by using the pie charts 
on Exhibit A and B. 
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Table 1: Total CFC Use (Excluding EBNs), 1976-85, 
in Millions of Pounds 

Non-Aerosol 

Aerosol 
Subtotal 

Non-Aerosol 

Aerosol 
Subtotal 

u.s. 
1976 1985 

338 

412 
750 

618 

21 
639 

Table 2 : 
Under 

u. s. 
1985 1985 

Actual Base 

618 618 

32 21 
650 639 

ROW 
1976 1985 

518 

632 
1150 

812 

438 
1250 

Total 
1976 1985 

856 

1044 
1900 

1430 

459 
1889 

Total CFC Use (Excluding EBNs) 
Proposal, in Millions of Pounds 

ROW 
1995 1985 1985 1995 1985 

Actual Base Actual 

812 812 1430 

438 32 470 
779 1250 844 1029 1900 

5 

Total 
1985 1995 
Base 

1430 

53 
1483 1808 
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Table 3 : Comparison of Non-EBN Consumption Under Various 
Reduction Schemes, 1988-1997, in Millions of Pounds 

Year Freezel @ 2% Increase2 Freeze-plus-20% reduction3 ~4 .§.5 

1988 1900 1573 1900 -327 -327 
1989 1900 1605 1900 -295 -622 
1990 1900 1637 1520 +117 -505 
1991 1900 1670 1520 +150 -355 
1992 1900 1703 1520 +183 -172 
1993 1900 1738 1520 +219 + 47 
1994 1900 1772 1520 +252 +299 
1995 1900 1807 1520 +287 +586 
1996 1900 1844 1520 +324 +910 
1997 1900 1881 1520 +361 +1271 

Total 19,000 17,230 15,960 

1 This assumes that the "immediate" freeze will be at 1985 levels and 
go into effect in 1988. 

2 This column is for the proposal using a 2% in annual adjustment 
to the base line. This assumes that first year of compliance 
with proposal will be 1988. 

3 This assumes that 20% reduction will go into effect in 1990. 

4 A= Difference between the previous two columns. 

5 B = Cumulative difference between proposal and "freeze-plus-20% 
reduction". Negative sign indicates that proposal (at 2% 
increase) produces fewer cumulative emissions. This column shows 
that "cr·ossover" occurs in 1992/3. 



EXHIBIT A 

FC-11/12/113/114/115 VOLUME BY INDUSTRY 

1985 NORLOWIDE (EX. U.S.): 1250 * LBS 

AEROSOLS 
35S 

REFRIGERANTS 
201 

BLOWIN6 
ASENTS 

251 

ClEANIN6 A&eNTS 
Q OTHER 

201 

1976 WORLDWIDE (EX. U.S.): 1150 MJi4 LBS 

REFRIGERANTS 
201 

AEROSOLS 
551 

BLOWING 
AGENTS 

201 
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FC-11/12/113/114/115 VOLUME BY INDUSTRY 

1985 USA: 650 "'4 LBS 

REFRIGERANTS 
451 

BLOWING 
AGENTS 

301 

CLEANING AGENTS 
& OTHER 

201 

1976 USA: 750 MM LBS ----

REFRIGERANTS 
201 

AEROSOLS 
551 

EAN.AGTS & 0 
101 
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BACKGROUND PAPER 

PROTECTION OF STRATOSPHERIC OZONE 

CONTROL OF GLOBAL CHLOROFLUOROCARBON EMISSIONS 

The Science 

Most of the ozone in the earth's atmosphere resides in the 
stratosphere which extends from about Sk at the poles and 
17k at the eguator to about 50k above the earth •s surface. 

C 
Ozone is the only gas in the atmosphere which prevents 
11.srmful ultraviolet radiation from reaching the surface of 
the Earth; thus, changes in the amount of stratospheric 
o~ would modify the amount of ultraviolet radiation 
which reaches the Earth's surface. During the 1970 1s the 
discovery was made that certain chlorine compounds might 
degrade stratospheric ozone. In 1979 the NA$ concluded 
that " ... continued release of halocarbons [e.g 
chlorofluorocarbons, or CFC's such as Freon] in_to the 
atmosphere will result in a decrease in stratospheric 
ozone." ,---

Chlorofluorocarbons are the primary trace gases responsible 
for the modification of the ozone layer and there is now 
compelling observational evidence that the composition of 
the atmosphere is changing rapidly on a global scale. 
Concentrations of the CFC's and other trace gases are 
increasing rapidly,some by more than 5% per year. Since 
the lifetime of these gases in the atmosphere is measured 
in time periods from years to many decades most believe 
that action is necessary now (see Watson testimony for 
additional details on the science). 

The known source of CFC's is industrial production. 
The variety of their uses includes aerosol propellan s, 
refrigerants, foam blowing agents and solvents. As the use 
of refrigeration, computers, etc. rises so does CFC use; 
thus, industrial growth is a key factor in determining 
future atmospheric concentrations. 

Because of the long lifetime of these gases in the 
atmosphere, any change brought about by their increasing 
concentrations will be difficult to rectify. Return to 
acceptable ozone levels will take several tens to hundreds 
of years after the emission of the gases into the 
atmosphere ceases. 

~r'rS 
~ 



Policy Concerns 

Realization of the dramatic atmospheric consequences of 
continued emissions and the potential for severe 
environmental and health impacts has led to action both 
domestically • and internationally. The U.S. has played a 
leadership role since the 1970's when _use of CFC's as 
aerosol propellants was banned. Currently, the EPA is 
under court order to determine, b Ma 1 tha e is 
not enou h evidence to de urther re ulation of CFC's 
at this time or, 2) to be in rulemakin rocedures d 
issue f re u a ions in November. EPA is seeking an 
ex ension of these ates, but any extension will be of 
limited duration. Internationally, a treaty for protection 
of the ozone layer was negotiated in 1985. The treaty 
calls for the development of protocols to insure the 
protection of the ozone layer and the U.S. has been a 
leader in negotiating these protocols (see Benedick 
testimony). The long lifetime of CFC's in the atmosphere 
means that they are transported around the world; thus 
multilateral action is required to protect against further 
damage. 

Current Activities 

Negotiation of protocols began in December 1986. The U.S. 
position for these discussions (see Circular 175) was 
designed to address three concerns: 1) effective 
protection of the ozone layer; 2) availability of 
cost-effective substitutes for controlled chemicals; and 3) 
equitable treatment for U.S. industry. A science component 
was included so that scheduling could be modified in 
response to any "surprises". 

It was not until the second round of negotiations, February 
23-27, that a consensus began to emerge. During that ~,j, 
session specific trade provisions and the broad economic • ~· -
implications of alternative approaches were discussed. At ] C~ ...r' 
the end of the meeting a paper was presented by the ,{"Q.))( \ 
Conference Chairman which is likely to provide the start 

__ point for the next negotiating session in April (see 
Chairman's Paper). The paper generally follows the 
philosophy and process of the U.S. position. The UN is 
organizing a two-day scientific workshop to be held in 
early April to evaluate a range of control scenarios set 
forth in the Chairman's Paper. An informal consultation in 
Oslo with artici ation by the and s will follow 

_ leading to the April nego iating session. This meeting is 
supposed to oe the final round of deliberations and is 
scheduled to be followed by a diplomatic conference in 
September to approve the protocols. Many, however, believe 
the schedule will slip. 



