


UIVEP / [Fe / ljcSA £C()!V(j!YI/C

Wol<J<~I-IOP OJI LJlL!)~{)llLJ{)~{)-

CAR£OllS (Cf'C :£J) g -/2

~(,PTEM~~I<.I /QS£ I VJ«G/;V/A )

UNlr£f) ~"'IAT{.s DF AM~~/cA

PARr I



U~ E P EC ONOMI C WORKSHO P

Se pt e mber 8-12 , Le e s bu r c j-, Va .=

Final Aqen da
Organ izat io n o f Ses sions
Allocat ion of pa pers to

s pe c i f i c sessi ons

Ope n i ng RemA rks
- UNEP
- Wor ks ho p Chai r ( U. S . )

Steering

AGENDA

~ u n dav - September 7th

7 : 30 p i m. - 9 : 30 p v m,

Mond a y - Se p t e mber 8th

9 :0 0 3. m. - 10:00 3. m.

1 0 :0 0 a. m. - 10 :30 a .m . CC t' t' EE BREA K

10 : 30 a v m. - 11 : 00 a v m. Stee ~ ing Commit ~2e ~e port
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6 :00 p i m, 9 8Q

Tu e s d av - ept e mber 9th

68 - Effect s o n Atmosp he re an d
------------- Env ironment (c on t . )
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ACCESSION NO: q1.4-i

8 : 30 a.m.

DATE:
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Thurdav - Seotember 11th.

8 :30 a .m . - 10 :00 a .m .

10 :00 a .m . - 10 :30 a .m .

10 :30 a .m . - 12 :00

12 :00 - 1 :00 p .~ .

1 : 00 p .m . - 3 : 00 o . m.

3: 0 0 p .m . - 3:30 p .m .

3:30 p . m. - 5 : 0 0 o . m.

6 :00 p v m.

Fr iday - Se o t e mber 12t h

8 :30 a .m . - 10 :00 a .m .
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10 :30 a .m . 12:00 ~CON
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Evaluation of Cont~o1 Strat e g i es
a g a i nst Criteria ( UNEP·.Cha i r ?)

COFFEE BR EA K

Evalu a tion of Control Strategies
a gai nst Criteria (c o n t .)

LUNC3

~valuation o f Contro l Strateg ies
against Cr iteria ( c o n t . )

COF=E~ BR EAK
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OATLAND' S PLANTAT I ON TRI?

Co nfe ren ce ~eport
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COFFEE BREAK

Conference wrap -up
( Wo r ~ s h o p Chair leacs )
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Xerox's Schedule for Breaks and Meals ( a t their facilities )

Breakfast :

Lunch

Dinner

Morning Break

After-noon Break

7:00 a .m . - 8:00 a. ~.

11 : 30 a v m• - 1: 15 p v m •

5 :30 p .m . - 7:30 p .m .

9 :30 a.m . - 10:30 a.m .

2:30 p .m . - 3:30 p .m .



COUNTRY

Austral ia

Austria

Belgium

Bra zil

Canada

China

UNE P Econo ic Workshop
on

Protecting the Ozone layer
Pa rt I I

PARTICIPANTS lIST

PARTICIPANT

Dr. Joe Hlubuchek
Australian Embassy
1601 Massachusetts Ave, NW
Washington, DC 20036

Mr. Herbert Aichinger
Envir 0 nmen tal Pro tee t i 0'" Aqency
Waeringerstrasse 25A
Vienna 1090

Mr. Friedrich Radlwimmer
Austrian Chemical Association
Wiedner Hauptstrasse 63
1045 Wien

Dr. Hubert Creyf
Chairman European Technical Committee
c/o GECHEM Division Recticel
Damstraat, 2
9200 Wetteren

Mr. Harlen Santos

Mr. G. V. Buxton
Commercial Chemicals Branch
Environment Canada
Ott awa, K1A ICS

Ms. Jan Carbonneau
Environment Canada
Ot t awa, K1A I CS

Dr. A. J. Chisholm
Atmospheric Environment Service
Environment Canada
4905 Dufferin St .
Downsview, Ontario, Canada, M3H 574

Mr. Wang Zhijia
Deputy Division Chief
National Environmental Protection

Agency of China
Baiwanzhuang, Be~jing
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Denmark

Egypt

Finland

France
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of Germany

Hungary
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Mr. Henri Heron
Agency of Environmental Protection
1401 Copenhagen K

Dr. Ahmed Amin
Affairs Agency (EEAA)
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Cairo, Egypt

Dr. Ahmed Ib rah im

Mr. Marcco Hietamaki
Ministry of the Environment
P.O. Box 306
00531 Helsinki

Mr. Pierre Voltner

Dr. Hans Braeutigam
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Dr. Lothar Gundling
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Heidelburg

Dr. Hans Jurgen Nantke
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01000 Berlin 33

Mr. Laszlo Kallay
Education & Cultural
Hungarian Embassy

Prof. Paolo Parrini
Montefluos S.p.A.
Via Principe Eugenio 5
Milan

Prof. Rolando Valiani
L.U.I.S.S. University
Viole Pola 12, 00198 Rome

Mr. Ichiro Araki
Chemical Products Division
Ministry of International Trade

and Industry
Tokyo

Mr. Katsuo Imazeki
Aerosol Industry Association of Japan
Tokyo



Kenya

Ku wa it
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Netherlands

Nigeria

No r way

Mr. Hiroki Umeki
Japan Flow Gas Association
Tokyo

Mr. B. N. Munywoki
Head, Pollution Control Division
National Environment Secretariat

Dr. Rifaat Zaki Hassan A1Kholafy
Environment Protection Council
Ministry of Public Health

Dr. A. M. Al Nasser
Environment Protection Council
Kuwait University

Mr. Jose Delrosario
Malaysian Embassy
Washington, DC

Mr. Bernardo Ferraz

Mr. Theo Evers
Attache for Health & Environment

Protection
Netherlands Embassy
4200 Linnean Avenue, NW
Washington, DC 20008

Mr. W. J. Kakebeeke
Head of Department
International Environment Affairs
Ministry of Housing
Physical Planning & the Environment
P.O. Box 450
2260 MB Leidschendam

Mr. K. Nederveen
Dutch Aerosal Association

Ms. Anne Enelta
Federal Ministry of Works ~ Housing
Environmental Planning & Protection

Division
4 Shaw Road
Ikoyi, Lagos

Mr. Per M. Bakken
Ministry of Environment
P.O. Box 8013 Dep.
Os 1 0 1



Swed en

Unit ed Kingdom

Mr. Per S. Doevle
Head of Sect ion
The Norwegian State Pollution Control

Authority
Oslo

Mr. I va r I s a kson
University of Oslo
P.O. Box 1022 Bindern
Oslo, Norway 3

Ms. Ingrid Kokeritz
National Environment Protection Board
Stockholm

Mr. Rune Lonngren (Head of Delegation)
National Chemicals Inspectorate
P.O. Box 1384
S 17127 Solna

Mr. Rutger Oijerholm
Ministry of Agriculture
103 33 Stockholm

Mr. Mark Ambler
Department of Trade and Inrlustry
Ashdown House, 123 Victoria Street
London SWI

Mr. Christopher Bowden
Principal, EPINT Division
Department of the Environment
Romney House
43 Marsham Street
London SWI

Mr. Brian D. Joyner
Chartered Chemist, F.R.S.C.
F.S.C. Chemicals Ltd.
St. Andrews Road
Avonmouth, Bristol

Ms. Fi ona McConnell, Head
Environmental Protection International

(EPINT) Division
Department of the Environment
Romney House
43 Marsham Street
London SWI

R. Wilson
Department of Environment, DOE CMM
B352 Romney House, 43 Marsham Street
London SWIP 3PY England



USA

USSR

Yugoslavia

Mr. Frank Camm
Senior Economist
The Rand Corporation
2100 Main Street, NW
Washington, DC 20037-1270

Mr. John S. Hoffman
Chairman
Stratospheric Protection Task Force
U.S. Environmental Protection Agency
Washington, D.C. 20406

Mr. Stephen Seidel
Senior Analyst
U.S. Environmental Protection Agency
Washington, D.C. 20406

Mr. Boris Gidaspov

Mr. Vyacheslav Khattatov

Dr. Vukasin Radmilovic
M.D.D.S. Higher Adviser
Federal Committee for Health

of Yugoslavia
Belgrade, 11070
BUL AVNOJA 104YU

Intergovernmental Organizations

EEU Brussels Mr. Christopher Bevington
(Consultant to the EEC)
Metra Consulting Group Ltd.
1 Queen Anne's Gate
London SWI

Mr. Guy Brasseur
NCAR
1850 Tablemesa Drive
Boulder, Colorado 80303

Mr. Pearce
DG XI
Commission of the European Communities
200, rue de la Loi
1049 Brussels

Mr. George Strongylis
DG XI
Commission of the European Communities
200, rue de la Loi
1049 Brussels



OECD

UNEP

Other Organizations

BING

CEFIC

Europur Technical
Committee
(FEA)

Mr. Robert Visser
Organization of Economic Cooperation

and Development
Environment Directorate
Chemicals Division
2, rue Andre Pascal
Paris

J. Brown
New York, NY

Dr. Iwona Rummel-Bulska
Ag. Chief, Environmental Law Unit

Mr. Peter Usher
Gigiri, Nairobi
Block 5

Mr. Peter Kindermann
Federal of European Polyurethane
Rigid Foam Associations
c/o IVPU, Industrieverband
Polyurethan Harthschaum
E.V. Kriegestr. 17
7000 Stuttgart 1

Dr. John F. D. Mills
Federation of European Chemical

Industry Associations
ICI, Mond Division
P.O. Box 13, The Heath
Runcorn, Cheshire WA74QF
United Kingdom

Mr. Joachim Schweinichen
Montefl uof Corp
Mila", Italy

Mr. Maurice Verhille
Environment & Market Expert for France
ATOCHEM La Defense 10
Cedex 42 92091 Paris La Defense

Mr. Richard C. Knollys
President .
Federation of European Aerosol

Associations (FEA)
Square Marie Louise, 49
1040 Brussel s



Internal Chamber
of Commerce

Additional Participants

Environmental Protection
Agency

401 M St, SW
Washington, DC 20460

Department of State
2201 C Street, NW
Washington, DC 20520

Department of Energy

IER

NRDCC
1350 New York Ave, NW
Suite 300
Washington, DC 20005

Boston Globe

Mr. Paul W. Halter
Business Director
FREON Products Division
E.I. Du Pont de Nemours & Co., Inc.
Wilmington, Delaware 1980fl

Mr. Donald G. Roberts
General Manager
Austral ian Fl uorine Chemical s
151 Flinders Street
Melbourne 3000

Mr. Derry Allen
Mr. Steve Anderson
Mr. Don Clay
Mr. Fitzhugh Green
Ms. Nancy Kitchum-Colwill
Mr. William Long
Mr. Jim Losey
Mr. Richard Morganstern
Mr. Neil Patel
Mr. Craig Potter
Mr. Bill Rhodes
Mr. Dean Smit h
Ms. Maria Tikoff
Mr. Bob Wayl and
Mr. Dwain Winters

Mr. Richard Benedick
Ms. Suzanne Butcher
Mr. Rob ert Co e
Ms. Debbie Kennedy
Mr. John Rouse

Mr. Rick Bradley
1000 Independence Ave
ESH, Rm 46025
Washington, DC 20585

Ms. Catherine Burks
International Environment Reporter
1231 25th St, NW
Washington, DC 20037

Mr. Dick Aires
Mr. David Doniger
Mr. David Worth

Ms. Dianne Dumanoski
Boston, Mass 02107



Engineering News

Consultant

All iance

Allied Corp
2501 M St
Washington, DC

ICF

DuPont Corporation
C & P Dept., 8-13221
Wilmington, DE 19898
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CRS
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CRSS

Ms. Lo is Emb er
Chemical & Engineering News
1155 16th St, NW
Washington, DC 20036

Mr. Hugh Farber
now Chemical
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Mr. Kevin Fay
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CFC Policy
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Mr. Raymond Feder
Dr. Rob ert Orfeo

Mr. Michael Gibbs
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Rand Corporation
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125 Western Avenue
Boston, MASS 02134

Mr. John Just us
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Washington, DC 20540

Ms. Carol yn Long

R. Mayfield
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216 S. Pl easantburg Dr.
P.O. Box 5456
Greenville, SC 29606
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Defense Fund
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Washington, DC 20511
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330 Pennsylvania Ave, SF.
Washington, DC 20003
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American Univ . Law School
Washington College of Law
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Washington, DC 20016

Mr. Irving Mintzer
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Mr. Daniel G. Dudek
Mr. Mike Oppenheimer

Mr. Steve Shimberg
Room 408
Hart Senate Office Building
Washington, DC

Mr. Dan Smith
Mr. Greg Whetstone

Mr. Gerald F. Stofflet

Mr . Hugh Symons
American Frozen Food Institute
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McLean, VA 22101

Mr. Bob Wat son
600 Independence Ave, SH
Washington, DC 20546

Mr. John Wells
The Bruce Company
1508 13th St, NW
Washington, DC 20005

Ms. Sharon Young
AB C News
1717 DeSales
Washington, DC 20036



WORKSHOP 2 PAPERS

TOPIC 6a

UNITED STATES
1. Gibbs, M.J., (ICF Incorporated), "Control Strategy Options:

Definition and Partial Evaluation" (also listed under Topic 6b)

2. Hoffman, J.S., (U.S. EPA), "The Impact of Control Strategy
Alternatives in Meeting Future Demands for Chlorofluorocarbons"

ATOCHEM
3. Dupuy, P.M., (Professor at the University and at Paris Insti­

tute of Political Science), "The World Ceiling Production
System of Chlorofluorocarbons and its Advantages" (also listed
under Topic 6d)

FEAA
4. Knollys, R.C., "Impacts of Possible Strategies Controlling

CFCs from a User Industry Standpoint"

UNITED STATES
5. Hammitt, J.K., (The RAND Corporation), "The Timing of Regula­

tions to Prevent Stratospheric Ozone Depletion" (not available
as of 9/5/86)

6. Wirth, D., and D. Doniger, (NRDC), "Anticipation of a CFC
Phaseout: Who Will Take the Heat?" (not available as of 9/5/86)

WORLD RESOURCES INSTITUTE
7. Mintzer, I. "Limiting the Buildup: An Investigation of Policies

to Control the Increase of Chlorine in the Stratosphere"

TOPIC 6b

COMMISSION OF THE EUROPEAN COMMUNITIES
8. Brasseur, G., and De Rudder, A., "The Potential Impact on

Atmospheric Ozone and Temperature of Increasing Trace Gas Con-
-r~ centrations"q~t.~f.~~. 1I*~vi'ew~~~bB It

9. Based on calculations of GUy Brasseur and Anne De Rudder,
"Potential Ozone Column Responses to Alternative Chloro­
fluorocarbon Control Strategies"

FLUOROCARBON PROGRAM PANEL
10. "Atmospheric Ozone: Response to Combined Emissions of CFCs,

N20, CH4, and C02"

NORWAY
11. Isaksen, I.S.A., (Institute of Geophysics, University of Oslo),

"Ozone Perturbations Studies in a Two-Dimensional Model with
Temperature Feedback in the Stratosphere Included"



UNITED STATES
l2 . ~ Gibbs, M.J., ( ICF Incorporated), "Control Strategy Options:

Definition and Partial Evaluat ion"

13.

14.

Gibbs, M.J., (ICF Incorporated), "Analys is of the Importance
o f Various Design Factors in Determining the Effectiveness o f
Co n t rol St r ategy Options"

Hoffman, J.S., (U.S. EPA), "Analysis of Stringency of Control
Strategies to Achieve Alternative Ozone Depletion Limits"

Seidel, S., D. Tirpak, and J.S. Hoffman (U.S. EPA), "Potential
Health and Environmental Effects of Ozone Depletion and
Climate Change"

TOPIC 6c

UNITED KINGDOM
'1 5 . Ambler, D.M., (Department of Trade and Industry, London),

"An Assessment of the Economic Costs of Alternative Regulatory
Strategies"

UNITED STATES
16. Anderson, Stephen 0., (U.S. EPA), "Factors that Affect the

Costs of Protecting the Stratosphere"

BRITISH RUBBER MANUFACTURERS' ASSOCIATION
17. "Chlorofluorocarbons in Flexible Foam Manufacture"

JAPAN FREON GAS ASSOCIATION and JAPAN AEROSOL ASSOCIATION
1 8. Kurosawa, K., (Steering Committee Chairman, JFGA), and K.

Imazeki (Technical Committee Chairman, JAA), "Economy of the
reduction measures which have been proposed as well as the
newly proposed measure"

ITALY
) 9 . Valiani, R., (LUISS), "Economic Instruments for the Control

of CFCs"

WORLD RESOURCES INSTITUTE
20. Miller, A.S., (Visiting Assistant Professor, Washington

College of Law, American University), "The Economic Risk
Associated with Alternative Strategies to Protect the Ozone
Layer"

TOPIC 6d

ATOCHEM
21. Dupuy, P.M., (Professor at the University and at Paris

Institute of Political Science), "The World Ceiling Production
System of Chlorofluorocarbons and its Advantages"



FEDERAL REPUBLIC OF GERMANY
/ 2 2 . Gundling, L., (Research Fellow, . Ma x - Pl a nc k I~stitute for

Comparative Public and Internatlonal Law, Heldelberg; and
Lecturer at the University of Heidelberg), "The Global Pro­
duction Capacity Cap: Equity, Trade Impacts, Implementation
and Monitoring"

UNITED STATES
23. Anderson, Stephen 0., (U.S. EPA), "Equity of Ozone Protection

Strategies"

SWEDEN
24. "Net Use of CFCs -- A Technical Discussion Report".

UNITED STATES
25 . Anderson, Stephen 0., (U.S. EPA), "Trade Issues Related to

CFC International Control to Protect the Ozone Layer"

THURSDAY SESSION

COMMISSION OF THE EUROPEAN COMMUNITIES
26. Pearce, D.W., (Department of Economics, University College

London), "The European Community Approach to the Control of
Chlorofluorocarbons"

CANADA
27. Buxton, G.V., A. Chisolm, and J. Carbonneau (Environment

J Canada), "A Canadian Contribution to the Consideration of
Strategies for Protecting the Ozone Layer"

UNITED STATES
28. Seidel, S.R., (U.S. EPA), "Analysis of Global Application of

an EEC-Based Production Capacity Cap"

JAPAN
29. Araki, I., "A Possible Regulatory Strategy for the Control of

Chlorofluorocarbons"
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Directory

Room No.ModuleLevel

2100s 1 Commo ns
2200s 2 Co mmons
2400s 4 Co mmo ns
2500s 5 Co mmo ns

I Emergency
3100s 1 3
3200s 2 3 Dial 1111

3300s 3 3
3400s 4 3
3500s 5 3

4100s 1 4
4200s 2 4
4300s 3 4
4400s 4 4
4500s 5 4

Extension Commons Level

6259 Hair Styl ing Salo n 4 A
Coc kta i l Loung e 2 B
Dinin g Room 3 A&B
Faculty O ffices 1 B

2 A
4 B
5 A&B

6300

I
Med ical

I..
A

6259 Gift Shop/Newsstand A
6260 Service Desk A
1100 Securi ty A

Symbols
Thr uw alk - 3rd fl oor

~
Entr ance

Color Directory

Modu le 1 I --- ~Mod ule 2
Mod u le 3
Module 4
Module 5

All room s are assigned a 4 digit number In the example above. the
room is locat ed on th e 4th level. mo du le 3 (o range) . From th at
point you can easi ly f ind the 10th room in that area

I I L Io
"Cl)

~
0>
'<

/

•

Centr al
Serv ices

3

5

!
Fitn ess and
Recreati on Cen ter

2

To Dull es. Beltway. Wash in gt on

1
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~
0>
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"Cl)

~
0>
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~
~

\
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/
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g Gate
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Ol

u:l Route 7

11

Visit or s and
Registrat ion
Park ing

Regi strat ion
and Service
Desk

Stu den t
Parking

Facu lty/
Sta ff
Park in g

Goose Cree k

To Leesburg

•

Departure Information

N orm al Friday afternoon departures:

Transportat ion leaves from all three Plazas at 3 :00 P.M .

for Nati onal A irport and 3:30 P.M . to Dull es A irport. S ign­

out locations are by t h e s tai rs in t h e Studen t Dining Room

for Plazas A and B serving modules 2, 3 . and 4 and at Plaza

C , serving modu les 1 and 5 . W h en you s ig n-ou t a nd turn in

your ro om key a t ran s p o r tat io n pass will b e gi ven to you .

A ll o ther departures excep t Fr iday a fte rn oon w i ll leave

fr om bus parking outs id e the Service D esk (m o d u le 1).
Sign -out an d turn in yo u r room key at the Serv ice Desk and

a tran spo rtati on pass w ill b e provided .



Regist!"8tion Procedures

Arriving by Automobile:

• Proceed to Vis ito rs Parkin g Lot (15 mi nute pa rk ing
limi t).

• Walk down ste ps to Regi strat ion Service Desk in
Modul e 1 (blue) and pick up reg istrati on package and
residen ce ro o m key.

• Dr ive to Plaza A, B, or C as in dicate d on th e tag of your
room key . Park in designated are a of Plaza (parki ng
limi t 15 mi nu tes) wh ile unloa d ing and carryi ng ba gga ge
to roo m.

• Immed iately move car to approp ria te park in g lot :

Resid en ce Park in g Perm it - Stude nt Parking Lot

Sta ll Park in g Permit - Sta ll Par k ing Lot

Color Coding

Th er e are f ive liv ing /l earn ing modules co lo r coded as
show n. Residen ce room s are locat ed alon g the outside
peri miter with c las sro om s, labo ratori es and com mo ns
areas w ith in th e Cent er . All modules are co nnected by
thruwal ks to prov ide easy access fr om one to anothe r.

Co lo r will help yo u! Yo ur resid en ce key tag , yo u r
res id en ce ro om door , and eve n yo ur window sha des
(visi b le from outside th e bu ild ing) are colo r matc hed.
Identify th e educat io n areas by co lored stri pes alo ng th e
co rri do r above class roo m doors.

Person al ma il may be addre sse d to :

Xerox Corporation
Int ernati onal Cent er for Train in g and Managem ent
Development
P.O. Bo x 2000
Leesburg , Virg in ia 22075

The Ce nte r teleph on e nu mber is :
(703) 777-80 00

Dress Code

In keepi ng w ith the Xerox policy, regul ar bus iness atti re
w ill be worn during no rma l business ho urs (8 :00 A.M . to
5:00 P.M .).

~0i

<>

2

But Parkin g

Reg istratio n
Servi ce Desk
(do w n step s)

Visit or s and
Reg ist rat ion
Park ing

/.: '''''~

3
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NOTE TO ALL PRESS AND PARTICIPANTS

Members o f the press are advised that the entire workshop

may only be repo r t e d a s background, i . e . , individuals and nations

should not be speci f ically quoted or identified.

These guidelines have been established to enable free and

open discussion among experts who are expre s sing their pe rsona l

v i ews , not the policy po sitions of t heir go ve rnment s or sponsoring

institutions.

Many participants in this workshop are not familiar with

U.S . press tradit ions . Therefore, journalists desiring personal

interviews are requested to clearly establi sh with interviewees

at the outset whether their remarks are for ba c kg r o und only or on

the record .



THE IMPACT OF CONTROL STRATEGY ALTERNATIVES IN
MEETING FUTURE DEMANDS FOR CHLOROFLUOROCARBONS

by
John S . Hoffman*

U. S . Environmental Protect ion Agency

for
TOP IC 6A

UN EP WORKSHOP ON PROTECT ING T HE OZONE STRATOSPHERIC LAYER

Leesburg , Vir g inia
September 8- 12, 1986

* This analysis contained in this paper i s presented only for the purpose
of technical discussion at this workshop. It does not, in any way, represent
the official policy of the United States government.

* * * DRAFT: SUBJECT TO REVISION * * *



THE IMPACT OF CONTROL STRATEGY ALTERNATIVES IN
MEETING FUTURE DEMANDS FOR CHLOROFLUOROCARBONS

ABS TRAC T

A number of studies 1 have shown that the global demand fo r

chlorofluorocarbons is likely to increas e. Because CFCs persist in the

atmosphere for decades and even centuries, the extent o f future demand that

can safely be met depends in part on emi ss ions reductions mad e i n t he next t en

to fifteen years. This paper analyzes the relationship between actions in the

next f ifteen years and the future demand that can be met, und er a variet y of

assumptions .
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CFCS PERSIST IN THE ATMOSPHERE

Unlike pollutants such as particulates that fallout of the atmosphere

within weeks, CFCs remain in the atmosphere for long periods. Figure I gives

the lifetimes as estimated by the Atmospheric Lifetime Experiment and other

researchers.

FIGURE 1

CFCs PERSIST IN THE ATMOSPHERE

Compound Lifetime Source

CFC -11 75 years NASA (1 986)

CFC-12 110 years NASA (1986 )

CFC -113 90 years NAS (1984)

CFC-22 20 years NAS (1 984 )

Figure 1 shows the atmospheric lifetimes of CFCs as
es t i ma t ed by the Atmospheric Lifetime Experiment and other
r esearchers.

A lifetime of "L" years means that lie (appr ox i mat e l y 3r~) of the releases

i n a given year will still be in the atmosphere "L" years later . CFC-12, fo r

example, has a lifetime of 110 years. If 100 kilograms were released i n 1987,

37 kilograms would still be in the atmosphere in the yea r 2097, 110 year s

later. Figure 2 shows the emissions l oading that will rema in i n the

at mos phe r e in the years 2000 and 2030, 13 and 43 years after a release i n 1987.

* * * DRAFT: SUBJECT TO REVISION * * *



- 3-

FIGURE 2

ATMOS PHERIC LOADING FROM A 100 KG RELEASE IN 1987

Initial Release Kilograms Remaining in
1987 2000 2030

CFC-ll 100 84 56

CFC-12 100 89 68

CFC -1l3 100 87 62

CFC -22 100 52 12

Figure 2 shows the amount of CFCs that would r ema i n in the
atmosphere in 2000 and 2030, 13 an d 42 years a f ter a
hypothetical release o f 100 kilograms in 1987.

EMISSIONS MADE IN THE SHORT TERM REDUCE EMISSIONS THAT
WOULD HAVE TO BE MADE IN THE LONG TERM

Because emissions accumulate in the atm osphere, any limit t hat may

ultimately be placed on concentrations will reduce the total emissions that

can be allowed into the atmosphere . As Figure 3 states, emissions made in the

short term use up some of the atmosphere's carrying capacity and necessarily

displace emissions in the future.

FIGURE 3

EmSSIONS NOW

I
I
I
I
I
t

REDUCE EmSSIONS POSSIBLE LATER
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For example, suppose we wanted to prevent concentrations from rising above

current levels. Because past emissions are mostly still in the atmosphere we

would have to severely curtail current emissions, as shown in Figure 4.

Clearly, the fact that current emissions are greater than current losses

places us far from equilibrium and creates tremendous momentum for increasing

atmospheric concentrations. A given increase in surface emissions will lead

to a greater percent increase in atmospheric concentrations. Even constant

emissions will lead to an increase in concentrations. For example, total

emissions of CFC-11 and CFC-12 remained approximately constant from the early

1970's to the early 1980's (CNA, 1985), but their atmospheric concentrations

doubled (Rasmussen and Khalil, 1986).

Because emissions accumulate in the troposphere, today's emissions may

compete with future emissions if society were to settle on an allowable burden

of CFCs in the atmosphere. For example, suppose that society wished to limit

CFC-12 concentrations to 75% of the level in 2030 that would otherwise occur

if emissions were to grow at 2.5%. If action were taken in 1987, there would

still be room to meet future increases in demand. Growth in emissions could

continue, but at a moderated rate of 1.12% per year. If actions were

postponed to 2001, there would be no room to meet increase in demand. An

emissions cut of 0.15% per year would be necessary to meet the concentrations

limit.

Another way to think about this issue is to consider some scenarios and

alternative control strategies that achieve comparable levels of ozone

depletion. Figure 5 shows production for the period 1986 to 2025 for

unrestrained growth of 2.5%, along with production that would occur in the

2010-2025 time frame for two different control strategies .

* * * DRAFT: SUBJECT TO REVISION * * *



-5-

FIGURE 4a

CFC-12 EMISSION REDUCTION NECESSARY
TO HOLD CONCENTRATIONS CONSTANT
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500

400

300

200

100

o
1930 1985

FIGURE 4b
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Figures 4a and 4b show that CFC-12 emissions would have to be
cut approximately 85% in order to hold atmospheric
concentrations constant.
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FIGURE 5

WAITING INCREASES THE SEVERITY OF ACTIONS
(Cumulative emissions in millions of kilograms)

UNRESTRAINED GROWTH AT 2 .5%

NO
ACTION

1985-2025

No cutback
(59, 548 )

1985-2010

No cutback
(30 , 590)

2010-2025

No cutback
(28, 960 )

POL ICIES WITH APPROXHIATELY EQUAL EFFECTS

EARLY ACTION
(0 . 85 kg per capita

by 1991; aerosol
ban)l

LATE ACTION
(wa i t to 2008;

cap at 1985 level)l

1 CFC 11, 12 only.

1985-2025

3 1~~ cutback
(40 , 675 )

31% cutback
(40 , 975)

1985-2010

2 4~~ cutback
( 23 , 150 )

7% cutback
(2 8 ,45 0 )

2010- 2025

34% cu tback
(1 9 , 060)

58% cutback
(12,2 30)

Clearly, t he policies i mp l ement ed make a l a r ge dif fer ence in the percent

of demand that can be met i n the 2010-2025 t ime f r ame. Both pol icies r each a

cut back of 31% over 1985-2025. Waiting to take ac t ion to 2008 requ ires a 50%

cut i n a s ingle year, and a 64% reduct ion over the entire us e of CFCs. The

ear li e r action i n Figure 5 i nc r eas es ava i lab le emissions in 20 10-2 025 by 50%.

The magnitude of the reduction needed in 2010- 2015 is 34%, instead of 58% .

Since deeper cut s are likely to require highe r va lue added uses, t he

imp1c iat ion of waiting is that postpon ing controls wi ll r educ e the ab i l ity to

meet high value added demands later on.
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CONCLUSION

Any control strategy that fails to create incentives for reducing

emissions in early years will r educe the capaci ty t o mee t future demands for

CFCs for high value added us es .
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NOTES

1 Projections of future demand for CFCs was a top ic at the United
Nations Environment Programme Workshop in the Ozone Layer, held in Rome, Italy
f r om ~lay 26-30, 1986. The papers t ha t were submitted to the workshop were
summarized in U.S. EPA, (1986), "Summary Paper for Topic #2: Projections of
Demand for CFCs". Major individual papers include:

* CANADA
Sheffield, A. (1986), Canadian Overview of CFC Demand Projections to the
Year 2005, Commerical Chemicals Branch, Environmental Protection Service,
Environment, Canada.

* EUROPEAN COUNCIL OF CHEMICAL MANUFACTURERS FEDERATION
European Fluorocarbon Technical Committee (EFCTC) (1985), Halocarbon Trend
Study 1983 - 1995, EFCTC is a CEFIC Sector Group.

* EEC
Bevington, C.F.P. (1986), Projections of Production Capacity, Production
and Use of CFCs in the Context of EEC Regulations, Metra Consulting Group
Ltd., prepared for the European Economic Community.

* FEDERATION OF EUROPEAN AEROSOL ASSOCIATIONS
Knollys, R.C . (1986), Fluorocarbon Use in Aerosols -- A Trend Study
1984-1995 in Member Countries of the European Economic Community,
prepared on behalf of The Federation of European Aerosol Associations.

* JAPAN
Kurosawa, Kimio and Katsuo Imazeki (1986), Projections of the Production,
Us e and Trade of CFCs in Japan in the Next 5-10 Years, Japan Fluoride Gas
Association and the Japan Aerosol Association.

* SWEDEN
Hedenstrom, Olle, Sture Samuelsson, and Anders Ostman (1986), Projections
of CFC Us e in Sweden, prepared for Statens naturvardsverk.

* UNITED KINGDOM
Yarrow, G.K. (1986), The Reliability of Very Long Term Forecasts of
Chlorofluorocarbo Production and Emissions, Hertford College, London.
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NOTES (continued)

,': UNITED STATES
Camm, F . et a l . ( 1986) , Joint Em iss ion Scenarios for Potentia l Ozone
Deplet ing Substances, working draft by The RAND Corporation, prepared for
the U. S . EPA .

Gibbs , M.J. (1986), Scenarios of CFC Use: 1985 to 2075, ICF
Incorporated, prepared for the U.S . EPA.

Hammitt, J .K., et al. (1986), Product Uses and Market Trends for Potential
Ozone Depleting Substances : 1985 - 2000, working draft by The RAND
Corporation, prepared for the U.S . EPA .

Nor dhaus , W.D., and G.W. Yohe ( 1986) , Probabilistic Projections of
Chlorof luorocarbon Consumption: Stage One , Yale University and Wesleyan
Unive r si t y , prepared f or the U. S. EPA.

