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DRAFT 
JAN 2 2 1981 

TESTIMONY OF 
J. CRAIG POTTER 

ASSISTANT ADMINISTRATOR FOR AIR AND RADIATION 
U.S, ENVIRONMENTAL PROTECTION AGENCY 

BEFORE THE 
SUBCOMMITTEE ON HAZARDOUS WASTE AND TOXIC SUBSTANCES 

COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS 
U.S. SENATE 

January 28, 1987 

Good morning, Mr. Chairman and members of the Subcommittee. 

I am pleased to have the opportunity to discuss the curre nt state 

of our know l edge of the changes In earth's etmosphere, the poss i b l e 

pub l ic hea l th and environmental lmpllcations of these changes end 

what we at EPA are doing to address these Issues both within the 

United States and in our international negotiations. With me 

today are Fitzhugh Green, Associate Adm i nistrator for Internatio na l 

Act i vit i es, and Dr. Yaun New! I I, Assistant Administrator tor 

Researc and Developmen t . Our direction from the Admin i strator 

hes been to place these issues among the Age ncy's highest prior i t i es, 

a n d together, our offices spearhead EPA's efforts to understand 

end respond to these concerns. 

Pollu t i o n that directl y affects la o, water, and the a i r we 

breath e has bee n the Env l r on me nt a l Prot e c t i o n Agency's trad i t i o na l 

toes . However, the envlron~ental s i g n ificance of changes now 

compos i tio n of the ea r t h 's atmospher::;J 

our Industria l activit i es presents a new and demanding 
J 

ch a l lenge, and requires t hat el I nat i ons consider the effect of 

the i r ac ti ons on t he globa l co mmo ns. 
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Obviously, o u r atmosphere p l ays a furdame ntal ro l e In shap ln g 

a nd pro t ec tin g our p l anet's env i ro nm e nt . Susta inin g it s v l ab i 1 tty 

i s o f para mou nt Importance to a l I nat i ons, and t r ue global c oo pe r -

at l on Is necessary If we are to ens ure Its protect i o n . It I s 

poss I ble that a sm31 I shift In the atmosphere's f i ne l y-tuned 

c hem i ca l and physical bala nce cou l d lead to two separate but 

re l ate d e n vi r o nme nta l a nd hea l t h conce r ns. 

The f i rst concern involves poss l b l e future dep l etlon of t he 

stratos p her i c ozo ne laye r . Here o ur conce r n res t s u po n a grow i ng 

bo dy of sc l en t l f lc ev i de nce whi ch suggests t ha t co ntinu ed use of 

c hlor o flu orocarbons (CFCs) and other ozone-reactive substa nces 

cou l d res ul t In reducing the effectiveness of the atmosphere's 

outer protective ozone shield. We are certa i n that If enoug h 

chlor i ne Is put In the atmosphere, the ozone layer w f I I begin to 

be de pl ete d . The c urre nt sta t e of sc i ence tel Is us th at the 

e f fec t o f a di min uti o n i n the s t ratos ph er i c ozone l a ye r wo uld be 

t o a l l ow mo re da mag i ng UV-B radiation to pene tr a t e to t he ea r t h 's 

s ur face ca us i ng in c r e a ses I n the nu mber of s ki n cance r s, s uppress i ng 

t he I mmun e system, ~nd poss i b ly da magin g cro ps a nd a q ua ti c org a ni s ms. 

The s ec o nd re l a ted co nc er n which t wl I I Ju s t b ri e fly des c r ib e 

rel a tes to t he greenhouse e ff e c t o r global wa rming . We know t ha t 

the concentrations of s everal ga ses i ncluding CFCs are inc reas i ng 

in t he a t mo s ph e r e. Some, I i ke CFC, contrib ut e to s trato s pheri c 

ozone d e pl e ti o n , others , s uch a s meth a ne, nit rous o xid e a nd 

car bon d i oxid e, ca n a c t ua ll y a dd to th e ozo ne co lumn o r re du ce 

los se s . Yet a l I a r e g ree nho use gases. As s uc h th e y bfock th e 

escape of he~t energ y trom the earth's su~face, thus form i ng a 

therma l blanket and contributing to w~rmer t e mperatures. 
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In assessing the problems of stratospheric ozone deplet i on 

and the greenhouse effect, we must keep several things In mind. 

First, as ment i oned ear l ier, both of these i ssues are examples 

of environmental problems which demonstrate how c l early we are 

part of a "global commons." Because CFCs and related 02one-

reactors Qu i ckly disperse throughout the atmosphere, a l I nations 

a r e responsible tor contribut i ng to recent changes I n our atmos­

phere. Al though the producing nations must shoulder more of the 

responsib! I ity, al I nations would be affected by dep l etion of 

the ozone layer and a l I nations w i I I need to cooperate In any 

effective solution to these problems. The U.S. has already 

begun to meet Its responsibl I fty by tak i ng a leadership role 

through the banning of non-essential aerosol uses. Seven other 

nations, Including Canada and the Scandinavian nations, have 

also taken this Important first step. However, we can and must 

do more. CFC use has returned to levels approximat i ng those 

reache d I n 1974 before concern first surfaced about ozone deplet i on. 

Our stud i es have shown that If present trends co ntin ue, globa l 

use o f CFCs can be expected to Increase, wit h potent i a l ly dramatic 

e f fects on t he ozone colum n . 

A se c o nd t hing to kee p in mi nd in assess i ng t hese pr o b l e ms 

Is t he need to di st i ngu i s h betwee n the s ci e nt i f i c pr oce ss of r i s k 

ass es s me nt a nd th e publ l e pol Icy p ro cess of risk ma nage me nt . R i s k 

as s essment l ooks spec ! f l cally and exc l us i ve l y at the sc i ent i fic 

a d te chni ca l e vi de nce I n o rd e r to determ in e the hea l t h a nd e nv i ro n-

~e nta l ris ks assoc i ated with dep l etion of t he ozone fayer. Ris k 

assessment w i I I have a partlc u lar l y Impor t a nt ro l e ln eva lu at i ng 

t he un ce rtain t i es asso ci ate d with t hi s i ss ue . 
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Risk management, o n the ot her hand, takes this risk as s ess me n~ 

Information as I ts start i ng point a nd determines wh i ch options 

are avai I ab le to address the prob l em. Any co urse o f ac ti o n whi c h 

the United States ultimately choose s must take into cons id erat ion 

the f ul I spec tru~ of associate d eco nom ic and socia l Im pacts, end 

must also recognize both the nationa l and in+ernatlo na l aspects 

of the i ss ue . T~roug h t he r i sk management process, and purs ua nt 

to o u r mand at e under the Clean Air Act, we w i I I make a determination 

of whether our nation wi I I nee d to take additional spec i fic 

act i o ns t o contro l risks r e l ated to stratospheric ozo ne depfetlon. 

EPA will ma ke this decisio n pub l ic l y, wi t h amp l e opportu nit y for 

com ment by al l I nterested parties. 

We fee l our risk assessment efforts in this area have led 

to a greater understanding of the prob l em of stratospheric 

ozone depletion and Its Implications. Decreases in tota l column 

ozo ne wou ld Inc rease the penetration of biologically da mag ing 

ultraviolet-B radiation reaching the ea rth' s surface. Exposure 

to UV - B radiat i on has bee n linked by l aboratory stud i es . and 

e pid e mi ology to squamo us and basal sk in ca ncers. Wh l l e uncertainty 

ex i sts co ncer ning t he appropria t e actio n spectrum a nd measure of 

e xposu re, a ra ng e o f est i~ates were deve l oped I inking possib l e 

f uture ozon e depletion with Increased in c i de nce o f ncnme l ano~a 

sk in cancers. 

The relat l o n sh lp betwee n c ut a neous mallgnant mela no ma and 

UV - e radiation is a co~plex one . However, recent stud i e s, 

so~e of whi c h are financially s upport e d by the Agenc y, sugge st 

that UV - 8 radiation p lays a n Impor ta nt role In caus ing me l a noma . 
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Studies have also demonstrated that UV-8 radiation ca n suppress 

the immune response system in anlmals an~ possibly humans. W i I e 

UV-B Induced immune suppress i on has bee~ I Inked to herpes virus 

Infections a nd leishman l asis, its possible impact on othe r diseases 

has not been studied. 

To support our risk assessment efforts, we have a cont i nuing 

research progra~ to assess the environmental effects of UY -R. 

Several hund red var i et i es of crop plants have been exa min ed 

and some 140, about two-thirds, exhibit some level of sensl-

tlvity to increased UV-B radiation. Some of t he crops are 

Important huMan food sources and our work is not comp l eted 

In this area. 

Our aquatic research, mainly with marine env i ronments, have 

showri mar in e organlsfTlS, especially plankton and larval forms, 

to be sensitive to increased UV-B; so sensitive that the species 

composition may be altered by this rad i ation. The ramifications 

of these responses on l arger tfsh which are at the top of the 

food web are sti I I be in g exam in ed. 

Modest research and modeling efforts are examining the role 

of Increased UV-B radiation on other a ir pollutants in the tropo­

sphere to determine it they may e nha ce pol I ut a nt forfTlation. 

Wh il e work st f 11 needs t o be done to quant i fy s o~e of ou, 

research re sul ts, Th e rese ar c h ev id ence clearly s hows t hat 

in creas ing levers of UV-Bare damaging to humans and many 

importa nt plan t a nd an ;r.-, a l life forms bot o n l and a nd in the 

sea. 
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Given these concerns, we have great l y expanded our efforts 

to better understand the r i sks and uncerta i nties associated wit h 

ozone dep l e ti o n , and have factore d our c urre nt understa ndi ng 

I nto our risk manageMent activities. 

In Ja nuary of 1986, we announced our stratospheric ozone 

protection plan which sets forth a comprehensive agenda for 

daa l ing with both domestic and International aspects of this 

i ssue. Th i s plan also formed the basis for sett l ement of a 

lawsu i t ti led by the Natural Resources Defense Councl I (NRDC ) 

seeking to compel us to propose a decision on the nee d for 

further domestic regulation. 

wo u ld f lrst I Ike to briefly describe what we have been 

doing in the international arena. As I me~tioned ear-lier, the 

globa l aspects of this problem make It paramount that any true 

solution Involve the other CFC producing and consuming nations. 

As a result, we have Initiated a series of activities a i med at 

educating a nd encouraging other govern ments to support measures 

to reduce CFC use. Key activities inc l ude: 

U.S. leadership in negot i ating and ratifying the Vienna 

Convention tor the Protection ot the Ozone Layer, which 

pro vi des for internationa l cooperation o n r-esearc h a nd 

a nd pr o v id es 8 fra~ewor k for agreene nt o n a prot ocol wh ic h 

wo u ld re quire r e duc t ion s in t he u se of CF Cs ; 

U.S. leadership in a tw o -part workshop organ i ze d by the 

Un ite d Nat i o ns Enviro nm e nt ~r ogr a mm e (UNEP) whi c h focu se d on 

ke y e c ono ~i c i ssues re l ated to contro l of CFCs; 
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u.s. co-sponsorship wi th UNEP of an inte r national 

conference on th e effects of both o~o n e depletion e nd 

cl lmate change. 

This series ot meetings--al dur i ng t he past 12 months--

provided the ana l ytical bas i s fo r helping t o e ducate others a bo ut the 

nature of the p roblem and the options for reduc ing risks. But 

our efforts have gone wsl I beyon d spo nsorshi p of thes~ ~eetings. 

For exam ple --

Lee Thomas se nt a l etter to his c ount erpa rt in over 100 

nation s a dvi s i ng them t ha t thi s Issue was a very high pr i or i ty 

a nd requesting their act iv e participation In t he UNEP nego ti a­

t i o ns. 

We have a l so sent teams of scientists to other ke y 

nations as part of our effort to Increase understa nding of 

other risks If depletion shou l d occur. Next week a team 

from NASA , NOAA and EPA l eaves for Moscow express l y to 

continue t his d i a logu e. 

We have part i cipated act i vely In UN EP negotiations 

on a protoco l to the Ozone Layer Co n ve nti o n . 

A~bassador Ne gr o pont e wl I I discuss the status of the 

l n "tern at i on a I neg o t i at i o n s I n Qr e o t er de T n i I i n a few r.l I n t i t es • 

t he U. S . pcsition - - ~ neo r - terrn freeze 

f o i lowed by/)_ t o ng er-ter reduction of CFC err'l i ssio r.s and use, 

I I nked to I peri o dic reassessment of the sc i e nce -- has ha d th e 

effect ot d ramat i ca lly a lt er l ng t e, t one a r.d content cf the 

negotiations . 



' ._,._, vn1 ,,. ,.._. 

-8-

On the doMestic side of this issue, we are also mov i ng 

forward at a rapid pace. While we hope that we are able to reac h 

a sat i sfactory internat i ona l resolution of t h is Issue i n the 

near-term, we recognize that we face an ob i rgation under the Clean 

Air Act to assess the need for further domestic regulation. 

The deadlines set forth in our plan, as mentioned earller, are 

consistent with the court order negotiated with NRDC and ot~ers, 

cal I ing for EPA to propose a decision o n the need for further 

domestic regulation and, if warranted, specific regulations, by 

May 1, and to make a flnal decision by November 1 of th i s year. 

To meet th Is dead I I ne we have comp I eted severa I steps: 

in March and July we held workshops in Washington 

attended by a wide range of interest groups. These work­

shops discussed alternative regulatory options and their 

econor.iic Impact; 

In late November we submitted to a s ubcommittee of the 

Agenc y 's Science Advisory Board -- co nvened specially for 

the purpose of reviewing this issue -- our draft risk assess­

ment document; 

within the Agency we are now In the process of preparing 

a re g u l ator y Impact analysis a nd eva l uat l n9 opt i o ns for act i o n , 

ci ll ke y ste p s ln o ur regula to r y procl'!!ss. 

ca nnot yet sa y wha t wil I be t he ou tc one o f thi s 

proCRSS, can state that we are comm i tted to mak i ng a dec i sio n 

a nd to me e t i ng the tim~ t rames that be have l a i d ou+ i n o u r Ja n uar y 

1986 p l a n . 
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I wo uld elso I Ike to note t~e s ignificant contr i bu ions 

made by Indust ry. The ir attem ts to find mutJal areas of agree­

ment and their genera l s upport for so~e fcrM of interna ional 

protocol are certainly encourag in g develop~e nts an d are i I I ustra­

tlve of the growing consensus on the sc i ence and the need for 

action. I should also add that the in~erest a nd lnvolve~ont of 

th~ e vircn~ental con~unity ar.d sta ff tro~ bo h t rc Senate and 

House have substantially a i ded our efforts. The prese ce of 

these groups at t l s heari ng ad the fact that representat iv es 

of three EPA offices are here today shou ld e mphasi ze the import a ce 

of this issue. Given the complex nature of this issue, widespread 

cooperation In both the nationa l and International scene is 

essential to the future progress we al I desire. 

In sum~ary, I be! !eve that the activities I 've just described 

are lmpo tant first steps toward expeditiously and aggressively 

moving forward In our efforts to obtain a n internationa l agreeMe t 

and to assess our domestic regulatory opt i ons. 

I , Mr. Green and Dr. Newi I I would be pleased to a tempt to a nswE 

an y questio ns you may have. 



MEMORANDUM FOR 

FROM: 

SUBJECT: 

TH E WHITE HOUSE 

WA SHINGTON 

January 28 , 1987 

RALPH C. BLEDSOE 
SPECIAL ASSISTANT TO THE 
FOR POLICY DEVELOPMENT 

PETER J. WALLISON~} 
COUNSEL TO THE PR,~~T 

PRESIDENT 

Referral of Correspondence 

For your information, I am providing a copy of a letter to me 
from Mr . John C. Topping, Jr., President, Climate Research 
Institute, and a copy of my response to Mr . Topping. Mr . Topping 
has offered to assist the Administration in policy development on 
the global environmental issues of greenhouse effect induced 
global warming and stratospheric ozone depletion. Dr. William 
Graham has also received copies of this correspondence . 

Attachments 



CLIMATE RESEARCH INSTITUTE 
316 Pennsylvania Ave., S.E., Suite 400 

Washington, D. C. 20003 
(202) 547-0104 

January 8, 1987 

Honorable Peter Wallison 
Counsel to the President 
The White House 
Washington, DC 20500 

Dear Peter: 

over the past few months, as you may be aware, I have devoted 
much of my time to coalescing a credible public response to the 
related challenges of greenhouse effect induced global warming and 
stratospheric ozone depletion. I am currently serving as President 
of the Climate Research Institute, an organization set up by a 
bipartisan group of prominent private citizens concerned about 
these issues. 

Since 1985 a consensus has developed within the scientific 
community that humanity is entering an era of rapid and potentially 
quite disruptive climate change. In June 1986, Dr. James Hansen, 
the Director of NASA's Goddard Institute of Space Studies, pro­
jected that global warming from man-made pollutants may add 9°F 
to average annual global temperatures by about 2050. In July 1986 
three British climatologists reported that global average temper­
atures had risen l.2°F from 1850 to 1984, and that the three 
warmest years during this 134 year span were 1980, 1981 and 1983. 

In 1985 concern about potential stratospheric ozone depletion 
was heightened when the British Antarctic Survey reported that 
sharp drops in springtime ozcne levels over Antarctica had occurred 
from 1979 to 1985. Observations by NASA's Nimbus 7 satellite 
in 1986 indicated that a reduction of global ozone levels of as 
much as two to three percent may have already occurred. 

The Reagan Administration has responded quite credibly to the 
emergence of these two overriding global environmental issues. 
During a recent round of international negotiations in Geneva the 
United States pressed for stiff curbs on production of chlorofluo­
rocarbons that car.tribute both to ozone depletion and global 
warming. The EEC and Soviet Bloc countries, which had seemed 
remarkably apathetic, showed some interest in the U.S. position 
and an international agreement seems attainable. 