Open Issues 

EPA is conducting an economic impact analysis and work has 
begun to identify and analyze the import/export 
implications of the international protocol and the domestic 
rule. Little of this type of analysis has been done 
outside of EPA raising the question of who should be 
involved and what analysis is required. Consideration 
should also be given to the question of adding more 
specificity to the Circular 175 if available analysis 
indicates. Environmental roups contend that we al 
have sufficient orma ion an stringent controls are 
needed now. Industry, while agreeing with the need for a 
freeze, is not united beyond that point. Some producers of 
CFC's and many users are concerned with the #iming of 
proposed actions. Timing is also important to EPA. If we 
are to avoid unilateral action on the part of the U.S. that 
might disadvantage domestic industry and/or consumers then 
the interplay between the domestic and international 
processes must be properly syncronized. Additionally, there 
is some interest in Congress. Hearings have been held 
recently and several Bills introduced. 



United States Department of State 

Bureau of Oceans and I nternationa! 
Environmental and Scientific Affairs 

Washington, D. C. 20520 

April 20, 1987 

MEMORANDUM 

To 

From: 

Agriculture - Dr. Orville Bentley 
Commerce - Mr. Michael T. Kelly 
NOAA/NWS - Dr. Richard Hallgren 
Council of Economic Advisers - Mr. T.G. Moore 
Council of Environmental Quality - Mr. Allen Hill 
Defense - Mr. David Tarbell 
Domestic Policy Council - Mr. Ralph Bledsoe 
Energy - Dr. Joel A. Snow 
EPA - Dr. Richard Morgenstern 
Interior - Mr. Martin Smith 
Justice - Dr. F. Henry Halbricht, II 
NASA - Mr. Shelby Tilford 
Office of Policy Development - Mr. Jan Mares 
0MB - Mr. David Gibbons 
Treasury - Mr. Don Craft 
NSF - Dr. Eugene Bierly 
AID - Dr. Nyle Brady 
HUD - Dr Truman Goins 
NCPO - Mr. Alan Hecht 
USTR - Ms. Lisa Gothereich 

OES / E - Richard Elliot Benedick{<36 

Subject: Interagency Meeting on WMO Tenth Congress and UNEP 
Governing Council Considerations of International Coordination 
for Greenhouse Gas Evaluation. 

I would like to meet with you this Friday, April 24 in 
Room 7835 Main State (OES Conference Room) at 1 p.m. to discuss 
the issue of international coordination of Greenhouse gas 
impact evaluation. 

Prior to the WMO Tenth Congress, May 4-29 and the UNEP 
Governing Council Meeting June 9-19, we need policy level 
decisions regarding the most effective international action to 
address the impact of Greenhouse gases upon the atmosphere and 
future world climate trends. We believe it essential that the 
international community adopt a focused and concerted effort to 
address this issue, so that resources and research can be most 
effectively and expenditiously utilized. 

All agencies who wish to participate in this decision 
review will be welcome. I look forward to seeing you Friday 
afternoon. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHING':"ON , O.C. 20460 

~ 23 (987 
OFl=ICE OF 

EXTERNAL AFFI\IRS 

MEMORANDUM 

SUBJECT: EPA responses to Rep. Bates' follow-up questions from the 
March 9 Waxman stratospher1~ ozone hearing 

Steadman M. Overmaq(j ~ /-U/1 FROM: 
01 rector 3St- Sl/z~ f(J 
Off1ce of Legislat1 e Analysis 

TO: Name A9enc1 Telephone Transmission 

Barbara Moore (NOAA/DOC) 443-8845 FACS. 377.5270 
Michael Kelley (DOC) 377-0614 FACS. 377-5270 
Richard Bradley (DOE) 586-4759 FACS, 586-2707 
Ted Harr1 s (DOE) 586-5659 FACS. 586-2707 
Bob Watson (NASA) 453-1681 FACS. 472-7634 
Pep Fuller (USTR) 395-7203 F ACS. 395-3911 

_7Ha rty Smith (DOI) 343-1632 FACS. 289-4714 
Co 1 eman Nee (CEQ) 395-5750 0MB HANO CARRY 
Jan Mares (OPD) 456-2752 0MB HAND CARRY 
Stephen DeCario (CEA) 395-6982 0MB HAND CARRY 

The Office of Management and Budget has requested that we solicit your 
comments on the attached responses. 

Please provide any comments to Barbara Gittleman (395•6827) at 0MB 
no later than C.O.B. WEDNESDAY, 25 March 1987. 

Attachment 

cc: Barbara Gittleman 
OMB/FACS. 395-3130 
Tele. 395--6827 

• 
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Question 1: 

The Clean Air Act, Section 157(b) gives you the authority 
to propose regulations to control aubetances that are known to 
harm the ozone layer. Professors Rowland and Molina predicted 
in 1974 that chloroflourocarbone or C~Ce would deplete the 
ozone layer. !n the ensuing 13 years, the scientific consensus 
hae only grown stronger that CFCs do indeed pose a threat to 
the ozone layer. Why then have you not exercised your authority 
under the Clean Air Act to propose regulations to regulate CFCs? 
Why did you have to be forced to do eo by a suit by the Natural 
Reeouree Defense Council? 

Response: 

Scientific unders nding concerning chlorofluorocarbona 
(CFCs) and their role in depleting ozone has ~lved coneiderabl 
since the theory was firs proposed in 1974✓ !or example, 
while the theory that chlo ne dP.pletee ozone has been further 
supported by research, we no know that other gases whose •·. 
atmospheric concentrations ar aleo increasing (e.g., methane 
and carbon dioxide), actually ave the, oppoaite effect on total 
column ozone. / , 

In the early 1980e global us of CFCs appeared to be 
decreasing, However, we now belie that this downturn reflected 
reductions in CFC use in aeroaole wo ldwide, and the generally 
depressed economic conditions which r duced demand for new 
autos, refrigerators ~nd ~tber consume goods produced with 
CFCs. With a return to)r'conomic growth in the m1d-1980a and a 
flattening out of CFC se in aerosols, t tal CFC use has increased 
at roughly 5~ annuall on a global basis uring the past few 
years. 

Before this ecent increase in CFC use, based on an 
analysis of ch gee in all trace gases, the 1 pdate on 
stratospheric oione depletion by the National emy of Scien 
suggested risk han previous 

r ret11;ula ory 
on its 1980 Advance Notice) on CFCs. 

Beginning in 1984, because of concern about growin~ ~lobal 
use of CFCs, we expanded our efforts. We developed a stratospheric 
protection plan aimed at providin~ a sound analytical basis tor 
future decieione. It i~ important to note that this plan also 
committed EPA to parttcipating in international negotiations 
related to global ac~ i ons to limit CFCs. Thie plan then became 
the basis for eettlP"'•'rd. of ~ laweui t brought by NRDC. The 
plan is published i n -~~ ~ederal Re~ister (51 FR 1257). 

More recent ane '.1 ~t ~ ~nJ improvements 1n scientific evidence 
have been incorpo rat r~,4 i n F' PA' s r 1 sk aseesement, "An Asaeeemen t 
of the Rieks from Ga r: r> :; th~ t. Modify the Stratoephere." Thie 
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document will be a ~eei8 fe~ our upcoming decteions concerning 
the need for further regulation under Section 157(b), A copy­
of the latest draft of the Executive Summary ie enclosed. 

Question 2: 

The court aettlement of the euit by the Natural Reeourcee 
Defense Council directs you to decide by May whether or not 
regulating the subAtan~ee that harm the ozone layer ie necessary. 
On what will you base your decision? Will it be based on the 
prognoete for the protocol negotiations in Vienna? If, eo, 
please explain why domestic action ahould hinge on international 
action, If you decide that regulations are necessary. what 
shape will they take? Row strin~ent will they be in relation to 
the protocol that 1a being negotiated? 