Qui nn , T .H. et al . ( 1986) , Projected Us e , Emiss ions, and Banks of
Potent ial Ozone-Deplet ing Substances, The RAND Corporation, prepared for
t he U. S. EPA .
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TH E WORLD CE IL ING PRODUCTION SYSTE~ OF,C FC AND ITS ADVA NTAGES

SUMMARY

Onl y a CFC 11 and 12 world ceil ing producti on system rnntribut~ to a pri ori secure

environmental pro tection of both the ozone layer and the ground t empe r atur e

i nc r ea s e . It in fact forbids all consumption bolts and obliges humani ty to

preventively realize the potential danger they are fac ing.

The world production level must be regulated according to resu lts roming fr om a

monitoring system o f high atmosphere . This sys t em is t hus in a permanent watch pos~ ·

and by this Nay ensures the dependency o f t he e r-onomi ear restr i c t i ons brough t about b:,.

any r~gulation t o the impe r a t i ves o f th e plane t ' s e nV i r onment .

The production level fixed by the dif f eren t Sta t es or groups o f St ates is sc i e n t i f i ~

l y controled through t he monitoring sys t em o f CFC conc entra tions at ground leve l.

It must moreover be much differentiated be tween AC ard developing countries so that

the first ones only will be affected and will generate the technical research f or

substitute products or processes achiev ing i n t h i s way successi vely t he shift, t he

blOcking and the lowering of the CFC world cons umpt i on .

This is created :

an efficient system both on the eco logi cal and on the economica l points of view

flexible, l i be r a l , technologically s t ~mulat i ng ,

- an equitable system which takes into account the different dev e lopment s tages of

t he countr ies while supplying a g lobal answer to a g lobal problem.

- an acceptabl e system to the different s tates or groups o f s ta tes.

Such a sys tem na turally comes into the continuation of the Vienna Convention . It

separates the nor ma ti ve functions fro m th e scienti fic ones. [t can l a t e r on be

adapted to the "settling" of other si mi lar problems .

P.M. DU PUY
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I. I NTRODUCT1: ON

The probl em preoc cupy i ng us here conc er ns both s tratospher ica l ozone an d the g l obe' s

tempe r a t ure since the ozone layer protects t he biosphere from th e ha rmful effec ts

of solar ultraviolet r adiation, controls the structure of th e s tra t osphere an d

influenc e s th e Earth's climate .

This pr ob l em i s consi de red as wor l d size by th e I nte r nati ona l Sc i entific

Communi t y .

The last CCOL meeti ng was he ld i n Nairobi on 24 and 25 F e b r u 3~Y 1986 unde r t he

aeg is of the UNEP . "In summary t he r e continue s to be concer n that both the total

amount and vertical distribution of atmospheric ozone, t he teG per atur e st ructure

and climate will be modified by changes in the a trnosp .ie r i c conc en t r a tions o f

several t r ace substances specially chlorofluorocarbons, ca rbon dioxides and

nitrous ox ides. Hence, the two issues of ozone modifica ti on and cl i ma te chan ges

s ho uld be cons idered together ."

In par al l el to the r ec en t Vie nna conventi on fo r the prote c t i on of th e ozone layer

also a dopted under the ae gi s of the UNEP, each regulation ~u s t have t he -foll owtng

characteri stics :

a) be interna tion al an d not be drawn up by a coun try ac co rdi ng to i t s own

produc t an d app l i cat i on prob lems ,

b ) have a sc ientific ba si s on wh i c h the whole Scien t i fi c Community ag r ees ­

th e only way of trans gressing l oc a l parti r.ularisms.

Thi s leads to the fact that the type of regul ation r equ i r ed must both :

be suscepti b l e o f co ver ing i n an i den t i a l manner th e ~hole o f t he produc ts

r e fer ed to i n t he CCOL repor t,

be s uscep t ibl e of being r evised according t o the evol utions of i n t ern ­

ati ona l s ci ence.

. . · /



The ca s e of CrC only cons ti t u t es one pa r t i cu lar aspect o f ·a r e gu l a t i on ~h i c h is

li abl e to be e xt ende d to othe r ~orri some substance s owi ng to th e i r ac t i on on the

3 t mos phe r e ..

What do we f ear from CrC ?

At sho r t term, 10 t o 20 years, mos t pro bably ve ry l i ttle acco r di ng to t he repo r ~

cited by the CCOL.

On the o therhand, we have l eg i t i ma t e reasons to worry ac c ording t o c e r t ai n

studi e s which have been published (for instance RAND , 2483 . 3 EPA) . Even i f the

co nclusi ons o f thi s study are f a r from be ing rec ogni z ed i nt ernationally ( t hey

wil l be deba ted at the Rome mee ti ng in June 1986 ) it is impos sible not to ra ise

que s t i ons when you s ee t he accelera t i on o f th e c umul a t ed ma ss o f chlo r ine

products whi ch i s l ikely t o be re leased in to th e atmos pher e .

CrC 11 + 12

======= ============= ==== ======= =========================== ========================::

. 114 ,0001

a

800

IYea r s I Annua l Wo r ld Product. 103T ICoef. 1 Cumu l a t ed Wo rld Pr oduction 103T . 1 Coef .

I
I
1

1+ 40 I I 1 I

120 24 fl ( 1 , 115 I 1. 39 1 f ( 53 ,000 I 3 ,8 .
r om ( 3 , 40 0 4. 25 r om j 98 , 000 7

~===== = ~ = = ==== = =======~ = = = = ==== = = ~======t = = ==== == = = = = = == = = = = = = = = = = = = = = = = = = t = = = = = = = : :

1194 4

1+ 40

11984

How s hall we, all a t t he same time : pro te c t ou rse l ve s agains t suc h an ac cele ra t i o~

o f the Cr C requiremen ts ( s chema 1) , do so a t th e inte r na tional level, draw up a la~

whi ch. will be Li eoLe of be ing r ev i sed acco rding to sci en t if i c data , whil e s har.;I. :lg

out t he e ffort so as t o avoid an answ er

- uneffic ient because of t he globa l problem i f only s ome States take restr iv

measures,

dangerous i f th e States be l i eve the problem is sclved whe nc e on ly some wi l l

have wor r i ed about it .

How shall we, moreover , i f i t i s necessary, make it possib l e in t he long r un to take

s i milar s teps f or o t he r produc t s ?

.-. ./
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I t appears at any ra te, j us t as t he "empl oyment, growt h, te ch nology" work i ng g r oup

no t i c ed , as a mat t e r of fact , ( c , ea t ed by dec isi on o f St a te an d Gove rn menta l l eade , ~

at the 1982.Ve r s a i lles s omme~, t hat th e i n t e r na tiona l d imen s io n o f t he e n v ir on~enta :

sa fet y i mpli es t he inc r ea s ed coopera t i on f rom Governme n t s and I ndustry on a bas is o f

ha r mon i zed co ncei v i ngs .

I I. WOR LD CEILING PRODUCT I ON SYSTEM FOR CFC 11 AND 12

The regul a t i on sys t em wh i ch seems t o best answe r t he pr eced i ng ev a luated c ri : e r ia

i s the fo llowing :

a ) se t t l i ng a wor l d produc ti on level f or CF C 11 + 12,

b) Frac ti on alize thi s production per de ve lo pment zone differen ti ated in t o advan c ed

co un t rie s and o t he r s

c ) con t r ol and ad just the leve l set up at the begi nn i ng if nec es s a r y .

Why, in t he fie l d of CFC, mus t we concentrate on t he 11 and 12 onl y ?

First of all, in order to be pragmatic : "he who grasps at too much l os es every th i ng

as they say in Franc e . I t i s easy to gu ess that s uc h a regula t ion wi ll be very

del icate to work. It woul d therefore be advi sab l e to test t he sy s t em be f ore

eventually want ing to i nc l ude other CFC.

Next, because at present time , CFC 11 + 12 repres en t by fa r th e most pr oduc ed e Fe

~ 80%) ab le to affect t he ozone layer.

Lastly , because we c a n t hink it is almost c e r t a i n t hat . 1 f t he re wi l l be a r egu la t i on f or

11 and 12 , thi s wi ll ha ve some i nf l ue nce on i ndus tr ia ls an d e fe us e r s who wi ] 1 be

incli~ed t o avoid using the whole fami l y of produc t s to whi ch th es e products bel ong .

I ) ~_~~~~~_~~~~~~~_e~~~~~~~~~_~~~_~~~_~~_~_~~

Such a ce i ling i s easily established using a mult ipl i ca to r co e f f ic ient on :he

product ion known at a given date for ex ample 198 4 . We c a ll "X" s uch a coeff i ci en t .

The wor l d ceiling is obtained by " XliX ( 1984 Prod uc t i on ). Thi s ex c l ude s , on the

wor l d level, any co nnec t io n with the d i f f e r en t uses wh i ch are known to be very

sensitive to th e way of l i ving , geographical locat i on .. . . At the State level as i t

i s already the c a s e , Governments are of cour s e ab l e t o s e t up s pe ci f ic con t r- a i ns t .

But, start ing f r om th i s world production upper l i mi t notion for eFe 11 + 12 , i t w~l l

have to be poss i b l e to regul ate in a muc h more co ncre t e ma nne r a t Sta t es or Sta t e

groups level .

. .. /
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th e '.,o r l d :

( or R.O .W . f or Rest o f t he Workd )

Thi s notion i s f undamental .

Without even ha vi ng to refer ourselves to the RAND studies, we can believe th a t at

long te rm th e i nc r ea s e in local consumption wil l not fundamen t a l l y be caused by th e

AC wh i ch have a lready, owi ng to their liv ing standa rds, been using these ~ roduc t s

fo r 40 years.

On t he con t r a r y i t will be the other coun tr ies whi ch , depe nd i ng i f the purc h as i~g

powe r o f their population increases , wil l progress i vely hav e acces s to t he f inished

products present l y us i ng Cf C, cold, i ns ul ati ng , e tc .

Bu t unde r no circumstances s hou l d a r egulat ion f r ee ze posi t i ons in s uch a way that

the AC would rema in t he only ones au t hor i z ed t o use CfC 11 + 12 , t he ROW being

ex l uded from t hem for ever.

It i n fact is compulso ry that the ROW shou ld de ve lop with t he lea s t restr ic t i ons .

from t hes e two co nsiderat ions one concludes tha t "X" must be very di fferent i n

t he two sectors Xl ( X < X2 ( Xl : ad vanced countri es ; X2 : ROW)

Such an approach ha s two fundamental advantages

for the AC (Xl <X) t hi s means that the i mpac t of the regu la t i on wi l l only apply

i n f ac t to th e AC wi t h t wo cor o lla ri es

these c ountri es having considerable research and i nnova~ng means Ni l l ~e ab_e ,

by force or even before being forced, to unde r t ake r esearches fo r process o r

substitute products (process or produc t wh i ch , in the long r un , the ROW will

benefi t of) .
Their being big consume r s a bs o l u t e value will bemaintained at a low level .

fo r the ROW , X
2

» X, not only t he countr ies conc e r ned will not be conc e r ned at

short t erm but contrari ly will not ice that to t he ir advantage celocalizati ons will

begin and one part of the products th ey are presen tly i mpor t i ng, l oc a l l y produced ,

c r ea t i ng in th is way ri chness instead of c r eating def ic its in the balance of pay ment s

You must add t o thi s regulation a clause fo rb iddi ng the inv e r sion of Cf C fl ow rates ,

presently AC ~ ROW. Ot he rwi s e , the l egislato r would hav e , by no means , so lved

t he environment a l problem but on l y f inal l y shifted the produc t i on areas .

.. . /



EX AMPLE OF A CONC RETE APPLICATION

L e ~ us scient if i ca l l y pres ume th a t a ch lo rous level co rrespond lng fin a l l y at

ffia Xl mum t o a produc t i on s t a b i l ized at 1 , 7 x 198 4 CFC 11 ~ 12 i s au tho rlzed :

For t he AC we s ha l l cons i de r t he r egu l atio n sy s t em as al rea dy appl i ed in t he CEE

l .e . a max i mum production of 480 , 000 T whi ch , i n comparison t o 198 4 , co rre spond ~

to 1984 x 1 ,4 :

The AC wi l l the r e fo r e have 1 , 4 x 1984

I 198 4

I
COEFFI CI ENT PRODUCTI ON CEI LI NG

34 0

4801 ,4

1 , 4

ICEE

IUSA

IJAPA N

I ROW

I 340

I 240

I 55 I 1 . 4 I 80 I
f- --- - --- -- -- -- --- - --- - -f - ---- - -f- --- --- -- -- --f- -- - - -- - - -- - --- -- ---- -f
, ADVANCED COUNTRIES I 63 5 I 1 , 4 I 900 I
--- -- -- ---- --- - -- ------ -- -- - -- ------ -- --- --- ---- ----- --- -- - - ------- - - -
IWOR LD I 800 I 1 ,7 I 1 . 360 I
t-- - -- --- -- - --- - -- -- --- -t - -- -- --t- -- - -- --- -- -- t- -- - -- -- - ------- ------

I 165 I 2 .7 I 460 I
I I I I I==== =========== =============================== =================== ==== =

m pOR TA NT NOTA :

7he a bove exa mp le i s only g i ven as an indicat ion. In f ac t :

1 ) !t would be wise t o ana lyse mor e deep l y ROW so as to mak e s ure that t here are

no other co un tries which ought to be classi fied AC ( Aus t r a l i a . . . ) . Such

reclass i f i ca tions wou l d br ing a l arger i n i ti a t or y growt h to th e ROW.

2) The f igures g iven are only indications. The author does no t pre t end knowi ng the~

exac t l y . They a r e gtven only i n o rde r t o exp lain conc re tely t he re as on i ng.

3) The 1, 7 ti mes t he 19 8 4 Product i on i s only an hypo thes is s ame as 1 , 4 for AC and

2 , 7 f or ROW .
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I I I) Continuous monitor ing an d ad j ustment of th e f irst set up levelat t he wor l d l ~ v------------------------------------------------------------------------------.

I t mus t be a legislati ve i n t e rna l act ion of each co unt r y or group of coun t r ies

to i nsu r e the reality of the ceiling. It is also in teresting to cross-check by an

inde pe ndan t method the real ity of t he imp l ementa t i on . This can be done a t t he W0 Ld

l evel by Gr ound Monitor ing o f the CFC r.onr.ent r a tio n ( s ee page 20 ) .

But it is fundamental, because of vari a ti ons of the atmosphere due to CFC or

o t he r substances ( s ee CCOL report Nairobi 1986) t hat t he ce il ing can be adj usted

a ft e r having been set up a pr i or i. Such a system i s con t inuous l y watched by th e

s c i enti f ic community apart f rom l eg i s l a to r s ( s ee page 7) .

I II ) QUAL I TI ES OF A CEI LI NG PRODUCTI ON REGULATION

No CFC pr oduc tion control sys tem i s perfect. The one consisting i n f i x i ng a wor l d

product ion uppe r li mit f r ac t i onned i nt o different iated (AC and CD) development areas

however does seem to offer the best advaptages, both on effici ency level and on

equi ty o f the results tha t one can rationally expect from them.

A. EFFI CIENCY :

The ef f i c iency of a CFC cont r o l strategy mus t f i r s t be apprec i a t ed o f cou r s e fro~

an ec ol og i c po in t of view, in its large sense i . e . on an environment a ' pro tec t i on

po i n t o f v i ew ( and , i n fac t, of stratosphere i n th e fi r s t place ) . But t he ma i n

qua l i t y of a produc t i on ceiling system is t hat it enables to ac h l eve a

pr o t ecti on o f environment while also being based on a cons t r ucti ve us e of the

mark et rules . Its eco l og i c efficiency is also bas ed on an economi c e f f i c i ency.

1 . ECOLOG1CAL EFFICIENCY

The first guaran t ee of ecological efficiency is due t o t he del i be r a t e i nternati onal

character of t he world production ceiling system. This one corres ponds to th e

i n t e r na t i ona l s i ze o f t he alteration phenomenon of t he ozone layer wh i ch we ha ve

already gone through at beg inning of this report.

Any r egulat ion based upon a uni lateral determination of the sai d "es s en tia l " uses

of CFC, made on l y by so me States on the basis of evaluations due t o t he ir s ituatl on

and t o their s t r i ct l y na t i ona l interests would on the contrary be emi nen tly

sub jective, an d would lea d at world level t o an act ion so heterogeneous a nd

dispersed that its e f f i c i ency would appear most problematic in te rms of en vi ronment a l

protect ion.

Never theless, as we shall s ee further along, the produc tion ce il i ng system, even if

it gua r antees t he ha r mon i za t i on of the results, leaves t o each Sta t e who wi ll

. . . /



participate t o it a broad marg in o f ev a l ua ti on i n the choice o f co ntrol means

o f production and o f the types o f prio rity uses. One cou ld s ay s o as to co nclude

on t h i s point" aworld si ze prob lem requ ires a g l oba l r egul a ti on".

The second guaran tee o f eco l og ical effi ciency of the s ystem recomme nded he re i s

fa vo r a b l e to t he fact that t he world production le vel :

- would be a prior i set up from prer.isely determined s<.i ~ nt ifi r. ~ r i t ~ ~ i a and wh i ~h

would benefit of a very large scientific consensus,

- would be l ikely, as we will see further along, to be periodi ca lly re -examined

and sys t emat i ca lly rev i s ed i f th e evolution of th e s c ien t if i c ex pe rience concer~~ "

t he globe ' s atmos phe r e and i t s c lima t e appears to r equ ire it , just in t he same

manne r as th e developmen t of t he other productions be ing abl e t o c ause inter fe re~~

wi th the e ffect of CrC 11 a nd 12 on the ozone layer (CHa and OH es pecially ) cou l d

impos e i t.

I f you conside r s ome stud ies based on existing models a lready published (wor ks o f

Owens , Brasseur , Sze, I s aks en) you can consider that coefficients of 1,5 1 ,7 or

even twice the actua l production would have no noticeable influcence on environ me n t .

This evaluati on , linked to actual level of knowledge, gains all its value i f you

remember that t he recommended system would be l imited i n time since it woul d

determine a t te rm a noticeable decrease, then beyOnd t hat , a drop i n the global

amount of CFC 11 and 12 production. You must never in fact forge t ( s e e i nfra )

that th ~ worl d produc t i on system c an be analyzed in fac t, for i t s effec ts, li ke

a dif f e r ed dryi ng up strategy of CFC emissions i n t he atmosphere .

Las tly, t he th i rd factor of t he ecological efficiency of the system i s due to lts

_s_i.!"p ! ~ 5: ~ ~ J: ' its g l oba li t y and its easily con t r o l ed ch arac t e r . I ts simpl i c i t y is

li nked with the fac t of using a un i voc a l criter i on - t hat o f a production ce i l l ng

per zone of d eve l o~men t . It does not get involved with problems of numbers whi c h

an arbitrary an d ne t er-ogenous determination of the us e s fou nd t o be "essen t i a l "

by such coun t r y woul d br ing about.

It applies to th e ".vho l e CFC 11 + 12 uses and employs one _q..u~n_t:.i.~~ ~.,:~ cr i t e r i on

which renders control o f i t s application easily veri fiable: we a ll know i n t his

re s pec t t he e xpcrl~ent of the network of the 5 atmosphere standard measuri ng

s ta tions regrouped with i n the Atmospheric Lifetime Exper iment ( ALE) renewed and

i mpr oved today unde r t he Global Atmospheric Gas Experimen~ (GAGE). Such Con tro l

Networks enabl e to check ve r y accurately the figures presently supplied a t wor l d

level ( be s i de s count rie s be hind the Iron Cur t a i n) to a pr i va te Aud i t Bureau ( f or

t he moment Gran t Tho rto n ) and published by CMA/ FPP . The ir va l ue would doub l e \oI l t l ~ l ~

the framewor k of a wor l d cei ling produc tion system wi th gua ranteed con t rol o f it s

... ;



actual applica t io n t hrough ch ecking the produc t i on/ emiss i on amounts that th e

par t y states would regu lar ly transmit to the appropri a t e organ ( s ee i ~fra ).

The ~ hanc e s .o f actual ly app l i ca t i ng and of reach ing r eally ecological eff i c iency

strategy for c ont r ol l ing produc t i on a r e howe ve r only true if they do not su dden l y

i"-pos e bru t a l an d eventually arbi trary co nst r ain t i nto the produc i ng sys tem as

on the genera l economy of a country. The l uc k of envi r onment r es ts he re as for

o t he r doma i ns i n the economic real ism of the mec hani s ms whi ch a re i n charge o f

i t s pro tecti on . So as t o be ecological, eff ic iency mus t first be er.onomi r.al .

2 . ECONOM I CAL Ef FICIENCY

The economical ef f i ci ency of the world produc t i on ceiling system depends ma i n l y on

th ree ch a racteris tics it includes :

It i s a sy stem which i s : - f lexi ble ,

- libe r a l (economically sp eak i ng ),

st i mulat i ng from a tec hno logica l point of vi ew.

2 . 1 : A FLEXI BLE SYSTEM :

We have a lready rem i nded th is t o you several times and we shal l examine l ater on .

t he i nsti t ut i ona l aspec t, the recommended sys tem woul d be placed , if one can say,

i nto a state of permanen t alert i f t he upper limits (world wi de and regional ) ?f_

produc t i on ~~~_~~_9~~~~!l_~~~~~~~~ should new information comin g from the s c ien t i f : :

wor ld on the a t mospher ical and c lima ti c inc idences of t he use of CFC. No l imit. no

ceiling s ho uld therefor e ne ver be co nside r ed as onc e an d fo r all establ ished .

So wi l l be set up f or the world, out of s c i en t i f i c c r i t e r i a , t he ne r.essary r ontrai~: ·

prouved to be wi thout any "lai sser-aller" nor a priori .

. .. /



2 . 2 A LIB~RAL SYSTEM

The very logi c o f the production c e i ling sys tem, s ha r pene d by sepa r a ting th e

c e i l i ngs f or each dev e lopmen t region, l ies on th e co nc r ete use o f t he market la~s.

Pre s en t obs e r va ti on of the economical agents' attitude enab les to forec as t in

par ti cular the behaviors of anticipation or pre-reaction which result in acce l erat i r.

the classical ageing processes of the products i nc l ud i ng CFC and of unl ocal izi ng

produ ction sites. Only t he AC will be affected f or a wh ile by an inc r ease in ~ ri ces

o f f ini s he d products due t o t he s upply and de mand r ule .

Suc h phenomenons require s ome explaining. We will examine bel ow t he marke t r eact ~on

separated a t e ach devel opment level of the c onsi de r ed countries.

A) ADVANCED COU NTRI ES ' REACTI ONS

The en closed drawi ng gives the reactions due to the production l i mi t law as

previously determined i.e. by leaving a free reaction to the ma r ke t powers.

We are explaining them i n the following paragraphes.

Pre-reactions: we already have been able to notice even before a regula t i on had

be en issued t ha t t he ve r y fact of having exposed the problem had in i t s elf i n fl uenc ~

the producers ' be haviour .

This is how t he f ac t of speaking of the problem linked with ozone, has i n the USA

aerosol domain r.hanged the f ormulations even before t he regulati on was to be app lied .

Anticipat ion always takes place: road safety knows it well, who publisil the fo re r.aste

rush hours , knowing well that in t h i s way the forer.ast will become null

anti cipate a nd mod i f y the ir habits.

drivers
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Wha t would be the previsible pre-reac ti ons ? Some wil l be positive in t e r ms

of envi ronme n t f or mu la t i on t rans f e r but ma i n ly i nv es tment o f technological

r esearch in g effo rts i n or der to discover subs t itutes or new t ech n i ques .

The f irs t case o f co ur s e appl ies to aerosol f or which, i f the co nsume r is educa ted,

al ternate solutions exist. With enough time, t h i s would a l l ow t he co ns umer to get

accustome d wi th t he new formulations and would avo id loosing ma r ke t s .

The second case , that o f new techniques, can app ly at midd l e te rm t o cellular

plas t i c an d r esearch i ng i s beginning fo r t hi s sec t or. fo r the cold technol ogy

no t h i ng is ha ppe ni ng yet .

Neg ative reactions wi l l al s o occur : they wi ll consis t in tranfe r ri ng product i on

fac i l it i es into developi ng countries whi ch are s upposed t o be les s s t ri ct

regarding r egu l a t ions .

I t wi ll there for e be nec e s s a r y t o protec t ourse l ves as much as poss ible f rom these

perverse e ffec ts o f t he system by formulating in t he internat ional or de r the rule

by which th e s e types o f transfers would be prohib ited .

As s oon a s production uppe r limits wil l approach, CfC wil l become much sought af t e :

pr oducts . The ma rk et wi ll remain sol lici ted, whereas the offer wil l be limited . I~

s uc h a case , th e adj ustmen t of supply and demand is done th rough the pri ce .

We therefore will have a progressive pr ice i nc r ea s e.

• . . .1



I t s consequences wi l l be ve r y d i f fer en t acco rding to the app l i ca t i on and espec ia l: y

accor d i ng to t he value of CFC contai ned in the final product.

- Me ros o l will most probab ly be th e f irst hit Sinc e i n th e CEE t he r e i s already a

capac i ty cap for th at ap p l i c a tio n and th e fo r mu l a tions switch to butane propane .

One can even imag i ne as we have s een ea rl i e r that th is ~witch will take p l ac e

be fo r e th e pr i ce evol ution occur s preventi vely ( s ee schema CEE - CfC/ae rosol ) .

- f or foams, some studies reveal that if CfC pr ices doubl e , other produc ts wi l l

become compe t i t ive for t he permanent i ns u l a t ion o f hous es , warehous es , etc . Bu t

pri ces would have to be mul t ip l ied by 7 before the CO
2

" foam ing process" co ul d

be us ed f or re f rige rato r i nsulation .

IpRICE Of CFC PRICE CfC/l 984 PRICE Of FI NISHED
ICONTAIN ED IN CO EFFICI ENT PRODUCT P E ~ KG
l~~~ _~~_~~~~ l l _

"0 .9 1 '12 - ------ -~ CFC 11 f oami ng

1. 8 x 2 13.8 ;) proc ess~
I I I other compe t l tl.ve

l ~~~ l ~_~ l :~~~__-==f- ~~:~~~~~n~a~:~~ uc ts f or

, --7 CO
2

"foam ing pr-ocess "

MD I decomposi t i on
- for the cold indu s t ry , the evolution will f irst of all be, with t he same

t echno logi es , a swi tch ove r t o o t her products not impli c a t ed i n the ozo ne

cont rove r sy . The r e migh t be o t her evo l uti ons i n the au tomobi le co olants

he r me t i c a l l y sea l ed sys tems i n spite o f a super i or mate r i a l pr i c e .

~~ ! ~~ ~~~ -~~~~~~ ~~~-~~~-~~-~~~~~~~~~~~-~~~-~~~~~~~~~~~ :
The pr i ces ha ving been settled at a level such t hat the equi li brium be twe en s up p l y

and demand cou l d be reached, one can wonder i f this s ituation wi ll keep up .

A good example is what occ ur r ed when the oil prices raised i n such a cons iderab

manne r . At a f irst s tage, t he ma rk e t adapted its elf to th i s new deal and t he r e

oc cur r ed cons i derable pric e increases for t he c ons ume r. Thi s increas e was on l y

caus ed, for par t, by th e brutality of the oil inc r ea s e which had not been f orec as t ec

This is where the i mpor t a n t no t i on o f the ti me r equired to ada pt me ntalities a nd

ma r ke t s comes fr om .
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But, faced wi th th is cha l l eng~ , t~chn ical improvement s ( ene r get ic eff i c i en cy o f au t o-

mobile engines, inforced insulati on of lodgings ), swi t ch overs to othe r techniques

(nuc l ear power ascension ) manage d f i na l l y to r edu ce demand. This demand dropped in

s uch proportions that pr i r es ha d to ad j us t downwa rds to the new equilib ri~m (dema~d

reduc ed faced' with a s i milar s upp ly then increas ed) ,

( Even with t he l ow pr i ce t he demand di d not r ecover ) . For CFC , t he s ame process , most

proba bl y , will occ ur .

B) DEV ELOPI NG COUNTRIES' REACTI ON : (d r awi ng page 12 bis )

The principle adopted is s uch t hat the regu la t ion i ns ti t u t ing a world ceili ng

production system should not affect t hem direct ly . Indirect ly, s ome consequences

are however expec ted.

Fi r s t of all , as wi t h the AC, th e PVD ma rket s wi l l be affec ted by e~~:~~~~~~~~~,

i . e. adjustments s i mi lar to thos e of AC but s lightly ou t of phase . We can ev aluate

t ha t aeroso l wi l l be th e first to be h i t. Howeve r , we can mo r e particularly expe r- '

t wo types of react i ons.

In a first stage, as soon as t he CFC prices are going to start increasing in the AC ,

there will be a t ende ncy t o sub-contrac t, in co unt ri es where prices wi ll have stayed

low, manufacturing of fi ni s hed or semi- fin ished products using CFC. Some productions

will be delocal ized.

This phenomenon whi ch already exis ts ow ing t o lower l abour costs, has chances t h i s ­

way of being acce lera ted . We can ask ourse l ves if we shou ld oppose ourse lves to this

delocalization and if so, how could be t ak e precautions aga inst it ?

Bu t specially in a s econd stage, a l i t t le l a ter, once prices will have r i s en, the AC

wi ll stop expor t i ng CFC. In or der to grow in a nor mal way , PVD wi ll t he r e fo re have t o

bu ild CFC plan ts. !~~~~_~~~~_~~_~_e~~~~~~~~~_~~~~~~~~=~~~~~ . Of cour s e , this process

i s a lready par t ly on s t r eam but it woul d be acc e l e r a t ed by t he adopt ion of a ceiling

product ion s ys t em. Woul d i t not neverthe l ess be pr ej ud i c i al f r om an eco l ogic po in t

o f v i ew? We c an reasonnably say no. If, in fact, i n a fi rst stage, produc t i on or

deve l opi ng countr i es came for par t i n substitution t o that of the AC, in a secon

stage , the techno l og ical advances acqu i re d in i ndus t r i a l i zed countries wou l d also

reach the rest of t he worl d (1 ) .

You can see how, In t hi s way, finally bo t h i n co un t r i e s less deve loped than i n

o t he r s , the economi c e f f i c i ency of the ce i li ng production system would re s t on t~e

dynamical use of L:1e ma r ke t laws.

(1) See for i n s c 3 ~ c e t he a lveo late plas t i c. If new CFC free technolog ies are invented,

it i s t hos e t echno log i es that t hes e coun tr i es will use. For the cooling i ndustry,

if t ec hno l ogi es usin g e f f i c i en t thermodyn ami c pr oduc t s but which do not effec t ozone

are used i n de ve l oped coun t r i e s , it i s these latte r technologies which wi ll be

acquired.

He r e again, we can obse r ve that the infl uen ce o f a n i nter na tional regu l a t i on o f the

ceil ing produc t i on c a p.Jcity on l y accelera t es t he proc es s whi ch normally ex i sts .
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The l i be r a l char acte r of thi s sys tem i s a pparent by th e fact that ori en t a t i on of t~

pr oduction and t he technol ogi cal choices made by th e diffe r ent states ~ould r es u t

f rom the evolut i on of the ma r ke t s and wou l d progressive ly take p l ace wh i l e l eav;ng

to th e most .deve l oped ones time to study tho roughly the necessa ry researc h wor k anc

without impos i ng to them s udden l y or ev en gradually by s tages pr i or i l y f i xed arb l­

t r a r i l y , production transfers or s udden produc tion uni t shutdowns whose social

co ns equ enc es ca nno t be over looked .

Developing countries would themselves find he r e , as we have seen, the oppor t unity

of l aunc h i ng the ir own product i ve indus tries whi ch would most probab ly hav e be nef­

ici al e f f ec t s on thei r industr ial sec t or withou t i mposi ng to t hem, fr om ou t side ,

options wh ich we re picked by othe r s . Gene r al l i be r ali sm would howeve r be restr a i ned

i n t he comme r ci a l doma i n by th e prohibition of an inve r s e f low of CFC products

go ing f rom developing countries to AC and t h i s i n or de r t o guarantee that the ce i l l ~

reac hed or ab ou t to be reached wil l be respected, at thi s stage, i nsi de th e in.

t riali zed count ries .

2 .3) A STI MULATI NG SYSTEM from a techno l og ic point of view.

Thi s l a s t charac t er is t i c c l ear l y resu lts from t he preceding developments we ha ve

seen how antic ipat i ng t he r ise of CFC costs would bring an i nc r ea s e of the tec hno l og

research ing a i mi ng at the di s c over y of subst itute products and of new techn i qu~s . , ~

fact, i t wou l d mean to ac ce lerate and encou r age a process which has a l r eady begun

whi le leav ing to res ea r ch people the ti me that i s necessary for s t udy i ng mor e

thorough l y their work s , which i s t he con t rary t o what woul d happen if i ndus t r y was

suddenly fa c ed wi t h a bruta l i n t e r r upti on of production. We would in thi s way av oi d

t he economic a l and soc i a l traumastism result ing from s uch an i n t e r ruption and we

wou l d s ch edule the del ays r equi r ed to accomp l ish elaborate research stud ies , proof

of thei r e fficacity.