The President can justly point to his Adminisration's leader­
ship on what are likely to be the two largest environmental issues 



Honorable Peter Wallison 
January 8, 1987 
Page two 

of the next generation. Already the Administration has received 
favorable editorial comment for its leadership from such sources 
as The New York Times and The Washington Post. 

The State of the Union address will provide an opportunity 
to enunciate initiatives that the Administration will be pursuing 
over the next two years and to highlight recent accomplishments. 
The President can proudly point to his initiatives in 1986 in 
the chlorofluorocarbon negotiations and in convening a Domestic 
Policy Subgroup on Global Climate Change. 

Dr. William R. Graham, Science Advisor to the President, is 
quite familiar with these issues. As Deputy Administrator of 
NASA, he testified before hearings on Global Climate Change con­
vened in June 1986 by the Senate Committee on Environment and 
Public Works. 

If I can be helpful in providing any useful input to the 
Administration on this subject, please feel free to call on me. 

JCT:mh 

cc: Dr. William R. Graham 

Sincerely, 

CJ-L_ · 
John C. Topping, Jr. 
President 
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January 28, 1987 

Dear John: 

Thank you for your letter regarding greenhouse effect induced 
global warming and stratospheric ozone depletion, and for your 
offer to provide the Reagan Administration with information on 
these issues. As your letter notes, the Administration has 
recognized the need to study and address the increase in global 
average temperatures and the decrease in global ozone levels. 
Your Climate Research Institute is making a substantial 
contribution toward expanding both public awareness and 
scientific knowledge of these important global concerns. 

I was pleased to see that you sent Dr. William Graham a copy of 
your letter to me. I have also referred your letter to Dr. Ralph 
Bledsoe, Special Assistant to the President for Policy 
Development. Although I have not had occasion to address any 
lega l questions on these issues, Dr. Graham and Dr. Bledsoe would 
be involved in the development of related policy and may wish to 
respond to your generous offer of assistance. 

Thank you again for your informative letier. 

cc: Dr. William Graham 
Dr. Ralph Bledsoe 

Mr. John C. Topping, Jr. 
Pre s ident 
Climate Research Institute 
316 Pennsy lvani a Avenue, S.E. 
Su i t e 400 
Wa s h i n g ton , D.C. 20003 

Sincerely, 

ORIGINAL SIGNED BY PJW 
Peter J. Wallison 
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INTRODUCTION 

This document summarizes a five volume assessment of the risks of 
stratospheric modification . Since the early 1970s, scient i sts have been 
concerned that human activities could alter the composition of the 
stratosphere , l eading to reductions in the quantity of ozone . If such 
reductions in ozone levels occurred, public health and welfare would be 
harmed. Substantial scientific progress has been made since concern about 
ozone depletion was first raised . This document represents a s ynops i s of 
current understanding of how atmospheric composition may change, t he effects 
this change is likely to have on ozone abundance and its vertica l 
distribution, and the impacts of these changes in ozone on skin cancer, 
cataracts, suppression of the immune system, materials, plants, and aquatic 
systems. It also examines related changes in climate and the potential 
impacts of c limate change on sea l evel rise, agriculture , human health, water 
resources, and forests . Despite significant improvement in our understanding 
of these issues, substantial uncertainties remain. This risk assessment 
identifies and discusses these uncertainties and, where possib l e , estimates 
quantitat ive ly their potential significance . 

This summary volume is organized in four sections : 

• 

• 

• 

• 

Summary findings ( see page 2 ) ; 

Possible changes in future atmospheric compos ition 
( see page 7); 

Implicat i ons of changes in atmospheric composition on 
column ozone abundance and structure , and on g lobal 
warming ( see page 17); and 

Potential human health, environmenta l and welfare 
effects from changes in atmospheric ozone and global 
temperature (see page 27 ). 

Readers desiring greater detail are encouraged to refer to t he fiv e vo~ume 
risk assessment. 

January 1987 Revised Draft 
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SUMMARY FINDINGS 

1 . Considerable research has taken place since 1974 when the theory linking 
chlorine from chlorofluorocarbons (CFCs ) and depletion of ozone was first 
developed. ~hile uncertainties remain, the evidence co date continues co 
support the original theory that CFCs have the potential to decrease 
stratospheric ozone. 

2. Atmospheric measurements show that the chemical composition of the 
atmosphere -- including gases that affect ozone has been changing . 
Recently measured annual rates of growth in global atmospher ic 
concentrations of trace gases that influence ozone include: CFC-11: 5 
percent ; CFC-12: 5 percent; CFC-113: 10 percent; carbon tetrachloride : 1 
percent; methyl chloroform: 7 percent; nitrous oxide: 0.2 percent; carbon 
monoxide: 1 to 2 percent; carbon dioxide: 0.5 percent; and methane: 1 
percent. ~ore limited measurements of Halon 1211 show recent annual 
increases of 23% in atmospheric concentrations. 

3. CFCs, Halons, methyl chloroform, and carbon tetrachloride release 
chlorine or bromine into the stratosphere where they act as catalysts to 
deplete ozone . In contrast, carbon dioxide and methane either add to the 
total column of ozone or slow the rate of depletion. The effect of 
increases in nitrous oxide varies depending on the relative l evel of 
chlorine. 

4. Future changes in emissions of these gases will s i gnificant ly affect 
total column ozone. CFCs, methyl chlo roform, carbon tetrachloride, and 
Halons are industrially produced. Emissions of methane, carbon dioxide 
and nitrous oxide occur from both human activity and the natural 
biosphere. Because a ll these gases (with the exception of methane and 
methyl chloroform) have atmospheric lifet i mes of many decades to over a 
century, emissions today will inf:uence ozone l eve l s for a very l ong 
period of time . 

5. In order to assess risks, scenarios of atmospheric change were eva luated 
using models. For CFCs, methyl chloroform, carbon tetrach loride , and 
Halons, "what if scenarios" were developed based on anal yses of the 
demand for goods using these chemicals ( e . g ., refrigerators, computers, 
automobile air conditioners) and the histor ic relationship between 
economic activ ity and the use of these chemicals . To reflect the l arge 
uncertainties inherent in these scenar io s , particularly with respect :o 
technological innovat .ion and the possibility that industry and consumers 
will voluntarily limi t their future use of these chemicals due co concern 
about ozone depletion, a wide range of scenar io s was examined. The 
scenar io s range from a volunt ary 80 percent phase-down in the use of CFCs 
by 2010 to an average annual growth in use of 5 percent per year from 
19 85 to 2050 . For ozone-modifying gases other than CFC s, scenarios were 
based on recently measured trends, with uncertaint i es being evaluated j y 

considering a range of future emissions and conc entrations . 
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6. One- and two-dimensional atmospheric chemistry models were used to assess 
the potential effects of possible future changes i n atmospheric 
concentrations of ozone-modifying gases on stratospheric ozone. These 
models attempt to replicate factors that influence the c reation and 
destruction of ozone. While the models replicate many of the 
characteristics of the atmosphere accurately, they are inconsistent with 
measured values of other constituents, thus lowering our confidence in 
their ability to predict future ozone changes accurately. 

7 . Based on the results from these models, the cause of future changes i n 
ozone will be highly dependent on future emissions of ozone-modifying 
gases . On e-dimensional models project that if the use of CFCs remains 
constant and other trace gas concentrations continue to grow, total 
column ozone l evels would at first decrease slightly and would 
subsequent ly increase. If the use of CFCs continues to grow at past 
rates and other gases also increase at recent rates, substantial total 
co lumn ozone depletion would occur by the middle of the next century. If 
the use of CFCs stays at current levels and the growth in the 
concentrations of other trace gases decreases over time, depletion will 
also occur. 

8 . In all scenarios examined, substantial changes are expected in the 
vertical distribution of ozone. Ozone decreases are general ly expected 
at higher altitudes in all scenar i os in which CFC concentrat ions 
increase . Ozone increases are expected at ·lower altitudes in many 
scenarios examined due to increased concentrations of carbon dioxide and 
methane . 

9. Two-dimens ional (2 -D ) models prov i de information on possible changes in 
ozone by season and by la titude . Results from one 2-D model predict 
g l oba l average depletion could be substantial ly higher than estimates 
from a one-dimensional (1 -D) mode l for the same scenario . ~oreover, the 
2-D model suggests that ozone depletion substantially above the g lob a l 
average would occur at higher latitudes ( above 40 degrees ), and dep l et ion 
would be greater in the spring than the annual average. Uncertaint i es in 
the representation of the transport of chemical species used in 2 -D 
mode l s 1ntroduces uncertainty in the estimate of the magnitude of :he 
latitudinal gradient of ozone depletion, but all 2 -D models project a 
sign ificant gradient. 

10. ~easurements of ozone l evel s are another valu ab l e tool for assess in g : he 
risks of ozone modification . Based on ana lysis of dat a from a g lo ba l 
network of ground-based monitoring stations, ozone l eve l s have decreased 
at mid-latitudes i n the upper and lower statosphere and increased :n : he 
troposphere . To tal column ozone has remained more or l ess stab le . These 
trends are roughly consistent with current two-dimensional model 
predictions . 

11. Recent evidence indicates that since the l ate 1970 s substantial decreases 
in ozon e have occurred over and near Antarctica during it s springtime . 
These losses have been verified by different measurement techniques, and 
diff erent theories have been suggested exp l aining the cause of the 

January 1987 Revised Draft 



-4-

seasonal loss in ozone. Insufficient data exist to state whether 
chlorine and bromine are responsible for the observed depletion, o r 
whether some other factor is the cause ( e . g . , dynamics or changes in 
solar f ·lux that alters NOx ) . Furthermore, even if man-made chem ica l s are 
the cause of the phenomenon, stratospheric conditions surrounding 
Antarctica are different from the stratospheric conditions for the rest 
of the would so that it cannot be assumed that similar depletion would 
occur elsewhere . Models did not predict the Antarctic depletion, 
however . Consequently, the change in Antarctica does indicate that ozone 
abundance is more sensitive ( to yet unknown factors ) than previous l y 
believed. 

12. Preliminary data from Nimbus-? suggest a significant decrease in g l obal 
ozone l evels may have occurred during the past several years. These data 
have not yet been published and the data require additional review and 
verification. If verified, further analysis would be required to 
determine if chlorine is responsible for the reported decrease in ozone 
levels , or whether the decrease reflects short term natural variations . 

13. Decreases in total co l umn ozone would increase the penetration of 
biologically damaging ul traviolet-B (l:V-B ) radiation ( i . e., 290-320 
nanometers ) reaching the earth ' s surface . 

14 . Exposure to UV-B radiation has been l inked by l aboratory and 
ep i demio l ogic stud i es to squamous and basal cel l skin cancers . Wh il e 
uncertainty exists concerning the appropriate action spectrum ( i .e ., t he 
re l ative biological effectiveness of different wavelengths of l ight ) and 
the best measure of exposure, a range of estimates was developed linking 
possible future ozone depletion with increased incidence of these skin 
cancers ( these cancers are also referred to as nonme l anoma skin cancers ) . 

15 . Studies predict that for every 1 percent increase in l'V -B radiat i on 
(which corresponds to less than a 1 percent decrease in ozone), 
nonmelanoma skin cancer cases will increase by on the order of 1 to 3 
percent. The mortality rate for these forms of cancer has been est i mated 
at 1 percent or less of total cases . 

16 . The relationship between cutaneous malignant me l anoma and u'V -B radiat i on 
is a complex one . Different histological forms exist, and l aboratory 
experiments have not succeeded i n transforming me l anocytes wi t h CV-3 
radiation . However, recent studies suggest that CV -B radiat i on p i ays an 
i mportant role in causing me l anoma . Cncerta i nties i n act i on spectrum , 
dose measurement, and other factors necessitates the use of a range o f 
dose-response estimates . Considering such uncertaint i es, recent st ud i es 
predict that for each one percent change i n Lv -8 , t he i ncidence o f 
me l anoma cou l d increase by s light l y l ess than 1 percent. 

17 . Studies have demonstrated that CV -B radiation can suppress t he i mmune 
response system in animals and possib ly humans . Whi l e CV -8 i nduced 
i mmune suppression has been linked t o ch ronic re i nfect ion wi th herpes 
vi r us and l eishmanias i s, 1ts poss i b l e i mpact on ot her d iseases has ~a t 
been studied . 
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18 . Increases in exposure to UV-B radiation are likely to increase the 
incidence of cataracts and could adversely affect the retina . 

19. While studies generally show adverse impacts on plants from increased 
CV-B exposure, difficulties in experimental design, the limited number of 
species and cultivars tested, and the complex interactions between p l ants 
and their environments prevent firm conclusions from being made for 
purpose of quantifying risks. Field studies on soybeans suggest that 
yield reductions could occur in some cultivars of soybeans, whi l e 
evidence from laboratory studies suggest 2 out of 3 cu l tivars are 
sensitive to uV-B . 

20. Aquatic organisms, particularly phytoplankton, zooplankton, and the 
larvae stage of many fishes, appear to be susceptible to harm from 
increased exposure to UV-B radiation because they spend at least part of 
their time at or near surface waters. However, additional research is 
needed to better understand the ability of these organisms to mitigate 
adverse effects and any possible implications of changes in community 
composition as more susceptible organisms decrease in numbers . Finally, 
the implications of possible effects on the aquatic food chain requires 
additional study . 

21 . Research has only recently been initiated into the effects of L-V -B on the 
formation of tropospheric ozone and the weathering of polymer mater i a l s . 
An initial chamber and model study shows that tropospheric ozone l eve l s 
could increase, resulting in additional urban areas being i n 
non-compliance with National Air Quality Standards . The increase in u-V -B 
would also produce ozone peaks that would be reached earlier in the same 
day, exposing larger populations to unhealthy levels. The same study 
also predicts substantial increase in hydrogen peroxide l eve l s , an acid 
rain precursor . However, because only one study has been done, t he 
resu l ts must be treated with caution. Additional theoretical and 
empirical work will be needed to verify these projections. It a l so 
appears likely that the higher UV-B wou l d cause accelerated weat her i ng of 
polymers, necessitating polymer reformu l ation or the use of stabi l izers 
in some products. 

22 . Changes in climate are likely to accompany trace gas growth that a l ters 
ozone . Wbile some of the trace gases discussed above dep l ete ozone, and 
others result in higher ozone l evels, a ll are greenhouse gases t hat 
contribute to globa l war~ing . Based on a range of potentia l fu t ure rates 
of growth of greenhouse gases, current models estimate that by 207 5 
equi l ibruim global temperatures may increase by 2°C to ll. 5°C. ;he 
Nat i onal Academy of Sciences has recommended that a range of uncerta in t y 
for t hese types of equilibrium estimates is p l us and minus 50 ?ercent . 

23 . Understanding of t he possible health and env ironmenta l i mpacts of c : ~~a te 
change is very limited. Studies predict that sea l evel cou l d r i se by 
10-20 centimeters by 2025, and by 55 to 190 cent i meters by 2075 . Such 
increases could damage wet l ands, erode coast lines, and i ncrease damage 
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from storms. Changes in hydrology, along with warmer temperatures, cou l d 
affect forests and agriculture. In most situations, inadequate 
information exists to quantify the risks related to climate change . 

24. To perform the computations necessary to evaluate the risks associated 
with stratospheric modification, an integrating model was developed to 
eva luate the joint implications of scenarios or estimates for : ( 1) 
potential future use of CFCs ; ( 2) ozone change as a consequence of CFC 
use and emissions; (3) changes in UV -B radiation associated with ozone 
change; and (4) canges in skin cancer cases and cataracts associated with 
changes in uV -B radiation. The integrating model did not incorpora te 
many potential impacts of stratospheric modification that could not be 
quantified. 

25 . A wide range of scenarios of potential CFC use and trace gas 
concentration growth was evaluated. Across this range of scenarios, 
ozone change by 2075 could vary from as high as over 50 percent ozone 
depletion to increased abundance of ozone of approximately 3 percent. 
This range of ozone change implies a change in the number of skin cancer 
cases among people alive today and born through 2075 ranging from an 
increase of over 200 million to a decrease on the order of 4 . 5 million. 
The oven.;helming majority (over 95 percent) of the increases and 
decreases in skin cancer cases estimated for this wide range of scenarios 
is associated with basal and squamous cell cancers ( i.e . , nonmelanoma 
skin cancer). ~ortality impacts are estimated to be on the order of 1. 5 
to 2.0 percent of the changes in total cases, and the estimated impac ts 
are primarily associated with people born in the future. The statist ical 
uncertainty of these estimates is on the order of plus and minus 50 
percent . Additional uncertainties exist , some of which cannot be 
quantif i ed. The greatest single unc ertainty about future risks is driven 
by the rate at which CFC use grows or declines . This uncertainty i s 
reflected in the assessment by examining a wide range of '\;hat if 
scenarios" of future CFC use. 
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SECTION I 

CHANGES IN ATMOSPHERIC COMPOSITION 

The abundan~e of stratospheric ozone depends upon chemical and physica l 
processes that create and destroy ozone. For over a decade scientists 
have hypothesized that changes in the concentrations of trace gases in t he 
atmosphere could possibly perturb the processes that control ozone 
abundance and its distribution at different altitudes. The findings of 
this section summarize the currently available evidence on how em i ss i ons 
and concentrations of various gases may change over time . A series o f 
what-if scenarios are presented that are used in Section III to exp l ore 
the implications of a range of possible future emissions and 
concentrations . 
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FINDINGS 

1. HlJ~!AN ACTIVITIES ARE THE ONLY SOURCE OF EMISSIONS FOR THREE I'.'1PORTANT 
CLASSES ·OF POTENTIAL OZONE-DEPLETI NG CHE:1ICALS: CHLOROFLCOROCARB ONS 
(CFCs ) ; CHLOROCARBON S (CARBON TETRACHLORIDE AND METHYL CHLOROFORM ); A~D 
HALONS. 

la. Since their development in the 1930s, CFCs have become important 
chemicals used in a wide range of consumer and industrial goods, 
including: aerosol spray cans; air conditioning; refr i gerac ion; fo am 
products ( e . g. , in cushions and insulating foams); so lv encs ( e . g ., 
e l ectronics and dry cleaning); and a variety of misce llaneous uses . 
(See page _ . )'" 

lb. CFC-11 (CC13F) and CFC-12 (CC12F2 ) have dominated the use and 
emissions of CFCs, accounting for over 80 percent of current CFC 
production worldwide. Because of increased demand for its use as a 
solvent, CFC-113 (CC12FCC1F2) has become increasingly important as a 
potential ozone-depleting chemical. (See page __ .) 