Response: 

.Ae diacuesed above, EPA has been moving forward in ita 
internal evaluati n of whether further regulation of. ozone­
depleting chemica a is warranted, and if so, what action 
should be taken. In making a decision, we will 99Rei!er the 
foJJewing factors~ the effect of U.S. actions on reducin~ 
risks to health and welfare from ozone modification; the 
feasibility and coats of possible reduction in ozone-depleting 
chemicals; and the effect of unilateral U.S. action on obtaining 
an effective global ~eeponae to stratospheric ozone protection. 
Since internationally-agreed controls will ultimately be raquired 
to effectively address the ~isk of ozone depletion, we must 
take care that our domestic actions support and do not undermine 
the prospects for eucceesful oompletion of an international 
protocol . 

We are aleo currently evaluatin~ the timing, scope and 
stringency of regulatory actions. We are analyzing a wide 
range of options for each of these design parameters and will 
be examining the coatA and feasibility of ac evin emiseio 

. \{1. r reductions, We would be happy to give you a draft oft 1e 
~ L analysis when it becomee available for publi review, 

Finally, we are examining both traditional command and 
control type regulations and alternatives based on market-based 

\,, S approaches. In the latter category, we are a.nalyzi ng marketable f\\, permit eysteme and repulatory feee, If regulations are warranted, 
I~ the~e approaches mi~ht be more appropriate to the unique nature 
~ of thia ieeue (e.g., thA lR.r~e number of firms, the ability to 

0 ~ move away from the t~rqetteo chemicals over time) and could 
~ -1 achieve a apecifieri !" 1'"1tlc'ttory ~OA.1 ~t lnwer costs. We would 
~ also paee you thiA '\'"'. '1 l :rnia wh~n it i.R ready for public review. 
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Question 3: 

You testified yeet~rday that you believe we should puraue 
an international agreement on a freeze on production of oione­
depleting chemicals, followed by a phase-out of 96, of the 
productio~ of these chemicals. While Ambaeeador Benedick seemed 
to think that a protocol could be negotiated by September of this 
year, hie optimism could be upset by the reluctance of some CFC­
producing natione to support tough meaeuree to protect the ozone 
layer. Given this uncertainty, and the !act that the United 
States produces 30~ of the world's supply of CFCs, what 1! your 

.Jv view on unilateral action by the United States to protect the 
001 ~~ ozone layer? Wouldn't action on our art r our e fr 
~~~Jµ~o~ o other ~ - r na one o address this issue? What 
~- .~ will your e rategy be if the protocol negotiations reach a 

¥~1!"'-" etalemate? Should we wait indefinitely tor these negotiations 
~~~·to reach a. conclusion. 

VJ.., <..I Response: 

We share Ambaesanor Benedick's belief that it might be 
possible to concluae negotiations by the September Diplomatic 
Conference and intend to take whatever stepe are poeeible in 
support of that goal, At the same time, we realize that further 
delay in reaching a final accord is possible, We recognize 
our responsiblity under Section 157(b) of the Clean Air Act 
and are moving forward to aes~ss domestic regulatory options. 

It no international agreement is reached prior to our 
deadline tor proposal, a key issue we must A es is whether 
unilateral action wouldstiji_~rt or hinder efforts to achieve an 
effe tive loba.l res Qfill.a to reducing rieke from ozone depletion. 
The argument hae been made that the U. s. acting alone woul d 
discourage other nations from seriously ne~otiating since our 

✓ actions would, at leaet !or a time, reduce the risks. At the 
same time, ' U.S. industry could be disadvantaged relative to its 
competition aboard. Also, domestic regulation (without trade 
restrictions) might tend to displace CFC emissions to other 
countriee, thereby undermining the effectiveness of domestic 
regulation. • 

Arguments can alao be made in support of unilateral 
a\ Although the U.S. share or production ie only 30~ of the xt total and U.S. action alone would not prevent depletion, 

/~,i.
1 

~ wou!.d delay and redur.e the magnitude of such harm. 

action. 
global 
it 

OJI" ~f- ~ ~j_S'. 

0t4 ~ JC'~ The effectiven~ :• • 1r environmental protection could possibly , _('n 
<=>~ be increased while °': ,., !"~nucin~ e.ny adverse ·imps.eta on U.S. ~ c.."5 

10~ industry if trade r:• :··:-t ct iom'! were placed on products containinp; ~ 
C'FCe imported from r' :-1 ,l'.'trie!:.' which h~ve not adopted similar Jt. 
domestic programs t, ,:i '.'.)~ : H~~ r'F'c ~missions. Such restrictions 
could also serve as~ ntronP innucement for other nations to 
negotiate and join en ~•~p~tive protocol, In addition, U.S. 
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industry would have the opportunity to develop new emission ~ 
control and recycling technologies and chemical eubatitutee W.· ~ ~~ 
tor the domestic mar~et and then might have a competitive ~ 0 ~l _ 

advantage over their foreign competition. Finally, although ~ ~dY'- -
onl a few n followed the U.S. lead in severel ct- ~- ~ 
in CFCs used in aerosols, many have made subetantial reductions. ~ 
or ex amp e, e uropean con om c ommuni ty hae red. uced CFCs {'~rt-'~ 

ueed in aeroeol~ by 30-40 percent (with Denmark acting last v~ -~ 
year to ban all nonessential uses). New Zealand hae reduced 

1
~ 

aeroeol CFC use by 60~, Japan by 40-50~, and other nations V ~ 
including Egypt and India by large amounts. While these reduc- ~~ ;) 
tions generally fa l l ~hort of those made by the U.S., it can vJ1 
be argued that our actions have encouraged those of others. 

While we are closely examinin~ the coneideratione diecuseed 
above, we do not intend to wait indefinitely to achieve a 
protocol . Instead, we intend to continue our efforts to 
expedite the successful completion of these negotiations and 
failing that will examine our options to achieve an effective 
response to thie environmental iaeue. 

Ouestion 4: 

Ae support for focueing on international efforts, you and 
others at the hearing cited the 1978 United States ban on CFCs 
as propellants for aerosol spray. As I understand it, only the 
use of CFCs in domestic production of aerosol sprays wae prohi­
bited in the 1978 ban. Recent proposals for unilateral action 
however, are more comprehensive and include trade provisions, 
Examples are S. 570 and S. 571 in this Congress and R.R. 5737 
in the 99th Congress. Clearly there are differences between 
Congress' approach tn 1978 and our approach in 1987. ~hat are 
your views on these bills? Won't their trade provisions mitigate 
the economic harm to the U.S.? Wouldn't unilateral action of 
this sort provide incentives for other CFC-producing natione to 
join the protocol to the Vienna Convention? 

Response: 

The 1978 EPA regulation (43 FR 11301) limited the uee of 
CFCs ae propellants in nonessential aerosols. It also prohibited 
the imnort of similar aerosols from other countries into the 
U.S. In this respect, that regulation is similar to the bills 
int;oduced by the Senate. We have initiated a more detailed 
analyeia of trade-rel~ted teeuee. In these etudies we will 
obtain more detailen 1nformation on the ~uantity and identity 
of goods either prod1i~~~ with CFCe or etill containing CFCs by 
other countries, W9 ~ il 1 be evaluatin~ the identity and quantity 
of CFCs involved wi t ~ •~ese producta, the value ot the products 
and the costs of t h P ~ ~ ~9 involved, the ability to detect CFCs 
in those nroducts w h~ ~~ lt no lon~er cont~ins the chemical when 
it is shi~ped, and ~ hi~ l t kPlihoo~ of shifts in the location of 
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manufacturing if CFCs are reetrictecd in the U.S. but not 
elsewhere. We will be examining these factors in light o! U.S. 
industries' competitiveneee at home and abroad and the degree 
to which incentives would be provided for other nations to join 
with the U.9. in taking action. 