Bu t let us remi nd yo u , this stimulating and beneficial effec t on t echnological

researc h is no t one of t he byways of the recommended sys tem but a considerable ass e t

th e qui cke r in fact we manage t o f ind subs t i t u t e products eco l og i ca l l y neutr al and

econom ica lly prc : : tabl e , th e quicker we s ha l l be i n a posi t ion to give up f irst i n

indus t ri ali zed co.n t r i es , nex t in t he deve l oping co un tr ies , usi ng CFC .
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But it woul d be d i f fi rult t o co nv i ne o that s uch a s ys t em is bette r t han othe rs . ev -r r

i f e f' f i c i en t , it were i n oppos it ion wi t h equi ty . We however wil l note tha t t h is is r."

t he r.a s e .

a. EQU ITY

Eva l uati ng t he equ i table cha r ac t e r of the world c e il i ng product ion sys t em must

ess en ti a lly be done by reference to t he possible separation of CFC produc t i on capac -

it i es in to . two categories of states t he first ones, already big producers and use :

are the industrialized countries . The others, also handicapped from th is po in t of

view, are the de velop ing coun t ri es .

In fact, examini ng t he mat e r ial ch ar acter i s ti c s and the legal s ituati on , st i l l

unc e r t a i n , o f the ozone layer enable t o posi t ive l y ma in t a i n th a t it mus t be pr otec : '

by each and everyone o f us it be ing a r esource of common in t e r est f or human ity .

But everyo ne mus t al so be ab l e to ben efit o f the us e of i ts lim i t ed absorpt i on

capac i t i e s of s ome chemica l s s uch as CFC. Let us go over aga in these 2 points

1 - MATERIAL CHARACTERI STICS AND LEGAL SIT UATI ON OF THE OZONE LAYER

The States ha ving taken part in t he 1985 Vienna convention negotiations for the pro '

i on of th e ozone l aye r apparently did not want to risk to attempt describ ing prec i s E

t he legal s ta t us o f t he ozone layer because of the different opinions some of them

had on the matte r . I t i s no t our j ob to t ake a decis ion on this discussion. We wi l l
. .

mer e l y f or mul a t e he r e a few obj ec t i ve obs e rva t i ons which, apar t from any legal

quali fic a tion of the ozo ne l a ye r i t s e l f , should result in a certa in quali t y o f

ec onomi cal an d ma t e r i a l co ns equenc es whi ch ough t not be wi thout hav i ng any influenc ~

on t he l egal point o f view.

a ) The ozone layer consi sts f i r st of a l l in an eco l ogical un i ty. It i s co r rect :~a

its phys ical c ha r ac t e r i s t i c s and es pec ia l l y its thickness can vary i n time an d in s .

bu t one must 10we ve r consider i t as a whole because of i t s natural uni ci t y and i: '

dependanr.e to t he o t he r s c ons t i t ut i ve el ements of the stratosphere .

b) In t he second place, the population of all the States wherever it be located

and whatever be i t s development l eve l , i s a lso rel iant of ma intaining t h i s l aye r

at a suffic i en t s t anda r d level .Let us recall i n this respect t ha t a reduc t i on oi

ozone layer, i n pr opor t i ons whi ch are st ill no t ful ly known, has or would hav e d i sa ~

t r ous consequenc e s of uni ve r s a l size, whether i t be on human heal th due t o th e U . 'J .

irradiation i n c r ~ a se ( s unbur n , a l l ergic r eact ions, skin and eye di seases, c an cer or
the sk in, etc . ) o r on t he na t ural med i um ( i mpac t of f orestal flora and pr od uc t i v i : y

o f a large quan t i t y o f plants par t icular ly ).
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As a result o f all thes e ch a racte r i s tic s as previously sa i d, all the Sta tes are '

in t e r es t ed in the protection of thi s ecologica l unity which is al so a common

resour ce . I t is of vital i n t e r es t f or ac tu al and f t ure popu l a tions of the p lane: .

But i f they' are a ll equa lly tr i bu tary, t hey all hav e fo r the s ame r ea sons a sar...e

voc a t ion of us i ng , th r ough this i ndus tr ial ac ti vity the lim ited abso r ption cap ac i t i ­

which t he ozone layer disposes of regard ing some pr oduc t s .

2 - NEC ESSITY OF AN EOUITA BLE DISTRIBUTION OF PRODUCING CA PACI TI ES LI KELY Of
HAVING EFFECTS ON THE OZONE LAYER :

The situation i n ~h i r.h is plar-ed the International Communky re~rd ing the ozon~

layer rer.all i n some resper.t the situati on of the different ca t egorie s of SCates

( I ndus t r i ali ze d o r a oou t to be r.ome s o) regarding some new res ourr.es such as the

frequ~ n r.y s per. t rum or the goestationary or b i t s (1 ), without mention ing he re r e so ~rr ­

whi rh a r e no t ye t e xp lo i ted but already hav i ~g a prec ise l egal status as f or i ~s : 3~

the sea f loor or the moon and t he other r.e l es t i a l bodies .

Each of them has t he same right to us e them, but only some countries industr ia l l y

and technologica lly adv anced have already used a l a r ge port ion of the exploit i ng .

possibilities of the frequ ency spectrum or the geostationary orbits.

Concerning the ozon e l aye r , on e mus t note t he wish of t he whole of the States ~h ~~

ado pted the 1985 Convent i on to be ar in mi nd " t he situation and the part i c ul ar

requirements of de veloping countries" ( 3r d Preamble ). They ins isted on r emi nd i ng . ..

the same preamb le th e 21st principle of the Decla r a t ion of the Un i t ed Nation s on

en vironment adop t ed i n St ockholm in 1972 whi ch we know places in balance th e duty c:
the States of pro tecting envi ronmen t and " t he sovereign r ight t o ex p lo it thei r own

resourc es accord ing to their environmental pol icy" .

It is in this frame of mind that shou l d be adopted a con t r o l and regu lat i ng sys t em

of CFC ceiling productions whi ch wi l l not once again advantage t he same category

of indus t ri al ized co untri es and consolidate the established privi leges of s ome

States.

As s hown ear l i e r , t he world ceiling product ion system, because i t would be sepa r a : ec

into developmen t =on es but a lso because it encourages the deloca l izat i on of CFC

( 1) On the " new r e s ou r c es " concept see t he r u les about the dispute about na t ur a l ·

new resources I The Set tlement of Di s putes on the New Natura l resources,

Colloqu e / Works hop 8- 10 Nov. 1982 , Academi e de Dr o i t I n t e r nat iona l de l a Haye •
Oni ve r site ~e s Na t i ons Un i es , Marti nus Hygo f f Publ ishers, The Hague /Bo ston..
London 1983. a nd P.O. DUPUY, "Techno l og i es et re s sources naturel les " nouv el ~ e s "

et partage es " 10 Dr o i t et Libertes fondamentales i l a fin du XX ~me s i~cle,

etudes offe r t e s a C1. A. Lo l li a r d , Paris, Pedone, 1984.
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product i on units presen t ly es tabl ishe d f r om i ndustr ia lized cou n t rie s to deve l op i ng

countries would leave them the possibility of using the excess absorpt i on ca pac i ty

o f the ozone layer whereas i t s ma i ns us e r s would qui ckly t ur n over t o othe r techni q ~

t hei r pr-es en t produc t ion be i ng much close r t o t he ceiling than th a t of the "Sou t he r r;

count r i es " ; these la t ters would i n th i s manne r have access t o a c ertai n amoun t

o f CFC us es ( r e f ri ge r a t i on , insulat i on, etc. ) withou t 10 longer hav ing t o depend

on the "Nor t her n countries" "if bas ing thems e l ves on a national produc t ion coming

from other countries of the same category". In other words, equity of t he produc t i c

ce i l i ng system resu lts from th e positive d ~crimination that it would create t o the

advantage of develop ing count ri es , by allowing t hem to prof i t o f the i ndus t ri al ad ­

vantages and impr oveme nts i n s tandards of li ving that t he popula t i ons of industri a ~

ized countri es bene f it t ed from before them. This system would ma i nt a i n t hei r r i gh t

o f choosing industr i a l deve l opmen t sec tors wi thout seriously endanger i ng t he atmos ­

pheric envi ronment.

To summarize, one c an i n this way conclude that the world cei l ing product i on sys t e~

articulated on differentiated development areas finds its ethi cal and normat i ve

inspiration s ources amongst other elements :

- in the respec t of t he co l l ect i ve common property nature of t he international

communi t y which i s s pec i f i c to the ozone l aye r and which should be placed under

constant watch and pro tec ted.

- in the respect o f t he r ight of the less industrialized countr ies t o determ i ne

f reely thei r dev elopment cho i ces as wel l as having access t o cer tain types of

dai ly commodi ty produc ts using CFC.

Th i s sys tem wi l l be i mpa r t i a l i f it i s based on t hes e two pri nci ples.

Notwithstanding, i t i s nevertheless necessary that in order to ca r r y out i ts

achievemen t, it i s necessary t hat the States' increased coopera t i on, wh i ch i s

imposed by legal obligation . in the text of the Vienna Convention f or t he ozon e

l aye r safeguard (c f. especially articles 2 al. 2, art. 3 , 4, and 5 ) , be articu l a t ~

around a few s i mple normative principles within the frame of an ins titu tional

structure at same ti me coordinated and decentralized. This is what we a re go i ng t o

examine hereunder.
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IV - NORMATI VE TECHNIQU ES AND IM PLEMENTI NG PROCEDUR ES :

The techniques and implem en ting pr ocedures o f the world production cei li ng syste~

must secure 'both the ap pl ic a tion of t he pr inc ip les on wh i ch it is bas ed and the.

mai n t ai n o f th e qualities whi ch a r e his. That i s to say that they have t h ems elv e~

to be f lex ib le and not block ne i the r the f r ee i nte r play o f the market rules w hec ~

t hey are pastive nor the expansi on of the t echnolgi ca l research stud i es and t he

i nt er na t i ona l emission of their results. We sha l l success i ve l y ex amine the norma:

and the instituti ona l frameworks which would be t he most su itable .

1 - NORMAT I VE FRAM EWORK

We mus t here bo t h exami ne t he co ntai ne r and t he co ntents if one can say i .e . on t

one s ide, t he nature of f ormal statement i nstrument 0f the conce rned princip les

rules and on t he othe r si de, the very substance o f these standards .

a ) The fo rmal t oo l do es appear at any rate of hav ing to be of a c onventiona l natu

It i s in fac t necessary in order t ha t the system be viable tha t the largest poss i

amount of States and even i dea l i s t i c a l l y all the State members of the Uni t ed Nat~

if not th e whole of t he Wo rld Community agree with t he rules and principles wh i ch

wi l l have been cl ear l y spec ified and as far as possib le acknowledge t hei r lega~ _

compulsory na t ure.

Internationa l l aw of t re a t i es , th is ha v ing bee n said , is one of the l ea s t for~a l

different solu t ions are possible :

- e ither t ha t which is apparently t he most simp le and whi ch bes t s uits the rece n t

d ip lomati c effor ts of an addit iona l protocole t o t he 1985 Vi enna Convention whi ch

would · relate s pec i fi ca lly to chlorofluorocarbons .

- Or that of an autonomous framework convent ion on ozone laye r protec t i on aga i n

t he uncontro led use and production of CFC wh ich would at any ra te include bas i ca l

the s ame rules. Th i s solution for the oppos i te r ea s ons as tha t wh i ch ha ve j us t be

expl ained h igher up is undoubted l y far less l ogical . But one co ul d eventually

consider for dip l omatic mo t ives t hat it offers some ad vantages. The choice be twee

these 2 opt ions r emains at Government a l l evel.

. .. I
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IV - NORMATI VE TECHN IQUES AND IMPLEMENTI NG PROCED URES :

The techniques and i mp lementi ng procedures of the wor l d product ion ceiling sy ste~

must secure'both t he ap pl i ca t i on of t he pr inc ip l es on whi ch it i s based a nd th e .

ma i n t ai n of the qua l it ies which are his. That is t o say t hat t hey have t hems elves

to be flexible and not block neither the free interplay o f the market r u l es whe ce ve:

t hey are postive nor the expansion of the technolgical research studies and th e

i nt e r na t i ona l emission of their results. We shall successive l y examine the normat iv,

and the institut ional fr amewor ks which would be the most s u itable.

1 - NORMATI VE FRAMEWORK

We mus t here bo t h exa mine the co n t a i ne r and t he contents if one can say i . e . on t he

one side, t he nature of f ormal statement i ns t r umen t 0 f the concerned princ i p l es an:

r ules and on the o th e r si de , the very substance of these standards.

a ) The formal tool do es appear at any rate of having to be of a conventional nature.

It i s in fact necessary in order that the system be viable that the largest poss i bl e

amount of States and even i dea l i s t i c a l l y all the State members of the United Nat i ons I

if not the whole of t he World Community agree with the rules and principles whi ch

will have been c l ear l y specified and as far as possible acknow ledge the ir l ega ~ _

compulsory na t ure.

International l aw of t r ea t i es , this having been said, i s one of the l eas t for~a l anc

different solu tions are possible :

- e i t her t hat whi ch i s apparent ly the most simp l e a nd whi ch bes t s ui ts t he rec ent

diplomatic efforts of an additional protocole to t he 1985 Vi enna Conven t ion whi ch

would· relate s pec i f i c a l l y to chlorofluorocarbons.

- Or that of an autonomous framework conve nt i on on ozone l ayer protec t i on aga i n

t he uncontroled use and production of CFC which woul d at any ra te i nclude basi cal l y

the same rules. This solution for the opposite reasons as t ha t whi ch have just been

explained higher up i s undoubtedly far less logi cal . But one could ev entual l y

consider for dip l omatic mot ives that it offers s ome advantages . The c ho i ce betwee n

these 2 opt ions r emains at Gove r nment a l leve l .
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b ) The co ntents of thi s conventiona l tool was s tated f or a l a r ge part i n t he

pr ecedi ng chapter o f thi s repor t.

- I t should of cour s e inc lude the en unci ati on of the ve r y princip le o f produc t i o ~

li mi t ati on of efe at wor ld-wide level . the indication of th is c e i l i ng (quan t i fied ) .

and also t ha t of the author iz~d maxima per development areas ( i ndus t r i a l i zed cou n­

t ries . dev e l op i ng countries ).

- I t should be recalled that this system c an on l y be established on t he bas i s o f a

very large i nt e r na t i ona l sc ienti fic cons ens us concerning per t inen t da ta whi ch su p­

poses encourag ing scent ific research studies a nd t he free ex change of the in fo r~atis

dea li ng with thi s res e arc h i ng , es pec i ally i n t he field of t he composition and ~ ~e

reac tion c a pacities o f h igh atmosphere as well as in t hat o f clima ti c evolut i on a~d

i n ce rtain medical scienc e and eco log i cal sec t ors.

I n gene r a l, f rom a subs t anti al i f not necessar i l y f'or ua I poin t of v iew. such a

system can only be impl ement ed i n th e d irect con t i nua t i on o f th e excel len t arrang­

ements a lready adopted a t Vienna in th e s ummer o f 1985 .

- for the rest, t he advantage of t he forecasted system and i t s liberal nature

already desc ribed higher up . would avoid the Sta tes from having to establish a set

of very he av y nor ma ti ve disposit ions whether they be in the inter na l or interna t i ona

order.

It is once again through the free interaction between supply an d demand that

ad justments be tween th e appl icat i ons wi l l be done. Each market wi l l r eac t acco rding

to the l ivi ng standards of the habi tants, of the i r li vi ng habits (cu l t ur e , lod g i~ gs .

cli mate ). The Sta t e s will not have t o decre e th e "essen t ia l cu stoms" . The consume ,

wil l be t he j udge ac cording to his own criter ia , o f what he fi nds essent ia l i . e.

o f wha t he acc e pts t o pay as excess cos t.

It will however be necessary t o i nd i cate , in th e co nc e r ned norma tive instrumen t,

t he st ipulat i on s required to rational ize th e ma r ket dynam ics in or der that i t Wi l l

not produce an y pervert effects . Th i s i s how will name l y be se t f orth

- the ban on imports of efe products co ming from deve l op i ng countries to Ae,
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- the ban on trade diversions so as to preserve t he preced ing pr inc iple

- rais ing of an y obs tac l e to the t r ans fe r o f er e s ubst itute te chno l og i es ,

di s cover eq and condemned i n i ndustri a li zed co unt ri es and destined to d ev e lop i ~~

coun t r i es .

Moreover, t he convent i ona l tool should include a stipu lation instituting t he

obligation for th e States who will be members of not impor ti ng any ere produc t s

coming from other countries, i ndus t r i a l i zed or not but who wou l d not become part i es

of the agreement .

2 - THE INSTI TUTIONAL FR AMEWORK

The inst itutional framework th a t must be set up should facili tate coopera t i on

of the States i n t he cons i de r ed field whi l e aim i~g pa rticularly at two targe ts

- On one side , ch eck i ng at national and international levels, t he accuracy of

data supplied by i ndus t r i a l i s t s and gover nments concerning their eFe 11 and 12

production.

- On the other si de, the adaptability and t he ability of the system to prompt ly' ­

react upon th e evo l u t i on of the data and scientific technological experienc es

in " the relevant domains.

Thi s is why any i ns t i t uti ona l structure seems to compulsory mfve t o i nc lude :

- i n t he firs t place , one or a couple of coordinating modul es of l ega l and scien tif i c

acti v i t y of t he States at a worldwide scale,

in t he second place , decentral ized authorities in t he appropria te reg i onal

surroundi ngs and combining when r equ i r ed both the geographica l and economica l

criteria.

Needles s to say that, as fa r as possible, so as to avoid the risks to dupl icate

with , was t e and administrative awkwarden ess, the already existent substitute

au thori ties shoul d pr i or i l y be solicited rather t han founding new au thorit ies .

. . . I



This i s why the idea of entrust ing to t he Uni t ed Nati ons' pr ogr amme f or th e

environment iand t o its CCO L) wi th the t ask of co ordinati ng at wor l d level .

They would ~e in cha r ge specia lly, on top of coordinatingand cen tra l i z ing t he

in f orma t i on coming f rom the State Members, of summoning at regular and close

inte rva l s, for ins tanc e every t hr ee years, a meeting of the Sta te Members t o

compa re results of research works under way and examine opportuneness and f iab i l i t y

of the production ceiling system set (1); these authori ties could work in par t i cu l a r

on the basis of t he i nfo r ma t i on supplied by the Global Atmospher i c Gas Exper i men :

(GAGE) ( 2 ) and i n clos e co l l abor a t i on wi th the scientif i c veri fi cat i on sys tem o f

t he emis s i ons s o as t o or gani ze alternate ver i f i c a t i on procedures.

At geo/economical r egion l eve l s , one could also think of us ing ce r t a i n existen t

i n t e r na tiona l i ns t i t uti ons . This cou l d be the case particularly for t he Commo n

Market coun t r i es , fo r t he CEE, or in the larger frame of the Western i ndustri al ized

coun t r i e s , of th e OCDE. Some regional economical agreement already existing i n

other parts of t he wor ld c oul d also perhaps be contemplated unless we prefer wor k i ng

with the var ious regi onal economical commissions of the United Nations. Here aga i n,

different options are possible and for which we are not qualified to decide.

At any rate the normati ve action on control of CFC production and its actua l

implementat ion as wel l as in fact the exchange of relevant sc ientif i c da t a wi l l

have t o be done on various stages : national, regional, universal, a l i tt le like

t he act i on concerni ng t he pro tection of mar ine domain (3).

The wor ld ce i l i ng produc t i on system co uld not however, like any o t he r , be en ti r e l y

e f fic ien t , if it was no t bas ed on the active collaboration of all t he pe op l e who a re

conc er ned who a r e lin t h i s cast'l all the States of the planet !

(1 ) this authority could be the "Conference des Parties" instituted by article 6 of
the 1985 Vienna Conven t i on . A double diplomatic structure will be ne cessary, on one
s ide, scient if ical and t echni ca l (con t r o l) on the other side.

( 2 ) The GAGE (Global Atmos pher i c Gas Experiment) is expected to ope r a t e f r om
November 1984 t i l l Oc t obe r 1987, in the 4 stations selected to f irs t co ve r the
4 subdivis i ons o f equivalent mass to atmosphere. :.

Cape Mear es . Oregon 45°N l24°W NASA
Regged Po i n t Ba r bados 13°N 59°W CMA
Point Ma t a l u t a - Ame r i can Samoa 14°5 171°W NASA
Cape Grim-Tas mani a 41°5 145°E Australia

CFC 11 and 12 a r e ana l yzed and results are then treated in paral le l wi t h a
designer (AER) .
It could ev en t ua l l y be opened to other mill countries conveniently l ocated and
f i tted out wi t h a s i milar method (same equipment and procedures)

( 3 ) See part XII o f the r Uni t ed Nations' Convention on the new sea law.
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SUBMISSION FROM FEA TO PART 11 OF THE

UNEP WORKSHOP IN WASHINGTON SEPT. 1986

IMPACTS OF POSSIBLE STRATEGIES CONTROLLING

CFCs FROM A USER INDUSTRY VIEWPOINT •

.~.C· ;ill~~
INTRODUCTION

Since 1974 when attention was first focused on possible man

made influences on ozone, a number of regulatory controls have

been introduced ill ·various countries. These have affec te d the f luor ocar t

producing industry , aerosol manufacturers, the distributive trades and

consumers. The controls selected have had differing impacts and

provide pointers for poss i ble f ut ure measu r es .

SELECTION OF OBJECTIVES

Recognising that the Washington Workshop is about choice of regulatory

strategy, there are two fundamental approaches to be evaluated;

a) Strategies designed to reduce immediately emissions of CFCs.

b) Strategies designed to place a limit on emissions at some point

in the future, or at a particular level.

1~ Federation of European Aerosol Associations (see Appendix).
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The approaches adopted in the USA, Canada, Sweden and Norway

have taken the early scientific evidence as a call to make

immediate reductions in CFC emissions and the ban on the main

aerosol uses of CFCs followed.

The EEC approach was to limit the total output of CFCs which

effectively prevented an increase in CFC manufacturing potential

and to achieve an immediate reduction in the biggest user sector ­

aerosols.

The relative effectiveness of the two approaches and their impacts

are major issues in proposing future action.

TIMESCALES INVOLVED

What concerns us today is the possible effect of emissions which

have occurred in the past and those anticipated in the foreseeab le

future. It is suggested. that prov i ded a f~ exibl e con tro l i s selectee,

further changes either in the science or in co ns umptio n pat t erns ca n be suitaDl

accommodated at the appropriate time. Such flexibility of approach

can have considerable merit.
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In Part 1 of the"Workshop, both the validity and relevance of

long term emission forecasts -ere questioned. It is unnecessary

now to decide What action may be needed i n 50 or 100 yea rs t i me eve n i

demand patterns for CFCs rise steeply, because action

can be taken at the appropriate time if t he est i mat ed to be

maximum safe level of usage is approached.

CONTEXT OF CONTROLS

The Vienna Convention on the ozone layer addressed the possible impact

of a wide variety of chemicals on the ozone layer and the need for

further co-operation in study of these effects and possible changes ir

the environment.

Release of CFCs was selected as a particular area for immediate

discussion and a call made for the preparation of a protocol. Once

this is prepared, it will have to be seen in the broader context of

many differing chemical emissions, which are both from man made and

. . 2 .
natural sources, and the need for balance w~ll be ~mportant. Aga~n

the benefits of flexibility can be seen where, for example, an

alternative chemical to CFCs is subsequently shown to have some

potentially harmful effect.

2. CCOL Science summary Feb. 1986



END USE CONTROLS

.
Selection of end use controls is not seen to prov ide a satisfactory

answer to limiting CFC emissions because:

(a) The choice of the industrial sectors selected for

control can be made only on a subjective basis.

(b) The total level of emissions may at best be checked

temporarily and it is possible even then a degree of

complacency can exist relating to other sectors which

are not directly affected by such controls.

By way of example the ineffectiveness of a ban on CF Cs i n ae r os ols can be

illustrated U sl r.lg projections submitted to Part 1 of the Workshop by
3

Rand:

Projected world consumption of CFCs 11 & 12 for all uses in ~ h o ~ sa nd s of t onnes

of which aerosol use accounts for:

1985

785.2

209.3

2000

1180

215

If total aerosol use of CF Cs were removed by the year 2000 the tota l remai ni ng

in that year would still be 965 tonnes which represents a 237. increa se

on 1985.

3. Product Uses and Market Trends for Potential Ozone Depleting

Suh!':t;lnrpc; 1QRCl - ?nnn h" ~,. ...~ ...... g Q .n



IMPACT ON INDUSTRY

a) Part 1 of the Workshop in Rome addressed at some length

whether or not the aerosol industries had suffered from

CFC regulations where these had been harsh. Evidence

produced indicated that over a 10 year period those countries

which had imposed selective bans on CFCs in aerosols had:

(i) seen a reduction in aerosol production.

(ii) failed to obtain the benefits of production growth

achieved in countries which had taken a more moderate

approach.

It seemed that there was at least some degree of relationship

between loss of production and the banning of CFCs in certain

aerosol products, especially toiletries.

' b) The impact of a t~ ban on CFC propellants can also be severe

due to the high costs of equipping to handle alternative flammable

materials. This often includes the need to relocate a plant

from a built-up area and some, especially small companies, may

be forced to cease filling and to go out of business.

continued/ .....

:
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b) continued/ .•.•.

Examples illustrating this point were given in papers
4

prepared for the Rome Workshop.

The more flexible approach adopted by the EEC allows industry

to adapt as a whole to the needs for control. This may mean

larger companies taking the main burden of conversion but

if the desired result is achieved with a less severe penalty

to industry in total this approach is to be favoured .

4. Effects of Swedish Regulations governing CFCs in aerosol produc t s .

Consequences of the Norwegian ban on the manufacture and import

of aerosols etc., where CFCs are used as propellant.
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THE INCREASING BURDEN OF CFC REDUCTION

The approach followed by the EEC calling for a 30% reduction

in use of CFC 11 and 12 in aerosols comnared with the tonnages

used in 1976 has in effect imposed a CFe usage ca p on t he E~C a ero s ~.

industry. Since the year this reduction took effect (1981) the

numbers of aerosols filled has grown by 23.5% to 1984 - the net

effect in unit terms in 1984 is equal to a 43% reduction in CFCs.

If the production figures are projected forward to 1995 and the

FEA estimate of 13.3% fu.rther growth in aerosol litreage is assumed,

the EEC usage cap will then be equal to a 50.87. CF e reduction per

unit.

a) Units produced in EEC (millions)

b) CFC tonnage permitted (inaexed)

c) CFC reduction per unit (b 7 a)

1976

2036

100

1981

2071

70

31.27.

1984

2557

70

44.37.

1995

2897

70

50.8%

The effect is somewhat similar to the effect of a production cap.

Thus in Europe there is an increasing pressure on the aerosol industry

toreduce its dependence on CFCs, as a result of the 30% reduction.

The aerosol i ndustr y has reacted to s uc h pressure by conti nui ng to encour age

5. Fluorocarbon use in Aerosols a Trend Study 1984 - 1995 in member

countries of the EEC.
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(a) Development of formulations uSlng mixtures of eFe and

other prdpellants where the alternatives to eFe are

unsatisfactory on their own.

"(b) Development of safety standards and practices which are

essential when filling and storing flammable products.

(c) Investment in new filling plant equipped to handle

alternative propellants.

In this dynamic situation industry can balance the conflicting

pressures involved without sacrificing product quality or safety.

It is also a situation in which companies are less likely to be

driven out of business.
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CONCLUSIONS

This paper has attempted to show that what is described as a flexible

approach to regulation is more effective and more equitable than

imposing usage bans in some industry sectors. Particular points

addressed include:

a) The need to choose a control which is appropriate at the

time of selection to the current needs and yet capable of

adaptation as circumstances change.

' b ) The need to balance the possible environmental effects of
.

CFCs with the effects of other chemicals - both those used

as substitutes and others which are disassociated.

c) The ineffectiveness in the long term of iMplementing us e control

over one emission source while allowing total production of CFCs t o

go Unchecked.

d) The ability of industry to adapt to a usage limit whereas a

a ban will lead , to some loss of product quality and also will inevitab l y

drive some, especially small companies out of business.

Finally, we believe that the economic pressures arising from capacity

limitation would force industries to work out acceptable ways of

reducing their dependence on CFCs and that such an approach is also

equitable.

R.C. Knollys.
July 1986.



APPENDIX

The Federation of European Aerosol Associations is based in

Brussels at 49 Square Marie-Louise. Its members are

national aerosol associations located in Europe as follows:

A.B.A.

A.E.D.A.

A.F.N.

A.I.A.

A.I.B.

A.P.A.

Association Belge des Aerosols

Asociacion Espanola de Aerosoles

Aerosolforbundet Norge

Associazione Italiana Aerosol

Aerosol Industriens Brancheforening ­

Associacao Portuguesa de Aerosois

(Belgium)

(Spain)

(Norway )

(Italy )

(Denmark )

(Portuga l)

A.S.A. Assoziation der Schweizerischen
Aerosolindustrie -(Switzerland ) .

B.A.M.A.

C.F.A.

F.A.A.

H.A.A.

I.A.A.

I.G.A.

British Aerosol Manufacurers
Association

Comite Francais des Aerosols

Suomen Aerosoliyhdistys r.y.

Hellenic Aerosol Association

Internatinal Aerosol Association

Industrie-Gemeinschaft Aerosole e.V. -

(UK)

(Franc e )

(Finla nd )

(Greec e )

(German y )

J.D.A.

N.A.V.

Oe.Ae.V.

S.A.A.

Jugoslavensko Drustvo za aerosole - (Yugoslav i a )

Ned~rlandse Aerosol Vereniging - (Nederla nd s )

Osterreichische Aerosol-Vereinigung (Austria )

Svenska Aerosolfloreningen (Swed en )
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PREFACE TO THE WORKING DRAFT

This Working Draft presents an analysis of the desirabi~~t~: from a

global economic perspective, of whether to immediately adppt~~~dditional

regulations to limit emissions of potential ozone depl~~··~'i>l~~~i.cals or

to await improved scientific understanding of the pote~;.Yal· · ·6i~~~;·: · ~ .

deplet ion phenomenon and its possible consequences be~~:~e dec~~ii:~g><it
.....

is one of a series of papers written at The Rand-Ccrporat Ion on po l i .cy

i s s ue s assoc iated with potential ozone depler~~/"':~nd relies heavily on

some of the earlier papers . . ::;::; :§~;?:..s: r. : ::.:\:- ,

Th is \\'orking Draft i s be i ng c ircu l at ed<£;or; :' ~omments and

s uggest i on s . It has not been f ormally rev ~~~~£:.~~:k~ - iS. s ub ject t o

r ev i s Lon , and i t. i s not a f i na l Rand pUblicati~'~::':i{ld.:: ~~'~Ul d no t be cited

o r qu oted . Fo rmal public a t i on \o,~i: rl; :p}:.c1,.lr on l y a ft~~:'~' ~t has been revised

to reflect comments from Rand ~~~!~~~~\~~ji~~~~~~rs .
Stratospher ic ozone i s impesi:i:8nt bel:au~;:e: ::the ozone layer helps

' : '. :'~'. ' " :~'. ..~-,, < :~~ .. , ',:;'
s h i e l d the earth f r om harmfu l u ltraVi Ol et' radiat ion . I nc r e as e s i n

," " ", . ' ,

ultraviolet radiat ion may threaten hn~~n health, speed deterioration of

certain materia ls, ~.¢.#ti6·~ ·:crop Y ield:i> :: '~~d have a wide range of
:;'~/.:. ~'.~.: '" :.. '; ,,:'_. ". '. .:

potentially disr\;lJ?~~.\!e " 'e '~<~i19g i ca l effects. Atmospheric models developed

and tested ove~;: · ·~.h~>last·;···~l~~ade: sugges t that global human emissions of
. : .;~ ~: :;=':~ :'~" . :·:·;r ...(: ~: · < · :.,...,<::.:.. .. ~ .. ,-

potential oz01.'l~.<9~p.1:~~.:~ts: '·mayP:t0mote chemical reactions that reduce

stratospheric oi6~'~}.f~ereby 'i~creas ing ultraviolet radiation with its

concomitant effec~s::'5~f'~:J~~'t-Bntial scientific uncertainty persists about
. : ~,..~. >;.'

whether human emiss ions~cif these chemicals actually threaten
• • ; :.: : ..... . ,,',r. i ... . .

st.r4~t:b~ifr~t.ic;ozone concentrat ions and, if they do, whether lower ozone
- ',;'~'~~..~ ',::'::-::':\ ..::::::-:•.~~ ..: .

:X~j.e1 s· - ·:~t·i.r~·H1 . threaten human health and other activities at the
I ~~•.::)~ ':.~:.:- , - , "':;~:r·\~:.~·~~~ :·~

..·.~: :::~ .~·r-~h s sur::f.i:ic~:.; Policy makers must act in the face of this
':":·.,.; :t ;~..: :;~ .:::·<:.:: ,~ . :.....:=/ ;?:: ,

·: :: :~pc.e~:ainty:;··. : :howeve r , and Rand s work is designed to help them act with

· ~~~i.~~~·:~·>i~:~~;mat ion available .
" , .; ...(: , . :; ':' ~ ':' " ;.- '

Ti::> :..~:tt·at end, T~e Rand Corporation is developing a series of reports
. , , '

addressed to analysts and policy makers responsible for policy decisions

on emissions of potential ozone depleters in the United States and

else~here. These documents report the results of research that includes
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extensive literature reviews, interviews with knowledgeable officials

associated with the production and use of potential ozone depleters, and

formal chemical, cost, economic, and statistical analyses. Th~ series

should also interest the much broader audience of analysts a~d ;decision

makers whose organizations would feel the effects of govet~~~t policies
~ . ':•.,,:~ .::. ~~..'.::~~'..:.~ .~ .