2. ~EASuREMENTS OF TROPOSPHERIC CONCENTRATIONS OF INDUSTRIALLY PRODCCED 
POTE~TIAL OZONE-DEPLETI~G GASES SHOw SCBSTAA'TIAL I~CREASES . 

2a. Measurements of current globa l average concentrations of CFC - 11 are 
200 parts per tri llion volume (pptv), CFC-12 320 pptv, CFC - 113 32 
pptv, carbon tecrach loride (CC14 140) pptv, and methyl chloroform 
(CH3CCL3 ) 120 pptv . 

2b . Based on measurements from a global monitoring network, worldwide 
concentrations of chlorine-bearing perturbants ( i . e ., potentia l ozone 
depleters ) have been growing annually in recent years at t he 
following rates : CFC-11 and CFC-12 at 5 percent; CFC-22 (CHC1F2 ) at 
11 percent; CFC-113 at 10 percent; carbon tetrachloride (CC14 ) at 1 
percent; and methyl chloroform at 7 percent. (See page_. ) 

2c. Limit ed measurements show that global tropospheric concentrations of 
Hal on 1211, a bromochlorofluorocarbon containing both ch l orine and 
bromine (which is potentially more effective at dep leting ozone ) have 
been growing recently at 23 percent annually . Concentra~ions have 
been measured as one pptv. (See page __ . ) 

2d. Measurements of tropospheric concentrations of Ha lon 13 01 , another 
brominated compound that is a potential ozone depleter , est imate 
conc entrations as approximately one pptv. \ o trend estimates have 
been published. ( See page _ .) 

* Page numbers refer to the la rger Risk Assessment volume s . They are 
bl ank now until final revision of the Risk Assessment Document . 

January 1987 Revi sed Draft 



-9 -

3. AL~OST ALL E~ISSIONS OF CFC-11, -12, - 113, HALON 1211, AND HALON 130 1 
PERSIST IN THE TROPOSPHERE WITHOCT CHE~ICAL TRANSFORMATI ON OR PHYS I CAL 
DEPOSITION. AS A RESCLT , ~OST OF THESE EMISSI ONS WILL EVE~TCALLY BE 
TRANSPORTED TO THE STRATOSPHERE. 

Ja. Gases which are photochemically inert accumulate in the l ower 
atmosphere. Their emissions are likely to migrate to the 
stratosphere slowly. Estimates of their atmospheric lifetimes 
(generally calculated based on the time when 37 percent of the 
compound still remains in the atmosphere ) are the following: CFC- 11 
is 75 years (+32 / -1 7) ; CFC-12 is 111 years (+289 / -46 ) ; CFC- 11 3 i s 90 
years; CC14 is 50 years; Halon 1211 is 25 years; N20 is 150 years; 
and Halon 1301 is 110 years. (The range provided is for one standard 
deviation). (See page _ .) 

Jb. Because of their long atmospheric lifetimes, the concentrations of 
these gases are currently far from steady state and will increase 
over time unless there is a large reduction in future emissions . 
(See page ___ . ) 

Jc . Because of their long atmospheric lifetimes, these gases will 
continue to contribute ~o possible future ozone depletion and climate 
change (CFCs and other gases affecting ozone are also greenhouse 
gases ) long after they are emitted. Full recovery from any dep l etion 
or climate change that takes p l ace will take decades to centuries . 
(See page _. ) 

4 . WHILE CFCs CSED IN AEROSOLS DECLINED FROM 1974 uNTIL 1984 , NONAEROSOL 
USES OF CFCs HAVE GROWN CONTI\COCSLY A~D APPEAR CLOSELY CO CPLED TO 
EC ONOM IC . GROwTH. 

4a. From 1960 to 1974, the combined production of CFC-11 and CFC-12 from 
both aerosol and nonaerosol applications grew at an average annua l 
rate of approximately 8. 7 percent . Total global CFC-11 and - 12 
production peaked in 1974 at over 70 0 million kilograms . (See 
page . ) 

4b. From 1976 to 1984, sales of CFC- 11 and CFC- 12 for aeroso l 
applications declined from 432 million kilograms to 21 9 mi ll ion 
kilograms, an average annua l rate of decline of over 8 per cent. 
During the same period, sa l es for nonaerosol app licat i ons grew at 
from 318 million kilograms to :. 76 mi l lion kilograms, an average 
annual compounded growth rate of 5 percent . By 1986, tota l CFC-~ 1 
and -12 global production was near l y that in 19 74 . (See page . ) 

5. SITDIES OF FLtl"RE PRODCCT IOS OF CFCs- l l AND -12 PROJECT AN AVERAGE A\\CA~ 
GRO\.r"TH RATE OF APPROXI~ATELY l . 0 TO :. . 0 ?ERCSNT OVER T:{E. SEXT ~5 TO 65 
YEARS . 

Sa. A l arge number of studies of future g l obal demand for CFCs were 
conducted by experts from s1x countries under the auspices of t he 
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United Nations Environment Programme . These studies used a var i ety 
of methods for estimating both near- and long-term periods. In 
general, these studies assumed that : ( 1) demand for CFCs was dri ven 
by economic factors; ( 2 ) no additional regulations on CFC use were 
imposed; and ( 3 ) consumers or producers do not voluntarily shift away 
from CfCs because of concern about ozone depletion. These studies 
provide a range of growth rates for developing alternative baseline 
scenarios of future CFC use and emissions. (See page __ .) 

Sb . In general, these studies projected that CFC aerosol propel l ant 
applications would remain constant or decrease further in many 
portions of the world . (See page __ . ) 

Sc. In the U. S. over the past four decades new uses of CFCs have 
developed first in refrigeration, then in aerosols, then in foam 
blowing, and then as solvents . Over this period, the use per capita 
of CFCs in nonaerosol applications has grown 2 percent for every 1 
percent increase in gross national product per capita . This 
relationship encompasses the development of new products; the 
expansion and maturation of current markets; and the tendency to use 
CFCs more efficiently in existing products overtime. (See page . ) 

Sd . Studies have projected that growth in developed countries for 
nonaerosol applications is expected to be driven by increased use i n 
foam blowing (primari l y for insulation ) and as so l vents, and by t he 
continued introduction of new uses . The wide range of estimates o f 
future growth reflects the large uncertainties related to population 
and economic growth, and technological change. (See page __ . ) 

Se. Studies suggest that future CFC use in developing countries will grow 
faster ( i.e . , at a higher rate ) than future CFC use in the deve l oped 
world. ~evertheless, the pro j ected rates for the developing 
countries are lower than the historical rates that have been 
experienced in wealthier countries. while these studies were done 
using aggregate relationships of GNP and CFC use, they made d ifferent 
assumptions about how closely the pattern of CFC use in deve l oping 
nations would replicate the pattern i n developed nations, genera lly 
assuming lower use rates. However, evidence from one recent ly 
completed study ( not completed at the time of the C~EP works hop ) 
indicates that in deve l oping countries the penetrat ion o f CFC- us i ~g 
goods may be occ~rring faster than expected on the bas i s of : he 
historical relationship in developed nations. I f t hat study i s 
correct, growth in developing nations would be l arger than proj ected 
in the above-mentioned studies, which generally ass umed l ess 
penetration in deve l oping nations than had occurred in deve loped. 
(See page_ . ) 

Sf. For the three l ong term studies done to date, the centra l est i mate o : 
the annual rate of growth for CFC-1 1 and CFC-12 over the next 65 
years was about 2 . 5 percent. Th i s estimate is s i gnificant ly l ess 
than would be expected by extrapo l ating the histor i ca l re l a: ionsh 1?S 

January 198 7 Re v ised Draft 



- 11-

between GNP and CFC production . Furthermore the scenar io s used fo r 
quantitative risk assessment assume (arb it rari l y ) chat t here i s no 
i ncrease in CFC use after 2050. (See page_. ) 

5g . Limi ted stud i es on CFC- 113 and CFC-22 project that in t he absence of 
regu l ation or voluntary shifts away from t hese chemica l s, th e i r 
growth will increase at a f aster rate than CFC- 11 and - 12 as new 
mar kets develop and exist ing ones expand (e . g . , use of CFC- 113 as a 
so lvent in metal c l ean in g ) . (See page __ .) 

Sh. A range of 0% to 5% annual growth for CFC- 11 and -12 was suggested 
f or scenario testing at the CNEP workshop on demand. Th is wid e r ange 
of possible future growth is believed to encompass the major 
uncertainties regard i ng the factors that drive CFC growth, i nc l uding 
different possible futures for global economic growth, techno log i ca l 
change, and the patterns of use in developing countries . An 
additional uncertainty that needs consideration is the potential 
vo l untary response o f industry and consumers to concern abo ut ozone 
dep l etion. (See page_ . ) 

6. INDCSTRY AND CONSUMER CONCERN ABOUT POTE NTI AL OZONE DEPLETI ON AND TIU: 
GREE NHOC SE EFFECT COCLD ~O DERATI DE:1AND FOR AND SUPPLY OF CFCs. 

6a . Industry trade assoc i ations and corporations have announced po licies 
that indicate a concern over t he potentia l for atmospheric ch ange 
caused by CFCs and other potential ozone- dep l et i ng substanc es . (See 
page . ) 

6b . ~an y sectors o f i ndustry appear co be voluntari ly seek i ng to reduc e 
CFC use even i n t he absence of pr i ce i ncent ives or regul atory 
r equ i rements . ~oderation of the growth in demand for CFCs may oc cur 
without pecuniary or regulatory incent i ves and could modi f y 
econom i ca l ly-based scenarios of f ut u re CFC demand . (See page . ) 

6c . Concern about ozone dep l etion cou l d dr ive l ong term changes in 
tec hno l ogy chat moderate the demand for CFCs, further mod ifying 
econom ica lly -based scenarios o f fu t u re CFC demand ( I n t he absence of 
concern aqout ozone , technolgo i ca l ch ange i s as li ke l y t o incr ease 
CFC use as lower it . However , concern about CFCs may fo cus 
i nvestment on chemica l and pr oduce alt er~at ives, ch anne ling 
tec hno l ogical deve l opment in one di rect ~on . ) Additiona l ly, con s umer 
preferences for products chat do not use CFCs and changes i n caste 
t hat resu l t f rom new product i ntroduct i ons t hat occur i n th e f ace o f 
conc ern abo ut CFCs cou l d a l so dampen the demand for CFCs . (See 
pag e _ . ) 

6d . To re fl ec t : ( 1) poss ibl e s hif ts in i ndustr i a l i nv estmen t i n CFC 
reduc i ng te chno l og i es; ( 2 ) cons umer r eact i on against CFC conta1n~~g 
products ; and ( 3 ) vo luntary indus t r y reduct ions of CFC use , a 
s cenario was eva luated i n which t he use o f CFCs phases down co 80 
per c en t of current l eve l s over the next 25 years . 
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7. THE CHLOROCARBONS (METHYL CHLOROFORM AND CARBON TETRACHLORIDE ) ARE l SED 
PRIMARILY AS SOLVENTS AND CHE~IICAL INTERMEDIATES. ANALYSIS SCGGESTS 
LI~ITED FliTCRE GROWTH FOR THESE CHE~ICALS . 

7a. ~ethyl chloroform is primarily used as a general purpose solvent . 
Global use in 1980 was estimated at nearly 460 million kilograms . 
Limited analysis of future demand indicates that it is expected to 
grow at the rate of growth of economic activity ( as measured by 
GNP). Factors affecting future demand include possible contro l on 
other solvents (e.g., perchloroethylene or trichloroethylene ) because 
of concern about carcinogenesis. Alternatively, its use could be 
i nfluenced if CFC-113 use is restricted. Because methyl chloroform 
has a substantially shorter atmospheric lifetime than CFC-113, it has 
relatively less potential for depleting ozone . (See page_ .) 

7b. Carbon tetrachloride is primarily used to make CFCs in the U.S. In 
developing countries it is also sometimes used as a general purpose 
solvent . In general, future production of carbon tetrachloride is 
expected to follow the pattern of production of CFCs. Emissions are 
expected to remain sma 11 . ( See page _.) 

8 . HALONS, ON A PER POCND BASIS, POSE A SUBSTA!"ITIALLY GREATER THREAT TO 
OZONE DEPLETION THAN DO CFCs. THEY HAVE BEEN USED IN HAND-HELD AND 
TOTAL-FLOODING FIRE EXT I\GCISHERS SINCE THE 19 70s. ANNUAL PRODUCTION HAS 
BEEN LI~ITED (APPROXIMATELY 20 , 000 KILOGRAMS) AND EMISSIONS HAVE BEEN 
ASSC~IED TO BE ON LY A SMALL FRACTION OF PRODCCTION BASED ON THE ASSCMPTI J \ 
THAT THE HALONS REMAIN INSIDE THE FIRE EXTINGUISHERS . RECENT RESEARCH 
SCGGESTS THE PROPORTION OF HALONS RELEASED HAY BE SUBSTANTIALLY HIGHER. 
IN THE C. S .. INDUSTRIAL RESPON SE TO CONCERN ABOui DEPLETION FROM HALONS 
IS LIKELY TO LEAD TO SOME VO LCNTARY STEPS TO CCRTAIL EMISS IONS. 

8a. A single study has projected future demand for Halons . It indicates 
that near-term demand is growing rapidly and that production may 
double by the year 2000. In that study, longer-term demand is judged 
uncertain and may range from an average annual decline of l percent 
from 2000 to 2050 to an annual increase exceeding 5 percent. (See 
page _ .) 

8b . The expected rate of Halon emissions is very uncertain . The one 
study assumed most production would remain within fire ext inguis her 
systems as part of a growing Halon "bank." That study has been :he 
basis for scenarios used in this analysis. (See page . ) 

8c . The historic growth in Ha l on 1211 emiss i ons ( recent ly measured at 
over 20°~ per year ) is significant l y higher than the rate assumed :or 
future years in the one exist ing study. ( See page _ .) 

8d. Discussions with Ha lon users i ndicate that Halon 1301 emiss ions may 
be underestimated in the study used for this risk assessment . A 
recent survey showed that exi st ing systems are undergo i ng ~idespread 
testing and accidental discharge occurs more fr equent ly than assumed 
i n prior studies . (See ·page _. ) 
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8e. Production figures in Norway have recently been reported . Th ese 
estimates are much l arger than were assumed in this risk 
assessment . Uncertainty exists about whether the product ion i n 
other countries is similarly different than the estimates used i n 
the scenar ios in this analysis. (See page __ .) 

8f. Additional analysis of Halon emission est imates are necessary to 
assess more adequately the risks associated with this trace gas . 
(See page_ .) 

9 . TROPOSPHERIC CONCENTRATIONS OF OTHER TRACE GASES THAT COCLD PERTCRB 
STRATOSPHERIC OZONE ARE ALSO INCREASING. THESE GASES EITHER INCREAS E 
OZONE LEVELS OR COUNTER DEPLETION. 

9a. Methane (CH4) adds ozone to the troposphere, counters ozone 
depletion in the stratosphere, and adds water vapor to the 
stratosphere . Carbon dioxide (CO2) leads to increased ozone in the 
stratosphere . Nitrous oxide (N20) by itself would deplete ozone, 
but also counters depletion in the face of high chlorine levels._ 
The sources of these gases can be traced, in part, to the biosphere 
and , in part, to human activi ty . Considerable uncertainty 
surrounds future emissions and atmospheric concentrations of these 
gases . (See page_ .) 

9b . Atmospheri c measurements show that concentrations of these other 
trace gases have been growing annually as fo llows : nitrous oxide 
(N20) at approximately 0.2 percent , carbon dioxide (CO2) at 
approximately 0.5 percent , and methane (CH4) at approximately l 
percent ( though, because of limited data, it is unclear whether the 
increase in CH4 has been a straight line or a compound increase ) . 
(See page_.) 

10. FCTCRE E~ISSIONS AND CONCENTRATI ONS OF TRACE GA SES WITH AT LEAST so~ 
BIOGENIC SOGRCES ARE DIFFICULT TO PROJECT . 

10a. Est imates of the current flux of emissions from different sources 
i s very uncertain for both N20 and CH4. Emissions of CO2 from 
industr i al uses are well understood, but contributions from the 
biosphere remain uncertain . In particular, there i s significant 
uncertainty regarding the portion attributable to de forestation . 
( See page_ .) 