The analyses described above should yrovide a better basis 
for evaluating whether the proposed trade restrictions in the 
Senate bille would in fact be likely to accomplish their goals 
of encouraging other nations to restrict CFC use. We would be 
happy to Bive these etudies to you as they become available . 

.. 
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STATEMENT OF 

Or. Robert T. Watson 

Earth Science and Applications Division 

Office of Space Science and Applications 

National Aeronautics and Space Administration 

before the 

Subcommittee on Health and the Environment 

Committee on the Energy and Commerce 

U.S. House of Representatives 

.' 

Mr. Chairman and Members of the Subcommittee: 

I am pleased to be here today to discuss three separate issues in my 

1 

testimony, (a) the current state of scientific knowledge concerning the 
physical and chemical processes which control the abundance and distribution 
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of atmospheric ozone and its susceptibility to change due to human activities 
or to natural phenomena, (b) appropriate national and international responses, 
and (c) a description of the NASA Upper Atmospheric Research Program. I have 
prepared a written statement for the record, which, with your permission I 
will summarize. 

A. Scientific Knowledge 

This statement is based primarily on material contained in a comprehensive 
assessment document titled "Atmospheric Ozone 1985: Assessment of our 
Understanding of the Processes Controlling its Present Distribution and 
Change"-World Meteorological Organization Global Ozone Research and Monitoring 
Project Report #16 that was coordinated by the National Aeronautics and Space 
Administration (NASA) and cosponsored by NASA and two other U.S. agencies, the 
Federal Aviation Administration (FAA) and the National Oceanic and Atmospheric 
Administration (NOAA); three international agencies, the World Meteorological 
Organization (WMO), the United Nations Environment Program (UNEP), and the 
Commission of the European Communities (CEC); and the Bundesministerium fur 
Forsc,,hu·ng und Technologie (BMFT) of the Federal Republic of Germany. 
Approximately 150 scientists from 11 countries contributed towards this 
1500-page assessment report. This comprehensive assessment has been 
summarized by NASA into a 130-page report titled "Present State of Knowledge 
of the Upper Atmosphere: Processes that control ozone and other climatically 
important trace gases," NASA Reference Publication 1162. This NASA report was 
submitted to the Congress and to the Environmental Protection Agency (EPA) in 



January of this year as part of NASA's obligations under the Clean Air Act 
Amendments of 1977. 

2 

For several decades scientists have sought to understand the complex interplay 
am9ng the chemical, radiative, and dynamical processes that govern the 
structure of the Earth's atmosphere. During the last decade or so there has 
been particular interest in studying the processes which control atmospheric 
~zone since it has been predicted that human activities might cause harmful 
effects to the environment by modifying the total column amount and vertical 
distribution of atmospheric ozone. Most of the ozone in the Earth's 
atmosphere resides in a region of the atmosphere known as the stratosphere. 
The stratosphere extends from about 8 km at the poles, and 17 km at the 
equator, to about 50 km above the Earth's surface. Ozone is the only gas in 
the atmosphere that prevents harmful solar ultraviolet radiation from reaching 
the surface of the Earth. The total amount of ozone in the atmosphere would, 
if compressed to the pressure at the Earth's surface, be a layer about 
one eighth of an inch thick. Figure 1 schematically illustrates the vertical 
distribution of ozone and temperature. Unlike some other more localized 
environmental issues, e.g. acid deposition, ozone layer modification is a 
global phenomenon which affects the well-being of every country in the world. 
Changes in the total column amount of atmospheric ozone would modify the 
amount of biologically harmful ultraviolet radiation penetrating to the 
Earth's surface with potential adverse effects on human health (skin cancer 
and suppression of the immune response system) and on aquatic and terrestrial 
ecosystems. Changes in the vertical distribution of atmospheric ozone, along 
with changes in the atmospheric concentrations of other infrared active 
(greenhouse) gases, could contribute to a change in climate on a regional and 
global scale by modifying the atmospheric temperature structure which could 
lead to changes in atmospheric circulation and precipitation patterns. The 
so-called greenhouse gases are gases which can absorb infrared radiation 
emitted by the Earth's surface, thus reducing the amount of energy emitted to 
space, resulting in a warming of the Earth's lower atmosphere and surface. 

The ozone issue and the greenhouse warming issue are strongly coupled because 
ozone itself is a greenhouse gas, and because the same gases which are 
predicted to modify ozone are also predicted to produce a climate warming. 
These gases include carbon monoxide (CO), carbon dioxide (CO2), methane (Ct-14), 
nitrous oxide (N20), and several chlorofluorocarbons (CFC's), including 
chlorofluorocarbons 11 (CFCll) and 12 (CF2Cl2). Ct-14, N20, and the CFC's, 
respectively, are precursors to the hydrogen, nitrogen, and chlorine oxides 
which can catalyze the destruction of ozone in the stratosphere by a series of 
chemical reactions. Concentrations of these gases in the parts per billion 
range control the abundance of ozone whose concentration is in the parts per 
million range, e.g. one molecule of a chlorofluorocarbon destroys thousands of 
molecules of ozone. CO and CO2 can affect ozone indirectly. CO controls the 
concentration of the hydroxyl radical in the troposphere which itself controls 
the atmospheric concentrations of some of the gases which can affect 
stratospheric chemistry. CO2 plays a key role in controlling -the temperature 
structure of the stratosphere which itself is important in controlling the 
rates at which the hydrogen, nitrogen, and chlorine oxides destroy ozone. 

There is now compelling observational evidence that the chemical composition 
of the atmosphere is changing at a rapid rate on a global scale. The 
atmospheric concentrations of CO2, Ct-14, N20, and CFC's 11 and 12 are currently 
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increasing at rates ranging from 0.2 to 5.0% per year. The concentrations of 
other gases, including CFC 113 and Halons 1211 and 1301, important in the 
ozone and global warming issues are also increasing, some at an even faster 
rate. These changes in atmospheric composition reflect in part the metabolism 
of .the biosphere and in part a broad range of human activities, including 
agricultural and combustion practices. It should be noted that the only known 
source of the CFC's is industrial production. They are used for a variety of 
~ses, including aerosol propellants, refrigerants, foam blowing agents, and 

· solvents. At present one of our greatest difficulties in accurately 
predicting future changes in ozone or global warming is our inability to 
predict the future evolution of the atmospheric concentrations of these gases. 
We need to understand the role of the biosphere in regulating Jhe emissions of 
gases such as CH4, CO2, N20, and methyl chloride (CH3Cl) to the atmosphere, 
and we need to know the most probable future industrial release rates of gases 
such as the CFC's, N20, CO, and CO2 which depend upon economic, ·social, and 
political factors. 

One important aspect of the ozone and global warming issues is that the 
atmospheric lifetimes of gases such as N20, CFC13, and CF2Cl2 are known to be 
very long. Consequently, if there is a change in atmospheric ozone or climate 
caused by increasing atmospheric concentrations of these gases the full 
recovery of the system will take several ·tens to hundreds of years after the 
emission of these gases into the atmosphere is terminated. 