~ith ;::~:::e:Op::~::i::S t:: ::::e:h::~~:~: . the fOllO./i~{ ; \;;. ;
» , .: ~ . ", -:', : /

......

•

•

•

•

•

A. R. Palmer , W. E. Nooz , T. H. Quinn, ..-errd.K. A. Wolf, Economic
. : ' ''- , ',

Impl ica tions of Regulating Chlorofluq~9.C~rbon Emissions from

Nonaerosol Appl ications, R- 25 24 - El~i~+.J~~e . :J::g,~o .

A. R. Palmer, v. E. ~looz, T. H. 'dJi~):arid: : ;( A. \,'olf, Economic
. - .. ~ . ', .. ., " ." .

Implications of Regulat ing Nonaero;~1;·¢hj~f.9f)uorocarbon
Emissions: An Execu t: i l'e Briefing, R-~5·+~)t~~~;:::- ·Ju ly 1980.

~, A. "olf, Regula ting cAi 6r.9fluorocarbon '~~~ssions : Effects

on Chemical prOduction· :::\k,~i4:~·;·.~.i.V.A:~.;AUgu?t 1980. .
':.:~.:;'~',.~.; ".: ,.\.;.:"...~ . : ~> :: .. ; . ~:: ..:

A. R. Palmer and T. H. ·Q# ntl" Ec·qqomic..'Impact Assessment of a
' : '~~' :; .' : J~~"' ''' ~" '~ ...< : .~ .. , '...:

Chlorofluorocarbon Produc tiiotiOe'p , ~-1656-EPA, February 1981 .

A. R. Palmer and T. H. Qu ~~p /~~locating Chlorofluorocarbon
. ' . ... .

Perm i ts : WhrL6.~ins, Who Los~~> and What Is the Cost?
. ; '~ "':" :' : .:- ..'.' r :.." •

R-2806-EP;A 'i :: ·:.riil)<·1~81.
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Opt io~~~~;~i;~/jj~dIlCi~~" ;~lorofluorocarbonEmissions, R-2879 -EPA,
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• E. ~1. Sloss ana>T . P. Rose, Possible Health Effects of

Exposure to Ultraviolet Radiation, N-2330-EPA, July

• K. A. Wolf, W. E. Hooz , J. K. Hammitt, T. W.
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SUMMARY

Human emiss ions of chlorofluorocarbons (CFCs) and r e Lated-.cbemi.ca l s
' . .

may promote chemical reactions that reduce the concentrati~· :.6f

stratospheric ozone and contribute to the expected globa1i~~~~irig. (the

"greenhouse effect"). Depletion of stratospheric ozon~::':~~6~'iX::-4:~~~'a~e
the quantity of ultraviolet radiation penetrating to t'h;~ : eart~·I··s ·:::': ~ :: ··"'. ~:-· ·

surface, ~hich could have significant adverse con~equences for hu~~ri~
and other animals and plants. Ho~ever, the ~~~~~P~~f ozone depletion

and the severity of the resulting consequen~.·~~t~~·so~f~ted ~ith projected

emiss ion l ev e l s are extremely uncertain . ..t~f~~~~:o,·6i~~~" concentrations
..,: ~': ....=:":~ : . :

are c a lcu l ated by complex atmospheric models ·'t-t:t i t ;:.'h a.ve.. not been

compl ete ly rec oncil e d v i t h t he limited availabl'~-' ::~~~~~;~eric
measurements of ozone and other t:f~.2E: ...~.~.s concentrati·bns. Noreover,

there are believed to be sUbstaJ~i~i::i~gs.3b.~~~~~.emission of potential
'..:~.:~..::-.~ : '. , \f~·· .: · :,' ~... :,.,: -; . ..:

ozone depleting chemicals and cciti~;'eq\l~nt, ·.e;t:fecti:> on ozone
.:/) .. "~':: '..~"" . / : ~ . '. .

concent r at i.ons , and betwe en product::i,o!J': 'a:nd emission of these chemicals.

As a result, by the time it become~· ·~.~~~ent ~hether or not potential

ozone depletion is a ...1{~i1ous threat to·:.::gl"obal welfare it may be too late

to prevent ser ioUS. ··.~·~t~i-~~-..,:·~onsequenc~~· ·.." . . . .. . ... -...

This paper ... :~a'i:);·z e~)·~:\~.:a J;'.ro\o,'. .question, but one that is at the heart
-,:\;. ';. :~~:.'./. .:.'i r.:t: :: ",. : : :.' -: : .'.: . - .

of this polic)i:::i:tSQ·.ff:·.,·ff!:toU·ld :.:e·mii'-sions of potential ozone depleters be. " 0' :" a. ~ ' ; .. : • • •. • • • _

reduced immedia~'~r~~;'<:~p>~hould" we wait several years to improve our

understanding of t~~t~¥ik~ijhood and effects of ozone depletion?
.. ~:~::: ~; : :;. "

Regulating immediately creates the risk of incurring economic costs that

la~~~f.h~~~Wt;'~~q : . have been unnecessary. Waiting for better information

9.~~~ft.~~·'·:·:~K~?r-·I~:k. that emission reductions, should they be necessary,
I :~:. ~ ...; ::~-,~:., . \:''::- _ . : ;': '.~: .: ~:" ..

·<w·:tU be mor~::·~Bs:tly.

·>:\! ;;:i{~/: :~\;th.is a~{;~~iS takes a global economic perspective. It abstracts

· ·i;·~~~ :~:s~~·:~·:·.: ·1~·l a t ed to international coordination of emission-limiting
-, ~..: ~ ~- ~. ' '. ..;.- ' .

regulat~oRs. It is based on the following simplified decision problem:....:..
We face the choice of ~hether to impose emission-limiting regulations

no~ or a~ait better information. Regardless of the decision taken, we

~ill learn ~hether emission reductions are necessary in several years.



- v ii -

At that time additional regu lat ions may be imposed if necessary. The

prob lem i s structured so that the environmenta l consequences are the

same regardless of whether immediate regulations are imposed. :..The only

r i s k to wait ing for better i n f o r mat i on is that regulations, ' "i.f ~ '> '''

necess ary, may be more cos tly . Thus, the analysis abstrat~i~~t.~~m the

poss ibilit ies that it is already too late to prevent s ~g4ifi{~~ 'ozone
dep l et ion, or that we will not learn whether ozone deP;'i~~~i~·~ ·:·:i;<~;·: : .

' " . ' , ," .- . ......
; ' . . . " '" .

serious problem unt il i t is too late to prevent it . .:. ,'.,'.,' .. ..
.....

Whe t h e r the expected costs of imposing immedfate r e gu l a tions or

awaiting better i nfo r mation and then regUlat~~. :~J{y if necessary are. -., :.. .-'
sma lle r d epends on the probability that em:i;.s·s:con-li.nifting regulat ions

wi l l be requi red . The r esu l t s o f t h e ana{4~£~~·~~i~?·~~·~ racterized by a

"cr it i c a l p robab i lity" de fined so that immed}~:B·:~.;::;·~gulat ions wi ll have

l ove r expected cost if and only if the probabi ~}fi):f~~~:"regUlations I.'iil
. (~

be neces sary exc eeds this valu~;:X?2{:.:..:';.:- : ~ ~ ' :.'

The c r itical probability i5:::c.are~~lat:eC:kftom ~ model that
':.:.~.:~:~.-':~.; .... . ", i .::': ·. :~ · :,.:.:,-. ';'.: : . : ~ :. .. :

i nco r po r a t es detailed in fo rmat iO:~(:~il , . the ·. : ~.cist):)'f reducing emissions and
: ',~ / .~ ~~:, . » -.~ " '~ , ~ : : ) •• , ' "

the likely grocth o f demand f o r pot~j:it:j, ~l ozone deplet e rs , based on

e a r l ier Rand work. It depends pri~ai¥i~.on the quant ity of emission

r educt ions that may :~~~i~quired and ~h~"d is count rate used to compare
. :;'-, ~.:'':.:;>::: ~ ': -,<. . .. ..

present and fu t ure ., cqst·s :~: :(·. : for a wi de range of assumptions about t he

like ly growth qn4L'~:·{ ~ s tiJ:i·y' · o;f; ·demand for potential ozone depleters,
. ; ~ :: '>:: ;i:. . :.'i r : (· ~: : . :.... ,0 . : ••• • - .

t he possibilii'y.::;~~·.:~~:e~1i~.p(>1:Qi.i,clii . :·innovation that reduces the cost of

emission reduc~ i~~jir~~Y::·i~.e . rat~ " ~t which improved information will become

available, and th~' \{i4~¥~~: used for limiting emissions and calculating
' < :;' ; ~') :' ;'. .

costs, the critical pro&ibil ity is remarkably consistent .

.:~/;IJi:~jfi:~}ym i t ed emission reductions are likely to be necessary

:ifu~~ai~t~!;}~~i~t ions are never cost justified, regardless of the
I :...~•.: ...: ;~~:. ~.:.. . . '" :'~~•.~ :; :::.._.~ :~;~.~.

.. .~.: : :~,: .p.X:9l>.ab i litY.::J.1i·a~ such reductions will be necessary. If significant

~'·~':; ;:;."~~i}~:$on r~K~tions may be necessary, whether or not immediate

· ;~i~i:~~:~~·~.: :·;~:~ e cost-effective depends on the discount rate. Using a 3
' ..,;:: ~ ;. ' .::, :.:.':..:'.:,.- '

percen tcrea l d iscount rate, immediate regulations will have lower....
expected costs if the probabil i ty that emission reduct ions will be

necessary exceeds the critical probability of about 0 ,3 to 0.5. Smaller

d i scount rates r educe the c r it ical probability, larger rates increase

i t. Fo r rates of about 1 to 5 percent the c r itical probability varies
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only modestly, about one-tenth l ower or h igher. Us i ng a 10 percent

d iscount rate, howe ver, increases the critical probability to 0.8 or

mo r e. Thus, if a 10 percent rate is appropriate immediate regqlations

are no t cost e f fec t i ve unless emission reductions are a lmost . ~ ceitain to-.'. .,'

be necessary . ::</::: :.::.":'"
.>.:; ,; ,-,,;,": .

These results a r e by necess ity based on an extens i .\!e.::sat;.':d t · ..

detailed assumptions about potential ozone depleter us~~:;<:.:::;f~i:<~~· .~y-:;: :: .,

assumpt ions are based on the mos t detailed informat ion ~va i l ab l e · b~i · .·~lle
: ...

data are l i mi t ed , especially for regions outside· ~he United States . . An

i mpo r tan t e ff e c t o f th is limi t ation is that th~/:d'~~ ~ do not allow
#./: :-;: }:.~ .. ,.: ':-'

cal cu l a t i on of t h e costs of restr icting cum~1.a)::1ve ~i.ssions over the

next 35 years by mor e than about half (appi~*'~~~'f~:'lj ; '~~uivalent t o

cont inuing emissions at 1985 l eve Is ) . SUbj e·~~ :;~~: :..i~,.is ..one except ion ,
. ' ~..... : ....," .. ",

howev e r , the remarkable stability of t he results ·iicios~· .·:alternati\·e sets

o f assumptions suggests that the .r ~su l.t.s. a r e not ov~;i:y sens itive to the

spe c ific as s umpt i ons chosen ' :~~l;i.'.i". ·.;::':f.~;k~ .:;; "
. ; . ' .

..., ". ". ; -.
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I. INTRODUCTION

Release of chlorofluorocarbons (CFCs) and several relat~ij:~hemicals

to the atmosphere may lead to reductions in the concentrat~~~:~6f
stratospheric ozone and contribute to changes in the Ea.r~k1:~:'<~:h~ate
through the "greenhouse effect." Each effect could thr~~~t~~ / ~i~~·a .l~ . ·and

" '.:' ~: -t:' 4 ' ' : . '

human welfare: Depletion of stratospheric ozone would Increase the.,::-- ' .
' ,.

r. I
quantity of ultraviolet radiat ion reaching the E~~h s surface,

potentially i nc r easing human skin cancer inci~i~~: promoting cataracts
.... .~ -. ·/ : ":.~ :· ',

in humans and other animals, and causing otlieD: :adver'~e , effects to

an imals , plants. and va l uab l e ma t erials. "/i~~H; ;ii::e·~'~h'6us e effect" i s

expected to cause a general globa l warming ·~§X~~~~Jld. a f f ect climate and

weather patterns , sea levels , and agricul tural '~:';~~~.~.ii\: i ty.

The effects of CFCs and oth~i:::p.o~ential ozone 'd~pleters are

uncertain. The atmospheric tr~~~p.~ti:i~~~~~hemi~al processes leading to
. ~,..:. :. ~..~ : -; ..:....: ..\:;:::..~.. ~:,.:~ ~ ': ...: .:' : .:,-

stratospheric ozone depletion ar~; ':p~t: COI)"I?!e.~~,W understood.
; .; : , . : : .. ~ •. r -> ~. : -: .. , ' "

Project ions of future depletion a re-:,:o.~~e~·.on complex simulation models

that have not been reconciled with 'I :iitii~ed available measurements of the
,: " .': '

concentration of ozone.:~, ~iid.other t r ace'»,·gas es . Hor eove r , the effect of

any quantity of pqt;~~i;i,~·(·:~zone deple~'~~s depends on the concentrations

and emissions or':.~i~~r g:~.~.~~ . t ;ha;t; are emitted through na~ural as well as
.:~::: ::.~: .: ..~::r : ~: ~: . :. : . ' :.:.., ....

human activit:i~:$:·~ ·:', .;:Howeve:r)'th~ effects of potential ozone depleter
' . ' . / :,. ,: ,, :,:,: ~ ,. , : •• i ' .'. ' •.

emissions are e~¥.i::ed;;.to be long-lived: these gases are expected to

remain in the atm~s·t~~j.:~:>for periods of 50 or 100 years or more c !.':.,;/<:
Potential ozone de~l~ters are man made chemicals. They are

rele~~J~f~j;tPe atmosphere solely as a consequence of their use in a

~~~f~~~i2~i&~ndustrial processes and consumer products. CFC-11 and
..-':::.:;.',': .~ ~ ,:" -,:~:::.~ ' . ~-.~ :"~ :~'.;,~,

..::~; CF.C::' 12 are ',ph~~'~b l y the most important: they are produced in substantial
'/'::;' ;:~:~~:~ ~;:::: ::\h-: . . i~'.:/;] ;;·

· · ··<::.:::: ; ·~'· ~ Mos"t·. :·o.:£.': the scientific research has focused on ozone depletion.
TIie·,;·p·f,oj~~c;:~·d global warming is likely to be caused as much by ' carbon
diox{d'~·:.~iiiissions (largely from burning fossil fuels) as by releases of .
other ga~es. For more information on the state of the science of ozone
depletion and the contribution of potential ozone dep1eters to global
warming see National Academy of Sciences (1976, 1979, 1982, 1984),
Ramanathan et al. (1985), and Watson et a1. (1986).
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quant ities and are bel ieved to be moderately eff icient ozone depleters.

CFC-11 is used largely as an aerosol propellant ( excep t in the United

States, where most such uses were banned in 1978), as a blowing agent

f or manu f a cturing r igid insulating and f lexible cushioning ~~ams' ; and as
' ." .

a refr igerant i n chil lers (large industrial and commercia10al ; '

conditioning s ystems ) . CFC- 12 i s also used as an aero;:;;o .r:'::ii;p·~p~nt
(outs ide the Unit ed States), as a blowing agent in foi~~~ o~a~~'~:~i~'~i:ing,
and as a refr igerant i n automot ive a ir condit ioners , ~6~llers .:....h~~~. -:.a~d

: ,'

retail food r e f r i ge r a t i on equipment .

Other i mpo r tant potent ia l ozone depleter0':~~~ude t he solvents
I '-"' :'~: " <:·':,, ·: ';-'

CFC-11 3 and methyl ch loroform, carbon tetr~-at(~jji:-id~o': '-;lialon-1211 and

Halon -130 1 . CFC-1 13 is used primarily iri:~khJtat~dr{~g elec t r on i c

equipment, but also i n dry cl eaning and ot~ ·~Y·.:~P-lt~<l.t ions. Het.hy l

chl orofo r m is a gene ra l pu r pos e s olvem used i~:::1:\~~ii~t:y o f.. .. ' .

manu f a c tur i ng proce ss es. I t i s Q~iie~~9 to be a re l~~ ive ly i neff i cient

ozone depleter, but is emitted ,.>~iM:~i~~:..;~\i.itI~ ·:}t,ie~. Carbon
' :.:~.:~:~" .~ ; ,,: ." '>.~: '. :~ ";:.:'" -: .::: . :

te t rach lor ide i s used large ly ta;.;'p:r·qquce -,: <;fO~-H;·- and CFC-12, although
':'/~> .... ~..~~., '. " .~" '~ .?:~i .: . ~ : .

s ome may b e us ed as a solvent o r gra~n ~fumigant. Ha lon - 12 11 and

Halon-1301 a re fire extinguish ing ~i~~f~' used in portable extinguishers

and total flood ing ~#t~rtJs ~ . Althoug:i/~~iy small quantities are

produced, the Halod~(:~i:·~: .::~thought to b~ '-the most efficient ozone
:2 :' :-.';;:-_;.:. .: :;.0., ::

dep 1eters . .~ :":::'.: '~ :", . :~. -~... .... :" :.'. "?";"&_".
· .:2~ ':~~;~ :/" .::.' ~ r : ( ' ~: -.:' .:, .... :...: . :,-

The relat:.;i9P'~!#p:J?;eti\!~en '::colIimercial use and atmospheric release of

t h e potential ·~it{i\'~~;· :Ji~ l ~te ~~· - -~·a r ies with the application. In some

uses, s uch as aer~~§if.~,~~~~llants, the chemical is i n ev i t ab l y released
: ::>:" ;--;. '

to the atmosphere as the::'product is consumed. In other applications,
..... i :~:::·~ , . :·;f}:; , : .

SUGh~aa~~±tis~~ating foam and refrigerat ion equipment, the chemical is.-: ....:..,...' ~ ~ .;.:: :. .','

~~~~~l~~J~~~(~~~ ea l ed unit and is released only through unintended
I ...~::...: ;; : ,~ :.. '" ...::~ ,:'~; ":" .~ .::~-~ .

..· :; :? :J.e~~age or ·.p.·f t ·il:t product disposal. The quantities of potential ozone

-<·;! ;;};;tj:~~ers . ~Rr~-ined in such products represent a bank that mayor may

-~~";:.~~~·~iij:~lY~ reach the stratosphere. . In any case, the existence of
.. ~·.: i. :.~ · ;:: ·: -. :~:._ ..

this bank: - ·~results in a substantial delay between production and release
"':, '; . '

of the chemi c als. This delay is on the order of 10 to 20 years for most

:2Se e Hammit t e t al . (1986) or Palmer et al. ( 1980 ) for more
i n f o r ma t i on on the uses o f these chemicals .
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refrigeration equipment, and may be 50 or 100 years or more for rigid

insulating foams.

Because of the long atmospheric residence times and the substantial

delay between initial consumption and emission of pot en t i.a lroaene

depleters, preventive regulations may be desirable. Eve~~th~gh our

current understanding of the science of ozone depletio~','~d:>ii6bal
warming is incomplete, it may be wise to limit releas~k~,,~6~\:-;;~~~1: , 't han

' " . ~ , " ' . ~. .. ..
: . . . ," ., ..

to await future scientific developments before deciding whether " / ::' ,.:-
..... .

regulations are necessary. Simply stated, by ~;p~ ::t,ime our understanding

of these phenomena has developed to a state ~t{~i)~llows us to

confidently assess the relationship betwee:n:/Fi~~',~~ti:~.i.ozone depleting

emissions and env i ronmerrt a l consequences : '/i~~·~:;.&§{b'~'>{~o late to avert
" .~: -:.'~' . :.::.. ::: ~

significant adverse effects. wnether these adVerse ~consequences would
.,:.".: ; ~ : "'..':". ; . -

be ultimately r eve r s Lbl.e is not knovn ; in any e\;Eih-<~ ;'~ 'fh-~Y are likely to

persist for a human generation ot"\ii~ie,\ '.. "

Thus, the essential pOlici::,:~#.:~~iig'~/:i{~li'e:t~er to impose additional
:(~ '» ::"~ . '~ ., " ..\ :>.~ . : ~: .:;" «,: .: :: . >: ,;

regulations to restrict emission'!t,::naw (the'.:Un;j;ted States and several
' : '.~;;, .. .~:-::..v. ~. , · ~·. ""i ·· · .;

other countries adopted some regulati6rts ,"in the late 1970s), thereby

incurring economic losses that may '~ia¥i~'prove to have been unnecessary,

or to await future s,~t~~f±fic develo~tri~~~s and thereby risk higher
;.; . ~ <. ~'.:.> ," .. .' . .

abatement costs ~~ti " ,p'ote~tt±?lly serious adverse environmental changes.

This report at~,e~~~-r;:~ :t,?:;:p'~:~~:id~; .4n~ight into this question by comparing
.:.:';:;' ;'~::. '<', ....;..:.: .( " .~: ' '.-.... . '..::'", .

the expected ~~QiJl.~~::~.9st's"of, . -alternative regulatory strategies.

Specifically ,~~~~~;#:~.t,~~~~:ri~'e~' :~he degree of belief about the severity

of the potential o;g~:~i~letion problem such that the expected economic
····:::it;· :;··;·

cost of awaiting fut.urersc i.errt Lf Lc revelations is smaller or greater
..: ; :)::'~:'•.:i':·,:::

th.~:3.~t~p#~~ed cost of imposing interim regulations now. Because the
. .• • '" .•.•~..r»" .~ ' • • ~ . ,

Aj~~ri~ff~~:~~8ulatory strategies are constructed to produce equivalent
I ~~.:~~.;;. ~. :.: ., · \ :'::;·~ t~· :~: .~ .:~~ ~.

. .:~ : :.~ e.~pI.J,.e deple'~J<?ti ,';: it is not necessary to estimate the benefits of
.:..:::~ ~-t;...~: ~~ . ~::. ~~. ~ ,~ .~':~ = '::':~' ;;

, :~ ::i~(il.ic:ing depl~tion and the econom'ic cos ts may be compared direct ly.

" :: ,'i; ~>'{t~~<i~.#.il~ of this report is on the question of whether the world as

a whole :~i:lould impose additional regulations on emissions of potential
' , , '

ozone depleters now or await future developments before deciding. It

abstracts from the important issues associated with coordinating action

among nations. These issues may be important in determining how to

structure regulations and how much ozone depletion to risk. However,
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the question of whether to adopt additional regulations now is logically

prior to that of how to structure such rules.

The analysis also abstracts from the possibility that we ~ay not

learn whether ozone depletion is a serious problem until itis:.too late
<" r, -.

to prevent it. : ' :'.:::<:" :

The following section describes the methodology u~~4(;6{~d~ress
this timing issue. Section III presents the results ,ot~(ih~· ~~lY~~s . and
Section IV discusses the ramifications and important :i~'~nsio~'~' ·t~·\h~
methodology.

: 0'. ,.
.'
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II. METHODOLOGY

The u ltimate effects of emitting potent ial ozone depleters'>to the

atmosphere are uncerta in . Formal ly, this unc e r t a i n t y can.::b:~, <" ~' "
characterized by a subjective probab i lity d istribution:,.f~~6'tX~h;, f.ee)

',', : ....... :. , 0 . : . :". ' .; ~ ': " .

re lating the changes i n global and human welfare to t~~i.~:t'ime" "'~~~'~: ·?:f ' ,

emissions. 1 The subjective d istribution function f I e ) ~i ll shift ' ~~'~~.:-
::. .

t i me as s c ien t ific research i nc r e as e s our unde~J~~~ding of the

l i ke lihood and extent of ozone depletion, cl ~~ti~ change, and the

resu lt ing effects on act ivities that direct{1.~;~i~eci;~uman, animal, and

plant welfare. Inc r e ased understand ing ~hJ~i.J,, :f~dJ~{ t he va ri ance of

fC e) as it less ens the range of p l aus ible c~~i~t~i~¢e~~ The mean of

f Ce ) may also sh ift as ~e lear n mor e ~bout t he ~ii~~j~:~hiPS between
. • ..I . :

emi s s ions and u l tima t e consequenc~~" (-> ,', '" ,

Optimal restr ictions on e~~~~¥~rii~~i1~~~ebt ~al ozone depleters will
.~ '~'».:,"'-..: ,,'., .~ ..;: ':;"'.';'. ::.' .;

depend on fCe) and will ch ange oV~~, ·.time ·..:a,s "r.(tD shifts. In general ,
: .~~ ,. . :.;:.,.. ." '~ .". / :.;" ",

one wou l d expect t h a t the des i rabilitY: ::~r limiting emissions no w, and

the s tr ingency of the appropriate l'i~;t~t ion , would be positively

correlated with sUbJ~¢:t·fte ':estimates' ·(if ~he likelihood and severity of
. ~ ' ./.: .~~ .> ::: ~. ,,:'. .r. . "

adverse consequeI1~~S/. : ' : , : I1\ :)J~dition, since it will generally be less
t· . . . . . . ' , 0" • • , "

cos t ly to obtain::::i.>fixed,;"i~,~uctiQn, in cumulative emissions if the
)j~~ :;.t~:~ ~i~.. . .::'_~ r:.(:.:;' ......:. 'i' ~ :::" .." ,"

reduction is ~1:~"~::~9Y,~i':" 'l1' ::lcmg~'t period, one might expect that a
: • ,1 0 1 r· ... . . ' ~ . • .' . I • .'

strategy of imp~-§':~~i}i(t;;) eas t '~ome emission restrictions now would

always be less cos~T~~¥&ah:; risking the possibility of having to impose
.... 'a':~' .; ..;.:

much h a.~sh~r restrictions:' later. As the analysis described below will

de~~;~~~;~:h9wever, the expected economic cost of imposing regulations

,~1~~Ifi~~~;jons now, as opposed to waiting severa l years for improved

. · ..{<triiJ~.rs t and'i~k:':~~~ the consequences of those emiss ions, depends on the
; .;..:...- ~ ;:...:.. i ~:' : ~: ~ ~:. : . ; '.: ~.=7.- ;;

" ·:\.t~ia.1!1v. e c~~'ts :: of reducing emiss ions now and in the future. Depending

~'J:;'~~~I; ~:~'~A~~~ive estimate of the likelihood of having to restrict

"'. '. - ~" ""

le "r'epresents a' vector of emissions of each potential ozone
depleter over t ime, and fCe) may be a vector valued function describing
the likelihood of consequences measured in many dimensions. For
exposit ional conven ience , however , consider fCe) to be scalar valued.
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emissions, either immediate regulations or a "wait and see" strategy may

be less costly.

• ~ ~~ • .:-: ', : ' "J

The analysis described here is based on the stylized :a~~ision

problem represented in Fig. 1 . There, the problem has ~~~/i~Plified
to its essentials. The decision is whether to impos~:~:,,";~:'~t"~/::~~~~:ified
emission-limiting regulations now or await future inf~·;~~tion: ' ·: · " ,: : · ,:·>'. ·: :; . : ·... .. ~.

Independent of that decision, new information wi,ll)ecome availabl~'at a

fixed future date. At that time, the sUbjecti:~{fi.'~tribution function
':.;':'? ;': :,: ':, '

for the ultimate consequences of potential , p;~~: d~~(~~er emissions will

degenerate into a point mass a t one of tw6:;iP'.611ii'~j/:~~~·~acterized as

"good" and "bad nevs ;.' In the event of "gOo~th~~!J.:.: t.e .:,will learn that

t here is not a serious problem, and no emissio~" \:'~~(~:{~'i'ions are
. .,;.:.:. ~ .:'.

required. I f emission regulatio~::h~",~ .no t already' 'B~en imposed, no

restr ictions will be required (~~~~~:::a\.ii{t;he:,decision tree). If

';,-:;(C(~'': ; 'O';:\~;;) .: Economic cos t

:';:<''''',( (present value)

Terminated
good regulations (3)

New
information

Additional
bad regulations (4)

I
I
I
I

Regulate I
now? .':::::, .:,'.L

' -,/:./:.

· -: O:~· .~: : · i · .., . .,
'; .. :'.

... ......

good

bad

No
regulations

Stringent
regulations

(1)

(2)

o

c

a

b

Fig. 1 -- Decision framework for regulating potential ozone depleters
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restrictions have already been imposed, they can be relaxed or abolished

(branch 3).2 In the event of "bad news," we will learn that significant

emission limitations are required. If regulations have not already been

adopted then stringent restrictions will be necessary (branch: :~.) :.. and if

regulations have been adopted some additional regUlations.:-ltl·~~?:still be

reqUi~:: ::::::ho;)~mission restrictions incorporate4 .)~;;1:;:i;·at~
chosen so as to equalize the environmental consequen~~'~: ':~f t~'~;':- 'i~nl~~iiate

: ",: ...-...

regulation and no immediate regulation branches ., ~::>~t is assumed that the

new information will arrive early enough that. :~igtiificant adverse
.....:-.:.<.::.! -,

effects can be prevented by the imposition . ti:f~;sii f f icle~t l y stringent

regulations at that time. Thus the only ' p'ih'~I'~fo:::ri{'~~a it ing the new

information before regulating is the lost ~'~~~~~~i~y to distribute any

required emission reductions over a longer per·i:6~;·:'/~~~~.therebY
" . :. •~ I • :: • •

potentially reduce their cost. ~~.nc..~..t he environmental consequences do

not depend on whether regulati'?~~\~f~:S~~vt~:.:jmmediatelY or not, the

analysis reduces to a comparis~~)~:.::~h~·~;:~:~~:~~i~d :·~conomic costs of the

a I terna t i ves . · ·:;·/:~:<N~~,~s;: ..·::· ~ / ;...../
This stylized decision problem:-~'i:hs~racts from several important

features of the real ...p.i:oOlem. First:;: ':::Il'I~hy aspects of the stylized

problem are discreti~~;\l~i·.~ontinuous ~~ in the real problem. For

example, in the..~h-£i~ed~:~~:i~bl-em new information that substantially

reduces the urii~f~~~ti~;~~~~t:;h~:~ltimate consequences of emissions
·.·:: ::, ':.. ·..:. .: :<.:.~ I: ! :: ~:: ~ . : . ....' .. : .. ...:

arrives in a di~b::flF:~::~~~kage "a t a predetermined date. In reality,

information will ~~·fiG~:·~i~t smaller bits at irregular, random intervals.
,. '"", . ' ,' -

Second, in the styliz~i(~f~blem the date and type of new information are

ind~~~~h~~~f the chosen regulatory strategy. In fact, the rate of

.~t~~Ii~~i~;~~res s may depend on the regulations chosen: In the extreme
I <...:.:_;•.~: ....;.:., ':,~~ '::. ':(~~" J'.~.

, :t; '~5 e , if em:f.s·s1:1;lns are severely limited we might never learn whether
.:-;:...: "':.::-';-,;:.;::',*., '~.:'.: ::. : :: : ~:

-··::;:..·~.:i:itit~J can~::.6i6ne depletion would have occurred. The stylized problem

· ···d8~~:(~~'~: ·::~·~~~~~t for the potentially irreversible effects that
"· ~ · · ,>-·E· · :~ ::~:·-: ~ ..:~~ ~ .