10b. Future changes in human activiti es that emit these gases (e.g., 
acre age of rice paddies for met hane ) general ly hav e not been 
ana lyzed by the scientif ic community ( except fo r industr ia l y ­
produc ed CO2) . As a result, es timates of futur e changes in t he 
concentrations of these trace gases must essentially rely on 
plausible what -i f scenar ios . ( See page_ . ) 

10c . Factor s that determine emission rates from various sour ce type s a - 0 

not well understood and may change over time . For examp l e , the 
extent to which methane re leases from rice paddies dep end on 
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cropping practices or will be altered by changes in carbon d i ox id e 
(which would alter stomatal resistance and thus gas exchange i ~ 
plants) has not been adequately studied or determined. (See 
page _ . ) 

10d . The c i ogeochemical cycles that control the fate of CH4, non-met hane 
hydrocarbons, and CO emissions released into the atmosphere a l so 
are not well understood. In addition, these processes are li ke l y 
to change as the global environment evolves. (See page ___ .) 

Oe . An additional uncertainty about future changes in emissions of ~20, 
CH4 and CO2 is the extent to which, in response to global warmi ng, 
governments may take action to limit the rise in concentrations of 
carbon dioxide, methane, and nitrous oxide. (See page . ) 

lOf . Because CH4 has an estimated atmospheric lifetime of 6 to 11 years, 
its future concentrations are quite dependent on its emissions 
within a relatively short period of time. Changes in gases that 
affect the OH radical, the key determinant of CH4 lifetime, are _ 
also important. CO is the most important of these gases . The one 
study on future emissions of CO projects a leveling out and then 
decrease of g l obal emissions from energy sources of th i s gas. (See 
page _ . ) 

10 g . ~20 has an estimated atmospheric l ifetime of approximately 150 
years . Consequently, its future atmospheric concentrations are 
dependent on accumulated emissions over long periods of time . (See 
page _ .) 

10h . CO2 emissions are cycled through the biosphere and oceans . wh il e 
many uncertainties exist about biogeochemical pathways, carbon 
cycle modeling is well enough advanced so that in the absence of 
significant change in these cycles, it is possible to project 
concentrations for given emission scenarios relatively well . 
However, two major uncertainties exist: the future biogenic and 
so i l emissions of CO2 in response to climate change; and future 
absorption and outgassing of CO2 by t he oceans (which could change 
radically if deepwater formation is altered by changes in 
climate ) . ( See page _ .) 

11 . TO E\COHPASS THE SUBSTANTIAL C~CERTAI~T:ES AB OL'T E~ISS IO\S A~~ THEIR 
EFFECT ON Fu7lJRE CHA~GES IN AT~OSPHER IC CO ~POSIT ION , A wID E RA~GE OF 
''lriHAT IF" SCENARIOS l•iERE DEVELOPED . TH IS RANGE \./ILL PROV IDE 
DEC I SION~AKERS ldTH A PICITRE OF How· CNCERTAI NTIES I NF LCENCE THE POSS I 3!:..i: 
RISKS OF STRATOSPHERIC PERTCRBAT ION. THE PRI~ARY PCRPOSE OF T'.~ESE 
SCENAR IOS IS TO PROVIDE DECIS IO NMAKERS wITH "A FEEL" FO R \,iHAT COC LD 
HAPPE ~ I~ THE ABSENCE OF REGCLAT ION. 

ll a . Th e range of CFC growth rates t hat are used in Sect ion ~II of th e 
r i sk assessment encompasses a phase-down to 80~ of current l eve l s 
(due to technological change or ant icipatory responses ) t o a 5 
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percent annual growth rate in use through 2050, fo llowed by no 
growth in use through 2100, for an average annual rate of growt h o f 
2.8 percent from 1985 to 2100. (See page_. ) 

llb . Scenarios for methane (CH4 ) were derived based on est i mates of past 
growth . However, current data are insufficient to distinguish 
between a 1 percent linear growth rate ( approximately 0.017 ppm per 
year ) and 1 percent compound rate of growth . Thus, each is used in 
the model project i ons. Other scenarios are a l so examined, 
including : 

• 

• 

• 

• 

0 . 012 75 ppm per year growth ( 75 percent of t he 
0 . 017 ppm or 1 percent linear growth ) ; 

0.02125 ppm per year growth ( 125 percent of the 
0.017 ppm or 1 percent linear growth ) ; 

1 percent compound growth from 1985 to 2010, 
followed by constant concentrations at 2.23 ppm ; 
and 

1 percent compound growth from 1985 to 2020, 
growing to 1 . 5 percent compound annual growth by 
2050 and thereafter. • 

Scenarios for nitrous oxide (~20 ) growth are also based on 
measurements of historic changes ; scenarios of ~20 assume a 0 . 20 ~ 
0 . 05 percent annual rate of increase . Carbon dioxide (CO2 ) 
scenarios are based on the 25th , 50th, and 75th percentile cases o f 
concentrations presented in the 1983 ~at i onal Academy of Sc i ences 
report, for which the doubling dates for CO2 concentrations are 
2100, 2065, and 2050 respectively . 

12. ADDIT IONAL RESEARCH rs ~EEDED TO REDUCE C~CERTAI~ I ES ABOCT FL"Tl.,"RE 
E~ISS ION S A\D CONCE~TRATIONS OF TRACE GASES. 

12a. Gl obal measurements of concentrat i ons of Ha l on 130 1 and Ha l on 12 ~1 
are critical to assessing the overa ll risk of ozone dep l et ion . 
Omission of consideration of these gases i n ana lyses cou ld 
underestimate risks. (See page __ .) 

12b . Global measurements of CO and CH4 are crit i ca l to assessing t he 
future concentrations of CH4; current measurements of CO are 
insufficient for evaluating globa l burdens and c hemistry . 
Additional research must be done on sources, emission fact ors , anc 
feedbacks which cou l d affect concentrations of these spec i es. ~See 
page_ . ) 

12c . Global measurements of met hyl chlorofor~ , ~O x, OH radi ca l s , and 
other chemical ly act ive const i t uents wi ll be needed to assess how 
changes in tropospheric chemistry cou l d in fl uence t he abund ance o r 
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various species that could alter the composition of t he 
stratosphere . (See page __ . ) 

12d. Research and production data are needed on Halon 1211, 1301 , and 
CFC- 113 and - 22. In addition, product i on data are needed for s ome 
regions for CFC-11 and CFC-12 . Additional research is a l so needed 
to determine the potential for technological change and changes in 
taste that could reduce future demand or supply of all fully ­
halogenated and other ozone-depleting compounds . Such research 
~ould reduce uncertainty about the magnitudes of fu ture r i s k . (See 
page_ .) 

12e. Significant improvements in data are needed to describe a ll phases 
of key biogeochemical cycles . In particular, potential feedbacks 
from changes in stratospheric ozone or climate must be better 
understood and incorporated into existing models . (See page . ) 
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SECTION 11 

POTENTIAL CHANGES IN OZONE AND CLIMATE 

~!ODELS OF THE AT:10SPHERE THAT INCORPORATE CCRRENT SCIE:-rrIFIC 
CNDERSTANDI~G OF CHE~ISTRY AND PHYSICS PROJECT SIGNIFICANT CHANGES IN 
GLOBAL OZONE (TOTAL COLU~N AND /OR COLuMN ORGANIZATION) AND INCREASES IN 
GLOBAL TROSPHERIC SCRFACE TE:1PERATURE IF TRACE GAS CONCENTRATI ONS GROw 
SIGNIFICANTLY. C~CERTAI NTIES ABOCT ~AGNITUDES RE~A IN LARGE . 

~lodels that incorporate current scientific understanding are used as the 
primary tool to project the potential consequences of future changes in 
abundances of trace gases . These models can be partly tested by 
comparing their results with measurements of the atmospheric, 
historically-observed changes, and in the case of climate with 
paleoclimatic and extraterrestial environments . While current mode l s 
accurately represent some aspects of the atmosphere, they fail to 
replicate other characteristics . This section summarizes the currently 
available evidence on how changing atmospheric abundance could modify 
total column ozone , alter column distribution and change g l oba l climate. 
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13 . BOTH THEORY AND ~ODELS OF STRATOSPHERIC PROCESSES PROJECT THAT I\CREASES 
IN CHLORINE AND BRO~I NE WILL DECREASE OZONE, wHILE INCREASES IN CARBON 
DIOXIDE AND ~ETHANE WILL INCREASE OZONE OR REDCCE DEPLETION. THE E?FECT 
OF NITROUS OXIDE ON OZONE DEPENDS ON COMPLEX INTERACTIONS AND I S 
SCENARIO SPECIFIC. wHILE CONSIDERABLE UNCERTAI NTI ES EX I ST ABOCT 
RELATI VE RATE S OF FCTURE GROwTH, IF .CFC USE INCREASES SUBSTANTIALLY 
ABOVE CCRRENT LEVELS, TOTAL COLUMN OZONE DEPLET ION IS LIKELY. 

13a. Photochemical theory continues to support the conclusion that 
chlorine, nitrogen, bromine, and hydrogen can catalytically des troy 
ozone in the stratosphere. (See page __ .) 

13b . One-dimensional (1 -D ) models currently predict a 5-9 percent 
depletion for the steady state concentrations of chlor i ne chat 
would result from constant em i ssion of CFCs at 1977 l eve l s ( and 
assuming no change in other gases ). While useful for 
intercomparing models, these values cannot be used to assess the 
risks of depletion in an atmosphere because other gases affect ing 
ozone l evels are, in fact, also changing . ( See page __ . ) 

13c. One-dimensional ( 1-D) models predict average global column ozone 
will decrease for a scenario in which CFCs and other trace gases 
( i . e ., CO2, N20, and CH4) continue to rise at approximate ly 
historically-based rates . For a scenario in which the use of CFCs 
grows at 3 percent annually, these mode l s project a depletion 
greater than 25 percent by 207 5 if the other trace gases cont i nu e 
to grow at rates approximating their recent histor ica l growt h. 
(See page _ .) 

13d . In contrast, for a scenar io in whi ch CFC use rema ins constant , but 
other t race gases continue to grow at histor i c rates , 1- D mode l s 
indicate that ozone levels would first sl i ghtly decrease and then 
begin to increase over time . ( See page __ .) 

l Je . Fo r the same scenario ( i.e., no growth in emissions of dep let i ng 
substances and growth of other substances at historical races ) , 
several two-dimensional models predict that ozone dep letion will 
occur at higher latitudes (only one of these 2-D model calculations 
simulating this depletion includes CO2 coo ling and none inc l ude 
changes in dynamics that s uch coo ling i s l ikely to cause ). 2-D 
models vary in their projections of latitudana l dep l etion gradients 
depending on whether they include the e ff ects of CO2 and how : hey 
treat transport and methane. Only a limi ted number of 
time-dependent two-dimens i ona l s imul ations have been under: aken, 
and two-dimensional model in tercomparison has not yet been 
comp l eted . (See page_ .) 

13f . Two-dimensional mode l s ( 2-D ) predict greater average global 
dep l et ion than one-dimensional models fo r the same trace gas 
scenarios. Two -dimens ional mode l s also proj ect dep l etion higher 
than g lobal averages at l atit ude s greater than ~0°N or S, 
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espec i ally i n t he spr i ng . ~earer t he equator t hese mode l s pr edic t 
l ess than the g l obal average . The lat i tudina l pro j ect i ons o f 
~we-dimensiona l models are sens i tive to the data and met hod used t o 
parameterize transport . Differences in transport probab l y ac count 
for diff erences in l atitudinal grad i ent of dep l etion be tw een 
differ ent 2-0 models. ( See page_ . ) 

14. CURRE~T THEORY A~D ~ODELS FAIL TO REPRODUCE ACCURATE LY ALL OBSERVATI O\ AL 
~EAS CRE ~E~TS OF THE AT~OSPHERE AND PROCESSES THAT INFLCENCE STRATOSPHERIC 
CHANGE. 

14a . ~hil e reproducing many characteristics of the cu rrent a tmosp here , 
cu rrent mode l s fail to reproduce some measurements . For examp l e , 
ozone leve l s at 40 ki l ometers are underestimated i n current 
models . Other problems exist in the way these models rep licate 
exist i ng observations . (See page __ . ) 

14b. ~h i l e i nc l ud i ng representat i ons of most atmospher i c processes that 
i n f l uence stratospheric composit i on, current mode l s fai l to inc l~de 
all of those processes i n a rea listic manner. Transport p rocesses 
i n 2 -0 models , for examp l e, are represented in a simp lifi ed manner 
based on inadequate data and an i ncomplete understanding of the 
poss i b l e comp li cat i ons of movement in the atmosphere . (See page 

. ) 

14c . Th e i nab i lity o f mode l s to reproduce ac curate l y measurement s o f t he 
abundance of some spec i es in t he current atmosphere lowers ou r 
con fid ence i n th e i r abi li ty to predict future changes . Because of 
these s hortcomings , cur r ent mode l s could be e i t her over- or 
underp redi c t ing f utu re dep l et ion . (See page __ . ) 

15 . GNCE RTAI~TY ANALYSES HAVE BEEN CONDGCTEO THAT CONSIDER A RANGE OF 
POSS I BLE VALCES FOR CERTAIN CHE~ I CAL AND PHYS I CAL I~PlITS . THESE 
ANALY SES I\DI CATE THAT FOR THESE C~CE RTAI~TI ES, DEPLET I ON IS LIKELY : o 
OCC CR IF THE CSE OF CFCs GROWS . 

15a . Unce rt a i nty ana lyses conducted with one-d i mens iona l mode l s ? r edict 
dep l etion for a variety of CFC l eve l s . Th ese ana lyses i ndicat e 
that when model resu l ts are screened to e liminate cases i n whi c h 
the modeled atmosphere con f l ic ts wi t h ac t ua l obse r vations of t he 
atmosphere , th e probab ili t y of a dep l et ion i s s ymrn e t= i ca l a r ound 
the mean . The poss i bi l it y that the best est i mates of kinet i cs 
cou l d change as a resu l t of l aboratory measuremen t i s ever 
present . Suc h ch anges cou ld ra i se or l ower est imates o f 
dep l e tion . ~h il e not yet accepted by th e ~ASA pan e l on k i ne t i cs , a 
pre limi nary study of one s uch r eac tion, ClO + H02 -➔ 03 - HCl 
wou l d, i f accepted, reduce dep l etion est i mates. Simi l a r l y , a c l ass 
of heterogenous react ions wh ich could inc rease depl e tion es: 1mates 
are cu rrent ly om i tted f r om mode l s . (See page __ . ) 
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15b. Uncertainty ana lyses using different sets of k inet ic s and cross 
sections have not been tested in two-dimensiona l mode l s . Howe ve r, 
different 2-D models have used different approaches for t r ans por tin g 
species . Thi s prov i des a usefu l test of the sensit ivity of mode l 
predict i ons to the uncerta i nty of the transport parameters . 1ode l s 
with d i fferent treatment of transport pred i ct that dep l et io n will 
increase with d istance from the equator, though the magn itude 
differs between mode l s . (See page_ .) 

15c . Some uncerta i nt i es have not been t ested in current mode l s 
( transport coe ffici ents, for examp l e ) . I n addition , the 
poss i bi li t y exists that miss i ng or misrepresented f actors o r 
processes ( for example, due to g l obal warming ) may exist and l ead 
to a greater or lesser change in ozone than ind i cated by ex i sting 
uncertainty ana l yses. (See page .) 

16. OZONE 10NI TORI NG SHOWS CHANGES ROCGHLY CONSISTENT WI TH ~ODEL 
PRED ICTIONS . HOWEVER , SC BSTANTI AL ~EASCRED SEASONAL REDUCTIONS HAVE 
OCCURRED IN ANTARCT IC A THAT ARE ~OT CONSI STE~T WITH ~ODEL PREDICTIONS . -

16a . Measurements by Umkehr readings show 3 percent dep l et i on at 
mid- l atitudes i n t he upper atmosphere , while ba lloons s how 1 . 3 
percent dep l etion i n t he l ower stratosphere and a 12 perce nt 
i ncrease i n t he l ower tropospher~ . Uncertainty exists about th e 
accuracy of all o f t hese observat i ons . These resu l ts, howeve r, are 
roughly consistent with the expectations generated by 
one-dimens i ona l and two-d i mens i ona l mode l s . The ground-based 
measurement s ystem is limi t ed at high l at i tudes and i n t he sou t hern 
hem i sphere . (See page_ .) 

16b . Recent data f r om ~imbus 7 appears co s how a dec r ease i n g loba l 
ozone , especia ll y at both po l es . However, the decrease i n th e 
Arctic from 1978 to 1984 appears co have occurred onl y in t he las t 
two years of that time series . Th ese data are pre liminary and have 
not yet been thoroughly rev i ewed . Concern about ca lib rat i on 
prob l ems of the satellite makes determination of the magn i t ude o f 
ozone change difficu l t. However , the l at i t ud ina l var i at ions in 
ozone change seem t o ind i cate that t hi s phenomenon i s occur r in g and 
the readings are not just th e resu lt o f i nstrument drif t . ( See 
page_. ) 

16c . I f these decreases i n g l oba l ozone l eve l s are ver ifi ed, a s econd 
i ssue which must be addressed i s whether the changes c an be 
attr ibuted t o man- made c hemic a l s . Ot her poss i b l e exp lan a tions 
include nat u ra l var i at ions caused by so l ar cycl es or ocher 
processes . ln t il fu rt her ana ly s i s i s per f ormed to determin e 
wh ether dep l et i on i s act ua lly oc cur~ i ng, whe ther it i s long :er~ oc 
cyc lica l, and wh et her i t c an be att ributed to man- made ch emical s , 
i t is i mpossib l e co d~termin e th e i mp licat i ons o f these re s u· ts 
wi t h any certa inty . Howe ver losses of even some par: of :he 
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magnitude of the preliminary NI~BUS 7 data are not consistent w~t h 
current model projections, and would be a cause for concern . (See 
page _. ) 

16d. ~easurements in the Antarctic spring show that the gradua l 
depletion that occurred in tha mid-197 0s over and near Antarctica 
has given way to a steep non-linear depletion from 1979 to 1985 -­
the Antarctic "ozone hole." Not only has the ozone minimum 
decreased, but the ozone maximum outside Antarctica (between 50°S 
and 70° S) also appears to be declining. The average annual 
depletion of all areas south of 60°S has been estimated to be more 
than 6 percent since the mid-1970s. (See page __ .) 