Numerical models are used as a tool to predict to what extent human activities 
will modify atmospheric ozone and climate. The types of models most commonly 
used to predict ozone modification are known as one- and two-dimensional 
photochemical models. One-dimensional models predict changes in the column 
content and vertical distribution of ozone, but cannot predict variations in 
ozone modification with latitude, longitude, or season. Major progress has 
been ma~e over the past few years to develop two-dimensional models which can 
predict the variation of ozone .change as a function of season and latitude. 
Three-dimensional models which include longitudinal variations are being 
developed to study the coupling between the chemical, radiative, and dynamical 
processes which control the distribution of ozone, but these models are not 
yet ready to perform perturbation calculations. 

Because/ it is now well recognized that the chemical effects of these gases on 
atmosph; ric ozone are strongly coupled and should not be considered in 
isolati n, the most realistic calculations of ozone change take into account 
the impact of simultaneous changes in the atmospheric concentrations of CO2, 
CH4, N20, the CFC's, and possibly other gases such as CO, oxides of nitrogen 
(NOx), and bromine containing substances. The effects of these trace gases on 
ozone are not simply additive. Increased atmospheric concentrations of CFC's 
and N20 are predicted to decrease the column content of ozone, whereas, 
increased atmospheric concentrations of CO2 and CH4 are predicted to increase 
the column content of ozone. Therefore, it can be seen that the effects of 
increasing concentrations of CFC's and N20 are to some degree offset by 
increasing concentrations of CO2 and CH4 as shown in figure 2. This is 
contrasted to the global warming issue where increased atmospheric 
concentrations of the same trace gases are all predicted to increase the 
temperature of the atmosphere in an approximately cumulative manner. 

One-dimensional model calculations have been performed to predict how ozone 
I 
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would change with time assuming that the atmospheric concentrations of CO2, 
CH4, and N20 continue to increase at their current rates of 0.5, 1.0, and 0.2% 
per year, respectively, for the next 100 years, in conjunction with three 
different assumptions for the annual growth rates in the emission of CFC's 11 
and 12 to the atmosphere, i.e. 0.0, 1.5, and 3.0%. For CFC emission increases 
of up to 1.5% per year the ozone column changes were calculated to be less 
than 3% over the next 70 years. With a CFC growth rate of 3.0% per year, the 

·predicted ozone depletion is 10% after 70 years and rapidly increasing (see 
figure 3). The results of these calculations demonstrate the strong chemical 
coupling that exists between these gases, and the time scale on which ozone 
changes are predicted to occur. In essence, when the growth rates of the 
CFC's are less than the growth rates of CH4 and CO2 only small column ozone 
changes are predicted because the CFC effects on ozone are temporarily masked. 
However, when the growth rates of the CFC's exceed those of CH4 and CO2, these 
gases can no longer buffer the impact of the CFC's and large ozone depletions 
are predicted. 

It should be noted that even when the predicted column ·ozone changes are 
small, and hence little change is expected in the amount of ultraviolet 
radiation reaching the Earth's surface; major changes in the vertical 
distribution of ozone are still predicted with potential consequences for 
climate. Figure 4 shows that ozone is predicted to decrease in the middle to 
upper stratosphere due primarily to the increasing concentrations of CFC's, 
and to increase in the troposphere due primarily to the increasing 
concentrations of CH4. 

Two-dimensional models predict a significant variation in the ozone column 
decrease with latitude with the greatest depletions occurring at high 
latitudes. Depending upon the exact trace gas scenario used to predict ozone 
change, the pole to equator ratio of ozone depletion can range from a factor 
of 2 to 10. Seasonal effects are predicted but are somewhat less pronounced 
than the latitudinal effects. In general, two-dimensional models predict 
somewhat greater amounts of ozone depletion for the same trace gas scenarios 
than do one dimensional models. For example, a two-dimensional model 
calculation using the no growth scenario for CFCs discussed above (scenario A) 
would predict a global average ozone depletion of about two percent during the 
next 50-70 years with a depletion of 1.5% at the equator, 2% at 30 degrees 
North, ! and up to 4% at 60 degrees North. 

I 
One important question that has been debated during the last couple of years 
is whether the magnitude of the predicted ozone change is a linear or 
nonlin~ar function of atmospheric chlorine concentration. The issue is still 
somewh~t unresolved although it now appears from most one- and two-dimensional 
model calculations that ozone change is a linear function of atmospheric 
chlorine (for atmospheric concentrations of chlorine of 25 parts per billion 
or le~s}, and that sudden catastrophic global ozone depletions are unlikely 
with only small changes in the atmospheric concentrations of chlorine. 
Howev~r, this statement assumes that the models accurately represent the real 
world, yet prudence tells us that we should remember that these models are not 
perfect and that they cannot explain the observed large changes which are 
currently occurring in ozone over the Antarctic during springtime. Antarctic 
ozone is discussed later. 

I 
I 

A crucial question is to assess the extent of changes in global ozone that 
I 
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have already taken place, and to compare the changes to what has been 
predicted by theory. The search for global ozone trends involves looking for 
small secular changes amidst large natural variations that occur on many time 
scales. Observations of the total column content and the vertical 
distribution of ozone have been made for several decades using networks of 
different measurement techniques. Unfortunately, each of these observational 
techniques have certain limitations which tends to restrict our confidence in 

.the results. These limitations arise from factors such as the lack of 
continuity of reliable calibration and the uneven geographic distribution of 
stations. Statistical analyses of the data are required to identify small 
trends, amongst high natural variability, using data from relatively few 
stations. 

In general, analyses for the trends in the total global column content of 
ozone using data from the ground based Dobson spectrophotometer network ·show 
no statistically significant trend since 1970, in agreement with model 
predictions for the same period when the changes in all of the trace gases are 
taken into account. It should be noted that the values of total global column 
ozone in the last three years have exhibited significant variability. 
Abnormally low values of total column ozone were observed in 1983 following 
the eruption of El-Chichon and the largest El-Nino event of this century. 
However, the values of total column ozone recovered in 1984, only to decrease 
significantly in 1985. 

Trend estimates have also been made for the altitude profile of ozone from the 
network of stations using the Umkehr technique. Deriving an accurate trend 
for changes in the vertical distribution of ozone is more difficult than for 
the total column because there are fewer stations and the Umkehr measurements 
are very sensitive to the presence of aerosols in the atmosphere. Recent 
volcanic eruptions such as El-Chichon have deposited large quantities of 
aerosols into the stratosphere and thus the Umkehr data must be corrected. 
After correcting the derived ozone amounts for the aerosol interference, an 
estimate of the ozone trend in the middle and upper stratosphere {30 to 40km) 
gives a 2 to 3% decrease for the period 1970 to 1980. The magnitude of the 
change is broadly consistent with the predictions of photochemical models 
which predict that chlorine will have its maximum effect at this altitude. 

A recent preliminary analysis of Nimbus 7 satellite Solar Backscatter 
Ultraviolet (SBUV) data has indicated that there has been a statistically 
significant change in both the total column content (a decrease) and the 
vertical distribution (a decrease in the middle and upper stratosphere) of 
atmospheric ozone between 1978 and 1984. Further analysis of the data 
indicates that most of the change has occurred since 1981. It is crucial to 
evaluate whether the data has been interpreted correctly, and if so, whether 
the decrease is due to natural causes such as a decrease in solar radiation, 
the 1982 eruption of El-Chichon, or the 1982 El-Nino event, or whether it is 
due to human activities such as the use of chlorofluorocarbons. At this time 
any of these explanations are plausible. 