2ho.re generally, "good news" could require some limitation on
emissions. In this case, mild regulations would be required at branch
(1) and existing regulations could be relaxed, but not necessarily
terminated, at branch (3).
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regulation may have on demand and industry, or for transactions costs

associated with regulations and the possibility that an advanced notice

of impending regulations may reduce the cost of regulation. Finally,

the stylized problem abstracts from the issue of choosing t he. ' .::: ~

appropriate level of emissions, and consequently environm~.t~i;ind
welfare consequences to accept. This issue may be solyed0in~;iincipal

by a comparison of the costs of environmental degradaDi~~: :~;~·~·:::hd~~~ of

emission control. There may a lso be interactions be~'~~'~:~ wh~i~~:~<>.-~·':< ,,: ,
controls have been imposed and the level of ozo~¢:' .4epletion to accept

later, but these are not considered here . Desp;h:~ "these
/.:-':-<':'.' ',

simplifications, the stylized problem eluc~~a~.es manY.9f the issues

pertinent to t he dec ision. "/;;N:??~ -;:;>;:~ :~ ; ....::.;'.:
In the stylized problem, when the deci·~\~b·~{~(t..·hether to impos e

immediat e regula t i ons is made the subjective d~·i·i~i~U{i:6n funct ion f (e-).......}.:-.:. ~ .

is binomi al . I t assigns probabil,J :ty..P to the chancef.t.hat the new

information will reveal that sub.~~'ki~{~i)~·misS;i,.on reductions are
..···;~. ~r:,~~ ~: ::: ··: :::':' ~ ~';:; : ": '~ :':" ~.~~ ..:.~ :.= . ...

required, and the complementary":p"~~b:~bn:i~i:::.-.c. r:..: ~· p ) to the chance that
;.~~..:.:',.:..: ~ .. ,' : ~... . "'..; :

reductions ",'ill no t be necessary : :<:C~p:d i:ti'on a l on the levels of emission

reductions associated with each oui~~~~ ~~nd with the level of immediate

regulations proposed ,..~ .9I1~ .c an solve t.h~·:itylized decision problem for
It .; :.:-: ':....: .. ...: t; -,: :. :.'

the critical probabi;l-ity·:....q. This value separates the set of possible
" . I ,' . ,". "

prior beliefs aQ6~~'::!t'he . ~fi·k~l ihood of good and bad news into two
::..~:.. ~ :.:.' .:: .: .::: ... :.::..: ; . : ~ '. ~ . : .........

classes: those·>f(i;i:·:.whj..~hi:(iit!medi{ite regulations are expected to be less
" '<' .~:; ~..: .:<.:~:.~ '.>: ~ , .:•.:..' '" ", '::'. .'::

costly than waii:l~&'j}#)f.:::new Irrformat Lcn before deciding whether to

regulate, and tho~:~:~fj~iCh they are expected to be more costly. If

the subjective proba;n { i ·;- \hat the new information will be bad news is

hig~~~;~~~his critical probability q, immediate regulations will be

~~~~tdJ~~ij}f~:expected value); if the subjective probability is lower,

~J~~~~S;~:l :~~~~!~: ::::::~ed here focuses on this critical probability q.
: ':riii~~~;{~~~~.~·~:i · summarizes the degree of .be lie f that ozone depl~tion and

cli~iit~i~' \~~nge will become significant problems that is required in
' -,; '.: :..

order to :'believe that imposing emission-limiting regulations now is a

cost-justified strategy.) The results presented in Sec. III describe how

)Evaluating alternatives policies by their expected economic costs
alone may be inadequate, particularly when the potential outcomes are
far apart. See Raiffa (1968).



- 9 -

this critical probability depends on a number of features of the

decision problem, including the likely severity of the welfare

consequences of emissions (reflected in the degree of em.i.s s Lon..

restrictions that are appropriate) and the date at which sig~lfi~ant new

information will become available. That section also descfi~.~·the
sensitivity of the critical probability to alternative:a~;:ti·~~.ii·9ns . about

the likely growth in demand for potential ozone deplet~i;;~ " '~·h·~~>C.(.: ~ ..
' " . -, " .. . ," . .

elasticity of demand for them and the possibility of f~ture inno;~t.i6; ·

that reduces the cost of reducing emissions, and~th'e discount rate used..... .; ..- :' ,

to calculate the present value of future cos~s:t : : ·! : ·

......:..:: .'·::;~,~".I.::.·; ~·:: ": - ..' ":", "."; . "

COMP A RA T IVE STAT ICS 0 F TH E CR IT Ic-it/'~:~6:eAB"fL ITY

The cr itical probability q is the prob~~~i1{}~;~h~; equalizes the

expected costs of imposing i mmed i a t e regulat ion~':' :'6/i~'~;~'ting the new

in formation.

(1)

.... ; .

: "
. '. . ......~ .

where a, b , and c aii\i}{~ ; :present val'~'~s ' of the economic costs of
... / . -' , .:..:.:.:-, ', ',: ;:.: .

fo I l owi.ng brancheS' ·.(3·), ·U+") .:· and (2) of the decision tree respectively.

If the SUbjecqt~t~·~~b..;6·.d'i~; ·: ·.~~at' emission regulations will be

necessary exc~·~¥r~}::.:~.it~·: · · ~·ip~~~·~~· cost of adopting the proposed
-: :'~~:.:..:) <:'~ ; :' : :" .

immediate regulatloiiS;)JH~ be smaller than the expected cost of awaiting

new information bef~;~!Jt~~iding whether to act .
...:'.

Tha,c~itical probability q depends on the costs of all of the
" I.~,;;; ~:~~ :,,::;.~~:-:::,:~:':'. ~ .i :

b .~~~~!i!~:f.·j~(~~e decis ion tree, discounted to the present. The term a

,~~~;~~s ~~~i(~~~f1res ent value of the costs of near term regulations. If

~;/:\Ji~:j new infii';~~Lon indicates that emission regulations are not

· ·'·\~~%~~~.~ 1:y. , ,·;~~;~·~x is t ing regulation~ will be terminated, so a includes

o~lj ' :~~ti j~curred between now and the date of new information. As a

ranges :{r~~ zero to infinity q ranges from a to 1. Thus, if the present

value of near term costs is small, q will be small, and even if the

subjective probability of having to impose future regulations is small

immediate regulations will be cost-justified. Similarly, if a is large,
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immediate regulations will not be cost-justified unless the probability

of having to impose regulations in the future is high.

The second term in equation (1), (c - b), represents the present

value of the cost savings due to spreading the emission red~ction over a

longer period, contingent on emission restrictions being ne~~~·~ry. As

(c - b) ranges from zero to infinity, q ranges from 1 tt:l d)·~· · :: ·./if". (c - b)

is large, q ""ill be small, and immediate regulations , : w.:iii\;~<·~:~t·{"::
-, ' . ~'. ": ".: .." .: . .' .'..

justified even if the subjective probability of needing to r educev'.. .': ..:.

emissions is small. The term (c - b) is not ne~'s:~;arily Positive~ :: ;' .
.~' .. .. :'

Because it measures the difference in the prei."e:nt :.··value of costs, if the
,;'i:'\'·:·:·::--

d iscount rate is high relative to the addi~::i;9~a1 co~~~ . .of imposing

sharper emission r eductions later instead/4~;~;a~~t;i~ductions no~) (c ­

b ) may be les s than zero . I n this case, t~~·i~t·~±·~.: :·:J~ : ·Possible cost

sa\'ing to beginning regu lat ions no~ and immedi~f~~;i~~~l~tions can not be
~:,. ' .. -: .

cost- j u s t if i ed regardless of the ~iubj~~tive probabi 'li ty of having to

:~::::::u~:• ::t:O::~EL ' iW,r1j~r::!!\ ';:?!:i "
To allo~ comparison of the exp~~t-~~ costs of regulating now versus

a~aiting future inform~~iop the emis~ich~paths corresponding to the two

main branches of t;j{e·: :·:j~~:i~:.i6n tree mus~' impose equivalent risk of

environmental d~~~~ : ' . {~;i~e ' ~9pe l , alternative regulatory trajectories

are assumed t~§~M:se,.~~·~~i.~·~l:i~.~·~'nvironmental risk if the cumulative
· . f :''' . ,Ao • •• - :_0•• '; ..~' : ••• • ":. : • • •

weighted emissi6~Sp#{~h~ sev~n main potential ozone depleters through a

fixed horizon are '~4:~(;C;/';CJ earlY , cumulative emissions under different
':" j ',.: .:".:: '

regulatory trajectorie~~~an not be equal at all dates; however,

varj,.a1i-{:~>:i..J.\ ' . the timing of emissions on a scale significantly shorter
..'.~~':;~: '~~ :':.: r:::;·.~ ; · :; : : :~7:.:.:0";":': .

t.ti-'~p.:-:f'fi·~t: : :.,() f:: ·:~he the long atmospheric res idence times of the potential

. /~:~d~~ dep·{'~~ti:~;~~{:Should have little effect on ozone depletion at the

'·\:~~~~~t';~~f:1f?Vond . '
· ': .~iope·p·~rid ing on whether the absolute value of (c - b) exceeds a, q

will be.>·te·ss than 0 or greater than 1. Technical innovation that is
expected ' to reduce the costs of emission reductions over time may also
lead to values of (c - b) that are less than zero.

sThe potential ozone depleters are believed to differ in the
efficiency ~ith which a unit mass of each contributes to ozone
dep let ion. The weighting factors approximate the relative depletion
efficiencies of each potential depleter, although the actual depletion
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efficiencies may vary ·~;.ti.~"·the quantities of each potential depleter and
of othe~~~ace gases in ·t h e atmosphere. The factors used are the same
ast.I:idi.;~:;;l):S"~d"in Camm and Hammitt (1986): CFC-11, CFC-12, CFC-113, and
~·if>:i:)ri:~·:i.~.':¥~~l\loride--l.O; methyl chloroform--0.1; Halon-1211 and

,"~¥i~~ ij6~~~t«tP . The assumption that, conditional on cumulative
. !:t~~~~hted em~s~~9ns, future ozone concentrations are insensitive to

' ~ ':~ ;':;;'yirf~~t}ons ~#;;::t~e timing of emissions is supported by preliminary
':::':e'a:lciil'atiq~~"; 4s ing Connell's (1986) approximation to the Lawrence

ti'v-~·~;oo.~:·Na:fional Laboratory one-dimensional atmospheric model results.
· · ~ · · } £~~n..~~h is date appears optimistic. The U.S. Environmental

Prote~ti~:ii:Agency has announced that it will determine whether
additional U. S . regulations are warranted by November 1987 (Federal .
Register, Vol. 51, No.7, January 10, 1986). International negotiations
are proceeding on a parallel schedule.
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in emissions in the period before the new information arrives. Because

of the long lags between production and emission, and between emission

and ultimate effect on ozone concentration, there is a substantial delay

between changes in production and reversal of any trend in o~~,ne' : ,

concentration. Thus, if the ozone concentration is falling~..'.,i.ri: '·i995 or

2000, even if production of potential ozone depleters ~~~~\~~~~Pt+y
reduced or even halted the ozone concentration wouldlik~i~"c:~~;i~~~ to

fall for a period, and would not recover to its 1995 0/ '2000 ~'~~~'i.~" ;.£~'r ,: '
.' " .~.

: ...
perhaps 20 years. 7 " ' ,.::,

. ::.' . ~. :'.

A number of alternative strategies for irrnnediate regulation are
::,;:;:}:':.:-: ': - ' .

compared with the option of awaiting new inti:initation :and then regulating.... '"' ' ,'. " . . ..

onl y if necessary. For each of these altebR~41~~~~~~~~ critica l

probab ilhy q i s ca lculat.ed as a funct ion o ~\h{Ft~ia-1 . cumulat.ive

emissions t hat can be tolerated. The strategie'2':'d:i~~·~~~~:::~l.n the

str ingency of pre-information reg~1.h"iqns compared tcrthe stringency

that will be imposed post infortJ~~~h::,;::ii~, · ~:eg:~lations are required t hen ."

' ;:;;;?~t~::{;,"~:;:: ':I::)?:~\,:-:~:;!: ;' '
CALCULATION OF RESOURCE COSTS:'AND' CRITiCAL PROBABILITIES

': '., .....,..:

Calculation of the critical pr6~'bijity q for any proposed

immediate regulation i~~~i:(e s calcul~i,i~ri" of the present value of the

resource costs of , a ii~±ri'~f:i~'e regulato~~ trajectories (the values of a,..- : ;. . ," ' ~ . "

b, and c in Fig ,:<·i.f::' : Th~¥¢" ~.r.e~Q4rCe costs are measured as areas under

the demand CUI:J'i.i~:i~l:, :~,~fbh\h·~~:~~~~·i. The calculations are performed by
. ' :: "'.I~:.'~'~:. :.'.'.~ "',:'::.;.: "':. ," ..

a computer progr·arif':;;'~~'~;..~,imulates annual demand curves for each

application of the ' ~6¥~:~f~~ 1 ozone depleters over the period 1985
":'2>/:::;.' ~;" '.

through 2020 .

.,~H~t¥;dg~j[;f~"f~ ,
:.h::~:>,: " 7This:, "¥f{~iusion is based on projected time paths of ozone

. · ;/,;·:::.&inte,nt rat i6n\:~~' Wuebbles (1983), Stordal and Isaksen (1986), and
· >:!::4;~14li1:a,t ion~~:,.~s~ing Connell's (1986) approximation : The effect of the

·6ho~c~:. (#" .'h~i!izon is explored by additional calculations using 2010 as
thEr ·il"op:rz;c>n:':> ' ','

~~~~i;~ach probability of bad news, there is an optimal level of
pre-information regulations (including the possibility of no
regulations) . But since the calculations required to determine this
optimal level ~equire extensive iteration, critical probabilities are
calculated for only a few representative levels of pre-information
regulations.
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The regulatory trajectories assume that the regulations ~ill

consist of surcharges imposed on the use of potential ozone depleters,

where the surcharges are proportional to the relative ozone d~pletion

efficiencies of each chemical. Using a surcharge, the effec;~Jv.e"price

of the potential ozone depleters can be increased so that/·co.tl~·umers will

switch to alternative products and manufacturers will sui~iii~ie .
al ternative chemicals, more conservative processes, o~.::·:,~i~~~::.:· '::· ,><: . : .'

technological options that become cost effective. Th/~ize o'~" ~~;: :~. ' ; .. "

surcharge can be varied to induce the desired ~unt of emission. ' ;', . ~ .. ,'.

reductions. The use of such a surcharge ind?~~~;~~anufacturers and

consumers to adopt the economically effici.~~~;!.Q~tl?i;.emission reduction

steps. thereby minimizing the annual res()~$.i~c: ·~~~~;;· ·6 ~ reducing

emissions. To min imize t he present v a l ue ~·/~:.~;·:.;~~stOf limiting

cumulative we i gh t ed emissions the surcharges s~6'rii~;: : :~i~'e over time at

the d iscount rate that f i r ms and.~ ·.~6nsumers use in ~~'k'ing investment and

consumption decisions.' :::~!=U:f::::f~~::'i'~';)::'8';:/h}'~; : : .:
If a surcharge is applied, ' :.'t.h.e:~ .t;' e so).i;:s.e; ~:cQst s of the regulation can

";":"> ·····.:7.... .~~/ ~-.'~ .. . . ';.:
be measured by the a r e a under the:··.d~~antVcurve for each chemical between

the unregulated price and the pric~:'\;~i~ding surcharge. 10 Other

regulatory programs , .:, $;u~h':.as marketa:i.1:i' ·· :~ermits or command and control,

could also be appl·i~~~~'; ~":::.ih~se al ternati've programs would impose the same

costs, unless th'~i~·J~il: :\6: "·'::~nduc.e the most efficient emission control
-,:':' .~ ' ';~;~ ;~;. : ::'~' f: ( ' ~: " :. '.,.: .<," :::: ',:-. '~ :

technologies .:. : :~~1.n:'~~:ba.t:":: cBs,e).: t .ne : resource costs would be higher than....:~,1;:; .~.:-~..:-,~:~ ~..... ;.:. ....:. :: : .
those calculate(f(:~'l~:· ,r#~~" the "as s umpt i on that regulation will be

....'.·\~::·.; ;; :..::r .:':.

'This conclusi~~<~~~~~~ed on analogy ~ith the solution for optimal
priciI18::,~L~n exhaus t Lb l e resource (Fisher, 1981). Although the
stJ,~r£~p'~~:i;;i:~;ozone may not be an exhaustible resource, since it can
ktf~r~~~Q~~~~;~ unlimited emissions of potential ozone depleters if the

,::¢tni'~··s ion·s :l·Qc·c"ti~ :. at a sufficient ly low rate, the optimal regulatory
I ;. \"'~·/. :. ~. : · "\";~ '.. t, ' "0 -, ~ : . '

._ , . ,: :~::i;t.'i;lj e ct ory::~·Q?J)_m i t ozone depletion should be approximately the same
' ~ ':~;; ;;'· 1i~i:;:l;.:.: ; he re·.f~t%vely 1imited time per iod cons idered .

'-::: ,:i:::; !?-,;:: ~::~·o.The ·, :~r:~sou r c e cost is the reduction in economic surplus due to the
~ {i;f.~.b~P&~/<tY;e area bounded by the demand curve, the unregulated price
and' ·tnif ·-'p;(l-ee plus surcharge, and the quantity demanded under the
surcha'r.gi ';· See Camm et . al. (1986) for further discussion .

IlSee Palmer and Quinn (198la, 1981b) for discussion of the
relative advantages of various types of potential ozone depleter
regulations.
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characterized by a surcharge is primarily a convenient device to allow

calculation of the resource costs of the regulation.

A total of 28 annual demand curves for specific chemicals and

applications are calculated, for the 36 years from 1985 thro.~·gli: :2020.

The 28 annual curves measure demand for potential ozone ~eile~~r use in

14 applications each in the United States and in the rest::'b.:t~~h·e· .wor l d .

These curves, and their movement over time, are based:~~;~/~~;il~;::'~~nq
work. .: :. ", .r

. . ~.

The shapes of the demand curves are based o~·: :.t.he estimates in Camm
', .

et al . (1986) of the chemical prices at whicr~~~~~tifacturers would

substitute other chemicals or production p~~~~~~~s~ j0The curves include

the known technological options that are · {~~;~i.;;t~p/ :~~· · " adopted if the

effective price of the potential ozone depl~"fii.i:: :.~~~i~ ..to increase by no

more than 55.00 per pound ( a 5 to 10-fold incr~~i:~;;~~~amm et al. focus

on technological options in the ~Ii:{.t:e.~'. Stat es , and"~'i:scuss .t he

differences between the United ·. it~i·~~;?~~>Cith·er. countries that may limit
" ':, ~:' .:~ : : ; " .~ .: .::: ,, ' .\: ? : ' ~ '. ' : ~-,: : ~' : ...~ ::;:; .:

the applicability of their findih.g5: ::~0' · ·6il,li}f/.c:quntries. However,
..'. "~~'.. '; '".;'", - . ;- ' .' . ~. : ~ ..' '; ,; .

because no better estimates of the·:-d.eiiiaf1d ··curves in other countries are
. ". ' ,- , .. ' ,"

currently ava i l ab l e , the simulatio~s:ii~re assume (with one exception)
~ -, ' .. .

that firms in other . ~~~·t ri es would ie~pbnd in the same manner as U.S.

firms. 12 . :; " ' ~.:.~;:.: .... ....; ' . '; :. ' " .
-::. ., ~. ', : . ' . .

12There a..r~~}~:·i.~era·i>~·i'~~·~i~rii:es between the demand curves employed
in this simul:~i~?~~~}ti=i;se::dev~loped in Camm et a1. (1986): (1) The
simulation assume~:t.tfui:t : .non-U :·S. CFC-ll and CFC-12 use as an aerosol
propellant wou l d hel~ri\·t:d :.d e c lin e after their prices doubled (to $1. 02
and 1.32 per pound), ··;~.~#~·:#hat use would thereafter decline linearly
reaching only 5 pe r cerit.-of initial use if the price rose $5 per pound.
(2). ,.q.~iti)~~.~ :~1. (1986) do not make any estimate of the reduction in
d~nra.~.·.:-.t..~t.:::Jt4";<?n-1211 and Halon-l301 at elevated prices. The simulation
.6S;i~nies:::'thiiit·:":·~mand curves have constant elasticity equal to -0.32.

:.~~~Th.~':··Ha lon·~ ·~::~:u;~i.~nt ly cost about $2.00 per pound. Thus a $1.00 increase
'~';:'<:'~~'~d reduq~, ;~~~:fuulated demand by 12 percent; a $5.00 increase would

· ·:: :j;:~di+~:.. it~:}.~.percent. (3) Camm e t a1. did not explicitly report
· 't"e~hp.a.lqg.i:C:al: : opt ions for reducing methyl chloroform emissions, but
th'e'·se:::;~fQ· · ·~_imilar to those for CFC-1l3. · The simulation uses a curve for
methy:f '~h;r6roform that is based on that for CFC-1l3 but adjusted for the
differE~n'~e in the price of the two chemicals. (4) Camm et a1. also did .
not assess demand for the relatively minor uses of carbon tetrachloride
other than use as a precursor to CFC-11 and CFC-12. The simulations
assume these other uses would not fall with a price increase. of less
than $5.00 per pound. (5) Finally, in some applications Camm et a1.
report two demand curves, depending on how widely options they identify
as cost effective at current prices have been adopted . In these cases
the simulated demand curves are half way between the two.
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The simulated demand curves move over time to account for likely

growth in demand for chemical use in each application. The likely

growth is described in Camm and Hammitt (1986) and Hammitt et al.

(1986) . These documents develop a set of projected demand scena~ios,. .. ....

based on historical trends, analysis of specific products , ·~.all~r·projected

general economic growth. The scenarios are related to ; a··;~~j~itive
probability density function that describes the likel:i~6gd' · ~·~1.t:\i~ure
demand will fall in any specified interval. In the s~d~dard ~'~~:~>'>.:- : .
demand is assumed to grow along the median proj~~t~9n.l]

. -. . ~ . ,' .

Lev e l of acceptable cumu l at i.ve erafss Lons ,

;Lifi!;\'i{ti'/ ;::'•.:'
1 ]Hammi tt et al. (1986 ) pro}e~~:~: 4~m:~cf ··tpr each of the major

applications of the seven princip~l·j)~t.erit·ial ozone depleters, within
the United States and outside, through'..:2000 . Camm and Hammitt (1986)
extend the projected aggregate globar...d~and for these chemicals through
2040. To calculate eJJiis.s·i~ns beyond '·2000 the current simulations assume
that demand for che~i~~i: ~se in all applications of a chemical grow at

the same rate. : <::' .'( : "~:<. :.:'; .' .: :.
.,:/\i:..':/ . ..;".";" >, / " ..

,,/,?g;~~{~;'Ji~:;: ; :· · '','

The resource costs and cumulative weight¢d: e~issions associated
...... ~ . : ' ~:.:.:.: -:

with any regulatory traj ectory (defined by .th'e;:·path. 6f .,the surcharge

ove r time ) are calculated using a compute;.:i~~~ih~it/; :: .;"~~ese results are

used by a second program to calculate the c;t;;~.~:pr~babilitY
associated with a specified set of proposed im~~df~f~~;~~gUlations and

~~ :

... ;".
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III. RESULTS

The level to which cumulative weighted emissions can b~" ·.¢.citi5trained

depends on the date at which emission regulations are imAA;~d\nd the

stringency of the regulations. Fig. 2 illustrates the : ~ii~:t:t~>~f. these

factors. The abcissa indicates the initial base surcl~:~;~~ "':~'~;'~i~g .

between zero and five dollars. In this standard case'> ~emand' :·f6·~ : > . · . ~ ,~: .
potential ozone depleters is assumed to grow at. : .~h.~ median rates

desc r ibed in Camm and Hammitt (1986) and Hamrn.j.tt·'~~~ a1. (1986), and the
.:~'):..: ~~~~~:. :. ; :; ;. .

surcharge increases 3 percent per year. T1fe~ :#hree, ':'lines in the figure

correspond to regulat ions beginning in 19S,8.!iV~i~.t(,'i ·.:~'~ 2000 . In the

absence of regulations ( t ha t is. ~ith a su~~~~~i~;~q~~l to zero ) , global

cumulative we i gh t ed emissions from 1985 throug~ ::·'i~~~::.: f~6·Uld total about
• . . ~ ,": . , i :

63. 5 million metric tons. If regUl~tipns were to begin in 1988,

limiting emissions to 50 milliJ[~~·f~~if.:".:i~8n:s.:,w'Quld require an initial
":. :/:.~,:. : ' : ".' :: ~: '....: ,,::;..:'-:':: :;'; :~ ~ ...: :.~ ' : : ~ ," .;' .

wor Id-w i de surcharge of about $Of;~:t~':p'er· :p',?{iIi4.';· ':limiting emissions to 40

million met r ic tons would requir~;: '~~~:': i~'iii~l ~~rcharge of about $1.87

per pound , and the minimum attaina~i~:~f~~el of cumulative emissions, if
.: '. . .; '

the initial surcharge;,::Wire;.limited t·o;·,'· l5 :~ 00 per pound, would be about

32 .5 million metr.ic<:f~;h'~:'~)::' ;:I f regulati:~~s were not Ini t i ated until 1995

larger surcharg.~~:?~~~~ld.: ::·~~:·"~e.~e.s.sary to limit emissions to the same
_.:-:':. ': .~.;:. ; ~;. : :l':f :f · ~:::. :. ~ .': ....7::.;...<::

levels: A 50 lIi~l:{l;O'~ '.~t:l:~~ .. ,t o.n: 1imi t would require a surcharge
.'-.; :',1~~ ; ·:· . :···.~~ X:.:/.;.: . .." .. . .:

beginning at $I :~~~:;:;:P.ij';;"p~und , "and a 40 million metric ton limit would.' .. .":... .... . ~..., .
require a surcharg~'::':ij~ii~ing at $2.83 per pound. The smallest

t :.;j:.~: .~;: :;."

attainable cumulative e~issions, if regulations did not begin until
.... : ';

199y~~~&ul~!~~ about 37.2 million metric tons. If regulations were not

...:~<f·:t:i:;: :~~?i::!??\t,:::::.,
<,.::.:'? ~y:.. lThe "W¢~:ghts used for calculating cumulative weighted emissions,

' ''/: ::~:'art(;t:'c~he sUr'{;li4i.~es applied to each chemical, are proportional to their
' '' :''','\~~;P'~'~;ima t~:~~~~i imat ed relative ozone depletion efficiencies. The

s'\i# h"li..rge.',app:lied to methyl chloroform would be one-tenth the base
sur-ch~rge.:-j:isted in the text and the surcharges applied to t heHa Ions
would>::b~ ;:t:en times the base surcharge , Thus, limiting weighted
emission~'to 40 million metric tons would require a surcharge of about
$1 .87 per pound for CFC-11, CFC-12, CFC-113 and carbon tetrachloride, a '
surcharge of about $0.19 per pound for methyl chloroform, and a
surcharge of about $18.70 per pound for Halon-1211 and Halon-1301.
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imposed until 2000, the range of attainable cumulative emissions is

further reduced, and even higher surcharges would be required to hold

emissions to any attainable level.

Fig. 2 illustrates the inelasticity of the demand for ppteh~ial

ozone depleters: Even with surcharges of several dollars F~~~$6~nd,

::::;:::V:
i::i::::::1::::

:::c::X:n3:h;e:::e;a:~ ~~ ::r~fl:~i~:t~:;f.'
It appears to be nearly impossible to limit cumulative : :em is s ions"' ~~·. : t.h:e

level corresponding to constant 1985 emissions, . t'~; . scenario often'· ,..
. ": .. ~- ."

assumed for atmospheric model calculations.Csnstant 1985 emissions. .../ ", .
through 2020 would total 35.2 million metri.i: : ;·~~. ·.-. A:c c o r d i ng to the

calculations summarized in Fig. 2, limitirii~:·~~~:l:a{i\j·{ emissions to this
• • , ••• • • • • • •• 0- .

level wou l d require an initial surcharge of · '~:2\·8-d.· :·~l}r .pound if

regulations begin in 1988, and would not be po~}ib+·~:j;rregulations were
'. '," .

delayed until 1995. ~ :' . ' :~. ;

In part, the difficulty o(:;~~~~·~:~~·~:~;~~~.~+pn~ reflects the

emissions that will occur from ·~#~~:~1J.~~~~~ ·i.~~~..¢~i~ting banks contained in
':..- ~.> ......::.. . .....; .:-; ," '. :;'

rigid foam and refrigeration equi~m~~~i ' : 'A more important factor,

howeve r , is the superior performan~~>di.~·~he potential ozone depleters in

many applications, r~~iring large P~±~~~increases before manufacturers

and consumers \o,·il ;t ;~~b~·{:j.-t.~te alternati~e chemicals. There is great

uncertainty abo~f:i~~t~~~h~l~g~~al alternatives that might be adopted
. :~':: ': ~.;:;' :/. . :~·i f~ (:~:::. :.-: .. - : :::... ..:~: .

if surcharges<~¢:f.·:';S:e';,!.~~~h.d9.natli· ·.:per pound were to be imposed, however .
." .~~,,~~ i '~':::":" ~~: ~ .:..:.~. : . .'.. : . ..

Although currenr.~~~t.~tes, such as those in Camm et al. (1986) and
• • L' " .. : ••••~: :',,:~ " . ; : ~ : , _

Palmer et a1. (l9805:";~~;~~giest that substitution possibilities are

limited, a surcharge ;f~~~~eral dollars per pound would create a strong

inc~~i~~~fB:;pevelop alternative manufacturing processes and products .
. ·_':j::.:·~:::· :.:-~;=;"..~;:· ;:: ~~f~·::·. ';':.: .

f~~~qtt~n~~y~~~~timates of the minimum attainable emissions using a... ....... .' .. '. ...: -; . ~ . '" ... .. .' .
.. f:(~r~i~ha rge '~'fi:~~rmo re than $5.00 per pound are particularly uncertain.

?':~ ;~~:~;/:::» > " . .f:yt:.;·
····':.··i:..( : ~{·~.Cu.ri-e·~~: ' ave r age U.S. prices per pound, based on United States
In{~;4~~io~~1 Trade Commission (1984), are: CFC-ll--$0.5l, .
CFc-f2'.~ ~~a.::67, carbon tetrachloride--$0.16, and methyl chloroform-­
$0.30. ·: t he International Trade Commission does not publish data for
CFC-113 or the Halons but industry sources suggest the following average
prices per pound: CFC-113--$0.89, Halon-1211--$1.95 and
Halon-1301--$2.20.
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The resource costs (deadweight losses) associated with restrictions

that reduce potential ozone depleter emissions are substantial. Fig. 3

illustrates the present value (in 1985 using a discount rate of. 3

percent ) of the resource costs associated with a surcharge beginrring at

the level indicated on the abcissa and increasing at 3 per~~;::'~er year.

By using Figs. 2 and 3 one can estimate the resource Cq~r{:~·~·i ci·~·iated
with an y achievable level of cumulative weighted emiss·i~~·~ ·. ' · · ::r~~~>·> .

", .; " : . ; .: . . I '

example, to limit cumulative emissions through 2020 to 50 milliort: ~~{ric
: :. . .

tons requires a surcharge beginning at $0. 90 pe~: ~p'?~nd, if regulations

beg in in 1988 . As shown by Fig. 3, the presE7~~;:,V~lue of the associated

resource cost is $14,400 million . If the r~~~l~~io~;;:are not

imp l emented until 1995 the requ ired initi·a:ir.~~i~H~;g./~f $1.12 per pound

is ass oc i a ted v i t l: a re·source cost of $15 .8~~/ ~:~hi~i1in present value .
.: ':.: ~~;.)"~:'?\'.: .;

: - , ..~.. ";

THE CRITICAL PROBABILlTY ~·, ~:; ,;<:>" .'" ,

Fig. 4 illustrates the cri.ii.:J.~i{:~i~i?:~~11:i:ty .q that determines
' ~.;~.: .: ~~:'.~ : .. ..... ',.,\f ;·::.: '>.~... :::.:::..:'

whether the expected cost of imni~1:a:);.~ re.g,Ul'a'tiDns is greater or smaller
' :~ :'> . :.'":;", ,, ~"' ; ....~ _ . . ',.;'

than t he expect ed co st o f a\o.· a i t ing· · h(;~'.:-:'information. The critical

probability varies wi t h the cumula~i~~;" :~~issions that can be tolerated

and wi t h the proposed.·. ~-i~~~l.. of immedi~t:~·\egulations. Fig. 4 describes

the critical probapii~Ai{:f6i each lev~:t of cumulative weighted emissions

(measured along;..:~~~:;:~·~C i.i;~· \:Ir; m il.l ions of metric tons), where the
y..-: ::" ;:' :'_:" :::~r ; '( ' ~ '.:~.:.' ;,:,-: ,":,.;0-

proposed immed:ra.te-;:.;r.egula:bions ·:.are set so that no additional
• " -, 1::-", : " ~ : •. • •. • • •

restrictions \o'ii'f{ji~<\f~~:t;ired "f f the new information obtained by 1995

indicates that emi~~l~~;ii~iting regulations are necessary, For
. :.:j/;:~: ~: .:. :

example, assume that the·:'subjective distribution function fee) described

in .s.~~~j~~i;{~responds to a s ituation in which the new information to be
.._, :-.:.~.:~.. .:-:~..;~. ': '; ".";.'.:."~ '.: .

r.~~~i~·e(:f;W:~)9:9..:$. may indicate either that cumulative emissions through
I -:~:·" ~··: :.~:.:- " \ :'::.:: ~: " ::"~ ~: :~ ~ '

. .':"..2 (}2 0 must be::l:fin:ited to 55 million metric tons, or that the 63 .5 million

<':·::~' ;;~~ifiE·.;.'tons.{diJ~missions that would occur without regulations will be

'~:2~~P~:~:~\'~:': i);~e proposed immediate regulations consist of a base

surchar&~/of $0.59 per pound, increasing 3 percent per year through... .
2020. This surcharge is just sufficient to hold cumulative emissions to

55 million metric tons (compare Fig. 2). If the new information

indicates that cumulative emissions must be limited to 55 million metric
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tons, no addit ional regulations will be required in 1995 (branch 4 of

the decision tree in Fig. 1). If the new information indicates that no

regulations are required, the surcharge will be dropped in 19~5 (branch
. . .

3 in Fig . 1), and no further costs will be incurred. Alterq~Lively, if

the proposed i mmed i a t e regulations are not adopted, and t;h·~ ·:~.~i.

information indicates that cumulative emiss Ions must be~.· :ntiii:~.~d ·t o 55
: . I ~ .. ' _ . • • • " • • ' • • : . • ...

million metric tons, it would be necessary to impose:i·:· ~.S:irrch~rg~: :qf . .

$0.79 per pound in 1995 that would increase 3 percent' '~~nua ll; ('~i~~'~ii 2. " .
in Fig . 1). If the new information indicates cu~ulative emissions' ;~ f

. .imposed (branch 1 in Fig. 1).

63.5 million metric tons can be tolerated, n.~{i~~1~ations would ever be
' .. "

.:>-::.: ~~ ~ :::
;'.' . . ,....

The cri tica l probability q can be ca:i'tdi1:~·~ci ·;:f.~:~m the pres ent

va lue s o f the resource costs as s ocia t ed \d~·~:\· ~~i~':·; '~'~::: l~.ese four

poss ib ilities. The va l ues a. b , and c ( co r r e s pcina~~~: :to branches 3, 4

and 2 in Fig. 1) are 5622 m ill io~ ~: ";S6,.172 million, 'cirid 56,785 mi l l i on v '

Using equation ( 1) of Sec. II, ~ji.~~~2;i:t;§~i~p~Ob~bility

'i:'~~}:\~ ;:; §: < i." "
q = -------------. ~~~~~---- = 0.50.