16e. Current models did not predict this seasonal loss of ozone in 
Antarctica . Several hypotheses have been put fon.,ard to explain 
the loss, including chemical explanations in which the gases are of 
a man-made source (bromine and chlorine), chemical explanations ~n 
which natural sources cause the change (NOx, solar cycle ) , or an 
exp l anation that claims the phenomenon is entirely due to a change 
in c l imate dynamics. Until more is understood about the cause of 
the ozone hole, it is impossible to determine whether the hole is a 
precursor of atmospheric behavior that will occur in other regions 
of the world and would therefore lead to modifications co current 
models. The Antarctic ozone decrines, however, do show that the 
atmosphere is more sensitive to some set of factors (yet unknown ) 
than previously thought . (See page __ . ) 

17. ADDITI ON AL INFORMATI ON FOR ASSESSING RISKS COCLD BE OBTAINED BY 
I:1PROVING 1w0-DI:1ENSIONAL :10DELS. 

17 a. ~ore time-dependent simulations using 2-D models are needed to 
better understand the significance of unc ertainties in trace gas 
projections. (See page .) 

17b. Radiative codes need to be added to two-dimensional mode l s co 
reflect more accurately this potential ly significant fac:or 
affecting the creation and destruction of ozone . (See page __ . 

17c . Uncertainty analyses focusing on kinetics, cross-sections , and 
transport should be undertaken . ( See page . ) 

17d. Greater efforts are needed by the scientific community to 
understand the range of possible changes from factors liK e 
heterogenous chemistry and dynamical change, rather than fo c~s1~g 
primari l y on best case models . :1odel intercomparisons of a w1cer 
range of realistic time-dependent scenarios and unc ertaint 1es are 
needed. 

18. I\CREASES I~ THE ABCNDANCE OF CFCs A\D OTHER TRACE GASES CAN I\CREASE 
GLOBAL TROPOSPHERIC SCRFACE TE~PERATCRES. THE SE GASES CAN ALTER T:-fI 
VERTICAL DISTRIBCTION OF OZO\E A\D I \C~EASE STRATCSPHERIC ~ATER VAPCR, 
THEREBY I\FLl ENC ING GLOBAL 'w'AR:-1 I\G , 
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18a. Trace gases that act as stratospheric perturbants a l so are 
greenhouse gases--as their concentrations i ncrease in the 
troposphere they will retard the escape of infrared radiation from 
earth, causing global warming. (See page __ .) 

18b. Increases in methane (CH4 ) will also add water vapor to the 
stratosphere, thereby enhancing global warming. Methane incr eases 
will also add ozone to the troposphere, where it acts as a strong 
greenhouse gas that will further increase global warming . (See 
page _ .) 

18c . In all scenarios of trace gas growth, except those in which CFC use 
is phased down, ozone decreases in the stratosphere above 28 km . 
This allows more ultraviolet radiation to penetrate to lower 
altitudes, where the "self healing effect" tends to increase ozone 
to partially compensate for the ozone loss above . In some 
scenarios in which CFC use grows, sufficient depletion occurs at 
lower altitudes that ozone eventually decreases at a ll altitudes. 
(See page . ) 

18d . Decreases in ozone at approximately 28 km or above will have a 
warming effect on the earth. There is a small net gain in energy 
because the increase in ultraviolet radiation (UV-B) a llowed to 
reach the eftrth ' s surface more than compensates for the infrared 
radiation that is al lowed to escape due to depletion of ozone above 
that altitude . (See page .) 

18e . Below approximately 28 km, increases in ozone are more effective as 
absorbers of infrared radiation. Consequently, increases in ozone 
below 28 km also will produce a net warming. In this case, the 
additional uV blocked by more ozone is less than the additional 
infrared that is blocked from escaping the earth . Conversely, a 
decrease in ozone below 28 km will tend to cool the earth's 
surface . (See page __ .) 

18f. The direct effect of column depletion of ozone on g l oba l 
temperatures will depend on the magnitude of the depletion . Cnti l 
the depl~tion is of suff icient magnitude that it occurs at the 
lower part of the column, ozone dep l etion will be a net contributor 
to global warming . If the stratosphere continues to dep l ete so 
that ozone is depleted below 28 km, ~his depletion wi ll cause a 
cooling. One-dimensional models differ from two-dimensiona l mode l s 
in the vertical distribution of ozone change, with dep l etion 
occurring at all a l titudes in the higher l atitudes in 
two-dimensional models, rather than j ust at high alt i t udes. 1:1us, 
according to 2-D models, the changes in radiative ba l ance wi ll be 
latitude dependent. At the cu rrent time, no studi es have been 
undertaken to determine the net radiative forcin g of changes 
projected by 2 -D models . (See page ___ .) 
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18g . Radiative forc i ng may vary strong l y wi th changes in ozo ne at 
different altitudes and l at i tudes. Consequent ly, unti l compar i s on s 
are made between t he mode l s . in terms of their global i mpact , 
estimates of the effects of changes in the vertica l co lumn o f ozone 
on g l oba l warming made with 1-D models must be vi ewed caut ious l y . 
(See page . ) 

19. INCREASES IN TRACE GAS CONCENTRATI ONS ASSOCIATED WITH STRATOSPHERIC 
~ODIFI CATION ARE LI KELY TO WARM THE EARTH SIGNI FI CANTLY . 

19 a . Two Nat i onal Academy of Sc i ences pane l s have concluded that the 
equi li brium warming for doubl i ng atmospheric concentrations o f CO2 , 
or f or an equivalent increase in the radiative forcing of other 
trace gases , will most likely be between 1 . 5° and 4 . 5°C . (See 
page_ .) 

19 b . Th e magn itude of warming that would be directly associated with 
radiat ive forc i ng from increases in trace gases without feedback 
enhancement would increase temperature by l.26°C for a doubl i ng of 
CO 2, and an additional 0 . 45°C for a simultaneous doub ling of N20 
and CH4 . Direct radiative forcing from a uniform 1 ppb i ncrease in 
CFC- 11 and CFC-12 would increase temperature by about 0 . 15° C. (See 
page_ .) 

19 c . The i n i tial warming f rom di rect radiative forc i ng wou ld ch ange s ome 
o f t he geophys i ca l f actors t hat determine t he earth ' s rad i at iv e 
balance ( i. e ., f eedbacks wi l l occur ) and these changes wou l d 
amp l i fy the i nitial warming. I ncreased water vapor and a l tered 
al bedo e ff ects ( snow and i ce me l t i ng, reduc i ng th e ref l ect i on of 
r ad i at i on back to space ) have been pro j ected by severa l mode l ing 
groups to increase the warming to as much as 2 . 5°C for doub l ed CO2 
o r i ts radiative equivalent. Large uncertainties ex i st about t he 
f eedbacks between global warming and clouds, which cou ld fu rther 
amp l ify, or possibly reduce, the magnitude of warming . (See 
page_ . ) 

19d . Th e t hree major general circu l ation mode ling groups in the C. S . 
estimate an average global warming of around 4° C fo r doub l ed CO 2 o r 
its radiative equivalent . However , because of unce r ta i n ti es i n t he 
representation of th e cloud contr ibut ions , grea t er o r l esse r 
amp l ificat i ons, i nc l ud i ng a negat ive f eedback t hat wou l d r educ e t he 
warming to 2°C or an even l ower value, canno t be ru l ed out . (Se e 
page_ .) 

19e . Gl oba l average temperature has been est i mated as havi ng r i se n abou t 
0. 6°C over t he l ast century . Thi s i ncrease i s con s i s t ent wit h 
genera l pred i ct i ons o f c l imate mode l s . Attempts t o use these data 
t o der ive empirical l y the temperat ure sens itiv ity of the ea rt h t o a 
gr eenhouse forc i ng are not like l y to succeed . Cncer t a inty abo ut 
t he past concentrat i ons o f t r ace gases in th e a tmosphere , o t her 
exoge no us f actors that a ff ec t th e c l i mate ( s uch as aeros o i s o r 
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solar input), and oscil l ation and instabilities in the i nterna l 
dynamics of the climate system (such as ocean circulation ) , 
currently prevent the derivation of the earth's temperature 
sensitivity from examination of the historic rise of temperature . 
Th i s l imitation is likely to remain for more than another decade . 
(See page . ) 

19f. The global warming associated with increases in ozone-modify ing 
gases varies with scenarios of future growth in these gases. I f 
the use of CFCs grows at 2 . 5 percent per year through 2050, CO 2 
concentrations grow at the 50th percentile rate defined by the ~AS 
(approximately 0.6 percent per year from 1985 to 2050 ) , ~20 
concentrations grow at 0.20 percent per year, and CH4 
concentrations grow at 0.017 ppm per year (approximately 1.0 
percent of current concentrations ) , then equilibrium temperatures 
would rise by about 3 . 8°C by 2050 ( relative to observed temperature 
in 1985 ) , based on a temperature sensitivity of 3°C for doubled 
CO2 . Values would be about 50 percent higher for a 4.5°C-based 
temperature sensitivity and about SO percent lower for l.5°C. If 
CFC use remains constant through 2050, the projected warming would 
be about 3 . 1°C by 2050 C! 50%), and if use were phased out by 
201 0, projected warming would be about 2.9°C (~ 50%). (See 
page_. ) 

19g . Ef forts to gather wor l dwide time series data for c l ouds have 
begun . If adequate, these data may narrow estimates of t he cl oud 
contribution to temperature sensitiv ity within the next decade . 
However, because of the complexity of this issue, this effort may 
fail to resolve the large uncertainties affecting this aspect of 
c l imate . (See page .) 

20 . THE TI ~I~G OF GLOBAL wARMING DEPENDS ON THE RATES AT WHICH GREENHOCSE 
GASES ISCREASE, THE RATES AT wHICH OTHER FORCINGS SUCH AS VOLCANOES A~TI 
SOLAR RADIATION CHANGE, ANO THE RATE AT wHICH OCEANS TAKE uP HEAT AND 
PART I ALLY DELAY TEMPERATURE EFFECTS. A GLOBAL wARMING GREATER THAN 
VARIATIO~S THAT OCCURRED THIS PAST CE~Tt:RY IS EXPECTED IN THE ~EXT TEN 
YEARS IF VO LCANIC AND SOLAR FORCINGS DO ~OT SCBSTANT I ALLY CHANGE . 

20a . The delay in temperature rise introduced by absorption o f heat by 
the oceans can onl y be rough ly est i mated. The s i mp l e 
one-dimensiona l mode l s of oceans that have been used fo r t hi s 
purpose do not rea l istica lly portray the mechanisms for heat 
transport into the oceans . Instead, these mode l s use eddy 
diffusion to treat heat 1n a ?arameter i zed manner so t hat heat 
absorption is consistent with data from the paths o f trans i ent 
tracers. These models indicate that the earth wi l exper i ence 
substantial de l ays in experienc i ng the full warming from greenhouse 
gases . (See page_ . ) 
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20b. The earth's current average temperature i s not in equili brium with 
che radiative forcing from current concentrations of greenhouse 
gases. Consequently, g lobal average temperature would inc rease in 
the future even if concentrations of gases did not ri se any 
further. For example, if 2°C is the actual sensitivity of the 
earth's climate system co a CO2 doubling, s impl e models estimate 
the current "unrealized warming" to be approximate ly 0.34°C; for a 
4°C temperature sensitivity, the current unrealized warming would 
be approximate ly 1. 0°C. (See page . ) 

20c. Only one three-dimensional general circulation model has been used 
co s imulate changes in temperature as concentrations of greenhouse 
gases increase over time . This simulation shows a faster warming 
than predicted by simpler one-dimensional models that use ocean box 
models to simulate time-dependent warming. (See page .) 

20d . Future uptake of heat by the oceans may change as g l obal warming 
alters ocean circulation, possibly altering the delaying effect of 
the oceans as well as reducing their uptake of CO2. (See page...:_ .) 

20 e . Inadequate information exists to predict how volcanic or solar 
forcings may change over time. Analyses done of transient warming 
assume chat past l evels of volcanic aerosols will continue i nto the 
futu re and that solar forcing changes will average out over 
relatively short periods of time . (See page __ .) 

21. wITH A FEw GE~ERALIZED EXCEPTIONS, THE CLn1ATIC CHANGE ASSOCIATED 'w'ITH 
GLOBAL 'w'ARMI~G CANNOT BE RELIABLY PREDICTED ON A REGIONAL BASIS. 

21a. In general, as the earth warms, temperature increases wil be 
greater with increasing distance from the equator . (See pag e . ) 

21b. Global warming also can be expected to increase precipitation and 
evaporation, intensifying the hydrological cyc l e . wnil e models 
lack sufficient reliability to make projections fo r any s ingl e 
region, all perturbation studies with three-dimensional models 
(general circulation models ) show significant regional s hift s in 
dryness and wetness, which suggests that significant shifts in 
hydrologic conditions wi ll cake place throughout th e wor ld. (See 
page _. ) 

21c. Cu rrent general circulation models represent oc ean ic, biospher ic, 
and c l oud processes with insuff i cient rea l ism co determine how 
extreme weather events and climatic norms are like ly to change on a 
regional basis. For example, on e analysis of genera l ci rcu ation 
model outputs suggests that the frequency of extreme climatic 
conditions will change 1n many regions of the world . Ancther ~odei 
projects incre ased summer drying i n mid-latitudes fo r perturbat 10~ 
studies, uti lizing either of two diff erent representations o f 
clouds. Sti ll another analy s i s suggests changes i n l atitud in a l 
gradients of sea surface temper atur e wi ll p l ay a critical roie ~~ 

determining regional e ffect s . ( See page __ . ) 

January 1987 Revised Draft 



-26-

22. LI~ITING GLOBAL WARMI~G BY REDCCING E~IISSI ONS OF STRATOSPHER IC 
PERTCRBANTS THAT TEND TO ADD OZONE OR COCNTER DEPLET ION wOCLD I~CREASE 
THE STRATOSPHERE'S VCLSERABILITY TO OZONE DEPLET IO N. C\DER SCENARI OS I~ 
wHICH CONTINUED BUFFERING OF OZONE DEPLETI ON BY OTHER TRACE GASES IS 
ASSC~ED, SCBSTANTIAL GLOBAL WARMING RESULTS . 

22a. Decreases in substances with the potential to deplete stratospheric 
ozone--that is, chlorofluorocarbons and nitrous oxides--would 
decrease the rate and magnitude of global warming . (See page .) 

22b . Decreases in methane emissions, which have the potential to 
increase stratospheric and tropospheric ozone and thereby buffer 
ozone depletion, would decrease warming in three ways: by reduc i ng 
direct radiative effects from its presence in the troposphere; by 
lowering water vapor in the stratosphere; and by reducing ozone 
build-up below 28 km. (See page . ) 

22c . Decreases in CO2 emissions would decrease global warming, but wo~ld 
a l so have the effect of increasing the stratosphere's vu l nerability 
to ozone depletion. (See page __ .) 

22d . Decreases in carbon monoxide concentrations, which may occur as 
energy production practices change, could resu l t in decreases in 
methane concentrations by increasing OH-radica l abundance which, in 
turn, would shorten the lifetime of met hane. (See page __ .) 

23 . ADDIT IONAL RESEARCH IS SEEDED ON CLIMATE TO REDUCE L~CERTA INTIES ABOL'T 
GLOBAL WAR~ING ASSOCIATED WITH TRACE GAS GROWTH . 

23a. The key to improving the accuracy of estimates of g l oba l 
temperature sensitivity is to acquire a better understanding o f the 
effect of clouds . This recommendation has been made by numerous 
groups over the last decade; yet research devoted to this i ssue 
remains relatively small. 

23b . An increased understanding of ocean circu l at i on is cr i tica l to 
i mproving estimates of timing and regional pro j ections . 

23c . The effect of climate on bio l ogica l systems and so il s and t he i r 
impact on climate must be mode i ed i f reg iona est imates of climate 
change are to be deve l oped. 

23d . A better understanding of the radiati ve ?ropert i es of CFC-1 13 t s 
needed for estimating the effects of this compound on c .imate. 

23e. Experiments with three-dimensiona l mode l s t hat have a l tered 
scenarios of vertical ozone need to be undertaken t o assess t he 
possible impacts on the magnitude of g l oba l ~arming and on genera l 
ci rculation . 
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SECTION 111 

HUMAN HEALTH, WELFARE, AND ENVIRONMENTAL EFFECTS FROM 
OZONE MODIFICATION AND CLIMATE CHANGE 

CHANGES IN COLUMN 020~~ ABCNDANCE AND DISTR I BUTION AND A RI SE IN GLOBAL 
TEMPERATURE WOULD BE EX PECTED TO HARM HUMAN HEALTH, WELFARE , ANO THE 
ENVI RO NMENT . SOME RIS KS CAN BE QUANTI FI ED USING RANGES . OTHER RISKS 
CANN OT BE QUANTI FI ED OR DATA NECESSARY FOR QUANTIF IC ATI ON ARE AVAILABLE 
ONLY FOR LIMITED CASE STCDIES . 