Important new observational evidence on ozone changes has recently been 
obtained. Data from a single Dobson instrument at Halley Bay (76 S, 27 W) has 
indicated a considerable decrease (greater than 40%) in the total column 
content of ozone above the Antarctic during the spring period (late August to 
early November) since 1957 with most of the decrease occurring since the mid 
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1970 1 s. Satellite measurements using both the Nimbus 7 Total Ozone Monitoring 
System (TOMS) and the SBUV instruments have verified this trend over the 
Antarctic since 1979 and have demonstrated the spatial and temporal variations 
in this feature. It can be seen from the satellite data that the ozone 
decreases are not just confined to an area above Antarctica but extend from 
the South Pole to about 45 degrees South. Figure 5 shows the decrease in the 
monthly mean concentrations of the column amount of ozone over the Antarctic 
jn October observed from 1979 to 1986. It should be noted that the amount of 

·ozone in i986 during October was higher than that observed in 1985. This may 
simply be the result of known interannual variability in atmospheric ozone or 
the start of a recovery in Antarctic ozone. During September the 
concentrations of ozone in 1986 were comparable to those in 1985. Ozone 
changes of a comparable magnitude are not observed over the Arctic. It is not 
yet evident whether the behavior of ozone above the Antarctic is an early • 
warning of future changes in global ozone or whether it will always be 
confined to the Antarctic because of the special geophysical conditions that 
exist there. A special issue of Geophysical Research Letters in November 1986 
contained about 40 papers discussing observations of ozone and other related 
parameters over Antarctica, and possible theoretical explanations of this 
phenomena. Both chemical and dynamical explanations have been advanced to 
explain the observation. While it has been suggested that these Antarctic 
ozone decreases are caused by increasing'concentrations of chlorine in the 
stratosphere, no credible mechanism has been demonstrated. It is clear that 
the models using present chemical schemes are unable to simulate this effect. 
Until the processes responsible for the decrease in springtime Antarctic ozone 
are understood, it will not be possible to state with any certainty whether it 
is a precursor of a global trend. A major ground-based field measurement 
campaign took place at McMurdo between August and November of last year to 
study the ozone layer above the Antarctic. This campaign was cosponsored and 
coordinated by NASA, the National Science Foundation, the National Oceanic and 
Atmospheric Administration, and the Chemical Manufacturers Association. The 
campaign was exceedingly successful and the data from all four groups of 
experimentalists is now in the final stages of being analyzed. An extensive 
set of measurements of the chemical composition will result which will provide 
an important test of the different theoretical explanations of the Antarctic 
ozone hole. The measurements will include hydrochloric acid, chlorine 
nitrate, chlorine monoxide radical, chlorine dioxide, nitric acid, nitrogen 
dioxide, nitric oxide, nitrous oxide, hydrofluoric acid, ozone and other 
chemical species. It is clear from the results presented before this 
subcommittee by Solomon that the chemical composition of the lower 
stratosphere over Antarctica is significantly perturbed relative to that 
expected from theoretical considerations using standard homogeneous chemistry. 

The abundances of odd nitrogen species are low, while the abundances of odd 
chlorine species are high. However, it is in my opinion, premature to 
conclude that the cause of the loss of ozone over Antarctica is due to 
chlorofluorocarons. A comprehensive ground, aircraft and satellite program of 
measurements is planned for 1987 which should provide more definitive 
conclusions about the cause of the Antarctic ozone hole. This work is being 
complemented by additional laboratory research and theoretical modeling. 

NASA has initiated a thorough scientific review of all satellite and 
ground-based total column and vertical distribution ozone data. This review, 
which will be completed by late summer of this year, includes a critical 
analysis of, (1) the calibration procedures used for ground and satellite 
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instrumentation, (2) the information content of the measurements~ (3) the 
statistical procedures used to analyze the data, (4) the consistency of 
satellite and ground-based data, and (5) the extent and cause for the 
depletion of ozone over Antarctica in springtime. 

There are now observations of increases in the atmospheric concentrations of 
the gases predicted to affect ozone, and there are observations indicating 
that the total column content of ozone has changed significantly on a regional 
and possibly global scale. In addition, there are indications that the 
vertical distribution of ozone may also have changed. The question still 
remains concerning the reliability of the models used to predict ozone change. 
Given that we cannot directly test the accuracy of a prediction of the future 
state of the atmosphere, including the distribution of atmospheric ozone, we 
must test the models by trying to simulate the present atmosphere, including 
the distribution of atmospheric ozone, or by trying to simulate the evolution 
of the atmosphere, in particular ozone, over the past few years. This is done 
by comparing model predictions with atmospheric observations. 

We should note that nearly all the key chemical constituents that are 
predicted to be present in the atmosphere, and that are important in ozone 
photochemistry, have now been observed. •In general, the models predict the 
distribution of the chemical constituents quite well. However, the 
measurements are not adequate for critically testing the reliability of the 
photochemical models. Close examination of the intercomparison of 
measurements and model simulations of the present atmosphere reveal several 
disturbing disagreements. One of the major disagreements appears to be that 
modeled ozone concentrations are typically 30 to 50% lower than measured ozone 
concentrations in the upper stratosphere where it should be easiest to predict 
the concentration of ozone, and where chlorine is predicted to have its 
maximum effect. These types of disagreements limit our confidence in the 
predictive capability of these models. In the end, however, our predictive 
capability will be tested by measuring the changes taking place in the 
atmosphere. This will require careful measurements of critical species to be 
carried out over long time periods, i.e. decades. NASA, NOAA, and CMA 
recently cosponsored a workshop to design a "Network for the Detection of 
Stratospheric Change." This network would be designed primarily to provide 
the earliest possible detection of changes in the chemical and physical 
structure of the stratosphere, and the means to understand them. 
Implementation of such a network is a high priority. 

As stated earlier, the observed increases in the atmospheric concentrations of 
the CFC's, CH4, CO2, and N20 also have direct implications for the Earth's 
radiative balance through the so-called greenhouse effect. These gases· absorb 
infrared radiation in a part of the spectrum which is otherwise transparent. 
Presently, and in the near future, changes in the concentrations of trace 
gases other than CO2 are thought to be contributing to the greenhouse warming 
of the Earth's surface and lower atmosphere by an amount that is about equal 
to that due to changes in the concentration of CO2 (figure 6). The cumulative 
effect of the increase in all trace gases for the period 1850 to 1980 is a 
predicted equilibrium warming {this neglects the heat capacity of the oceans) 
in the range 0.7 to 2.0 K, about half of which should have occurred to date. 
Model calculations indicate that the greenhouse warming predicted to occur 
during the next 50 years should be about twice that which has occurred during 
the previous 130 years. Thus, problems of ozone change and climate change 
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should be considered together. It is also apparent that what has been 
previously thought of as the CO2-climate problem should more properly be 
thought of as the trace gas-chemistry-climate problem. 

B. National and International Responses 

In my opinion, protection of the ozone layer is one of the most important 
global environmental issues of our time. The issue of what, if any, National 
and International regulatory responses are needed for chemicals which threaten 
to modify the abundance and distribution of atmospheric ozone is, of course, 
timely. The United States has already signed and ratified the Vienna 
Convention for the Protection of the Ozone Layer, and is now actively 
participating in the current international negotiations on a protocol to 
limit/regulate chlorofluorocarbons. While in the long term we must confront 
the problem of ozone modification presented by all the trace gases whose 
atmospheric concentrations are increasing, i.e., the chlorinated alkanes, 
chlorofluorocarbons, Halons, methane, nitrous oxide, and carbon dioxide, it is 
appropriate in the short term to focus on the chlorofluorocarbons and the 
Halons. Based on our current understanding, it is clear that an uncontrolled 
expansion of the production and subsequent emission of chlorofluorocarbons 
into the Earth's atmosphere would lead tq significant reductions in the total 
column concentration of ozone during the next several decades which could lead 

J 
'\j to adverse consequences for human health and aquatic and terrestrial 

(\ ~ ecosystems. In addition there would be a substantial redistribution of the 
\~v I(\ vertical distribution of ozone which could modify the climate system. 