6~2 + (6, 785 ~ · 6 ; i} 2 )
, - ,' . • " ' : " 0 •.

'.;:/X\;.:\·:.-.:; . .:...~.
Thus, if the prob:at{~lity::t:hat regulations limiting cumulative emissions

to 55 million Al:~:~:~t:~' t~~::: ':J'bi\pe'Jrequired is greater than one-half, the
. :; .~~: .. .;.?~::/: '\ " ...~-': .....::..";.::. ......' ',.' :,: : :.

expected cost···.o:~;;~~P.~sJrig "r e gu l at i ons now will be less than the expected
'~'..:';. : ~ " : » ....:•..' " ..

cost of awaiting· ·h'ew·' .~ ~i'ii£ormation and imposing stricter regulations in." ~ ~. ~ " " . :

1995 if necessary. · · ··t:t..'·:~h~: 'p r obab i lit y that such regulations will be
' :::1, . :' ,. , .. ,

requir~ ~~s less than one-half, the expected costs of waiting will be
; :~. {:"~: ~ ;:,..~~ :.~~.~ -, -,

l~:f:/t:~:al'i:,:~t~ expected costs of regulating now .
•~·f~J:·/ ~:"··~··:·;~\::' ·~ :: :.: ~'.: ; ,~.. : ::.~;.: .:.

,::?~;:o:';<::- The":eH't @al probability varies with the level of cumulative

'0{3~;~~~ ions '~£~~:;~an be tolerated. As shown in Fig. 4, if the potential

· ·'<:.:i.f{~i?:\.s b~~;'~:en about 60 and 38 million metric tons the critical

~'~~6'~~;i~iii/~s about one-half. Over this domain the critical
", :.. ..:'.:~ ~~. ~: :.~ : ~

JThese are estimates of the present value of the economic cost (or
deadweight loss) associated with world-wide imposition of the specified
surcharges through 2020. The values of band c are plotted in Fig. 3.
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probability is nearly constant. The small, erratic variations are

probably due to the varying curvature of the functions relating

cumulative emissions to the required surcharge and associated resource

costs (illustrated in Figs. 2 and 3) and approximations in ~~~l8ting

the demand curves. It If the potential emission limit is 63 : m i:t-l'i~n metric

tons or more, the critical probability is 1.0, and the ,~~~~t;~~~cpst of

immediate regulations can not be lower than the expec:t~:(f::i;~·t:,/.~.f:: :~:·: : : . .

waiting, regardless of the subjective probability tha~'\~issi~-~ .: : ' < :~:'<:~: .

restrictions will be required, Finally, if emiss"ip:p-s might need ~6 :~e
limi ted to 3i million metric tons or less, t9~f.~~.r>\·ical probability is

undefined : Since it is not possible to lim*:f:"~ ;~r.ni~si~·ri_~ -,to this level

using the s i mul a t ed demand curves it i s n·cA::~::~;6k~~~i~: · i'~ calculate the

r esource costs o f alternat i ve r e gu l a t o ry pa~:~~~~~\F:,:.~->.i ' .,

For r e fer ence, the abcissa of Fig,_ 4 also ' {ri~cl:~::q~ t~;~ ' the pro jected

decrease in column ozone in 2020::c;oi"re,sponding to e'~~h level of

cumulative emissions. 5 One way ·,4i!:¥:ki.~~;~i)~o:\lt t he results in Fig. 4
",:',: , " :':" , . , ' " . ' I, ••, " ;:. " , ' ,. . . ," , : : " , .' : . ;, - , ~ :;: .;'

is that by 1995 we will learn eit:1i~i: .,tha:t;\~Ji.a$:~>·depletion estimates are
': ~ '_f "" ~~', . "';-.; . ~'-:- ..; .., . ';:;'

correct, or t ha t. pot.ent i a l ozone dep:lEft:ion'is not an import.ant problem

(because it will not occur , or bec;~~~~:~he consequences will not be

serious) . Then \...heth,e:~~'. :5'r"not immed i~~'~'\egulations are cost-effective

depends on the lev.~ {::'·i;·f":":~6·t~ntial depl'~~ion we can accept, If depletion

of 2 .3 percent Q{::~'ii'~ i;:;.: :-~~QePtable, immediate regulations can not be

cost-effectivd~iii~i:dJ~~f~~;:;~f :,:~i{{''':~:~obability that ozone depletion will
" ," :~J~: ; '~':-Y.« :.:.:;.. . '.... . .':

occur. If deplei!~if~;~'f:::1ess t 'han 0,2 percent is unacceptable, it is not
-,'., ": :'.~! : ',,:~ . '.:.: .

possible to calculat~~7t~~:~ritical probability without additional
. ~:::;, :~: .:; ~,' ; . "

information on the cos t.s. aof reducing emissions more than allowed by the
-, .:' :.~:;: ~..:-:, :... ..

si~~~~~~p.{~~~a.nd curves. Finally, if the tolerable level of depletion

I ~~~~~~~~~iffi.%i~;~nd 2.3 percent, immediate regulations may be cost­

,_:<~¢',ff;~ct ive de.p:f:s.~:ing on whether the probability that ozone depletion will

" ;<1i~~fij~~,~~,1=~;:~1out 0.5.

· ·'~·'~ri.'~": ~igo r i thm approximates the demand curves with s t ep functions
that hav~::'steps at $.0.10 intervals.

sThese estimates are calculated using the Lawrence Livermore
National Laboratories one-dimensional atmospheric model and the
emissions corresponding to the production growth scenarios developed in
Camm and Hammitt (1986) and Hammitt et al. (1986).
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THE EFFECTS OF ALTERNATIVE PROPOSED CURRENT REGULATIONS

Fig. 4 illustrates the crit ical probability for the choice between

awa i ting new in formation and i mposing stringent regulations now . In

t ha t cas e, the proposed immediate regulations are so s t r i ngenc tih.at no

addition a l r egulat ions will be required even if the new intQ;~'~:~ion
i ndi c a t e s emiss ion l imitat ions are necessary . These are_·. t~~.::·f~gUlations
that would be least costly if we knew that it was nece~'~~;'~" "i~: ;~~i':i~i~
cumulat ive emiss ions to s ome specif ied level. If the· · ~~·bbabiiT~i : :i:~it .: .

, " . .'

such regulat ions wil l be required is less than on~, .less stringent ' .:
. " ' ..'::.

regulations shou ld have l owe r expected cost . ><>:.'.~.'
.,'.... ' :~ '~ :~.; , :. ; .

Fi g. 5 describes the critical probabil~~~~~: co~~~sponding to a set

o f mil der immedi at e r egulations . The line ·:;:r~b~Jl:e:a: ·: ·~.'.l ·~ · O " is the s ame as

the line in Fig . 4 . Th e othe r lines descr ~~·~{~'k~\·· ~.~it ic a l probab i lit ies

for the ch oice betwe en awaiting new informatio~ :~ri~;i~~u l a t ing now at
~.:»; '.:' .

les s stringent levels. Ea ch of th~se lin es corresponas to proposed

immedia t e surcharges that are s~h;~t\:~·~k7,t}le . ,surcharge that will be

necess a r y i n 1995 , if the new i~€.d~~~·~~:h··:: '{~df~i:t:~s regulations are
':=-.:.; ..::: ~ .. : " : . ;: .~ .... / II II

needed, by a fixed fa c tor . SpeciH.ca-Uy;,.' :t he lines l ab e lled O. is,
. ',:' ." :. '",:

" 0 .5 0 ," "0.25 ," and "0.10," co r r e s pondvco regulations beginning i n 1988. , ' .

f o r wh i ch the su r cha r ge'ifol.Iows a pat~:·..:.r~om 1988 to 1994 that is smaller

than i ts path from . l:9~'5'.·:io:·..·1020 by a f~~tor of 0.75, 0.50, 0.25, and

'.
:..::•.:.. .• ;:' .: .' '.: ~ -:.'. '; . ': ';.

.:.:.:':~.~ .•.. ~ ..~ : . . " '~'." :.:....:....': ' ~ . ~ :: . ',-

As shown . f:Y,i; J;~'g,.. . ..~,/);p::~.. :.'cri;tica1 probability first falls wi t.h the

p roposed stri~'~'~:~w/J:Lth~ "i~~~di at e regulations, then rises. The line
' . '~" ''' ' ' .

corresponding to i~~~~fk:;~~regulations that impose a surcharge only 75

percent as large as t~~~i~:~-1995 surcharge ("75 percent regulations")

i s b~16~\tte.: ·-.l.00 percent regulation line, and the 50 percent regulation

l irit~i~~~~~~~ihwer . In contrast, the critical probability for immediate

~~:ltg~i~t i~~i~f~~i; a r e only 25 percent as stringent as the post-1995

··<;i;;~·~t;;Jons .~i~:/~:~mos t equal to the cr itical probability for 50 percent

· · · ·: · :< ~:·.:~ ·~:i·o-i· ·.: ·~J~~< ine labelled "1. 0, II the surcharge in year t s at Ls f i es the

formu~ ~·: · .~.{.;~ (t) = s1.0(1985 ) x (1.03)(t-1985). For the other lines,

labelled by the factor f, the surcharge in year t sat isfies the formula
,', ( t - 1985 ) *

sf (t) = f x Sf (1985) x (1 .03) if t < 1995; sf(t) = Sf (1985) x

(1.03 )( t - 1985) otherwise.
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regulations if the acceptable cumulat ive emissions must be limited to

l e s s than 50 million metric tons . Fina lly, the critical probability for

10 percent regulations approximates that for 75 percent regulat,ions over

the interval from about 53 to 37 million metric tons.' (;;~f~

As discussed in Sec . II , although one might expect th~.~t£tical

probability to decline with the stringency of the propo~e~\i~~ate
regulations, this is not necessarily the case. RecaIL:'~~~" ;'~~~;;~i~n : (1)

that the critical probability depends on two terms: th'~';~ri'ear ~~'~~: ':~6~:ts ':- .; ... ~.

of regulation (a) and the cost savings from impl.~~I;1ting regulations ' now

( c - b). As the proposed immediate regulatio~;~:b~~~~e increasingly
"'~ .~ ..?:-;:.; ':.'

mild, both terms become small. Because the . ~C:f...i:tical.:.p:rpbability q is

:::~ : ::i::San:::i:o:e:::::tt:: :~:e:::::' i:f~~~J1)t~~~:C~he stringency of
Although t h e op t i mal leve l o f i mmedia t e r~~~f~il~ti~ 'depends on the

"~. :.:" ~ ':, -

probab i l ity that emissions must b~. ::r,e~tFicted, Fig. ·'.:{: 's ugges t s that the

level that is most likely to be,N~~}t~f:#.~~~1t~·."consists of a surcharge
' ~:' :" .:,'.~ : . :> . ~.:..' . ,: ~' :'.~ .~ \ " ~ ~ : :.:.::;.. i . :

that is about one-quarter to one'~1At1:( a's· :~ ;~.i;ifge::~$ · the surcharge that
";'::~:: '.: ~:':~ .. ~-,~ .:~; .: .~ ,:~ . ' '\ ;;':

wou l d be ap p ropr ia te i f we knew tha.t: ::::tt ::~ere necessary to restrict

cumulative emiss i ons to a specifie~":' li~if (100 percent regulations).

For cumulative emissiQri.;j ·lmits betwejI\)i~but 50 and 37 million metric

tons, the critical. : #~~·6~~it¥~y for 25 b'~' 50 percent regulations is about

0.35, rising toal;dt·f"'·~.· 4·~·~~':i~t ::.emission limits near 60 million metric

tons. As befq~~~~~:~§~fi.:~~:~~;~¥~·issions greater than 63 million metric

tons can be tolet~~.;\t'l!?: :-,regulations are required, whereas cumulative

emissions less tha~" :§"i;~iJl'ion metric tons can not be achieved using

surcharges if the sim~\:~i~~r-demand curves are accurate.

"·~··. 3·Th~:'~~¥-tat ic behavior of the critical probability for 10 percent
regulat~b~' and modest emission reductions (that is, cumulative emission
limits ~r~und 60 million metric tons) is probably due to the step
functions used to simulate the demand curves. The grid is too coarse to
accurately reflect differences in costs corresponding to the small
surcharges imposed in these cases.
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SENSITIVITY OF THE RESULTS TO THE CHOICE OF PARAMETERS

The follow ing subsections descr ibe the sensitivity of the critical

probability to the specific parameters chosen. As will be sh~~n,

v a ria t i ons in most of the parameters have little effect on~~~>' :>

qua l itative results . Var iations in the assumed growth of.:·~:¢.~~h·d for

potential ozone depleters affect the cumulative emission:j :i k;f i i :>that can

be attained, but have little effect on the critical p~~~~biti~;;;\~~ . ,
i n t e r me d i a t e emission limits. The only parameter tha'~':'~'as a ~'~j~{,:>,:: :"

. " •...

effect on the critica l probability i s the disco~~~rate used to-.: : .
ca lculate the present value o f the resource c~&~~'associated with each

regu latory tra j ectory . . : : :;r;~:.y.g~:·.·~ , .. ,: :.:::Y~.~:. · .
The r esult s .i Ll us t r a t ed i n Fig . 5 rep.r.,..~:~m:'; ::a; ·;.~t andard c as e. The

follo....Lrig subs e c t i.ons .i l Lus t r a t e t he e f f ec~·· : g(/i~~~:la:·t ~ons in model

pa r ame t e r s by compar ing r es u l t s of al 'te rnat ive '; "~'~i~€~~f'lons to thos e

s ho~n in F i g. 5 . For e as e of co~iri~pn , al l of th~(Figures use t he

:~::r::::
e
~ 10nnios Horizon t{{"~i~;~1f:~'!o?N?tit

The cho i ce o f 202 0 as the hori~~~~or the date through which

cumu l a tive emissions ·.aiid·:icosts are c:i1i'~:lated, has little effect on the

ca l cu l a t ed crit ic~l1.::~;~~b:~b;ilities. Flt 6 illustrates the critical
,; J. ~;:: . t. ·'· · . '.:'~':.\:. :/

probabilities f!?~::~:O ' p~t~c.~j1:t<r,;e&.~lations using a horizon of 2020 (as in

the s t anda rd . ~~~;~vt~.~;.,~i~i&.:>;':'; · t~~··~~:{ine for the alternate horizon is
.....::1.~;: ;:~.:.~:....{.~ _~:.:..;:.. <:« . ', . :

d isplaced f r om tb~l$tau~ard line, since 10 fewer years of emissions are

counted , but for ~h~i(~~~~,~ f cumulative emissions for which the

critical probabi lity {f~~6~ - t r iv i a l (not equal to 0 or 1), it is about
," .::::.:'....~.'.., .. ..

the -, ..s~~":\1;;l:te critical probability calculated with the standard

,;,i~,j;:g~t~(gp~~(
-:J::;:.A:tte;'1l;at e p'i.t(i~.~f New Information

." :'::.:.y;:::~:.:~ \::= ~":' ;;_!. : ~:./:.~.,.:~~ ~: ::. -'
;·; ,··. ';;:·J~~;:. :..1:·.,f llus t r a t e s the effect on the calculated critical ·..

" ' :- :': ;:" : ~ ~: :~ .:::.~..:-.:: ;

probab11Lt .Y of a d ifference in the date at which new information on the
....::..: :.

severity 'of ozone depletion will be available . As shown there, if the

new information will become available only in time to allow regulations

beginning i n 2000, the critical probability is slightly smaller than if
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the information will be available in time to implement regulations in

1995. That is. whatever level of emission reductions may be required.

i f immed i a t e regulations are less costly in the standard case. :~hey will

also be less costly if the new information will not arrive uri·tij::>later ...•. .•,,1·. .

~loreover. the delay to 2000 limits the range of emission r~4.~iiions that
" :'- . : : ; ....

can be attained since regulations beginning ~n 2000 ca~;~~t!~~it~~ct

cumulative emissions to less than about 41 million me:tit·i~>~';ri$:.~~< ~.T~us,

the longer we must wait to learn whether the potentia~\~~one ~~'~{~~~l6:~,: '
problem is a serious one. the more likely it is ..~h!:l:~ immediate .... <:

:~:::::::n:e:::db:r~:h c:::~: · <;,1;)~·'~:c,;;,D;:
The s t and a r d case examin ed above assumes·~ '~·l:l8:t·:. ,d.emand for pot.ential

ozone dep let. ers grows in accordance with the m:di~\i2~~ario developed­

in Camm and Hamm itt. (1 986 ) and H~ra'.t~~.. e t a1. (198~'j:?' - Fig. 8

illustrates the effect of alter~~;2~~~~#4:~tQ.w.~h scenarios on the
,"':::"':'~~~ '. :: ...:~:~/:~ ',~ ~' .. ..=- '.~ ::';' . ~.... :~~:...:;~ ~..- :. .

cumulative emissions that can be·?~~ti~iri·e,a? :·art¢..·:~Ke critical probability.
; ':~ /': ' .. : ; : ;. ; .~ : ',~ :~ ." ': 0; ::":

I n addi t. i on t o the s t anda r d case " :'t~~~!f:;±ifire illustrates the critical

probabilities corresponding to dem~~:kf~wth at the 25th and 75th

percentile scenarios4ev.~lbped in th6~~~Jocuments. The 25th and 75th

percentile demand . $~~~~R::~ ~~~~nar ios ar~':::~ntended to span a range of

growth scenario~/~~:~:· th~¥·~;~ie:~..~~~ual demand growth is as likely to fall

within the r~#~&~:~,~~H.b'J¥1/<::;p}~~·~ two scenarios consequently represent

reasonable high'·;~JJ~~::::growdl' :outcomes .
. - .I.~. ~';.~.: :..~ ~ .: : ... : : ~ : _

The levels ofdUimil4t.'iy,e emissions that can be achieved are

significantly affectei~t.:~)~·he demand growth rate. If demand grows at

onlYL\.j~i.i~is:t~; .,percentile rate . cumulative emissions will not exceed 54.5
.::~=.:~~:::.;{~~..;.;/;:;:~(~~:~:.:.

~j1W~~~m~1%~;;tons. even in the absence of regulations (under the
# _.. . • .

/:~~~~~~ard . ' :%,¥~~:-~~ r cent i1 e . growth scenario limiting emissions to t.his

~~~~{~~~l~~OU ld!;~~~i ire an initial surcharge of $0.62 per pound if

· ,;:kj)~~i~rt;if~~gan in 1988). In contrast, if demand grows at the high
.:.~ :.:~.:: ~ ~::.~:::.:.:< :~ ; ': ; .

75th pe~c~~tile rate. unregulated cumulative emissions would total

almost '; r "mi ll i on metric tons. and even the maximum $5.00 per pound

surcharge would only limit cumulative emissions to 36.6 million metric

tons.
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Changes in the expected rate of demand growth shift the critical

probability curve horizontally. Expected high growth limits the range

of cumulative emissions for which awaiting new information is ~ess

costly, and expands the range for which immediate regulationi;~~~ less
' 0 ' ' . ' . '

costly. Expected low growth has the opposite effect. How~t~{~ except

for this effect, changes in expected demand growth hav~; ~ilt~~{~::~f£~ct on

the critical probability. As illustrated by Fig. 8, , :Q~·~.~P~: · :~h~:~~: :i~ ~ . i S
undefined or equal to one, the critical probability f~i '50 per·~e~·~.><'. .: ··.' ·

regulations ranges between about 0.35 and O. 40 f~i-:.: :all three demand :'

growth scenarios. If emiss ions may need to !;>~:t:i~J~'ted to about 45 or 50

million metric tons, uncertainty about the .iJ~';{~ i;t~ · . of demand growth

:::e::~:::..::~:~:a~n I:~:v:::~:ca
1

prObi~~;1t:1~f1i~;:;_ ;~:" .
: -', ",

,~. ~

Technological innovat ion ma~: %¥~~~e. .t he future tosts of reducing

potential ozone depleter emissi~j~!is~jih~~Y~~ion could include the
. :.:~.:~:~.,~.;. ~.; '" ·,.l.;';'. :~: :·i'.:", . ~'. :p.~: : .~ .

development of substi tute chemic8.;r~ ::::~.r .a:l:t.:~:r#8tive products or
' ; ':~~;..:::'~':'~~ ' ~ ~ ' ',~..'.~'.': .~ .., '; .:

manu f acturing processes that r e l e ~s:ii':: :$'mane r quantities of these

chemicals. Although these alternaiiV~~~ay not reduce the demand for

potential ozone depl~~~~~:;"a~ unregul~i~~~!'~rices, they could become cost
)" ' ~~;';' ; '> :" ~'.. " ~ " ' ~ '.. .:'0."'

effective at the h~gJler :·.pi.i:c:es associated with regulat ions.

TechnologiC~1\:i;{no~lN.r6ii .caD. be simulated by making the demand
-.",::':/;~ :.~:. ':i;. ;::·~·t : 'l'~: :':.-:': : ~':'. ': . ;'J

curves progres)f.l.i.ctl.~..:..titO:~e.:·;~Ja.sJ.iC:· over time. In the standard case the
- ' , .:.',';: ; '~'; : ' .~ .;.~~.::. ~.. ' . .'. . : :

demand curves exp~~:;&~~etrically over time: The demand at a given

surcharge is the s~;;i~~~1i~f.tion of unregulated demand in every year.
~":'d:..~: :; ~:~~ "

With innovation, the dev~Iopment of alternative emission-reducing
r•.-••, :, ; '

te~h~9)~~~~~~ould further reduce the demand for potential ozone
•.';~-:';:~.::" ": :"';••;.-:; ': ': '~••:.~ J,,:.;.•

4¥#l~tet&y~:;~~&ulated prices. The specific innovation scenario
, :~:~"':;~ ~"t:.:-· ·· ·~ ~::;·~ r~::~~" .~ ~';~ ~· .

.· ~ : ~·ce:t.ris ide red h~"~~, ··.;involves significant reductions an the future cost of-:~ ... .~ ....~..; ~ . ;:... : . ~ ..-::: . :.: : ::.. . ~.

-0(~ft.i¥i.~ps r~~«6tions. Under this scenario, innovation affects all

·dl{~~i.~~iG:/~~i:app li cat ions identically . . For every five year period
'" ..~..:~ ~:- ~ ': " "'> ; ':..- .

except-: ~~~~.::first (1985-1990) the demand curves for each application are....
multiplied by a constant elasticity function. The elasticity of this

function increases in each five year period. By'the final period

(2016-2020) its elasticity is -0.6.' The effect of this procedure is to

'The constant elasticity function is q(p) =
where q(p) is the quantity demanded at surcharge

h
qO(p) x (1 + p/PO) ,

p, qO(p) is the initial
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make the demand curves i n each succeeding five year interval

progressively more elas tic. Compared with the standard case, the f inal

pe riod demand curve is substantially more elast ic : At a surcharge of

$1.00 pe r pound the demand i s on ly 56 percent as large, at a. ~ ."$".3 )00 per
.... : . ....

pound surch a r ge it i s 34 percent as large, and at a $5, OO .j;:~t"~·~pound

surcharge i t is on l y 26 percent of the demand i n the s~;f~·~dL{~se.. '

The e f f ect of t he subs tantia l simulated increase: : ::f~:\l~:~:J~l.~;': :. is
-: .~ . : ' -,~ ..', .~. , ; .....

simila r t o the effect o f lower demand growth illus t rat~d in Fig :' ''8\:'<~i~

s hown in Fi g . 9 , expected innovat ion shifts the ) ;'i itical probabil~~l"
c urve t o t he righ t. Fo r mi ld cumu l ative emi~~i;~(1~mits ( abou t 60

I '-': : ;~/'}:'~':" : , '::-:,.
million met r ic tons) t he critical probabili:1::~ ~~ise~·:·.tP :.'1.0: immediate

regu lations are never cost - j us t i f i e d , In'ri::~~~~i:£~ti(~'l~~" i n c r eas es t he

emission reductions that c an be achieved us ~~i;~ai;h.a~~es , the r eby

increas ing the domain on wh i ch t he crit i ca l pr;~i~i~:~~~;;\an be....., ..

c a l cu l ated dovn 'to about 30 mill i:pk ;ixIetr ic tons. O'~~; 'the range of

inte rmedia t e emiss ion limits , t;,~,~~~~~;~J.~~;::~~Q:v:~tion has little
" . :' :" '~ ', .. .: .•.::." J'::': . '.. .. :'..:~ '. -.::::.•.~ .:.~ .: '

effect. I nnova t i on als o r educ eS" /tne\.cumulit'i:iire-::,'emis s i ons that can be
;~" :.~ ~ ....-: ~: ;.-,; :~: .: '.; .~ : . " ~: :

achieved, to ab out 20 million metr::i~}~bii~;: , 'in t his c ase ( if r egul ations

beg in i n 198 8 ). 10 " : :<'~ ;:;~~:~:'

the typically small share of

to these chemicals (see Camm

. '.

Potential Additional 'd~~J'~1~ r SUbstit~:L:
The s imulat;.~;~·~'~~ani~::~~i've's. .generallY assume that consumer

-,::"~~ ; ?I;: ':;;. :::' ~'f; .~: ~:::.:.::.:.: : ~': ' . " ~ .::;
subs t itution ttf(,ti~~:n: ;,p'~:od~¢.ts·::~Hl have little effect on demand for

.....: ':(~;:, ;:~':.~~.....:.: ~:':" ;" . .., : . .:
poten t ia l ozone ~€.~T~ters. Th is is due to

" " , ~:.•~~.~ ~; ~/( .~ ' : .
the cos t of t he final~~~~ct attributable

.· :'::>:'~: ':; ::f: ' "

For exai!1pl'e , only one or two dollars worth of CFC-1 2 ise t a1., 1986 ).
c.f:·::::.. :.', l.,:, ••

conta1nea!~~~ home refrigerator or automobile air conditioner costing
. .';~=.:'~~:" ~':":~;"~-;/: ;: ~~{ .:.~ . ;...:.~ .

hii~tft~·Ci~:: :ii>%;'i'6-'Ha rs . However, to as s e s s the sensitivity of the

c"ji~!tt~i:~:'t~!~~:: ::O:::i::::&::.::: :::::b::i::et:::m:::l~x:::tho:S
the :'1~:¥V~~~al elast ic ity . The incremental elasticities in each period
a re: i~&5.: ~'1990 , 0 .0 ; 1991-1995, -0.1; 1996-2000, -0.2; 2001-2005, -0 .3;
200 6 - 20 10 , -0.4; 20 11-2015 , -0.5; and 2016-2020 , -0.6.

'These c alculat ions assume an unregulated chemical price of $0.60
per pound , whi ch is approximately the price of CFC-11 and CFC-12.

la The e rra t ic behav io r of the calculated critical probability for
modest emis s ion reduc tions i s probably due to the coarseness of the grid
used i n the demand s imu lations.
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consumer substitution has been underestimated (alternatively , that other

sources of demand elast icity have been overlooked) the simulated demand

curves were made uniformly more elastic. As in the technolog~cal

innovation c ase, the demand curves are multiplied by a const.~~.~·:.>"

elast i c ity funct ion. Unlike the innovation case, however:.:;~/~~~: :·
elasticity used is the same in every period. The additi6~tt~rasticity
is -0.1 which reduces demand, re lative to the standa.+J:~::~~:~:~(.~~~;;: ~.~:~>
percent at a $1. 00 surcharge, 16 percent at a $3. 00 ~'~~~~'harg~'~ ;" a~~; :~.i~··.: ·

percent at a $5.00 surcharge. 11 .d:·:::.::.
Th e effect of this add itional elasticitY0~~~~~all. As shown by

.....; " . '{.: ':.:. ~ ':".
Fig. 10, the critical probability correspod<l.l-1i8.'·to-:ca.ny. level of

cu mul at i ve emi s sions is almost t he same abiiri;~~~~~il~dard case. The
• • -l \ : .: .~ ·I :..;. · -.';. ·:..: .

add it i ona l el asticity reduces the crit ical ~£~~bii~~y s lightly and

extend s the rang e of emission r eductions that · ·~:~·~ttk::·ht'hieved by

regul at ions beg inning i n 1988 to)J: :';t9.~.a.1 cumulati~~}:~~ission of about 27

:~~~:::t~e:~::0:::
5

Rates · "~i~~i~f,;~';f!~J;~)! !;j" ' ·· ·
The choice of an appropriate dfs~9unt rate to use in public

dec is ion making is a ..~o~fu$ ing and d~:At~ht ious issue. 12 Unfortunately,

unlike the other .~~:~~~:i.i.i~:: considerei ;' the choice of discount rate used
~ ~(:: " r.: : ":'.:" : . ~ .:. : ~.

to calculate tq~:~.:F;lisel')..~(~~lu~:\~~ future resource costs 1 J has a dramatic

effect on th~· ;·!&i.i~~i;.ct,i;:'~t~b~:iii~;, as illustrated in Fig. 11. The..<.:.::,: ):::~.:; ."/::~:.;•.:,' .'.'..;:.: .
standard case u~~Y~):i~ql disEbunt rate of 3 percent. (All prices in

' :'~.~ :::••;r : :;;~ :~: ~ : ' ,_
the simulation are· ·f:ij~t:dj·l.:he critical probability calculated using a

lower discount rate (~r;J~~~ent ) is uniformly lower than the standard

cas~.f/{~~~~·~:;Q...28 compared with 0.36. Similarly, the critical
.:.':~=~:.f:".~:..;:..~~;..:.=:.::::~f. '=.:'~ ;:.~ .

.pt~bUb11~~~sS~alculated using higher discount rates (5 and 10 percent)

,.E~~·f~~}~;:: · ·· :~~i·!f.:Wj:.if.~;
'~;::;;:;: :~~:{.=::.:\ ....~lAs~~#.;;;:the technological innovation case, these calculations

· · : ::~$.5.S.~i(a"· .~n : :tfiji~gu l at ed chemical price of $0.60 per pound.
·· . ·j,i/{~ . ~: ..rz: Sfi;e:·:·: :r)ih.d et a1. (1982) for an overview.

;·;: .}\?:.ifh.~::~:S ~ rcha rges rise over time at the same discount rate as is
used ·t6::.~r6.~:asure the . present value of resource costs. Thus ' the
surcharges always minimize the present value of the resource cost of
meet ing any cumulat ive emission limit.
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are substantially higher. Using a 10 percent real discount rate it is

not cost-effective to impose regulations now unless the probability that

substantial emission reductions will be necessary is high, abo~; 0.8.

The discount rate has such a significant effect because . .it:-:directly

affects both terms in the formula that determines the crit.i~~i\·:-­
probability (equation (1) in Sec. II). A large discount;ii~~1ieduces

. ; .•' . : ; ..'

the present value of future costs, and consequently t,~~tS~iff~;~~e (c

- b), relative to near term costs a. Consequent ly, i~·; ··i~crea~·~'~ ,: :f~~.·); .·: ,

critical probability . Similarly, a low discount :;~a1:e increases th~: :> : "
present value of future costs and the differerri.~;}t~:::- b), and thus

.:0:/ '<'.'.; : ...
decreases the edt ica I probabi li t y , Intuitive;}:f; if .:.Q:n.e cares litt l e

.... . . . , • ., ' .. . .. . • • • • • O' .. . ',

about futur e costs (us es a high discount r.atJ")~:::it/{i-::,a~likely to be cost-
· .1....., • •:/~ •• •,; . ;. :: ••• -:: •• •

effective to incur costs not.' to potentially ·r~~tii~:·: ..f!l ture costs .

.· :<··::~t3/~:::.:· ;>:·
"\.0: .".... ~

.•:.....

....
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IV. CONCLUSIONS

The results of the calculations reported here are stri~A~~:; : ' They
' , " ' . "

suggest that the determination of whether i mmedi a t e reguI~i~~ to

reduce the risk of ozone depletion and global warming ai;:I J t ; lfied by

an expected resource cost analysis depends almost entli~i; '6~~;~~;~egree
to which emissions may need to be restricted, and on ~~:' disc~~ri~ ': ¥~~ft '
used to compare cos t s incurred at different time~i~,

If t he potent i al adverse consequences O ~,:/9~h'~ depl etion and global

warm i ng assoc iated with projected emission~::~~~/~o.:,::>,:~v,ere that future

emi ssion s may have t o be substant i a l l y redJ4iJ:t~i~;J~ lent l Y , i f

continu ed emissions at 1985 rat es res ult in" ' :J~~~~:~~f;~b) e env i r onment a l

changes), it is not pos sibl e to c a l cu l ate the ~~±(f.~~~?probability
without additional i nfor mation on', :tn~" .t:osts of obt~ i'fing emiss ion

reduct ions larger than those alJ~~~~i~9.];~~:~~~~~~~ted demand curves.

Alternatively , if ser ious adve;~~~i~~~~~Je.~f~;~i~n be averted by
' ::~~":~ .....::..... ~-,~ :~..: ~ .., . "; ; ; "

r e l a t i vely mild reduction s i n proJ.~~te~V~issions i t is a lmost certainly

cos t-effective to wait several yeai~~f~~~~mprove our understanding of the

rel ationship between ·,Eltnilisions and e~1~h.i's on the environment and global

welfa;:"the de~Zf.~~~":~tlf~~~'f~1~cti:ns that may be required is
somewhere betw.~$i'f:~t:.h..~S:~: ' e)c.t.rein~~' c'as es , whether or not immediate

··<:·:'I~;·t~·:·:··:~· :;: ~..~/._ ~ . : ," ".'"..::~ . :'::
regulations are '~~~~e~fective"depends primarily on the probability that

. " • • · t . . . . .. " , "

emission reduction~~{~i~;~~~,required and the discount rate used to

evaluate future costs . ':;';>j,~~is intermediate range of cumulative emission

lim~t~{i~~~ponds to emission paths that are currently projected to
.:;~=.::~:~:·:~f::'~·.~;/:~~~ ·;.: . ;:.:..

lZ~,i.i.r::t!"·;~·e.v.e,i:!~-g~:~>.~olumn ozone concentrations in 2020 by about zero to 2.5

.~Jt~~;~~{~n t ( ~~~~;~r~. 3). "
: 'Y.:;'':::~;:\::~:':Q1 e mqii~l~,described here allows calculation of a critical

. ···.::·:r~:.~~\~ · :..::: ~'. :':'.'. . ': '~'::-:..; ', :..-
p'r.b~~¥;ili~Y~~;';for which the expected resource costs incurred either by

0,,::.. ;:•.: ~~. ;':::'• . .: : ;

adoptiij.g, :~p·ecified immediate regulations or by waiting several years for
·:'·i:··

improved "scientific information are equal. If the probability that

emission reductions will be required is greater than this critical

probability the strategy of adopting regulations immediately will impose
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lo~er expected resource costs; if the probability is lower, waiting for

ne~ information will be cost-effective. Using a real discount rate of 3

percent, the cr itical probability is between about 0.3 and 0.5 for a

wide range of proposed immediate regulations and alternative:.~~UinPtions
..... : . " . '

concerning the appropriate horizon to use in planning reg~X~;~:9TIs, the

rate at which new information about the consequences of. :;a.¥~6~~~j:iC
releases will be developed, the elasticity of the dema.~·dT2~~·~~~:~,:: ~'~d .

technological innovation that may increase that elasti~i~y ove;' f:~~~>::" ': '
Changes in the expected growth of demand for pote~:t.ial ozone deple~~~'s
affect the ranges of emissions that can be at.t·~~L~~r'~ithout regulations,

J •.-" : :~<.)~ :: " : ':;-'.
and by the maximum simulated surcharge. Be:~W~~~n th~e: :1imits, however,

the c rit ical probability i s v i r t ua l l y una f.f.t.i'~~:J;~:~ :><·';:: :"·
" ' :' ~~~" :.: :~: : :~" . ' :.:

Changes i n the d iscount r at e used to compa:f~".:"p~ s ent and future

costs are mo re import an t . Al ternative d iscount ":i'~{~~: , ;~}" 1 and 5 perce~t
" " ; ... :

aff ect t hes e r esults modestly, de~;~~s.ing or increas ing the critical

probability about 10 percentage(~~i~'~~~h~).&~~i}~/!3" v.ery high discount
':.:~.:-:;::~ ;. :.: _.~..' ·'r.\·.:~·.: ~ . :a;:,:."0 . :.;.:".~:~:. .;'

rate , like 10 percent, increases' ~h~~~r~tj¢~~~:Pr0bability to about 0 .8
.~ '.~~:. "':" :'~:" / .~ ....,.'-..:~...~ , " .~:.

o r more . Thus , t he more future cO's·t~: :~are.' ''discounted, the less likely it

is that immediate regulations will ~~~~:~. expected costs.

If immediate reg.ti.~~~i~~s are co~'t:;':~tfective, the choice of the

appropriate string~~~?i:~~~:i~s. The o~~'imal stringency depends on the

probability tha~;;';~i~i~;i~~~~~ill.be necessary. For a specified
- .~~':. ';. ;.;~s. .:::r:1: ~: : ·:.:.:: ..... ::::':',.~ .; ::

potential emis$:I~~~lim;l::t~::';~.R&' :l.e:ve l of immediate emission reductions
."..~~~ f:~:~.:~"·~. ~';·: ~~·:·:,,;,, : .,.;. ;:..:..::

that is most likel~~t~:~~~, cost-effective is modest, corresponding to
....~'.:?:.; ;~ ~. '.; ::: ! -.

surcharges perhaps on~~uatter to one-half as large as the surcharge
',";j ',.:,:::":'

that ~ould be appropriat~:~if one knew that emission reductions would be
.' .;:.::.:·.. ~·.I. :... ..

reCl.u ~£~~;'::\~s, if it might be necessary to reduce projected cumulative
.:.; ·~ ?~.: ·~~~:~~}£::~~f..!::~~~:· ;:·.r·: .