Ozone shie l ds t he earth from uV-B radiation . A decrease in to ta l co lumn 
ozone will i ncrease to this radiation, espec i ally at its most harmful 
waveleng t hs . For t he DNA action spectrum, a 1% depletion wou l d increase 
the we i ghted UV f l ux by about 2% . Changes i n column ozone and i ncreases 
in g l obal temperat ures cou l d a l ter many environmental cond itions . The 
findings of th i s sec tion cover the effects of these changes on human 
health , ecos ystems , c rops , materials , a i r po ll ution , sea l eve l and other 
areas t hat i nflu ence human welfare . 
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24 . BASED ON St.:RVEYS ( PARTICCLARLY DI THE L'NITED STATES A~D ACSTRALIA ) , 
PROLO~GED SUN EXPOS URE IS CONSIDERED TO BE THE DOMINA~T RISK FACTOR FOR 
NONMELANOMA SKIN TCMORS . 

24a. \onmelanoma skin tumors tend to deve l op in sun-exposed s ites ( e . g ., 
the head, face, and neck ). (S-ee page _ .) 

24b . Higher inc i dence rates occur among groups subject to greater 
exposure to the sun ' s rays because of occupations that necess i tate 

24c. 

their working outdoors. ( See page . ) 

A latitudinal gradient exists for UV-B radiation and higher 
incidence rates of nonmelanoma skin tumors generally occur 
geographic areas of relatively high UV radiation exposure. 
page . ) 

in 
(See 

24d . Skin pigmentation provides a protective barrier that reduces the 
inc idence of nonmelanoma skin tumors. (See page ___ .) 

24e. The risk of nonmelanoma skin tumors is highest among genetically 
predisposed individuals ( e.g . , those with xeroderma pigmentosum ). 
(See page _ .) 

24f . A predisposition to develop nonmelanoma skin tumors exists among 
li ght-skinned individuals who are susceptible to s unburn and ~ho 
have red / blond hair, blue / green eyes, and a Celtic heritage . (See 
page _ . ) 

25. AVAILABLE EP IDEMI OLOGIC EVID ENCE SuGGESTS THAT THE 1VO MAJOR TYPS S OF 
\ONMELANOMA SKIN TuMORS. SQ UAMOCS CELL CARCI NOMA (SCC ) AND BASAL CELL 
CARCISOMA ( BCC ), RESPOND DIFFERENTLY TO SOLAR EXPOSURE . IT HA S BEEN 
HYPOTHESIZED THAT CUMULATIVE UV RADIAT ION HAS A GREATER EFFECT ON THE 
DEVELOPMENT OF sec THAN ON BCC. 

25a . The BCC / SCC incidence ratio decreases with decreasing l at i t ud e and 
therefore, increasing UV levels. (See page_ .) 

25b . BCC is more likely than SCC to deve l op on norma lly unexposed s it es 
( e . g . , the trunk ) compared to SCC . (See page _ .) 

25 c. SCC i s more likely than BCC to deve lop on s i tes receiving the 
highest cumulative liV radiat ion doses (e . g . , · the nose ) . (See 
page _ .) 

25d. Fo r a given cumulative l eve l of sun light exposure , t he r:sk of 
developing SCC may be greater than the risk of deve l oping 8CC. 
( See page _ .) 
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26 . RESULTS FRO~ SEVERAL EXPERI ~E'.'ITAL STUDIES SCGGEST THAT CV -B '.1 AY BE ~HE 
~OST I~1PORTANT COMPO~E'.'-.T OF SOLAR RADIATI ON THAT CACSES VARIATI O~S IN 
THE INCIDENCE OF NON ~ELANOMA SKIN TC~ORS . 

26a. CV radiation produces malignant nonme l anoma skin tumors in 

26b. 

animals . CV -B wavelengths have been shown to be most effect ive i n 
producing these tumors. (See page __ .) 

UV-B has been shown to cause 
neoplastic transformation in 
animal and bacterial ce l ls. 

a variety of DNA lesions , to indu ce 
cells, and to be a mutagen i n bot h 
(See page _ .) 

27 . SEVERAL RESEARCHERS HAVE INVESTIGATED THE CHANGES IN THE INCIDE~CE OF 
'.'lOl MELANOMA SKIN Tt:~ORS THAT ~AY RESuLT FROM INCREASES IN EXPOS URE TO 
SOLAR UV RADIATION. GIVEN CNCERTAINTIES, RANGES OF ESTI~ATIS OF 
INCREASED INCIDENCE THAT COuLD OCCuR WITH DEPLETION ARE ESTI~ATED . 

27a . The action spectrum for ini:iation and promotion of basal cell and 
squamous cell skin cancer have not been precisely determined . 
Photocarcinogenic studies indicate that the ery thema and DNA action 
spectra span a range likely to encompass that of squamous cell and 
basal cell skin cancer. The Robertson Berger ( RB ) meter, while 
providing useful data for describing ambient UV, does not 
const i tute a b i o l ogica l target as such . (See page __ .) 

27b. Several studies have provided estimates of a biological 
amplification factor, BAF, which is defined as the percent change 
in tumor i ncidence that results from a one percent change i n CV -B 
radiation . The results from six studies produced an overa ll BAF 
range that is 1.8 -2 . 85 for a ll nonme l anoma skin t umors . (See 
page _ . ) 

27c . BAF estimates are generally higher for males than for fema l es and 
generally increase with decreasing l atit ude . I n addition, t he BA.F 
est i mates for SCC are higher than the BAF est i mates for BCC . 7~i s 
fi nding is consistent with observations that the BCC / SCC rat i o 
decreases with decreasing l atitude and that BCC is more li ke ly : o 
deve l op on unexposed sites . ( See page __ . ) 

27d. Optical amplification ( the change in lV -8 radi at ion re a t ed to 
ozone deplet i on ) i ncreases t he response of t hese c anc ers to ozon e 
depletion, because the re l evant action spectra i ncrease more t han . 
percent for a 1 percent dep l etion. For examp l e, a l percent 
dep l et i on has an optica l amp l ificat ~o n of over 2 fo r t he DNA ac: ~~n 
spectrum. (See page __ . ) 

27e. Cncertainty exists in the ac:ua l doses o f so l ar CV r ad i ation 
received by popu l ations and i n th e stat i st i ca l est i mates of : he 
dose-response coefficients . There f ore, a range of est i mates mus: 
be developed for changes in i nc idence assoc i ated ~ i th changes ~n 
dose . 
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27f. So comprehensi ve studies of nonmelanoma morta l ity exist . Based on 
published studies, information obtained from death certif i cates 
(which tends to be incomplete ) , and analyses of metastasis rates, 
nonmelanoma mortality is less than 1 percent of total cases, wi th 
most nonmelanoma deaths attributable to squamous cell cancers . 
(See page _ .) 

27g. Changes in behavior have tended to increase skin cancer i nc idence 
and mortality . While some evidence exists that this i s reac hing a 
l imit, skin cancer rates would, even in the absence of ozone 
dep l etion, be likely to rise. Future rates of skin cancer cou l d be 
reduced if people changed their behavior. Care should be taken, 
however, in interpreting such a change as a cost-free response . 

28. Cv"TANEOUS ~ALIGNANT ~1ELANOMA (C~M ) IS A SERIOUS LIFE-THREATENING DISEASE 
THAT AFFECTS A LARGE SC~!BER OF PEOPLE IN THE UNITED STATES . THERE ARE 
SEVERAL HISTOLOGICAL FORMS OF ~ELANOMA THAT ARE LIKELY TO HAVE SOMEWHAT 
DIFFERENT ETIOLOGIES AND RELATIONSHIPS TO SOLAR AND UV-8 RADIATION . 

28a . C~M i ncidence and mortality is increasing among fair-skinned 
popu l ations. These i ncreases appear not to be merely the resu l t of 
i mproved diagnosis and reporting. (See page __ .) 

28b . In 1985, there were an estimated 25,000 cases of C~M and 5 , 000 
fata l ities reiated to melanoma in the Cnited States . In the 
absence of ozone depletion, the l ifetime risk of C~M in the Cn1te d 
States is expected to be about 1 in 150 . (See page __ . ) 

29 . LI~ITAT IONS I~ THE DATABASE PREVE~"T CERTAI~TI ABOL"T THE RELAT IONSHIP OF 
SOLAR RADIA~I O~, CV -B RADIATION, A~~ CL"TANEOCS ~ALIGNANT ~ELASO~A . 

29a. There currently is no animal model in which exposure to CV-8 
radiation experimentally induces melanomas. (See page __ . ) 

29b . There is also no experimental in vitro model for mal i gnant 
transformation of melanocyces . (See page . ) 

29c. No epidemiologic studies of C~H have been conducted i n which 
individual human CV-B exposures ( and bio logica l l y ef f ec~ ive do ses 
of solar radiation ) have been adequatel y assessed . (See page_ ; 

30. EVALCAT ION OF THE EPIDE~!IOLOGIC AND EXPERI~ENTAL DATABASES rnR ~ELl~OMA 
REQCIRES CLOSE A1TE\TION TO THE RELATI ONSHIP OF \,iAVELE\GTH A:\D DOSE -~ ~D 
TO THE \'AR IATI ONS OF SOLAR RADIAT ION I \ 7HE A:1B I Dff E\VI RONfil\- . 

30a. Ozone differentia ll y removes wavelengths of CV -B between 295- 320 
nm; CV -A ( 320-400 nm ) in wave l engths above 350 run is not removed , 
nor is visible light (400-9 00 nm ) . Ozone removes al l CV -C ( i . e . , 
wavelengths less than 295 nm ). (See page __ . ) 
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30b. wavelengths between 295 nm and 300 nm are generally more 
biologically effective ( i . e., damage target molecules in the sk i n, 
including DNA ) than other wavelengths in the UV -8 range and even 
more so than UV-A radiation . (See page __ .) 

30c. Latitudinal variations ex i st in solar radiation; model predictions 
indicate that the greatest variability is seen in cumulative CV -B 
( e . g . , monthly doses ) followed by peak UV -8 (highest one-day doses ) 
and then cumulative CV -A. Peak UV -A does not vary significant ly 
across latitudes up to 60°~. Greater ambient variation a_so ex i sts 
in CV -8 than CV -A by time of day. (See page .) 

30d. The biologically effective dose of radiation that actually reaches 
target molecules depends on the duration of exposure at particu lar 
locations, time of day, time of year, behavior ( i.e., in terms of 
clothes and sunscreens ), and pigmentation and other characteristics 
of the skin, including temporary variations ( e . g . , changes i n 
pigmentation due to tanning ). (See page __ .) 

30e . Cloudiness and albedo, although causing large variations in the 
amount of exposure to UV -8 and UV-A, do not greatly change the 
ratio of CV -8 to CV-A. (See page_. ) 

30f. Ozone depletion i s predicted to cause the largest increases in 
radiation in the 295-299 nm CV -8 range, l ess in the 300-32 0 run Lv -a 
range, and UV -A is virtually unaffected . (See page .) 

30g . Cutaneous malignant me l anoma has a number of different histo l ogic 
types which vary in their relationship to sunlight, site, racial 
preference and possib l y in their pr ecursor l esions . Assessment of 
incidence by type is not consistent among registries, thus 
complicating attempts to evaluate the re lationsh ip between C~~ and 
solar radiation. (See page __ . ) 

30h . ~e l an i n is the principal pigment in skin that gives it color; 
melanin effectively absorbs CV radiation; the darker the skin, t he 
more the basal layer is protected from CV radiat i on . (See 
page_ . ) 

31 . A LARGE ARRAY OF EVTD E\CE SUPPORTS 7HE CO\CLCS ~OS ~~AT SOLAR ~AD IAT~C\ 
I S ONE OF THE CACSES OF CCTANEOCS ~ALiG\A~1 ~E:.A..~O~A. 

31 a . whites, whose skin contain le ss protective melanin, have higher 
incidence and mortality rates from C~~ than blacks . ( See page . ) 

31b. Light -s kinn ed whites, i nc l uding those who are unab e to tan o r who 
tan poorly, have a higher incidenc e of C ~~ than darker -s kinned 
whites . ( See page_ . ) 

31c . Sun exposure l eading to sunburn apparently 1nduces melanocytic 
nevi . (See page __ . ) 
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31d. Individuals who have more melanocytic nevi ha ve a h i gher inc idenc e 
of CHM; the greatest risk is associated with a particu l ar t ype of 
nevus -- the dysplastic nevus . (See page .) 

3le. Sunlight induces freck l ing, and freckling is an important r i sk 
factor for C~M . (See page_ .) 

31f . Incidence has been increasing in cohorts in a manner consistent 
with changes in patterns of sun exposure, particular l y wit h respect 
to increasing intermittent exposure of certain anatom i ca l s i tes . 
(See page_ .) 

31g. Immigrants who move to sunnier climates have higher rates of C~~ 
than populations who remain in their country of origin . Immigrants 
develop rates approaching those of prior (but native born ) 
immigrants to the adopted country; this is particularly accentuated 
in individuals arriving before the age of puberty ( 10-14 years ) . 
(See page_ . ) 

31h . It has been suggested that C~M risk may be associated with 
childhood sunburn ; however, other evidence suggests that chi l dhood 
sunburn may ref l ect an indiv idual's pigmentary characteristics or 
may be related to nevus development, rather than being a separate 
risk factor . (See page . ) 

3li . 1ost studies that have used latitude as a surrogate for s un light o r 
UV-B exposure have found increases in the incidence or morta li t y of 
CMM correlated to proximity to the equator. A recent study of 
incidence using measured CV -Band C~M survey data found a strong 
re l ationship between CV-Band incidence of C~M . Anot her study : hat 
used modeled CV-B data and an expanded database on morta l it y found 
a strong UV-B / mortality relationship . (See page . ) 

3 l j . One form of CMM, Hutchinson ' s me l anotic freck l e, appears a lmost 
i nvariably on the chronically sun-damaged skin of o l der peop l e . 
( See page_. ) 

32. SOME EVIDE~CE CREATES UNCERTAINTY ABOCT THE RELAT IO~SH I P BE1w'EE~ SOLAR 
RADIATION AND CUTANEOCS ~L I GNANT 1ELANO MA . 

32a . Some ecologic epidemio l ogy st ud i es, pr i mar ily i n Eu r ope o r cl ose : o 
the equator, have fai l ed :o find a l atitud i nal gradi ent fo r C:--1..~ . 
(See page_. ) 

32b . Outdoor workers genera lly have l ower incidence and morta l: t y =ates 
for C~M than indoor workers, whi ch appears incompat ib l e wi t h a 
hypothesis that cumu l ati ve dose f =orn so l ar expos ure causes C~M . 
(See page_ .) 
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32c. Un like basal cell and squamous cell carcinomas, masc C~~ occurs on 
sites that are nae habitually exposed to sunlighc; this concrasc 
suggests that cumulative exposure to so la r radiation or CV - B i s noc 
solely responsible for variations in C~H. (See page_ . ) 

33. UV -B RADIATI ON IS A LIKELY C01PONE~T OF SOLAR RADIATION THAT CACSES 
CUTAN EOUS 1ALIGNANT iELANOMA (CMM), EITHER THROCGH I~ITIATION OF TCiORS 
OR THROCGH SUPPRESSION OF THE I~~lNE SYSTEM. 

33a . Xeroderma pigmentosum patients who fail to repair UV -B- induced 
pyrimidine dimers in their DNA have a 2,000 -fold excess race of C1~ 
by the cime they are 20. (See page .) 

33b . CV -B is the most active part of the solar spectrum in the induct io n 
of mutagenesis and transformation in vitro. (See page .) 

33c . CV -8 i s the most active part of the solar spectrum in the induct ion 
of carcinogenesis in experimenta l animals and is considered to b~ a 
causative agent of nonmelanoma skin cancer in humans . (See 
page .) 

33d . UV -8 is the most active portion of the solar spectrum in inducing 
immunosuppression which may have a role in melanoma development . 
(See page_ .) 

33 e . The limit at ion s in the ep idemio logic and experimenta l database 
leave some doubt as to the effectiveness of uv -B wave l engths in 
causing C~M. (See page_. ) 

34 . wHILE C~CERTAI\TY EXISTS, I~CREASES I~ THE I~CIDE~CE AND ~ORTALITY CF 
CCTANEOCS iALIGNANT 1ELANOMA ARE LIKELY AS A RESCLT OF OZONE DE?Ll:T IO~ . 
wHILE ~ANY C~CERTAI~'TIES EX I ST (E.G. , REGARDI~G ACTION SPECTRA, P~AK 
VERSUS CC~CLATIVE DOSE, ETC .) ABOUT THE NATURE OF THE REL\TI ON SH IP 
BE1wEE~ CV -3 AND MELANOMA, THE FACT THAT Lv -B RADIATI ON VARIES ACROSS 7:-IT 
E~VIRONME~T IN THE RANGE OF VARIATI ON EXPECTED FROM DEP LETION PROVIDES 
I~FOR~ATION CSCALLY CNAVAIL\BLE TO RESEARCHERS iAKI~G QU ANT ITAT IVE RISK 
ESTI~ATES . THC S ALTHOUGH IiPERFECT, EPIDEMI OLOGIC I~FORMATI ON EXIS:S : o 
ESTIMATE A RANGE OF CHANGES I~ INCID ENCE AND 10RTAL I~ F THE ozo~~ '.:..AY~R 
IS DEPLETED . 