\\ Y1tf1'1 consequently, even in the face of scientific uncertainties, prudence would 
~ \P\_;~ dictate that it is urgent for us to devise at the International level a short 
~ \. .M~' term, as well as a long term, strategy to limit the emission of these 

~ -\j chemicals into the atmosphere. 

The cause of the recently observed Antarctic ozone hole is not yet understood. 
Until the mechanism of the ozone depletion is established, we will not be 
able to predict its global consequences. If the hole is shown to be caused by 
CFC's, in a mechanism that would destroy ozone on a global scale, then the 
need for CFC regulation would be significantly enhanced. For the present, 
however, I consider the Antarctic hole to be an indication that the ozone 
layer is indeed fragile, and subject to significant modification. 

The real issues concern the scope of the chemicals covered, and the exact 
stringency of the short term and long term measures. Atmospheric ozone 
responds to the total atmospheric burden of chlorine and does not care from 
which particular partially or fully halogenated alkane the stratospheric 
chlorine originated, i.e., from fully halogenated chlorofluorocarbons with 
long atmospheric lifetimes such as CFC-11, CFC-12, CFC-113, or CFC-114, or 
from partially halogenated alkanes with short atmospheric lifetimes such as 
CH3CH13, or CFC-22. In addition, it is recognized that emissions of 
brominated chemicals into the atmosphere, such as the Halons, would also lead 
to mod i fication of the ozone layer. Consequently when formulating the scope 
of the regulations, policy makers should aim for broad coverage, taking into 
account four parameters, (a) the current levels of production of the 
chemicals, (b) their ozone depleting potential, (c) their atmospheric 
lifetimes, and (d) the potential for growth in their production. The broader 
the scope of regulations, the lower the stringency required to provide equal 
protection for the ozone layer. 
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It is essential that the United States continue to actively promote 
International cooperation. Unilateral action on the part of the United States 
would fall far short, in the long term, of the measures required to protect 
the ozone layer. National actions can never be as meaningful as an 
international agreement on a global issue such as this. Attention should 
currently focus on CFCs 11, 12 and 113 due to their high emission rates, high 
fraction reaching the stratosphere, and their high efficiency to destroy 
ozone. Consequently, if the initial goal is to insure that even in the 
absence of further regulatory measures that the long term depletion in total 
ozone is limited to a few percent globally and less than 5% at any latitude 
then an International protocol with maximum possible participation should be 
negotiated regulating the production of at least CFC's 11, 12, and 113 at 
today's level, with agreement to further reductions in production (perhaps 
25%) within the next several years. Other chemicals which require 
consideration include Halons 1301 and 1211 which currently have low emission 
rates, but have the potential for rapid growth and have a very high efficiency 
to destroy ozone. 

Obtaining an International agreement on a long-term phase out strategy is 
going to be more difficult because factors far beyond science are involved, 
such as the incentives and time required·to stimulate the development and 
testing of substitutes. The one area in which all nations agree is that a 
long term strategy must incorporate an enhanced commitment to scientific 
research and assessment, with particular attention to the development and 
implementation of a Network for the Detection of Stratospheric Change. The 
key issue is whether it is necessary to agree now on a schedule for the 
complete phase out of all fully halogenated chlorofluorocarbons which can only 
be reversed by new scientific developments, or whether it would be sufficient 
to agree on a timetable for a partial reduction in the production of 
chlorof~uorocarbons and a reassessment of the adequacy of the control measures 
based on scientific, technical, economic and other considerations. 

C. NASA's Upper Atmospheric Research Program 

It is clear that significant progress has been made in our understanding of 
the physical and chemical processes that control the distribution of ozone. 
However:, we must recognize that significant uncertainties in our knowledge 
remain,~and that these can only be resolved by a vigorous program of research. 
It is e sential that the U.S. government and industry continue their strong 
commitm nt to studying the upper atmosphere, and that the scie~tific agencies 
continu their close collaboration at both the national and international 
level. 

Several years ago, at the direction of Congress, NASA implemented~ program 
of research, technology development, and monitoring of the Earth's upper 
atmosphere, with particular emphasis on the stratosphere where 90% of the 
Earth's ozone layer resides. In compliance with the Clean Air Act Amendments 
of 1977, Public Law 95-95, NASA biennially prepares an assessment report on 
the state of knowledge of the Earth's upper atmosphere, and on the content 
and progress of the NASA Upper Atmosphere Research Program (UARP). Since 
1978 NASA has provided Congress with five assessment reports on the potential 
threat to atmospheric ozone from human activities. These assessments reflect 
the work j of hundreds of atmospheric scientists and were produced after 
extensive discussion and analysis. The conclusions of the latest assessment 
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report, titled NPresent State of Knowledge of the Upper Atmosphere: An 
Assessment Report: Processes that control ozone and other climatically 
important trace gases," was transmitted to Congress in January 1986. The 
se~ond part of the report which was also transmitted to Congress in January 
was titled "NASA Upper Atmosphere Research Program: Research Summaries 
1984-1985." The next in these series of reports will be prepared later this 
year, and delivered to Congress in January 1988. 

The long-term objectives of the NASA Upper Atmosphere Research Program are to 
perform research to: 

(a) understand the chemical, dynamical, and radiative processes that 
control the physical structure and chemical composition of the 
Earth's upper atmosphere, and 

(b) accurately assess possible perturbations of the upper atmosphere 
caused by human activities. Specifically, of greatest urgency at 
present is an assessment of the combined effects of continued 
increases in the atmospheric concentrations of carbon monoxide 
(CO), carbon dioxide (CO2), methane (CH4), nitrous oxide (N20), 
oxides of nitrogen (NOx), and halogen containing gases such as 
chlorofluorocarbons 11 and 12 (CFC13 and CF2Cl2) and 
methylchloroform (CH3CC13) on atmospheric ozone and the climate 
system. 

Our knowledge of the key physical and chemical processes controlling the 
chemical composition and structure of the upper atmosphere has advanced 
significantly during the last few years. However, we must recognize that 
significant uncertainties in our knowledge still remain and can only be 
resolved by a vigorous program of research. NASA is committed to continuing 
its le~dership role in studying the upper atmosphere and working closely with 
the university and non-university scientific community; other U.S. government 
agencies, in particular the National Oceanic and Atmospheric Administration 
(NOAA), the National Science Foundation (NSF), the Environmental Protection 
Agency' (EPA), and the Federal Aviation Administration (FAA); industry, i.e. 
the Chemical Manufacturers Association (CMA); and other national and 
inter~ational scientific agencies, e.g. the World Meteorological Organization 
(WMO) [and the United Nations Environment Program (UNEP), to resolve these 
outstanding uncertainties in an expeditious manner. 