~~~~~~on'~\~~£~J~ 2020 by 20 percent (to about 50 million metric tons),

..~;tf}f~~~sonab i~$~~~~ O f immediate regulations would be equivalent to a

-':<k.~i8~~~ge b.~i~~ing at about $0 .25 to $0.50 per pound.

· · ::::~i/~~:,]'~;~~·.1!~~t analysis is limited in several important aspects.

Perhap·s:j.J}9:St important is the limited available data on the' shape of
'..': .'

demand curves outside the United States. In large measure, the

simulated demands outside the United States mimic those within. Second,

improved information on the alternatives to potential ozone depleters

that ~ould become cost effective at higher surcharges is needed. The
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simulated demand curves do not extend far enough to allow calculation of

the resource costs associated with reducing cumulative emissions to

levels significantly less than that associated with constant 1~85

emissions. ~loreover, although the simulation suggests that.:".~~;:;:>

possibility of technological innovation that reduces the~i~~~:'~f
. ;,-::.- .

reducing emissions has relatively little effect on the.:.tgst/ ·:·=·::.} :. .

effectiveness of immediate regulations, it would be v~i:~~~~~·:.:·:~~· :~~~:ter
understand the types of innovation that may occur. ": . .r :::·::..>.:/:... t ,

This analysis has not addressed several i~f~ant issues associated

with the decision of whether to adopt additi94~1;i~ission-limiting
regulations in the near future. The most p.~J~~~~ 4it~hese is the

assessment of the quantity of emission reJ'ii.~;~Io~kf: ·~~:~:~ may be required.

The s ev e r i t y of the consequences associated· · ·iti.~.;: :kl~¢;native emission

levels is the most important factor in determi~r~i!t~~iher immediate ­

regulations are appropriate. In .~Ji~ii,tlE~p~e, the ap;';G~riate level of

emissions to accept can be detaf~fJ~~~~~t~~~i~g the costs of
' :':~':~:~-:'~':'. ~~ . /:, :; -:".;;'; '~ , ~ :: :.;::.~;'.~. '':.:::::'::::... :

incremental reductions to the cons.eq~enc~~·;;o'£:"potentially increased
' ~ " /~> :..:.~~:~ : ;. ~-.~:? : ..:: .., . '; .,'

ozon e deplet ion and climatic change:.. ·:··:.' .1hl t ·· the step from principle to

application is huge: Neas urement; o~ ' :ihi{~osts of environmental change is
• ' • •• . · .4

fraught wi t h difficul(~'~' ;> ': . Noreover:;::·.;\~~ acceptable level of emissions

may also depend on\'~i~£ii&~tiona1 con~~derations such as the allocation

of emission redu:~~i~~'s :~;~h'i·~ c.ount r ies .
Other imd~f~t..·-,tJ:~~~;: ·: · :.A::~~~~Xe possible effects of imposing

....:, :~~;: f.~~.~~~~. :\ iZ.(.j.·,; << , ': ~:.: :

emission-limiting:1.t!?8~);a~ions that can not be reversed if regulations

are removed, and ~~f~~;~~i~Eeductions in the cost of regulations if they
-.: ~:.: ::..;. :

are preceded by substant~al advance notice.
, ;.: ...' : , "

. ~~j~~~~l. ozone depletion and climatic change are global issues:
.,,;'!?,-,:~~:::.~:: ::~':?:.; :;~~:..·.1:';'·'
]he~ 'e~fet~sf!~f realized, will be felt world-wide. This report

I -:~:~.~:;..;:~:.:-. ~ :~~:t~r~~:'~' .~~.:~,.:.
..<::~'(p' + ic it 1 y ·~tp'.i9S the important issues associated with the coordination

~·· r :' ·. 0 . - . , ; ~ :, • • :~ . . .. . : : • • •~ ..

- : ·':! ;:.~if\:\.(.6.:'hon i.~~A~ independent nations. It focuses instead on the

'{6i~J~ii~:~kil~r question of whether, from a global perspective,
..... .....: j j ~ : ; .>...l . : : _ .

immeJia~~::iegulations may be appropriate. The results of this analysis....: .. .
suggest that whether immediate regulations are cost-justified depends

primarily on the quantity of future emissions that is acceptable and the

likelihood that regulations to limit emissions to that level will be

necessary.
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Scientific models continue to project significant
destruction of stratospheric ozone by certain chlorofluorocarbons
(CFCs) and related compounds. Reality, in fact, may be much
worse than even the model projections: An unexpected hole is
opening up in the ozone layer over the Antarctic each springtime
Growing each year, the hole has reached a fifty percent deficit,
and it may be related to CFCs. CFCs are also potent contributors
to the II reenhouse II effect, which could result in t.empez.atair.es
increases in as little as 15 years that are greater than any seen-- .in the previous 100,000.

The grave risks to human health and the environment from
these changes were most recently synthesized at the UNEP/EPA
International Conference on Health and Environmental Effects in
June, and are well known to this audience. As we said then, the
prospects are, without any exaggeration, disastrous.

As you all know, later this year the nations of the world
will convene negotiations to develop an international accord for
control of these compounds. In previous negotiations, the
positions ranged between allowing CFC growth to continue
essentially unrestricted for several more decades to capping
production at current levels. We believe it is now evident,
however, that further CFC growth cannot even be contemplated, and
that even the current levels of CFC use and emissions are far
higher than the global environment can bear. It is increasingly
clear that the protection of our planet requires rapid and sharp
reductions in emissions of damaging CFC .compounds. It is
increasingly obvious that governments cannot · continue to put off
major cuts in CFC production, use, and emissions.

At the June UNEP/EPA Conference, we proposed a global
production cut of 80 percent over five years, and a global phase­
out over ten years, of those CFCs and related industrial
compounds that can deplete ozone or contribute to global warming.
We called cuts over this period, rather than for an immediate
ban, not because we think the planet has time to spare. To the
contrary, the current evidence shows that the stratosphere is
already being altered and the climate already overheated.
Consequently, public health and the environment are already at
grave risk. A ten-year phase-out, however, is a practical period
in which to bring forth safe alternatives to these substance , if
CFC producers and users start to plan for this transition now.

t We submit today that from the point of their own economic
self-interest, the only prudent course for domestic and
international CFC producers and users to follow in their i nt e r nal
planning is to prepare for this sort of phase-out, not for stable
or growing CFC production. In this paper we want to explore
strategies available to the different industrial sectors in the
face of such a prospect. Who in industry will be ready for the



post-CFC world? Who is running the risk of being caught short?
What kinds of planning should each sector be doing now, in order
to be ready in time?

The Producers

In the current situation, the highest priority should be
given to rapidly developing chemical alternatives to CFCll and
CFC12' which are presently the dominant compounds in the market.
Unf or t unat el y , CFC manufacturers in the United states have
repeatedly stated that research into substitutes has actually
been reduced in recent years. The reason, quite plainly
admitted, is that producers see little reason to develop even the
most promising substitutes if they must sell for several times
the price of CFC11 and CFC12' and if CFCl1 and CFC12 are allowed
to remain in unrestricted use. Undoubtedly the situation is
similar for producers in other countries.

The managers of these corporations, however, would be well
advised to think twice about this strategy. CFC producers in
North America and Europe are the companies that will bear the
bulk of the blame, not to mention liability, when the chemicals
they produce have harmed health and the environment. They will
also be responsible for hardships to the public when uses of CFCs
are curtailed and no alternatives are available.

Liability and public relations aside, these companies are
also jeopardizing their own long-term economic interests by
putting off research into substitutes. Thinking defensively, if
a phase-out is an inevitable environmental necessity, producers
that have no substitutes to offer may find themselves in a very
tight spot indeed when production and emission curbs begin to
take effect. Thinking offensively, the producer which is first
with safe alternatives may reap a business bonanza. In fact, the
optimal strategy for the producer with a lead in the race for
alternatives would be to promote a rapid governmental phase-out
of CFC11 and CFC12.

Current CFC producers are a small group of companies with
enormous resources that can be devoted to research. That work
cannot be delayed any longer, however. Substitutes must be not
only technically feasible, but also safe . Tcx~cological testing
of alternative chemicals , if it still has not commenced, will
take several years . It is far better to begin this process
i mmed i at el y than to continue mortgaging both the health of the
publ ic and the future of the industry .
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The Users

In the United states, as in other countries, CFC producers
are large companies relatively small in number. By contrast the
"users" of CFCs are numerous, but often small. The uses to which
these companies put CFCs vary considerably, from foam blowing, to
refrigeration, to solvent applications, to aerosol propellants.
These "user" companies typically do not have the resources to
engage in a large-scale effort to develop alternative chemicals.
Some users may be able to turn to ready substitutes, like
cardboard packaging in place of foams for fast foods, eggs, and
other groceries. Others, however, including even such giants as
exist in the electronics industry, may have few immediately
available options.

Within industry, users have the most to lose if alternatives
are unavailable when restrictions on current CFC uses take
effect. Unlike producers, which are large, diversified firms for
whom CFCs represent only a fraction of revenues, users can often
be highly dependent on a single application of CFCs. By failing
to search for alternatives, producers are leaving these user
companies "out in the cold" when access to CFCs is curtailed.
The public will also suffer if it has to forego many of the
useful benefits that products manufactured with CFCs provide.

It has been particularly disturbing to watch these user
companies allow their policy on CFC regulations to be determined
by large and powerful producers with relatively little at · stake.
The interests of users and producers are actually quite
dissimilar. Producers that oppose regulation of CFCs and that
defer the search for alternatives are gambling little compared to
users. It is the users, not the producers, that will suffer most
when these chemicals become unavailable or restricted.

As a result, managers of user corporations, no less than the
producers, would be well advised to think twice about their
current strategy. With a CFC phase-out looking more and more
necessary, it is decidedly against users' interests to continue
their alliance with the producers. User companies looking to
their own self-interest should begin strongly pressuring their
suppliers to look for safe CFC substitutes .

Wise users should also greatly accelerate their own search
for ways of making their products and services without CFCs at
all . Just as for producers, a phase-out offers rewards to the
swift and penalties to the slow . In the United States during the
1970s , many companies found economic advantage in being the first
to offer alternatives to CFC aerosol propellants .
"Env ironmentally Safe" and "Contains No Fluorocarbons" became
advertising advantages to the first purveyors of pump sprays .
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The same option lies open to the fast food company that packages
burgers in cardboard, the supermarket chain that puts eggs back
in paper containers, and others. Like producers with a head
start in the search for CFC substitutes, users with a lead in
these areas will find economic advantage in supporting a CFC
phase-out.

The Time Element: Build Your Roof Before It starts To Rain

The r e is another reason why we think the i ndus t r y - ­
espec ial ly CFC users - - should embrace a planned phase-out
s tart ing now rather than its trad itional policy of wait-and-see.
As other papers presented here convincingly demonstrate, such
pol icy of delay greatly endangers CFC users, because it would
likely require an absolutely precipitous ban on CFC uses later ,
wi t h no t ime for adjustment.

Despite predictions of dire health and env ironmental
consequences, some in industry -- principally producers -- are
s t i l l arguing that we can afford to wait 10-20 more years before
taking significant control action. Advocates of the wait-and-see
pol icy still argue that some deus ex machina may intervene and
somehow make the problem go away . Faith in such a policy
r equ i r es betting completely against more than ten years of
cons istent scientific theory and empirical results supporting the
cur rent predict ions of wor ldwide damage and danger . We know of
f ew bookmakers - - or more to the point, insurers - - who would
t ak e t his bet today .

Nonetheless, the advocates of delay assure us even that i f
t he adverse pred ictions do come true, it will still be possible
t o cut off CFC use, apparently over an even shorter period than
we have proposed. Such a pol icy goes sharply against the
economic i nt e r es t s of CFC users . Absent the deus ex machina,
preventing or even mitigating grave damage ten or twenty years
fr om now will require a ban in CFC production vi rtually
over n ight . I n such a scenario the CFC industry - - especially
us ers -- wi l l be incred ibly disrupted. If no one has planned for
alternat i ves , users wi ll have to leave CFCs virtually immed iately
and t hey wi l l have nowhere to go .

This may be t he ultimate reason why it i s crucial for users
t o pres su r e producers for development of alternat ives now. Use rs
should consider whethe r their economic pos i t ion vis a vis t he
producers gi ves them sufficient leverage . Can users t ake the
chance that producers wi ll l e ave them i n t he cold? They may
conclude that thei r most prudent opt ion i s to j oin in support of
a planned , pred ictable phase-out starting now, so as to make sure
the producers undert ake the development of substitutes .

4



Conclusion

To sum up, the development of alternatives is a crucial
element of preparing for CFC reductions. Var ious segments of
industry should closely scrutinize their own interests in this
debate. Are producers truly acting in their own interest by
fa iling to anticipate markets for CFC alte rnatives? Are users
missing the opportunity to protect thei r int e r es t s by fail ing to
call upon producers to get on with research?

When the effects of ozone depletion and global warming
become broadly apparent, it is this indust ry that will bear the
blame and liability. In contrast, if the advance planning i s
done to assure that substitutes are available when necessary CFC
reductions take hold, both industry and the publ ic will benefi t .

5
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INTRODUCTION

1

Growing concern about the effects on the stratosphere of
chlorofluorocarbons (CFCs) and other ozone-modifying substance~

led to the March 1985 signing by twenty countries of the Vienn~

Convention to Protect the Ozone Layer. A protocol to imp1ement
that convention and reduce the risk of ozone depletion in the
stratosphere is now under development. A number of alternative
policy strategies are being suggested for reducing the ris k o f
ozone depletion.

A key contributor to increased risk of ozone depletion i ~

the continued buildup of chlorine in the stratosphere due to CFC
emissions. Chlorine atoms are known to participate
in a series of reactions which conver ozone o_di mi o~ . e I

and to 0 er compounds. This study evaluates the eff~qt of two
types of control strategies designed to limit t tiuildup o f
chlorine in the stratosphere.

A model is used in this study to test the effect on chlorine
buildup of three policies to limit the total production of t h e
two largest-selling CFCs, CFC-ll and CFC-12, and three polic ies
limiting specific uses of these compounds. Two criteria are used
to evaluate the impacts of these policies on the buildup Q ~

chlorine in the atmosphere. The two critet~ia are (1) the ti m1 ng
of atmosphet~ic commitment to eventual chlorine concentrat ion s
rang ing from four to fifteen parts per billion by volume (ppb v l

and (2) the anticipated level of chlorine commitment in 2075.
The policies are applied one at a time to a single projection o f
future emissions of CFC-l1 and CFC-12, a "base case" called Case
"A ". The timing and extent of ch lorine bui ldup in the pol ic y
scenarios are compared to the projected levels of buildup in the
unmodified Case A scenario and to the projected buildup in a
second scenario whi.~h assumes highet~ rate of gt~owth in CFC
production and no policy interventions. This second scenario 1S
called Case "B". The growth r tes in annual CFC production in
both Case A (approximately 1% per year> and Case B ( pproximatel y
2.6% per yeat~) are within the range of future growth rates
discussed at the Rome Workshop.

PROPOSED CONTROL STRATEGIES

The policy scenarios which test limits on total production
of CFC-l1 nd CFC-12 are called "Current Capac i ty", "Zet~o

Growth", and "Phase Down". The policy scenarios which test
limits on particular applications are called "Aerosol Ban", "Foam
Ban", and "Loss Reduction".

This study assumes that no major new markets or applications
for CFC-ll and CFC-12 are developed during the simulation pet~iod

(i.e., 1985 to 2075). In Case A, Case B, and the cases which test
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the effects of limits on the level of annual production of the:E
two CFCs, the allocation of production among the vat~ious

applications is assumed to remain in about the same proportions
as that observed in 1984. In the cases which test the effects o f
policies to control specific uses, the allocation of production
among various applications is altered by the implementa~ion 0 +
use controls.

To the extent that production and use of other CFCs grow:
rapidly in the period between 1980 nd 2075, the analysi s
presented here will understate the potential buildup of chlorine
in the atmosphere. Production, use, and emissions of other CFC:
wet~e not modelled due to a lack of detailed data. However, it is
known that production of other CFCs is already substantial. Fo r
example, production ' of CFC-113 is growing rapidly and in 1986 1 5

approaching the production level of CFC-l1 in the U.s .•

The production control policies tested in this study
represent international agreements to cap the total production OT
CFC-l1 and CFC-12 at three alternate levels: (1) at the leve l of
current installed capacity, i.e., approximately 1.24 mill ion
metric tons (restricting growth in approximately 2010); (2 ) at
the level of estimated 1984 production in the Chemical
Manufacturers Association (CMA) reporting countries,
approximately 0.7 million metric tons (restrlctins growt h I n
1987); and (3) at a sharply reduced level, phasing dow n
production by 75% from 1990 to 2000 (reaching about 0. 2 mil lion
tons at the turn of the century), and by another 75% in the ne x ~

25 years (to a level of approximately 0.05 million tons in 2025 ).
The policies simulated here which apply controls to speCIf ic
applications allow the shifting of CFC-l1 and CFC-12 production
over time from a prohibited use to an allowed application. These
control policies include: (1) a global ban on non-essential use s
of aerosols (amoun~~ng to a 95% reduction in aerosol use below
that projected in Case A, starting in 1990, with the displaced
output shifted progressively into non-aerosol applications ovet' a
ten-year period)'; (2) a ban on foam-blowing applications with the
available production shifted to refrigeration applications,
starting in 1990; nd (3) a performance standard which would
require, in eff ct, a 757. reduction in manufacturing and disposal
losses in foam-blowing and refrigeration applications.

A principal criterion used in this study to evaluate theSE
policy options is the date t which the atmosphere is committed
to a particular level of future chlorine concentration not the
d te at which that concentration of chlorine can first be
observed. The difference is that the date of commitment is a
function of the observable concentrations of CFC-l1 and CFC-12,
and not dependent on the date of actual decomposition of these
compounds into atoms of chlorine and other species, which may be
a number of years later. Once emitted into the atmosphere, i t is
inevitable that these molecules will eventually dissociate and
the consequent risk of ozone depletion will increase. We use the
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commitment date criterion for the purposes
because once the CFC emissions occur,
irreversible.

of policy analys1s
the situation 1S

The model used to allocate future production to specifi c
nd-uses nd to estimate future emissions is a model developed

for EPA, based on data from the Chemical Manufacturet~

Association. This model is based on work by ICF (1986). The
model used to convert future missions trajectories to

tmospheric concentrations is based on the approach reported i n
Dickinson and Cicerone (1986).

RESULTS

Table 1 illustrates the proJected commitment to 1ncreased
concentrations of atmospheric chlorine in each scenario. Thi s
analysis indicates that the rate of growth in production in CFC­
11 and CFC-12 can have a substantial impact on the timing a nd
magnitude of chlorine commitment in the stratosphere. The Case A
scenario leads to a commitment to 14 parts per billion by volume
(ppbv) of chlorine in the atmospheric in 2075. (See Table 1.)
The atmosphet'ic commitment is projected to reach 4 ppbv in 1995
and 10 ppbv in 2050. The Case B scenario commits the atmosphe re
to 33 ppbv of chlorine in 2075. This scenario implies a
commitment of 10 ppbv in 2030 and 15 ppbv in 2045.

The three scenarios which investigate policies to lim i t
total production show a range of results. With a cap set at t he
level of current capacity in place, there is no material cha~ge

in the trajectory of chlorine buildup compared to Case A unt il
about 2040. In the Current Capacity scenario, chlorine
commitment in 2075 .is 11 ppbv versus 14 in Case A. The Ze r o
Growth scenat'io, in" which output is limited to approximately the
level of 1984 production, delays the chlorine buildup
significantly beyond ~he Case A projections. The atmospher1c
commitment to 8 ppbv is postponed to 2060 compared to 2035 i n
Case A. The 2075 commitment in this scenario is only 7 ppbv. In
the more extreme Phase Down scenario, the commitment in 2075 i s
limited to 3 ppbv. The higher commitment levels are postponed
beyond the projection period used in this study.

The three sc narios which examine the effects of use
controls demonstrate less of an impact on the timing of chlorine
buildup than do the Zero Growth and Phas Down production control
scenat'ios. This result reflects the assumption made in ach of
the use control sc narios that the market is allowed to recover
demand displaced tht'ouSh the imposition of controls by shifting
production from prohibited applications to allowed uses. This
pattern of market response has been observed in the decade
following the U.S. ban on non-essential applications of aerosols.
The net effect of this pattern of demand shift and market
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recovery is a del y of not much more than ten years in the
commitment to each level of chlorine concentration.

This result suggests that a policy to limit manufacturing
and disposal losses could achi ve as large a delay in chlot~inE

commitment as a policy to ban aerosol applications globally.
This is a surprising and unanticipated result which implies that
the benefits of policies to promote recapture and recycling o f
CFCs may be larger than pr viously expected. Uncertainties i n
the estimates of current loss rates in manufacturing and disposa i
activities preclUde making any policy recommendation based o n
this analysis alone. This result deserves further investigation
to determine whether it is robust under different assumption :
bout future loss rates and future rates of growth in producti o~.

CONCLUSIONS

The major conclusion of this study is that neIther 0+ the
principal initiatives recently proposed to reduce the ris k o f
ozone depletion (i.e., the Toronto Group proposal of a global ban
on aerosol use and the European Community proposal of a
production cap set at the level of current capacity in place) I:

adequate to limit the future buildup of atmospheric chlorIne.
More specifically, this analysis finds that:

The controls on specific uses of CFCs evaluated here
(which allow production output to shift in the s ho r t
term from proscribed uses in order to meet increased
demands in uncontrolled applications) do not
substantially reduce the risk of chlorine buildup i n
the atmosphere. Such measures appear only to delay th e
buildup of chlorine for a brief period.

(3)

Limits on production of CFC-ll and CFC-12 can
substantially reduce the risk of chlorine buildup onl y
if the ceilings on production are set at leve l s
significantly below the level of current capacity i n
place.

Strategies which involve a combination of polic y
measures applied to CFC-ll and CFC-12 and policies
which control the production and use of other CFCs may
further reduce the risk of chlorine buildup. Althoug h
deserving of detailed analysis, such policies have no t
been tested in this study.
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TABLE 1 b

COI'IMITPlENT TO CHLORINE BUILDlf IN TI£ STRATOSPI£RE
FROM CFC-11 ~ eFC-12

Total
Year of CoImitlent to CoMitlent

8 ppbv
in 2075,

SCENARIO 4 ppbv 6 ppbv 10 ppbv 15 ppbv ppbv-- --
CASE B (1) 1995 2010 2020 2030 2045 33

CASE A (2) 1995 2015 2035 2050 Nfl 14

PRODUCTION LI~ITS
Current Capacity (3) 1995 2015 2035 2ObO Nfl 11

Zero Growth (4) 2005 2045 2060 Nfl Nfl 7

Phase Down (5) ~JA Nfl Nfl Nfl Nfl 3

USE LlI1ITS
Aerosol Ban (6) 2000 2020 2040 2OS5 NA 13

Foalr, Ban (7) 2000 2015 2035 zcso Nfl 14

Loss Reduction IB) 2000 2020 2040 2060 NA 12

NOTES:
------
1. The Case Bscenario assumes growth in production of eFC-11

and CFC-12 at an average annual rate of 2.6% per year and no change
in the allocation of production among principal applications.

2. The Case Ascenario assumes growth in production of CFC-11
and CFC-12 at an average annual rate of 1.0l per year and no change
in the allocation of production along principal applicat1ons.

3. The Current Capacity scenario assumes that annual production of CFC-11
and CFC-12 1S limited to approximately 1.24 million .etric tons, the
approximate capacity of currently available facilities.

4. The Zero Growth scenario assumes that annual production of CFC-11
and CFC-12 is limited to approxilately 0.7 million eetric tons, the
approximate level of product1on In the CKA reporting countries for 19B4 starting in 1987.

5. The Phase Down scenario assumes a reduction in CFC-11 and CFC-12 output
of 75i. over ten years, from 1990 to 2000, and a furth~r reduction from
these levels over the next 2S years.

6. The Aerosol Ban scenario assulleS a reduction of 954 below the production
levels projected for aerosol applications of eFC-11 and eFC-12 in the
Case Ascenario, starting in 1995. The scenario further assUleS
that this production is Shifted to non-aerosol applications over a
ten year period, 50 that total production in 2005 is approxiaately
equal to that projected in Case A.

7. The Foal Ban scenario asSUES a reduction of 9SX below the production
levels projected for foal applications of eFe-11 and eFC-12 in the
Case Ascenario, starting in 1995. The scenario further asSUles
that this production is shifted to other non-aerosol applications
over a ten-year period, 50 that the total level of production in 2005
is approxiaately equal to that projected in Case A.

8. The Loss Reduction scenario assuleS that aanufacturing losses in
foarilowing and refrigeration apelications are reduced by 304 in
1995, SOl in 2005, and 754 in 201~. It further asSUES that disposal
losses in refrigeration applications are reduced by S04 in 1990 and
by ~; in 2010 below the levels projected in Case A.

9. The commiteent to chlorine buildup presented here asSUleS that total
chlorine coemitlent is a constant 1.5 ppbv greater than that due to
eFC-11 and eFC-12 alone. This assuaption understates the contribution
to chlorine buildup frel other eFCs.
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1. SOURCES AND SCOPE OF PAPERS CONTRIBUTED

Topic 6B
possible
(CFCs) in

relates to the identification and analysis of
regulatory strategies for chlorofluorocarbons
terms of their:

effects on the atmosphere and the environment, including
the use of model calculations of the effects of control
measures.

Eight papers specifically relating to this topic were
contributed and they are listed in Annex A.

Three papers provide the results of some specially
commissioned model calculations of the effects of various
CFC and other trace gas emission scenarios.
One-dimensional models are used by Brasseur and De Rudder
[l], and also by Atmospheric and Environmental Research,
Inc. (AER) calculations made for a paper presented by the
Fluorocarbon Program Panel (FPP) of the US Chemical
Manufacturers Association (CMA), [2]. A two-dimensional
model is used by Isaksen [3] in calculations made for the
Norwegian Department of Environment. A digest of the
Brasseur and De Rudder paper is submitted by the sponsors,
the Commission of the European Communi ties, [4], and is
designed for a non-specialist readership.

Three papers prepared for the US Environmental Protection
Agency (EPA) analyse aspects of CFC control strategies.
Hoffman (EPA), [S] draws on the results of 2-D model
calculations in assessing the stringency of the control
measures needed to achieve alternative ozone depletion
limits at a latitude of SOON. Gibbs (ICF), [6], considers
control options in terms of eight factors and discusses
their influence on the overall effectiveness of
strategies. In another paper by Gibbs [7], sixteen control
strategy options are evaluated in terms of ozone depletion
and equilibrium global warming at 2S-year intervals over
the period 2000 - 207S.

The potential effects of ozone depletion and climate change
on health and the environment are reviewed by Seidel,
Tirpak and Hoffman, (EPA), [8]. The authors draw on some
73 papers presented at a UNEP/EPA conference on these
topics in June, 1986, and other recently published
material.
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In the following overview of the model calculations other
recently published work is cited as well as the papers
prepared for the Workshop, and the additional references
are included in Annex A. The overview of the other
contributions for Topic 6B relates only to the material in
those papers.

2. MODEL CALCULATIONS OF ATMOSPHERIC RESPONSE TO COMBINED

EMISSIONS OF TRACE GASES

2.1 Preface

In recent months, several model calculations have been
performed to estimate the quantitative effects on the ozone
layer of increasing concentrations in the atmosphere of
gases such as the chlorofluorocarbons, carbon dioxide,
methane and nitrous oxide. These species are radiatively
active and, together with water vapor and ozone, contribute
to the so-called greenhouse effect of the atmosphere. Most
of these gases also initiate complex chemical reactions
which partly control the chemical composition of the
atmosphere and, in particular, the ozone density. The
stability of the ozone layer towards increasing emissions
of trace gases is of great importance since ozone absorbs
harmful ultraviolet solar radiation (and therefore protects
the biosphere) and plays a major role in the thermal budget
of the stratosphere (with important consequences on the
general circulation of the atmosphere).

Simulations based on different models with similar chemical
schemes for prescribed perturbations are presented in a
recently published WMO/NASA report (1986) [9]. The
executive summary of this report (NASA, 1986) [10]
indicates that "models which include projected continuation
of the observed increases in all of these gases [CFCs 11
and 12, methyl chloroform, methane, nitrous oxide, and
carbon monoxide] show little effect on the ozone column
(less than 3%) in the next 70 years unless the
chlorofluorocarbon release rate increases by more than 1.5%
per year. For example, after 70 years, a 10% ozone
depletion is calculated for a CFC growth rate of 3% per
year. However, even when predicted changes in the ozone
column are small, a significant vertical and latitudinal
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redistribution of ozone is predicted, which affects
stratospheric structure". This report also mentions that
the models predict the present distribution of trace
gases quite well, but that a close examination of these
models reveal disturbing detailed disagreements, which
limit our confidence in the predictive capability of
these models. This will require careful measurement of
critical species to be carried out over long time
periods. Finally the report points out that problems of
ozone change and climate change should be considered
together and that what has been previously thought of as
the carbon dioxide-climate problem should more properly
be thought of as the trace gas-chemistry-climate problem.