34a. Uncertainty exists about :he appropr1ate act i on spectrum :o ~e used 
i n estimating dose, the best function a l fo rm for dose-res ponse , :~e 
best way to characterize dose ( peak va lue, cwnulat1 ve expos u re, 
ecc .) and the relative importance of CV -8 as an ini t iato r o r 
promoter . Histologica lly -different CMM s (o r possibly CiM located 
at different anatomical sites ) are like ly to have diff erent 
dose-response relationships . iost estimates of CMM do se- respor. se 
relationships f a il to consider these histo log ical or s it e 
differences . Non ethe l ess , by encompassing a range of poss ibi:~ :~es 
it i s possible to est imate dose-response because of the s yscemat1 c 
variations i n lV -8 . ( See page_ . ) 
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34.b. A recent study by the ~IH presents a we ll -designed eco l ogica l st udy 
of melanoma and CV-Busing survey data and measured CV -Bat ground 
levels. While much uncertainty exists, this dose-response 
relationship, when used with different action spectra and 
assumptions about the importance of peak versus cumulative 
exposure, can be utilized to estimate a range of va lues for cases. 
The relationship estimates t hat a 1 percent change in ozone is 
likely to increase incidence by between slightly less than 1 to 2 
percent, depending on the choice of action spectrum . The 
appropriate action spectrum is l ikely to be encompassed in the 
range of erythema and D~A. (See page __ . ) 

34.c. ~elanoma mortality is estimated at about 25 percent of all cases . 
This result is consistent with the projections of a dose-response 
model of mortality developed by EPA / NCI. It is estimated that a 1 
percent change in ozone would result in a 0.8 - 1 . 5 percent change 
in C:1M mori:ality. (See page_ . ) 

34.d . Additional uncertainties in projecting future incidence and 
mortality of C:1M in the U. S. include the lack of an adequate 
database describing variations in skin pigmentation and human 
sun-exposure behavior among different populations and estimates of 
how these relationships may change in the future. ( See page __ .) 

35 . CV -B SCPPRESSES THE I~~!C~E SYSTI~ I~ ANI~L C:XPERI~ENTS . 

35a . Acut e high doses of UV radiat ion cause a panimmunosuppression that 
i s short lived. (See page __ . ) 

35b . CV radiation admin i stered in relatively low doses also causes a 
depression in cell-mediated immunity, which resu l ts in an inability 
to respond to an antigen which is presented to the animal through 
the CV irradiated skin, a depression of contact hypersensit ivi t y. 
(See page_ . ) 

35c. Hi gh doses of UV radiation cause a depression in cell-mediated 
i mmunit y, leading to delayed-t yp e hypersensitivity . Thi s results 
in an inability of the anima l to respond to an ant i gen which is 
presented through irradiated skin. (See page __ . ) 

35d . Both the effects of the l oca l depress ion of contact 
hypersensitivity and t he s ystem ic s uppress i on of contact 
hypersensitivity are mediated by a T suppressor ce ll which pre vents 
t~ e deve lopment of active immunity to the antigen. (See page . ) 

35e . Th e immunosuppress iv e effects of CV radiation have been found to 
reside a l most entirely in the lV -B wavelengths . (See page __ . ) 

J anuary 1987 Re vi sed Draft 



-35-

36. SUPPRESSION OF THE P1~CNE SYSTEM ~!AY PLAY AN IM PORTANT ROLE IN 
CARCI~OGENESIS. 

36a . Animals that are UV -irradiated also develop T suppressor ce ll s 
~hich interf ere with the immune response to CV - induc ed tumor s , 
resulting in animals that are more susceptible to the growth of 
autochthonous UV-induced tumors. The suppression of the immun e 
system that would result from ozone depletion i s reflected in 
dose-response estimates of photocarcinogenes i s . (See page __ . ) 

37 . LIMITED EXPERI~ENTAL DATA INDICATE THAT CV -B SUPPRESSES THE HCMAN IM~lNE 
SYSTEM. 

37a . Although there is limited information about the effects of L~ 
radiation on humans, several studies indicate that the immune 
response of humans is depressed by UV radiation and i s depressed i n 
liV - ir radiated sk in . (See page _. ) 

38. CV -B- INDUCED SCPPRESSI ON OF THE HUMAN IMMUNE SYSTEM IS LIKELY TO HAVE A 
DELETERIOCS EFFECT \dTH REGARD TO MANY HUMAN DISEASES. 

38a. Preliminary studies indicate that UV radiation may prevent an 
effective immune response to micro-organisms that in fect vi a 
sk i n, thus predisposing to reinfection or chronic infection . 
page _ .) 

the 
(See 

38b . Two human di seases that may be influenced by UV-B - induc ed immune 
suppress i on are herpes virus inf ect ions and l e i shman ias i s . (See 
page _ . ) 

38c. Almost no research has been conducted on the influence of UV-B on 
other infectious diseases; additional investigation i s cl ea rly 
warranted. (See page __ .) 

38d. For at l east one theory of the mechanisms of UV-B suppress ion of 
the immune system (that invo lving urocan ic acid ) , a poss ibi l it y 
exists that non-whites, as well as whites, would be vulnerab l e to 
increased immune suppress ion caused by ozone dep letion . (See 
page _ . ) 

38 e. Because CV -B can produce systemic immunologic change , th e 
possibility exists that changes in CV -B could have effects beyond 
cutaneous skin infections and skin cancers. (See page __ . ) 

38f . Immunologic studi es to date have not assessed the effec: s of 
l ong-term chronic CV -B irradiation . Consequent l y, the magn1: ude o : 
thi s risk cannot be assessed . (See page __ .) 

Januiry 198 7 Revi sed Draft 



-36-

39. EVIDE\CE EXISTS SUGGESTI NG THAT CATARACT INCIDE\CE wILL CHA~GE wITH 
ALTERATIONS IN THE FLCX OF CV -B CAUSED BY OZONE DEPLETION. 

39a. ~any possible mechanisms exist for formation of cataracts . CV -B may 
play an important role in some mechanisms. (See page_ .) 

39b. Although the cornea and aqueous of the human eye screen out 
significant amounts of UV -A and L-V-B radiation, nearly 50 percent 
of radiation at 320 nm is transmitted to the lens. Transmittance 
declines substantially below 320 nm, so that less than 1 percent is 
transmitted below approximately 290 to 300 nm. However, the 
results of laboratory experiments on animals indicate that short 
wavelength UV -B (i. e . , below 290 nm) is perhaps 250 times more 
effective than long wavelength CV -B ( i.e., 320 nm) in inducing 
cataracts . (See page_ . ) 

39c. In laboratory animal experiments, the action spectrum for inducing 
cataracts is weighted heavily in the UV-B range. (See page __ 0 ) 

39d. Human cataract prevalence appears to vary with la t itude and UV 
radiation; brunescent nuclear cataracts show the strongest 
relationship. (See page_. ) 

40. !\CREASES IN THE AMOCNT OF CV -B THAT CAN REACH THE RETINA APPEAR CAPABLE 
OF CACSING STABLE ~ETI~AL DISORDERS AND RETINAL DEGENERATION, NO CACS~S 
OF BLINDNESS . 

41. LI~ITED STCDIES HAVE ANALYZED THE EFFECT OF INCREASED UV -B RADIATI ON ON 
PLA~TS. STCDIES GENERALLY SHOW ADVERSE I~ PACTS; HOWEVER BECAUSE OF 
DIFFICCLTIES IN EXPERI~ENTAL DESIGN, THE LARGE NUMBER OF SPECIES AND 
CCLTI VARS, AND COMPLEX INTERACTIONS BETw'EEN PLANTS AND THEIR 
E\VIRONME\T, CONCLUSIONS ABOUT THE A~OUNT OF YIELD LO SSES ATTRIBL'TABLE 
TO CV -B CANNOT BE DRAWN. 

42. OF PLA:'-.1 C . .' L TI VARS TESTED IN THE LABORATORY, APPROXI~ATELY 70 PERCE~1 
WERE DETE~.'1INED TO BE SE:--ISITIVE TO CV -B . 

42a. Laboratory experiments have been shown to rep l icate inadequate ly 
effects i n the field. In some species, mi:1gation responses ( e . g . , 
increased production of flavonoids ) have reduced adverse impacts . 

~2b . Different cultivars wit hin a species have exhibited dif:erent 
degrees of UV-B sensitivity. ~hile this suggests se l ective 
breeding could limit damage, neither the basis for se l ectivi ty nor 
th e potential effect on other aspects of growth has been studied. 

43. THE EFFECTS OF u-V -B RADIATION HAVE 3ES\ EXAMI'iED FOR ONLY FOL"R OF THE 
TEN ~AJOR TERRESTRIAL ECOSYSTI~S AND FOR O\LY A TH-RD OF THE PLA.~1 
GRO\,iTH FOR.'1S . 

~Ja . L1ttle or no data exist on enhanced CV - 3 effects on :rees, woody 
shrubs, v1nes, or l ower vascu lar p l ants . (See pag e . ) 
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43b . Because of a lack of data it i s imposs ibl e to adequately addre ss 
the question of the effects of UV -B changes on plants either within 
the United States or on a globa l basis . (See page_. ) 

44. LARGE C\CERTAI\TIE S EXIST AS A RESCLT OF AN I~PERFECT EXPER I~E'iTAL 
DESIGN OR DOS IMETRY . EXISTING EXPERI~ESTAL FIELD DATA SUGGEST A 
POTE NTIAL RED UCT ION IN CRO P YIELD DUE TO ENHA NCED CV -B RADIAT ION. 

44a . Field experiments have somet i mes not adequate ly contro lled CV -B 
dose, soil temperature, or other parameters, and because natural 
conditions ( e .g ., prec ipit at ion , ambient temperature ) vary, 
determ ining a dose-response relationship is further complicated. 

44b . The only long-term field studies of a crop invol ved soybeans. 
These studies have found that enhanced levels of UV -8, s i mulating 
between 16 and 25 percent ozone depletion, caused crop yi eld 
reductions of up to 25 percent in a particular cultivar . Smaller 
reductions in yi e ld were experienced in years where drought 
cond i tions existed . (See page .) 

44c . Soybean (CV Essex ) yield could be accurately predicted when total 
UV -B dose, daily maximum temperature, and number of days of 
precipitation were included in a regression model. (See page . ) 

44d. The lipid and protein content of soybean was reduced up to 10 
percent ; how ever , higher CV -B doses a lone did not cons i stently 
res ult in the largest reductions. (See page __ .) 

44e . Two out o f three soyb ean cu l tivars tested under l aboratory 
conditions were sensit ive to UV -B . If this relations hip holds true 
in the field, it suggests (when considered in light of yi e ld 
reduction experiments ) that uV -B inc reases could harm the po tentia l 
of the would agricu l tural system to produce soybeans . 

45. TIE EFFECTS OF UV-BON FCNGAL OR VIRAL PATI10GESS VARY WITI1 PATHOGEN, 
PLANT SPEC I ES, AND CCLTIVAR . 

45a. Reduced vigor i n CV -sens i tive pl ants could render the p l ant s more 
susceptible t o pest or di sease dam age and thus res ult in reductions 
i n crop yield . (See page_ . ) 

45b. Cu r r ent evidence on possib l e in teractions with pathogens i s very 
limit ed . (See page .) 

46. CHANGES IN CV -B LEVELS '.1AY I'iDCCE SHIFTS I'i 80111 :\TER - AND 
INTRASPEC I?IC CO~PETITI ON. 

46 a . If enhanced uV -B favors weeds over c rops, agr icultural co s ts ( e g . 
for inc reased ti lling and herbicide applicat ion ) cou ld incr ease . 
How ever, insu ffici en t evid enc e ex i sts to form a bas i s fo= 
eva l uating this ef fect ~See pag e __ . ) 
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46b. Increases in CV -B could alter the results of the competition in 
natural ecosystems and thus shift community composition . (See 
page_ . ) 

47. CV-B RADIATION I\HIBITS AND STI~ULATES FLOWERING, DEPENDISG ON THE 
SPECIES A\D GROwTH CONDITIONS. 

47a. The timing of flowering may also be influenced by UV -B radiation , 
and pollen may be susceptible to UV damage upon germination. (See 
page_ . ) 

47b. Reproductive structures enclosed within the ovary appear to be 
well-protected from UV-B radiation. (See page __ .) 

48 . INTERACTIONS BETWEEN UV -B RADIATION AND OTHER ENVIRONMENTAL FACTORS ARE 
IMPORTANT IN DETER~INING POTENTIAL UV -B EFFECTS ON PLANTS. 

48a . UV -B effects may be worsened under low light regimes or suppressed 
under conditions of limited nutrients or water. (See page __ .f 

48b. Interactions with other environmental effects make extrapo lation of 
data from growth chambers or greenhouses to field conditions 
difficult and often unreliable. (See page __ .) 

48 c . The combined ef fect of higher CV -Band other envirorunenta_ ch anges 
cannot be adequately assessed by current data. Extensive, 
long-term sutides would be required . (See page __ .) 

49 . INITIAL EXPERI~ENTS SHOW TifAT REDUCTIONS IN STRATOSPHERIC OZONE, ~~ICH 
!\CREASES SOLAR ULTRAVIOLET RADIAT ION, HAVE TifE POTENTIAL TO HARM 
AQUATIC LIFE . DIFFICULTIES IN EXPERI~ENTAL DE SIGNS AND THE LI~ITED SCOPS 
OF TifE STt:DIES PREVENT THE QUANTIFICATION OF RISKS . 

49a. Incr eases in energy in the 290-320 nm wavelengths that wou , a occur 
if the ozone layer were depleted could harm aquatic li fe . (See 
page_ .) 

49b . Based on the DNA action spectrum, a 10 percent ozone dec=ease would 
result in a 28 percent increase in biological ly effective 
radiation, th e radiation that appea=s most re l evant t~ a~uat1c 
organisms. (See page . ) 

49c. A 10 percent decrease in column ozone would produce an i~crease ·~ 
biologically effective radiation comparab l e to forcing aquat1c 
organisms to migrate over 30 ° of l atitude. (See page_ . ) 

50 . LI~ITED EXPERI~E~'TAL DATA DE~ONSTRATE A RISK TO AQ CATIC LI?E. 

50a . Various experiments have shown that CV -B radiation damages :1sh 
l arvae and juveniles, shr 1mp l arvae, c=ab la rvae, copepods, and 
plants essential to the mar1ne food ~eb . (See page_ . ) 
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SO b . Cp to some t hr es ho ld leve l o f exposure, mos t zoop l ankton show no 
effect due to i ncreased exposure to CV-B radiat ion . Howe ver , 
exposure above t he dose thresho l d elic i ts s i gnifi cant and 
i rrevers i b l e physio lo g i ca l and behav i ora l effects . (See page . ) 

SOc . ~hil e the exact l i mi ts o f to l erance and current expos ure have no t 
been precise ly determ ined, estimates of these two propert i es fo r a 
variety of aquatic organ i sms show them to be essent i a lly equa l. 
(See page _ .) 

SOd . The equal i t y o f t ol eranc e and exposure suggests that so l ar CV - B 
radiation is current ly an important limit i ng eco l ogica l factor , and 
the sunlight-exposed organisms sacrifice potent i al resources to 
avoid increased UV -B exposure . Thus, even small i ncreases o f UV -B 
exposure would be like ly to f urther in j ure species current l y under 
CV-B stress . (See page __ .) 

SOe . A decrease in co lumn ozone is reasonab l y l ikely to diminish the 
near-surface season i n wh ich zoop l ankton can surv ive or breed . 
whether the popu l at i on cou l d endu re a signi f icant s hortening of the 
surface season is unknown ( e.g . , for some zooplankton the surface 
season is critical for breeding ). (See page __ . ) 

SO f . Sub l ethal exposure of copepods produces a r educt i on in f ecundity. 
(See page . ) 

SO g . Of t he an i ma l s tested , no zoop l ankton possess a sensory mechan i sm 
for di rect l y detecting UV -B rad i ation; therefore, i t wou l d be 
un like ly t hat th ey wou l d acti ve ly avoid enhanced l eve l s o f expos ure 
resulting f rom a reduction in co l umn ozone. (See page __ . ) 

SOh . Exposure of a community to UV -B stress i n contro ll ed exper i ments 
has resulted in a decrease in species diversity, and t herefore a 
poss i b l e reduct i on in ecosystem res ili ence and f l ex i bi lity . (See 
pa ge _ . ) 

SOi. One exper i ment predicted an 8 percent annua l l oss o f t he l arval 
anchovy population from a 9 pe rcent reduct ion i n co lumn ozo ne in a 
mar i ne system wi t h a 10 -meter mixed layer . (See page __ . ) 

51 . S IGNIFICANT LI'.1ITATIO:--.IS ~XIST I\ PROJEC'!\G DA'.1 . .;GE TO AQCATIC SYSTE~lS 
FR0 '.1 CHANGES I\I CLTRAVIO LET RADI ATI0 :--.1 

51 a . Bec au se aquat i c organ i sms are sma ll and do not us ua lly have fix ed 
ocat 1ons , i t i s very difficul t to obta i n accu rate dat a needed to 

mode l t he s ystems and veri fy res ul ts . Cnderstanding of th e 1~: e 
cy c l e of organ i sms i s very l1m1.t ed . (See page __ .) 

52. I\ COM'10~ \dTI{ ALL OTHER LI\"I\G ORGA\IS'1S . THE AQC ATIC BIOTA COPE \,i:TH 
SOLAR CV-B RADI ATIO\I BY AVOIDA\C E , SP.ELDI\G. A\ID RE?AI R '.1ECHANIS'1 S . 
C\C ERTAI\TY E:·CSTS AS T'J HQ \,i 'lCC:-i Si.:CH BC: nAVIOR COCLD REDCC E DA'1AGE . 
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5 3. DETER~I~ATION OF UV -B EXPOSCRE I~ AQL'ATI C SYSTE~S IS ~!ORE CQ~!P~EX T:-fA ~ 
FOR TERRESTRIAL EC OSYSTE~S BECACSE OF THE VARIABLE ATTE \CATI O\ OF lV -3 
RADIATION I~ THE ~ATER COLC~N . 