NASA' J program is broad and comprehensive and its research activities 
gener~lly fall into three general categories: 

I 
I 

(~) Field Measurements and Technology Development: 

This activity consists of studying the geographic distributions and 
strengths of trace gases released at the Earth's surface, measuring 
the solar irradiance incident on the Earth's atmosphere, determining 
the chemical composition and physical structure of the atmosphere 
using a balanced set of in-situ and remote sensing techniques, and 
the development of instrumentation. A wide range of instruments are 
currently being utilized on a variety of platforms including 
aircraft, balloons, rockets, space shuttle, and satellites. 
Ground based observations are also performed. The principal 
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objective of the field measurements program is to provide a 
description of the composition and structure of the atmosphere which 
can be used as a test of the theoretical models. These field and 
satellite programs will overcome our greatest shortcoming which is 
that we are presently data limited. The most important recent 
development in our knowledge of the chemical composition and 
structure of the stratosphere has been the analysis validation and 
release of data obtained by instruments flown on the Nimbus 7 (the 
Limb Infrared Monitor of the Stratosphere (LIMS}, the Stratospheric 
and Mesospheric Sounder (SAMS}, and the Solar Backscatter 
Ultraviolet/Total Ozone Monitoring System (SBUV/TOMS}}, Applications 
Explorer II (AEM-2) (the Stratospheric Aerosol and Gas Experiment 
(SAGE}, and Solar Mesospheric Explorer (SME} (visible and infrared 
spectrometers} satellites, and on the Space shuttle (the high 
resolution ATMOS infrared interferometer}. This data is currently 
undergoing further intensive interpretation. 

(2) Laboratory Studies: 

Laboratory measurements are carried out to provide the basic input 
data for the theoretical models: These data consist primarily of 
chemical kinetics rate constants and photochemical cross-sections. 
In addition, spectroscopic data of atmospheric constituents are 
acquired for the interpretation of atmospheric measurements. 
Development of calibration standards is also a vital aspect of this 
program. 

(3) Theoretical Studies and Data Analysis: 

The two principal activities in this area of the program are the 
development of a hierarchy of models to describe the chemical, 
radiative, and dynamical processes which control the chemical 
composition and physical structure of the present atmosphere and to 
predict possible future changes, and the analysis and interpretation 
of large satellite data sets and other major field measurement 
campaigns. 

Some specific thrusts in the near term include: 

(1) A vigorous effort to understand the processes responsible for the 
recent decrease in the ozone column above the Antarctic in 
springtime. This effort is strongly supported by the NSF Polar 
program, NOAA, and by the CMA. A campaign of ground-based field 
measurements, in conjunction with satellite observations, was 
carried out last year. Analysis of the data is currently underway. 
An aircraft and ground-based field measurement campaign for August 
1987 is being planned. NASA is planning to base two aircraft, an 
ER-2 with an altitude ceiling of 21 kilometers and a DC-8 with an 
altitude of 13 kilometers, containing approximately 16 
state-of-the-art in situ and remote sensing instruments at Punta 
Arenas, Chile for a six week period starting about the third week of 
August. 
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(2) The final design and initial implementation of "A Network for the 
Detection of Stratospheric Change." This network is being 
designed to provide the earliest possible detection of changes in 
the chemical composition and physical structure of the stratosphere, 
and the means to understand them. Successful implementation of this 
system will require cooperation and coordination at both the 
national and international level. Discussions on the implementation 
of this system are currently in progress. This program has been 
endorsed by the UNEP scientific panel engaged in 
negotiation of a protocol to regulate chlorofluorocarbons. 

(3) The Upper Atmospheric Research Satellite (UARS), for which the 
launch date is uncertain due to Challenger manifest changes but is 
currently scheduled for 1991, will provide the first simultaneous · 
measurements of the atmospheric distributions of oxygen, hydrogen, 
nitrogen, and chlorine species, coupled with measurements of 
temperature, dynamical quantities such as winds, and energy inputs 
and losses. These measurements will allow us to study the coupling 
between the chemical, radiative, and dynamical processes which 
control the chemical composition and structure of the stratosphere, 
and, in particular, the amount and distribution of ozone, in a 
manner never before possible, the mechanisms responsible for 
atmospheric variability, and the response of the stratosphere to 
changes in external factors such as solar activity and natural 
phenomena such as volcanic eruptions. 

(4) Atmospheric concentration measurements and flux measurements of 
biogenic gases predicted to control atmospheric ozone from 
representative ecosystems in order to understand past and future 
trends in the composition of the atmosphere. Particular emphasis is 
in methane, which also plays an important role as a greenhouse gas. 

' 

(5) The continued development of theoretical models which can simulate 
the coupling between the chemical, radiative, and dynamical 
processes that control the chemical composition and structure of the 
atmosphere. 

These research activities are ongoing, multiyear efforts aimed at reducing 
some of the current uncertainties in our scientific understanding of these 
issues. We expect that progress in most areas will be steady and that many 
of the key uncertainties should be significantly reduced within a decade. We 
expects very significant progress on the issue of Antarctic ozone within a 
few years, but understanding the coupling between the chemical, radiative, 
and dynamical processes that control the chemical composition and structure 
of the atmosphere will require the UARS data before much more progress is 
made. If the "Network for the Detection of Change" is implemented~ then 
significant progress on detecting and understanding the causes of changes in 
stratospheric composition should be expected within a decade. But a fuller 
understanding of the factors which control atmospheric ozone will require a 
new initiative in the Earth sciences because the ozone issue is not simply a 
problem of understanding the atmosphere, but requires an intimate knowledge 
of the oceans and land. 

In describing the type of research program needed to improve our scientific 
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understanding of environmental issues that affect not only the United States 
but also the whole world, it is evident that the Earth is a planet 
characterized by change and has entered an era when the human race has 
achieved the ability to alter its environment on a global scale. The ozone 
an9 greenhouse warming issues are just two of the interrelated environmental 
issues we face today. 

-· To gain a scientific understanding of how human activities will affect the 
Earth's environment requires a new approach to Earth sciences. The scientific 
community believes that we need to obtain a scientific understanding of the 
entire earth system on a global scale by describing how its component parts 
and their interactions have evolved, how they function, and how they may be 
expected to continue to change on all time scales. In particular, the 
immediate challenge is to develop the capability to predict those changes 
that will occur in the next decade to century, both naturally and in response 
to human activity. This will require a nationally and internationally 
coordinated program of interdisciplinary research to investigate long-term, 
(10-100 years), coupled physical, chemical, and biological changes in the 
Earth's environment recognizing that land, atmospheric, oceanic, and 
biospheric processes are strongly coupled on a variety of temporal and 
spatial scales. Such a research program· is absolutely necessary 
for informed policy decisions. 

The National Academy of Sciences/National Research Council (NAS/NRC) and the 
International Council of Scientific Unions (ICSU) are currently formulating 
such a research program. Their programs are known as the Global Change or 
the International Geosphere Biosphere Program (IGBP). This program would 
build upon the many excellent ongoing national and international research 
programs in Earth sciences and would not duplicate or replace them. In 
parallel, NASA has worked with other agencies to develop an Earth System 
Science program whose goals an~ objectives are totally consistent with these 
proposed programs. NASA is ready to cooperate fully in the detailed 
scientific planning of such a program in conjunction with the scientific 
community through the NAS/NRC and ICSU, and implementing the U.S. component 
of this program with the National Oceanic and Atmospheric Administration 
(NOAA), the National Science Foundation (NSF), the Department of Energy 
(DOE), and other government agencies. The Earth System Sciences Committee 
(ESSC), which was established in 1983 by the Advisory Council of NASA, has 
provided NASA with a clear definition of its specific role in Earth System 
Sciences. The centerpiece of the NASA contribution is the Earth Observing 
Satellite (EOS) mission. EOS will provide the global observations required 
to understand the long-term depletion of ozone by flying remote sensing 
instruments on the Space Station Polar Platforms. 

In summary, given what we know about the ozone and trace gas-chemistry­
climate problem we should recognize that we are conducting a global scale 
experiment on the Earth's atmosphere without a full understanding of the 
consequences. 
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Figure 1. Temperature profile and ozone distribution in the atmosphere . 
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