Several papers on the same subject are in preparation or
have been submitted to scientific journals. Connell and
Wuebbles (1986) [11], for example, have presented a
detailed analysis of the processes involved in the ozone
balance and, with their one-dimensional
chemical-radiative model, have calculated the effect of
projected trends in the concentration of a number of
gases over the next 90 years. Stordal and Isaksen
(1986), [12] have estimated ozone perturbations with
their two-dimensional (altitude-latitude) model. They
conclude that the average global ozone column would be
reduced by 6.5% in year 2030 (compared to 1960), assuming
a 3%/yr increase in the chlorine emission, a l%/yr
increase in the surface mixing ratio of methane and a
0.25%/yr increase in the nitrous oxide mixing ratio.
Growth in the carbon dioxide content is not considered
since their model does not include temperature feedback
effects. The work of Stordal and Isaksen also shows that
latitudinal gradients in the ozone concentration are
modified by the perturbation. It indicates that, when
all the chlorocarbon emissions are stopped, the minimum
in the ozone column abundance is reached after about 5
years and that the efficiency of the recovery increases
with the growth rate in the methane density.

2.2 Modelling Studies Contributed for the UNEP Workshop

2.2.1 Two l-D model studies have been submitted. One is
presented by the Fluorocarbon Program Panel of the
Chemical Manufacturers Association (CMA), [2] based on
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made by Atmospheric and Environmental
(AER). The conclusions from this work are

a) Even in the
see changes
total column

absence of , CFCs, we would be likely to
in ozone concentrations affecting both
and distribution.

b) Limiting CFC emissions to present day levels would
not be expected to lead to significant changes in
column ozone.

Limiting CFC emissions
expected to result in
total column ozone
distribution would be
methane growth in later
change this result.

c) to twice 1984 levels would be
only small (-3.5%) changes in

although vertical ozone
modified. A lower rate of
years would not significantly

d) If CFC emissions were to grow to twice the 1984
levels by 2008 before cutting back to the 1984 level
of emissions, changes in total column ozone would be
expected to be small and similar to those in which
emissions never exceed the 1984 level.

The second study by G. Brasseur and A. De Rudder
(Institut d'Aeronomie Spatiale, Brussels, Belgium), [1],
was sponsored by the Commission of the European
Communities, which has also provided a digest [4],
concentrating on the results of particular relevance to
the Workshop discussions. The main findings are the
following:

1) Calculations based on time-dependent scenarios
and assuming a 3%/yr growth for CFC 11 and CFC 12
production with a capacity cap of 1.5 times the 1985
production level, indicate that the reduction in the
ozone column in the period 1940-2100 is less than
10%, assuming that the concentration of all other
precursor gases remains unchanged. If, however, the
concentrations of these latter gases are increasing
according to the scenarios adopted in this study, the
maximum ozone depletion is 2.8% and occurs in year
2060. The slow recovery predicted afterwards results
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essentially from increasing concentrations of ozone in
the troposphere (due to enhanced CH4 amounts). If, in
addition, a 6% increase is assumed for CFC 113 (with a
production which never exceeds that of CFC 11), the
maximum ozone depletion (appearing in year 2070) is
4.2%. If a capacity cap of 2.0 times the 1985
production level is adopted for CFC 11 and 12 instead
of 1.5, the ozone reduction is enhanced by about 1% in
the second half of the 21st century. Finally, if no
capacity cap is applied, the ozone depletion calculated
for a 3%/yr growth rate in the production of CFC 11 and
12 becomes significantly larger than 10% after year
2050, even if a ban is imposed for the use of CFCs as
propellant agents in aerosols. In this case the ozone
response is delayed by a few years.

ii) Even if the changes in the ozone column remain limited,
large variations in the local concentration of 03
appear in certain altitude ranges. For example, in the
upper stratosphere near 40 km, reductions of 60 to 70%
in the ozone concentrations are predicted. These large
numbers have a small influence on the ozone column
since (1) at these heights, the ozone density
represents less than 10% of the density near 20-25 km
and (2) the reduction in the upper stratosphere is
partly balanced by an ozone increase at lower levels.
However, these large local changes have potential
effects on dynamic parameters, and these effects need
to be investigated by multi-dimensional models such as
general circulation models (GCM).

iii) Despite numerous improvements in our understanding of
atmospheric chemistry in the last decade or so, large
uncertainties (a factor 2-3) are associated with
calculated variations in the ozone column. Errors
arise not only because of uncertainties in measured
rate constants or absorption cross sections, or
eventual missing chemistry in the model, but also
because of a lack of knowledge in the budget of active
nitrogen, of approximations made in the treatment ' o f
radiative transfer and of simplified treatment of
atmospheric transport.
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A comprehensive comparison of these two studies is not
straightforward as the scenarios and the model conditions
adopted are not identical. Some model cases however are
very close, so that a comparison is possible within certain
limits. For example, scenario 2A of the CMA calculations
(constant CFC emissions at the 1984 level: l%/yr increase
in methane, 0.55%/yr in carbon dioxide, and 0.25%/yr for
nitrous oxide) is similar to scenario 3a of Brasseur and De
Rudder (constant CFC emissions at the 1985 level: l%/yr in
methane, about 0.5%/yr in carbon dioxide and 0.25%/yr for
nitrous oxide). The CMA model predicts a maximum reduction
in the ozone column of about 1% in year 2045 (compared to
1960), while -t h e model of Brasseur and De Rudder shows a
maximum ozone depletion of about 1.5% in year 2040
(compared to 1940). If a 3%/yr increase is assumed for
CFC-ll and CFC-12 while the trend in the concentration of
the other trace gases remains identical to the previous
case, the maximum ozone depletion is found to be 3.5% in
2060 in the first model (in which a capacity cap of 2.0
times the 1984 production level is assumed for the CFCs).
In the second model, the maximum reduction in the ozone

column is 2.9% in 2065 (for a capacity cap of 1.5 times the
1984 production level of CFC 11 and 12) and 5.1% in 2080
(if the capacity cap is now 2.0 times the 1985 production
level and the emission of CFC 113 is assumed to increase by

6%/yr with a cap equal to the production of CFC 11).

It may thus be concluded that the agreement between these
two studies is good. Connell and Wuebbles have also
indicated that there is essential agreement between their

model and the model published earlier by Brasseur et ale
(1985) [13] and based on different scenarios.

All these model calculations indicate that the ozone
concentration and the temperature are expected to vary in

the atmosphere, as a result of increasing emissions of
trace species. The reduction in the ozone column should
however remain limited if a capacity cap is applied to the
global production of CFCs. For example, if a 3%/yr
increase is assumed in CFC 11 and CFC 12 production, wi~h a
capacity cap of twice the present production level, the
average reduction in the ozone column abundance should be
smaller than 5%. Significant reductions in the ozone
concentration should occur in the upper stratosphere but
they are expected to be partly compensated by an ozone
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lower stratosphere and in the

2.2.2 Two-dimensional model study

Isaksen [3] has used a time-dependent two-dimensional
model to predict at different latitudes the changes in
the ozone column abundance. As in the l-D studies of
Brasseur and of CMA/AER, a O.2S%/yr and a l%/yr increase
is assumed for the concentrations of N20 and CH4
respectively. For the CFCs however, in contrast to the
other two studies, no capacity cap is assumed for their
production rate. Three scenarios are adopted: they
correspond to 1.2%/yr, 3.0%/yr and 3.8%/yr increases in
the emission rate. Corresponding growth rates seem to be
adopted for other chlorocarbons but this is not clearly
indicated.

The findings of Isaksen are consistent with the other
model calculations. In addition, it is shown that
significant latitudinal variations in the ozone depletion
should be expected, with the largest effects at the
highest latitudes. For example, if a 3% per year is
adopted for the growth in the chlorocarbons, the
depletion in the ozone column predicted for spring 2030
is 8.2% at 40 oN, 11.5% at SOoN and 14.8% at GOoN. The
largest decrease appears to occur in late winter or early
spring.

It should be noted that all 2-D models predict larger
ozone depletion at high latitude. The magnitude of this
latitudinal effect may however vary from one model to
another (see the WMO/NASA report, to be published), as it
directly depends on the strength of meridianal transport
of species such as NOx or CH4. It is thus dependent on
the type of representation which is adopted for the
large-scale transport processes.

Isaksen also indicates that the chlorocarbon emission
rate adopted for the next 20-30 years will have a
pronounced impact on ozone through the end of the next
century. As in other models, the rate at which total
ozone is restored if the ClC emissions are controlled
also depends on future increases in the CH4
concentration.
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3. ANALYSIS AND EVALUATIOR OF CONTROL STRATEGIES

3.1 Preface

In three papers prepared for the EPA by Hoffman [5] and
Gibbs [6], [7], the authors utilise the results of model
calculations in analysing control strategy options in
relation to their component factors, and for evaluating
the outcome of alternative control scenarios in respect
of ozone depletion and global warming.

3.2 Stringency of Control Measures Needed for Limiting Ozone
Depletion

Hoffman [5] considers that the variation in ozone column
thickness with latitude should be taken into account when
setting the goals of a control strategy, and that
two-dimensional (altitude/l~titude) models therefore
provide a more meaningful tool than one-dimensional
models for assessing control options in respect of their
effectiveness in protecting human health and welfare.

The author analyses the emission reductions which would
be needed to limit ozone depletion to 1%, 2% and 5%
depletion relative to 1960 at latitude SOoN, which would
prevent the majority of the world's population from
experiencing higher levels of depletion.

Drawing on the results of 2-D model calculations by
Stordal and Isaksen, it is concluded that to meet ozone
depletion limits of one or two percent at SOoN reductions
in CFC 11 and 12 emissions significantly below 1980
levels would be required, possibly along with reductions
in other ozone depleting substances including Halons. An
ozone depletion limit of 5% at SOoN could be achieved by
reducing all chlorinated chemical emissions to 1980
levels and eliminating all Halon emissions, providing
methane concentrations continue to grow at 1% /yr. If
measures were taken to reduce methane or nitrous oxide
,e mi s s i ons to limit global warning, then more stringent
action to reduce emissions of ozone depleters would be
needed to meet the same depletion limits.
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3.3 Influence of Design Factors on Control Strategy
Effectiveness

Gibbs [6] defines control strategy options in terms of
eight factors:

a) Coverage

b) Stringency

c) Method

d) Timing

e) Participation

f) Trade

g) Substitution

h) Trace gases

the chemicals covered by the strategy

the permitted production level

the means whereby the stringency level
is achieved

the times at which the measures are
implemented

the portion of the world assumed to
participate in the control strategy

whether trade in CFCs or CFC
containing products is permitted

whether the effects of substitute
chemicals are considered

whether trace gas concentrations are
assumed to increase without control,
or the growth assumed to be reduced by
50%.

Nine control strategies are listed, of which five apply to
CFC 11 and 12 only, two also include CFC 22 and 113, and
two add CC14, CH3CC13 and Halons 1211 and 1301 to the four
CFCs. The control methods are a capacity limit in one case
and a production limit in the others, all assumed to be
implemented in 1991.

Graphs are presented of potential ozone depletion with time
and showing the effects of

different levels of coverage, stringency and
participation.
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substitution of CFC 11 and 12 by a (hypothetical)
substitute chemical when production reaches 200% of the
1985 level

reduction in the growth rates of C02, N20 and CH4
emissions to 50% of the base case.

Another graph shows the results of a trade off between
coverage and stringency.

3.4 Partial Evaluation of Control Strategy Options

In a second paper by Gibbs [7], the first part is devoted
to the definition of control strategies and is contributed
for Topic 6A. In the second part, for Topic 6B, 24 control
strategies are defined in terms of the eight factors listed
above in Section 3.3 and evaluated in respect of ozone
modification (global average depletion) and equilibrium
global warming in the years 2000, 2025, 2050 and 2075.
There is no discussion of the results.

The author refers to these estimates as partial evaluations
because a number of other major factors are not taken into
account, including:

costs of control
fairness and equity
efficiency
ease of implementation
ability to monitor compliance
incentives for compliance and innovation

4. POTENTIAL HEALTH AND ENVIRONMENTAL EFFECTS OF OZONE

DEPLETION AND CLIMATE CHANGE

The paper entitled as above by Seidel, Tirpak and Hoffman
[8] is the only one submitted for this part of Topic 6B.
It is based on recently published papers including those
presented at the UNEP/EPA Conference on this subject field
in June 1986. Effects are discussed under the following
headings:
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Ozone depletion effects on:

Non-melanoma skin cancer

Cutaneous malignant melanoma

The immune system and
resistance to infections

Aquatic organisms

Accelerated weathering of
polymers

Urban smog

Climate change impacts on:

Agriculture
and

forestry

Water resources
Sea level rise

The ozone depletion effects listed above are each
under four sub-headings: Overview~ Population
Summary of Research~ and Selected Bibliography.

presented
at Risk~

Thus the paper essentially comprises a collection of
literature reviews and it would be difficult to provide an
overview of overviews without being unduly selective.

The general impression gained is of the difficulty in
making persuasive quantitative predictions because of the
multiplicity of factors involved, the difficulties of
practical experimentation . especially in respect of
effects on human health, and the problems of constructing
adequate models for representing climate changes.

Most of the effects discussed are adverse, although the
enhancement of plant growth by higher levels of carbon
dioxide and increased photosynthesis is mentioned as a
possible offsetting result.
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SUMMARY

A digest is provided of a recent study by Guy Brasseur and

Anne de Rudder in which a coupled chemical-radiative­

transport one-dimensional time dependent model was used to

predict the long term effects on atmospheric ozone and

temperature of a range of CFC 11, 12 and 113 emission

scenarios. The full report on that study is being

presented at the Workshop, and this digest which is

written for non-specialists - concentrates on the ozone

depletion predictions for CFC production growth and control

scenarios which also take account of rising concentrations

of the trace gases C02, CH4 and N20, together with constant

emissions of carbon tetrachloride and methyl chloroform. /

The model predicts that with unrestricted growth of CFC 11

and 12 production at 3% per year, total ozone column

depletion wou ld exceed 10% by year 2050 and increase

rapidly thereafter. An immediate global ban on CFC use in

aerosols would retard this effect by only a few years.

If a global production limit of 1.5 times the total 1984

production of CFC 11 and 12 is introduced, then growth of

the output of these CFCs at 3% per year until the limit is

reached, coupled with 6% per year growth of CFC 113

production to a limit equal to that for CFC 11, would lead

to a maximum predicted ozone depletion of 4.2% by year

2070. The addition of a ban on CFC use in aerosols would

reduce the maximum depletion by less than 1% and delay it

by perhaps 10 years.

These results suggest that it would be prudent to plac e

some limit on the global production of CFC 11 and 12, b ut

that there would be little advantage in applying ear l y

restrictions on any existing application sector.
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1. INTRODUCTION

In preparation for Topic 6 of the UNEP Workshop on the

Control of Chlorofluorocarbons (CFCs) the Commission of the

European Communities invited Professor G. Brasseurl to study

the potential long term effects on atmospheric ozone and

temperature of a range of CFC emission scenarios, taking

into account the interacting influences of emissions of

other gases into the atmosphere which are known to be

important in this context. The study was performed with an

advanced l-D (one dimensional) model.

A full account of this investigation by Brasseur and De

Rudder is presented in a separate paper for the Workshop2{-~

It is a detailed scientific exposition which will not be

easy reading for the non-specialist, but the findings have a

major bearing on the assessment of possible regulatory

strategies for CFCs.

In this paper, which has been prepared by Metra Consulting

Group Limited, London, in collaboration with Professor

Brasseur, a digest of the key results of his study is

provided and discussed in relation to the principal

alternative CFC regulatory options which are under review.

lBelgian Institute of Space Aeronomy, Brussels, (currently
on leave to National Center for Atmospheric Research,
Bou lder, USA).

2'The Potential Impact on Atmospheric Ozone and Temperature
of Increasing Trace Gas Concentrations', Guy Brasseur and
Anne De Rudder, (August 1986).
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2. CASE STUDY SCENARIOS

The 15 scenarios formulated for study are listed in Table

1. The CFC production and other variables were as follows:

Chlorofluorocarbons

The CFCs in the scenarios are the three most extensively

produced fully halogenated compounds: CFC 11 and CFC 12

which are mainly used in aerosols, refrigeration and foam

plastics: and CFC 113 which is mostly used as a cleaning

solvent. Although the production of CFC 113 is currently at

a much lower level than that of CFC 11 and 12, it has r~en

rapidly in recent years and may have considerable growth

potential because of the use of CFC 113 in the electronics

industries. Other commercially produced CFCs have been

excluded because, having regard to their short atmospheric

lifetimes and/or the low level of production, they have a

comparatively small potential ·t o perturb the ozone layer.

The alternative production growth rates assumed in the

scenarios are zero and 3% per year for CFC 11 and 12, and

zero, 3% and 6% per year for CFC 113. For CFC 11 and 12

global production and use constraints are imposed in some

cases, viz. global production limits of 1. 5 and 2.0 times

the level of production in year 1984, and a global ban o n

use i n aerosols assumed to have been implemented in ye a r

1984. In no case is the production of CFC 113 allowed to

exceed that of CFC 11.

Figures 1 and 2 illustrate the growth with time of emis~ions

of CFC 11, 12 and 113 in the scenarios listed in Table 1.

The h istorical production and emission database for CFC 11

and 12 relates to statistics of production and use compiled

by i ndep e ndent accountants from annual returns reported by

compan ies un der the scheme administered by the US Che mical
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Manufacturers Association (CMA). For CFC 113 estimates

provided by industry have been used. The CFC data thus

excludes production in China, the USSR and other Eastern

bloc countries.

Chlorocarbons

Only two man-made chlorocarbon compounds have tropospheric

stability and production levels such as to have significant

ozone perturbation potential. These are carbon

tetrachloride (CCl4) and methyl chloroform (CH3 CCl3), ~Qnd

they have both been included in the scenarios with constant

1980 release rates, as illustrated in Figure 3. Allowance

has also been made for the emission of methyl chloride

(CH3Cl) from the oceans and other natural sources.

Other trace gases from terrestrial sources

On the basis of measurements and estimates reported by o t h e r

investigators, assumptions are made on the historical a nd

future growth of emissions and atmospheric concentrat ions

(termed 'mixing ratios') of the following chlor ine f r e e

gases released from natural sources and human activities .

Carbon dioxide (C02)

Methane (CH4)..
Nitrous oxide (N20)

The projected growth with time of the mixing ratios o f the se

three gases is shown in Figure 4.
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3. THE MODEL

The one-dimensional model used in the Brasseur study is

capable of calculating changes with time in the ozone

content and temperature of the atmosphere over a range of

altitude, and of the surface temperature of the earth, both

under steady state trace gas concentrations and time

dependent emission scenarios. In making these calculations

the model has facilities for taking account, in varying

degrees of complexity, of:

the rates at which

ground level are

troposphere and into

substances injected into the air at

transported upwards through ?,he

the stratosphere,

the numerous chemical changes and interactions among the

various trace gas species which occur in the upper

atmosphere due to photo-decomposition and temperature

dependent chemical reaction rate coefficients,

the temperature changes caused by the absorption,

transmission and emission of radiation by trace gas

species. These changes induce alterations in trace gas

concentrat ions causing further temperature changes, ie

temperature and chemical feedback effects, and the model

can deal with these by repeating the calculations until

radiative equilibrium is attained.

Since the model is able to represent the interaction of all

these processes it can be described as a coup l e d

chemical-radiative-transport one-dimensional time depende nt

model.
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4. RESULTS

4.1 Interpretation

Before reviewing the outcome of the model calculations three

aspects of ozone modification need to be stressed:

variation with altitude

The concentration of ozone in the atmosphere varies with

altitude, the maximum occurring in the stratosphere at

altitudes of 20 to 25 km. The protective effect of ozone

in filtering out harmful ultra-violet radiation from ~he,
sun is a function of the total vertical ozone column. · It

follows that a large percentage change at altitudes where

the ozone concentration is low can have a smaller effect

on total column ozone than a much smaller percentage

change at altitudes where the concentration is h igh, and

it is important to bear this in mind when viewing graph s

showing percentage changes in ozone concentration at

different levels.

The role of chlorine

The decomposition of stratospheric ozone due to CFCs a nd

chlorocarbons (cics) is primarily due to the action o f

active chlorine atoms formed by photodissociation of the

parent compounds. Some CFCs have a much higher ozone

depletion potential than most chlorocarbons because they

are not destroyed in the troposphere and therefore

diffuse up into the stratosphere. A few chlorocarbons

are important, however, because the combinations o f

emission tonnage and atmospheric lifetime are such as to

permit them to contribute s ignificant amounts of a ct i ve

chlorine in the stratosphere.

Time lag between emission and effect

Ther e ; c: rnn siderable ;""\ t he
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rate of CFC or C1C emission at the earth's surface and

the resultant effect on ozone. This is due to the time

taken for the organic chlorine to reach the stratosphere,

and for the subsequent processes to occur in which free

chlorine is formed by photochemical decomposition, and

eventually removed by conversion to hydrogen chloride,

which diffuses back into the troposphere and is I rained

out' • Thus, if the rate of CFC emission on earth is

reduced, the amount of free chlorine in the stratosphere,

and its consequent effect on ozone, will continue to

increase for some years due to continuing diffusion of

CFCs into the stratosphere from the existing bank of

previous releases into the troposphere. /

4.2 Model Runs

The model runs which most closely simulated actual

conditions were those in which the model was operated in its

most advanced mode, taking account of radiative and chemical

feedbacks. The results highlighted in this paper are

largely from the 'advanced mode' runs, since these are the

most relevant to the discussion of CFC control strategies.

For investigational purposes the model was also operated in

simpler modes, ie without radiative and/or chemical

feedback, for example to compare the results with those

previously obtained with earlier models, and a comprehensive

presentation of all the results is given in Brasseur's

paper.

4.3 Steady State Responses to Trace Gas Perturbations

Notwithstanding the remarks in the preceding paragraphs, it

is instructive to consider the possible effects of varying

the concentrations of each trace gas individually, while

holding the others constant. The results of runs with
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these simple perturbations, but including temperature and

chemical feedbacks are summarised in Table 2. The principal

features are as follows:

Carbon dioxide

A doubling of the C02 content of the atmosphere reduces the

temperatures in the stratosphere, resulting in an increase

in ozone concentration in that region. Total column ozone

is calculated to increase by 1.8%, and the temperature at

the earth's surface is indicated to rise by about 2K.

Methane

Doubling · the methane concentration, which would occur in

about 70 years at the present observed rate of increase,

would increase the total ozone column by 2.4%, while surface

temperature would rise by about 0.4K.

Nitrous oxide

By contrast with C02 and methane, the effect of injection of

nitrous oxide under otherwise constant conditions is

to reduce the ozone column. Nitrous oxide levels are

forecast to rise more slowly than those of C02 and methane

and if the current concentration rises by a factor of 1.2,

the model predicts 1.4% depletion of the ozone column and a

negligible change in surface temperature. Even doubling t he

N20 content is estimated to increase surface temperature by

less than 0.3K.

CFCs

If the amount of inorganic chlorine in

allowed to rise to the level predicted

conditions are reached at present and

the atmosphere is

when steady state

constant emission
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levels of CFC 11 and 12, then the model predicts significant

ozone depletion in the stratosphere, compensated by some

increase in the troposphere, and a total column depletion of

5.0%. Surface temperature would rise by 0.4K.

Combined steady state perturbations

If the calculated ozone column and earth surface temperature

changes quoted above are added, the ozone column variation

is -2.23% and the surface temperature change is +2.83K. But

if the model takes account of all the perturbations

simultaneously the ozone depletion is -1.11% and the

temperature change is +2.71K. This non-linear behavioufais

found to be most pronounced at altitudes above 35km, where

the effects of C02 and the CFCs are largest.

4.4 Time-varying responses for multiple perturbations of all the

trace gases

We now move on to runs with the full advanced model, taking

simultaneous account of all the trace gases included in the

scenarios, with estimated rates of emission increase for the

non-CFC gases, and a number of permutations of possible

production rate increases, global limits for CFC 11, 12 and

113 production and a global ban on CFC 11 and 12 usage in

aerosols. These are the cases nos. 3 to 7 listed in Table

1.

Total ozone column modification

a) Scenarios with g loba 1 production limits but no aerosol

ban

In Figure SA, the graphs of Cases 3a, 3b and 3c show the

total ozone column changes with time for constant CFC 11
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and 12 production at the 1984 level. Case 3a excludes

the effect of CFC 113 while Cases 3b and 3c includes CFC

113 growth at 3% and 6% per year respectively. In each

case the ozone content rises slightly between 1940 and

1970 because, during that period, the positive effects of

carbon dioxide and methane marginally exceed the

depleting effects of C1Cs and nitrous oxide, but the

effect is never larger than 0.1%. After 1970 ozone

depletion begins, mainly due to anthropogenic chlorine,

and the decrease is greater in Cases 3b and 3c due to the

effect of CFC 113. Eventually, (after year 2040 in Case

3a, and year 2060 in Case 3c), the ozone column depletion

is arrested and the column begins to increase again due

to the influence of rising methane concentrations, whYch

promote removal of active chlorine from the stratosphere.

In Figure SB, the graphs of Cases Sa, Sb and Sc show the

corresponding projections with a CFC 11 and 12 growth

rate of 3% per year but a production limit of 1.5 t i mes

the 1984 production level. As in Cases 3a, 3b and 3c,

after a small increase before 1970 the ozone column

starts to decrease to reach a maximum reduction of 2 . 8%

in year 2060 in Case Sa (No CFC 113), and a max i mum

depletion of 4.2% in 2070 in Case Sc (CFC 113 rising at

6% per year).

In Case 7, represented in Figure 6, CFC 11 and 12

production is allowed to rise at 3% per year up to 2 .0

times the 1984 level, with CFC 113 also rising at 6% per

year, until it reaches the production level of CFC II i i n

this case the max imum ozone depletion reaches about 5 .2%.

b) Scenarios with a global aerosol ban

I n Figure 7, the graph of Case 6 shows t he ef fect of

delaying the commencement of 3% per year growth of CFC 11

and 12 production by introducing a global ban on the us e
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of these CFCs in aerosols in 1984. In comparison with

the corresponding scenario but without an aerosol ban,

Case 5c, the result is a smaller extent of depletion, the

difference being less than 0.5% until year 2055, and less

than 1% in year 2100.

By contrast, Figure 8 shows the effect of introducing an

aerosol ban but allowing unrestricted growth of CFC 11

and 12 production at 3% per year. As in Ca se 6, the

aerosol ban initially delays ozone depletion, which is

less than 2% before 2015, but reaches 10% in 2060 and 30%

in 2080.

Ozone profile changes

Modifications of the total ozone column represent t he

integration of increases and decreases which may occur at

anyone time at different altitudes.

For Case 5c, which represents limited CFC production without

an aerosol ban, the graph in Figure 9 of percentage change

in ozone with a ltitude for years 2000, 2040, and 2100 shows

that ozone is depleted at heights above 25 km with max i mum

depletion at about 40 krn, while below 25 km the ozone

i nc r e a s e s . Figure 10 shows how ozone changes with time at

various altitudes for Case 5c.
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5. LIMITATIONS IN DATA AND THE MODEL

The database for CFC production and release up to 1984 is

thought to be reasonably satisfactory, although it omits

estimates for China, the USSR and Eastern bloc countries.

It must be stressed, however, that the rates of increase

assumed in the scenarios have no firm foundation and are not

to be regarded as estimates or even as informed guesses. In

the first phase of the Workshop the difficulty of making

forecasts with any confidence for even five years ahead was

recognised, but it was accepted that for modelling purposes

it would be reasonable to consider growth scenarios for CFC

11 and 12 in the range 0 to 5% per year, and a 3% compound

rate was adopted for the Brasseur case studies. The gro~~h

rates used for CFC 113 in the scenarios are also no more

than assumptions.

Changes in the emission rates of the other trace gases will

depend, for example, on future patterns of agriculture a nd

fertiliser usage, and on fossil fuel consumption. The

assumptions made in the scenarios selected are broadly in

line with those currently adopted by other rnode Lle r s , a nd

are based mainly on recently observed trends in atmospher ic

concentrations, but there can be no assurance that these

trends will continue.

It must be remembered that relatively small figures f o r

total ozone depletion may represent the difference betwee n

two large figures, ie a large decrease in ozone at high

altitudes and a substantial increase at low altitudes.

Small errors in the two parent figures can introduce a la r ge

percentage error in the di fference figure. This point is

illustrated in the graphs of the total ozone column prof ile s

i n Figure 9.
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Brasseur also lists a number of physical and chemical

factors which introduce uncertainties into the predicted

responses of the atmosphere to changes in trace gas

emissions and concentrations. It is difficult to discuss

these factors without going into the science in greater

depth than is warranted in this paper, but the elaborations

which Brasseur and his co-workers have made in the 1-0 model

have tended to increase the extent of calculated ozone

depletion comPared with earlier models and the results are

believed to be conservative, i.e. to represent upper

limits of possible depletion.

There are inherent limitations in the capabilities of 1-:0

models and these are likely to be considered during ihe

Workshop, when some results using 2-0 models are expected

from other investigations.
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6. IMPLICATIONS OF MODEL RESULTS FOR CFC COHTROL STRATEGIES

Taking the scenarios which include rising atmospheric

concentrations of the trace gases C02, CH4 and N20, with

constant emissions of the chlorocarbons CC14 and CH3CC13,

the following results from running the model in its advanced

mode, i.e. with radiative and chemical feedback, are

particularly relevant to the formulation of CFC control

strategies:

a) With unrestricted growth of the production of CFCs 11

and 12 at a rate of 3% per year, total column ozone

depletion relative to year 1940 would exceed 10% by y~r

2050 and increase rapidly thereafter. The imposition of

a global ban on CFC use in aerosols would retard this

effect by only a few years.

b) With a growth of 3% per year in CFC 11 and 12 product ion

and the adoption of a global production limi t of 1 . 5

times the 1984 production total for CMA report i ng

companies, coupled with 6% per year growth of CFC 113

production to a limit equal to that for CFC 11, ozone

depletion compared to 1940 would reach a maximum of 4 .2%

by year 2070, followed by some recovery thereafter. The

addi tion of an aerosol ban would reduce the maximum

depletion by less than 1 %, and delay it by perhap s 10

years. I f the global product ion limit were to be 2.0

instead of 1.5 times the 1984 level, the maximum ozone

depletion would become about 5.2% instead of 4.2%.

c) In all the CFC production growth scanarios examined,

ozone depletion is predicted to be less than 1.5% in

year 2000.

These results suggest that it would be prudent to adopt a nd

implement global CFC production limitation measures dur i ng

the next ten years, b ut they do not prov ide grounds f o r
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ear ly action to limit usage in any existing application

sector.

To improve the accuracy of the CFC production and emission

database used in model calculations it is most desirable to

obtain substantially complete annual global statistics for

CFC 11, 12 and 113 as soon as possible.

predictions, and to

any untoward trends.

It is clearly also

direct- measurement

important to sustain ozone monitoring by

so as to provide a check on model

develop an early detection system for
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CFC 11 and 12 productioo CFC 113 Chloro- Other trace
productioo oarlxns gases

Rate of Limit Ban 00 Rate of ~ ~,0i4,N20 'l'ernferatur'2
Case increase use in increase to and feedback

No. (Note 1) (Note 2) aerosols limit Cli3 OC13 Mixing
%/year (Notes 1&3) Dnissioo ratio

i/year

1, 3 No No

\in~OOed } Constant
Yes

1 3 No No No

2, 3 Yes 1.5 No

}in~OOed }C=tant
Yes

I2 3 Yes 1.5 No )b

I I3a 0 - - Not inc. Emissions
3b I 0 I - I -

I
3 assured I .

3c 0 - I - 6 CXX1Stant I Increases Yes
3d 0 - - 0 at 1980 ..

level in all
4 3 No Yes 6 scenarios Increases Yes .

except Case
Sa 3 Yes 1.5 No Not inc. a where they

} Increases }5b 3 Yes 1.5

I
No 3

I
are not, Yes

5c 3 Yes 1.5 No 6 included

6 3 Yes 1.5 Yes 6 Increases Yes I
I

7 3 Yes 2.0 No 6 Increases Yes

a Not Not
included - - included Increases Yes

Notes: (1) 'Not incltrled' means the effect of the CFC (s) is not, taken into
account by the rrodel in that particular case.

(2) (1.5 ) rreans that production is l imited to 1.5 times the actual
CFC 11 and 12 production in 1984 by 01.?1. reportiinq a::rnpanie s.

(3) CFC 113 production is assumed never to increase above the leve l
of CFC 11 production.



- 16 -

'TABLE 2

Oaone column variation and earth surface temperature changes for
steady state trace gas perturbations with chemical and temperature
feedback

Trace gas
concentration

change

C02 x 2 .0

CH4 x 2.0

N20 x 1. 2

CFC (11 & 12) x 7.5

Combined

Ozone column
change,

+ 1.82

+ 2.35

- 1.40

- 5.00

- 1.11

Surface temperature
change

-K

+ 1.99

+ 0.38

+ 0.06

+ 0.40

+ 2.71
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