54. CCRRE\T DATA O\LY I\DICATE PROBABLE TRENDS FOR AQUATIC SYSTP!S A\D ARE 
BASED 0\ I\CO ~!PLETE A\D LI~ITED OB SERVATIONS; CON SE QCE\TLY, THEY ~C ST 3E 
REGARDED AS VERY TE\TATI VE. THE POSSIBILITY EXI STS THAT THE RISKS FRO~ 
LlV -B RADIATION ARE SMALLER OR LARGER THAN CL'RRENT EXPERI~E~AL EVtDE\CE 
APPEARS TO I~DICATE. 

:n . !\CREASED CV -B RADIATION Id LL ACCELERATE THE DEGRADATION OF POLY~ ERS . 

55a. Several commercial pol ymers ( e . g . , polyethy l ene , polypropy l ene, 
poly(vinylchloride)), a l though theoretical ly UV transparent, 
contain chromophore impurities that absorb light in the CV-B reg ion 
of the spectrum . Other polymers (e.g., polycarbonate ) have 
structural features in their molecules that resu lt in strong l~ - a 
light absorption. ( See page __ .) 

55b . Several polymers have important outdoor app lications ( e . g . , used in 
s iding and window glazing in the bui lding industry; in film and 
containers in packaging; i n ho usewares and toys; and in paint s and 
protective coatings) . Such polymers are likely to be exposed to 
s ignifi can t amo unts of UV -B radiation. Other polymers are stored 
outside before use and could deter io rate during these per iods . 
(See page _ . ) 

55c . Absorption of CV -B radiation in po lymers causes photo-induced 
reactions and alters important mechanical, physical, o r optical 
propert i es of the polymers ( e .g . , ye llowi ng, brittleness ) and ::rn s 
degrades ( i.e., reduces the useful lif e of ) the po lymers. (See 
page ___ .) 

56 . CV -STABILIZERS ARE CSED I~ POLY~ERS FOR PROTECTION AGAI~ST CV 
RADIATI O\ . :~CREASED ~V -B RADIATIO~ ~AY REQCIRE !\CREASED l SAGE OF 
STABI:.ZERS TO ~AI\TAI~ A PROD~CT'S l SEFlL LIFE . 

56a . Increased amounts of stab ilizers might adversely ar:ec: : ~e 
processing and use properties of some polymers (e.g., ~ardness , 
therma l conductivity, flow characterist ics ) . For example, 
inc reased amounts o f titanium dioxide in poly (vinylch~o riie , ~~g~: 
affect it s processing properties, inc reasini it s co sts of 
production. (See page __ .) 

56b . Chang es in the amount of stab ilizer ( and other additive s ) ~o u : d 
increase costs of products or cou l d require developmen t of ~e~ 
formulation s co avoid or minimize impu r ities in produc:ion. ~ee 
page __ .) 

56c . Th e addition of stab ilizers :o po lymers may be l imited by pr:ic :~ :: .L 
probiems of ma ter ial character: sc: cs o r manufac:~re . ~c~e ve : , 
o:her responses may be poss ible co limit damage . (See page_ . 
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57. POTE~'TIAL DAMAGES TO POLY~SRS RELATSD TO OZON E DEPLE~! ON A\D C~I~AIT 
CHANGE ARE DIFF ICCLT TO EST I~ATE . 

57a. Due to lack of relevant experimental data, only approximate 
estimation methods are available to determine the potent1a l exten: 
of ligh t-induced damage. (See page __ . ) 

57b. Depending upon the chemical nature of a polymer, the components of 
the compound, and the weathering factors, both temperature and 
humidity tend co increase the rate of degradation. (See page . ) 

58. INCREASED CV -B RADIATI ON DCE TO OZONE DEPLETION COCLD HAVE ADVERSE 
ECO~O~IC EFFECTS. 

58a. Changes in polymer processing properties can result in more 
equipment shutdowns, higher maintenance costs, and increased 
utility costs . (See page .) 

58b. Increased operating costs and material costs (e . g ., for 
stabilizers, lubricants, and other additives ) would have an adverse 
economic impact on the polymer / plastic industry and re l ated 
industries. (See page __ . ) 

58c . In a case study using preliminary data and methods, and a gi ven 
scenario of ozone depletion ( 25% depletion by 2075), undiscounted 
cumulative ( 1984 -2 07 5 ) economic damage for po ly (vinylchlo ride ) 1s 
estimated at S4. 7 bi llion ( CSA only). Due to the l ack of data, 
possible damage to ot her po lymers has not been assessed. (See 
page_. ) 

59. RESCLTS FRO~ ONE ~ODELI~G STCDY AND ONE CHAMBER STCDY SCGGEST THAT 
INC REASED CLTRAVIOLET RADIATI ON FROM OZONE DEPLETION ~AY INCREASE THE 
RATE OF TROPOSPHERIC OZONE FORMATION. 

59a . According to these studies, increases in CV -B associated wi:h ozone 
c ep l et i on would increase the quantity of ground-based ozone 
assoc1ated with various hydrocarbon and nitrogen oxides em i ss ion 
l evels. Results for individual cities v ary, depending on the 
city's l ocation and on the exact ~ature o f :he pol_ution. (See 
page_. ) 

59b. According to these studies, g io ba l warming wou~d enhance : he 
effects of increased CV -B radiatlon on the formation of 
ground-based ozone. (See page __ . ) 

59c . Acco rding to these st udi es , ground -based ozone would for~ ear:~er 
in the day . This wou ld cause La rger pop ula tion s in some c :::es =~ 
be exposed to peak va lu es . (See page . ) 

59. ~lore research is needed co verify a~d expand the res u l ts of : hese 
studies. 
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60. PRELI'.1I~ARY RESULTS :!W'.1 ONE STCDY ALS O SCGGEST THAT LARGE I\CRE ASES :\ 
HYDROGEN PEROX IDE wOCLD RES CLT FROM I\CREASED CV -B RADIATI O\ . 

60a. If hydrogen peroxide increases as predicted in this study, : he 
oxidat ion potential of the atmosphere, inc luding the fo rmati~n of 
acid rain, would be i nf luenced . (See page .) 

60b. More research, especially a chamber study , i s needed to verify t h is 
effect . 

61. ISCREASES I~ GROC\D - 3ASED OZON E w·ocLD ADVERSELY AFFECT ?CBLIC HL\ L7i-l . .\\D 
\,,ELFARE . 

61a. If UV -B increases enhanced ozone production, more U. S . cities wou l d 
be unable to meet health-based ground- l evel ozone standards , and 
background ozone would increase . (See page _. ) 

61b. Crops, ecosystems, and materia l s would be adversely affected by 
increased ground-leve l ozone. (See page . ) 

62. GLOBAL AVERAGE SEA LEVEL APPEARS TO HAVE RISEN 10 TO 15 CM OVER THE LAST 
CPffCRY. 

62 a. Studies of the poss ible cont r ibution of thermal expans ion and 
alpine meltwater to sea l eve l rise, based on the 0.6°C warming o f 
the past century, indicate that these two sources are in su ffici ent 
to exp l ain the est 1mated sea l evel rise that has occurred du ring 
this period . (See page_. ) 

62 b . So cause and e ff ect between global warming and past sea l evel ha s 
been conclusively demonstrated . (See page . ) 

63. THE PROJECTED GLOBAL WAR~II~G WOCLD ACCELERATE THE CCRRE~ RATE OF SEA 
LE VEL RISE BY EXPANDI~G OCEAN I.ATER, '.1ELTI'.'-IG ALPISE GI.ACE.RS , A.'iD 
EVE~CALLY I\C REASI~G THE RATE AT wHICH POLAR ICE SHEETS '.1ELT R 
DISCHARGE ICE I Yro THE OCEANS. 

64 . ESTI~TES OF THE RISE I~ SEA LEVE~ ;HAT COCLD TAKE PLACE IF '.1EAS L~ES : o 
LI'.1I T THE GLOBAL wARMI ~G ARE SOT l \DERTAKE\ RA.\GE FRO~ lJ TO 20 : ~ 3Y 
THE YEAR 2025, A.\D 50 TO 20 0 CM SY 2 ~00 . 

64a. Thermal expans 1on alone wou l d 1ncrease sea l eve l rise between abou : 
30 cm and 100 cm by 2100, depend ing on the rea l :zed temperat ~re 
change . Thi s i s t he mo st certain contri~u t ion . (See ~age _ . ) 

64b. '.1 e lting of alpine glaciers and pos sib ly of ic e on Gre en iand cou ~c 
each contr 1but e 10 to JO cm through 21 00, dep ending on the 
scenar i o . This cont r ibution a l so has a h igh deg ree of ~:ke li j ood 
(See page _ . ) 
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64c. The contribution of Antarctic deglac ia tion is more difficult : o 
project. It has been estimated at between O and 100 cm; howe ver, 
the possibilities cannot be ru l ed out that ( 1) increased s nowf a ll 
could increase the size of the Antarctic ice sheet and thereby 
partial y offset part of the sea level rise from other sourc es ; or 
( 2) me ltwater and enhanced calving of t he ic e sheet could incr ease 
the contribution of Antarctic deg l ac i at i on to as much as 2 ~- Th e 
Antarctic contribution to sea level rise may be more sens itive to 
time delays after certain threshold conditions are reac hed than to 
the magnitude of tota l warming . (See page __ .) 

65 . OVER TH E ~1U CH LONGER TER~ (THE ~EXT FEW CENTI.:RIES ) DISI'.'ITEGRAT ION OF - ~E 
WEST ANTARCTIC ICE SHEET ~IGHT RAISE SEA LEVEL BY 6 ~ETERS. 

65a. Glaciologists genera lly believe that such a dis in tegration of the 
west Antarctic ice sheet wou l d take at least 300 years, and 
probably at least 500 years . (See page_ .) 

65b. A global warming might result i n sufficient thinning of the Ross 
and Filcher-Ronne I ce Shel ves in the next century to make the 
process of disintegration i rreversib l e. (See page __ . ) 

66 . LOCAL TRE ~DS IS SCBSIDE\CE AND E~ERGE~CE ~CST BE ADDED OR SCBTRACTED 70 
GLOBAL RISK ESTI~ATE S I\ ORDER TO ESTI~ATE SEA LEVEL R~SE AT PARTIC~LAR 
LOCATIONS . 

66 a . ~ost of the Atlantic and Gulf Coasts of the United States-- as we~~ 
as the Southern Pacific coast--are subs iding 10 - 20 cm per c en tury . 
(See page . ) 

66b . Louisiana is subsiding 1 m per century , while par t s of Al aska are 
emerging 10-100 cm per century . ( See page __ .) 

67. A SCBSTANT I AL RISE IN SEA LEVEL WOCLD ?ER~A:--II~"TLY I\C~l)ATE w~::.A\l) S A\D 
LOwLANDS, ACCELERATE COASTAL EROS ION , EXACERBATE COASTAL FLOO DI\G , A\D 
INCREAS E THE SALINITY OF ESITARIES A~D AQCIFERS. 

67a . Louisiana is the state most vulnerabl e to a rise in sea lev e l. 
Important impacts would also occu r in Flo r ida, ~a ry · and , Je l aware, 
~ew Jersey , and in the coasta. reg ion s of other states . · se e 
page_. ) 

67b. A rise in sea level of 1 to 2 m by the year 21 00 could des troy SJ 
percent to 80 percent of C.S . coasta l wet.ands . t Se e page_ . 

67c. Limit ed studi es predict that inc reased sa linity : r om sea ~e ve~ r:se 
would convert cypress swamps :o open water and thr eaten d r:~k:~g 
water supplies in areas such as Louis i ana, Philde iphi a, and \ew 
J ersey . Other areas , such as Southern F orida, may a l s o be 
vul nerable but have no t be en inve st:gated . (See ~ag e . J 
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68. EROSION PROJECTED IN VARI OCS STCDIES TO RESCLT FROM ACCELERATED SEA 
LEVEL RISE COCLD THREAT£\ C .S . RECREATI ONAL BEACHES. 

68a . Case stud i es of beaches in New Je rsey , '.-laryland, California, Sout h 
Caro l ina, and F lorida have concluded that a 30-cm rise in sea l eve 
wou l d result in beaches eroding 20 -6 0 m or more. '."!ajar beach 
preservation efforts would be required if recreational beaches are 
to be maintained . (See page __ .) 

69. ACCELERATED SEA LE VEL RISE \.iOC LD I'.';CREAS E THE DA:1AGES FROM FLOODING I:--1 
COASTAL AREAS . 

69a. Flood damages would increase because higher water levels would 
provide a higher base for storm surges . (See page __ . ) 

69b. Erosion would increase the vulnerability to storm waves, and 
decreased natural and artificial drainage would increase f looding 
during rainstorms . (See page __ .) 

70. ESTI~lATES OF DA:1AGE FRO'.1 SEA LE VEL RISE '.1UST CONSIDER POSSIBLE 
'.1IT I GATI ON BY HC'.1AN RES?O\SES . 

70 a . The adverse impacts of sea l evel rise could be ame liorated through 
anticipatory land use planning and structural design changes . (See 
page .) 

70 b . I n a case study of two cities, Charleston, South Carolina and 
Gal veston, Texas acce l erated antic i patory planning was estimated to 
reduce net damages by 20 to 60 percent. (See page __ .) 

71. RELATED I'.1PACTS OF A GLO BAL viAR'.1I:--IG \,i OL' LD ALSO AFFECT I:-lPACTS OF SEA 
LE VEL RI SE. 

71 a . Increased droughts might amp li fy the salinity i mpacts of sea l eve l 
rise . (See page __ .) 

71 b . I ncreased hurricanes and increased rainfa ll in coasta l areas could 
amplify flooding from sea l eve r i se . (See page __ . ) 

7 c. Warmer temperat ure s might ~rnpa1 r peat ~o rrnat ion of sa l t marshes dnd 
would enable mangro ve swamps to :ake over a reas that are present: y 
salt marsh . ( See page __ . ) 

71d. Dec reased northeasterners might re duce damage . (See page . ) 

~2 . RI VER DC:~TAS T!iROCGHOL"T T!-fE \.o' ORLD i,iOLLD BE \TL\ERABLE -:"O A RIS E I~ SEA 
i:.E\"EL, PARTICL"LARLY 7"r!OSE \,,"HERE R! \" ERS . .\RE ~A~'.1£D 'J R ::..Z \" EC: D. 
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73 . CLI~ATE CHANGE HAS HAD A SIGNIFICANT I~PACT 0~ FORESTS I~ THE ?AST . IF 
CCRRENT PREDICTIONS PROVE ACCCRATE, THERE IS A POTE\TIAL FOR DRA~AT IC 
SHIFTS IN FORESTS AND VEGETATION OVER THE ~EXT 100 YEARS . * 

73a . Climate models predict that a global warming of approximate ly l .5° C 
to 4.5°C will be induced by a doubling of atmospheric CO2 and ot her 
trace gases during the next 50 to 100 years . The period 18, 00 0 to 
0 years B.P. is the only general analog for a global c l imate change 
of this magnitude. The geological record from this glacia l co 
inter-g l acial interval provides a basis for qualitati ve l y 
understanding how vegetation may change in response to l arge 
c l imatic change. (See page __ .) 

73b. The paleovegetational record shows that climatic change as l arge as 
that expected to occur in response to CO2 doubling is l ikely to 
induce significant changes in the composition and patterns of the 
world's biomes. Changes of 2°C to 4°C have been significant enough 
to alter the composition of biomes, and to cause new biomes to 
appear and others co disappear. At 18,000 B. P . , the vegetation in 
eastern North America was quite distinct from that of the present 
day. The cold / dry climate of that time seems to have prec l uded the 
widespread growth of birch, hemlock, beech, alder, hornbeam, ash, 
elm, and chestnut, all of which are fairly abundant in present-day 
deciduous forest . Southern pines were limited to grow wi th oak and 
hickory in Florida. (See page __ . ) 

73c. Avai l ab l e paleoeco logical and paleoclimatological records do not 
provide an analog for the high rate of climate change and 
unprecedented global warming predicted to occur over the next 
century. Previous changes in vegetation have been associated w:: h 
climates that were nearly 5°C to 7°C cooler and took t housands o f 
years to evolve rather than decades, the time during wh i ch suc h 
changes are now predicted to occur . Insufficient temporal 
reso l ution ( e . g., via radiocarbon dates ) limits our ab il ity to 
ana l yze the decadal-scale rates of change that occurred prior to 
the present millennium . (See page .) 

73d . Limited experiments conducted with dynamic vegetation mode l s :or 
North America suggest that decreases in net b i omass may oc cu r and 
that significant changes in species composit:on are l ik e ly. 
Experiments with one model suggest that eastern Sort h Ameri c an 
biomass may be reduced by 11 megagrams per hectare ( 10~ of 1: ve 
biomass ) given the equivalent of a doubled CO2 envi rorunent . P~a~: 
caxa will respond i ndividualistical l y rather than as who l e 
communities to regional changes in c l imate variab l es . Ac : h is : ~~e 

1' Findings 73 to 76 are summarized :rom Appendix B, wh ich pr ov i des a 
comprehensi ve review of potential impacts o f g l oba l c limate change. 
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such analyses must be treated as on ly suggesti ve of the kind s of 
change that could occur . Many critical processes are simp lifi ed o r 
omitted and t he actua l situation could be worse or better . (See 
page _ .) 

73e . Future forest management decisions in major t imber-grow ing regions 
are likely to be affected by changes in natural growing 
conditions. For examp l e, one study suggests that loblolly pine 
popu l ations are likely to move north and northeast in to 
Penns ylvania and ~ew Jersey, while its range shrinks i n the west . 
The total geographic range of the species may increase, but a net 
l oss i n productivity may result because of shifts to less 
accessible and less productive sites . While the extent of such 
changes is unclear, adjustments will be needed in forest 
technology, resource a llocation, planning, tree breeding programs, 
and decision-making to maintain and increase productivity. (See 
page _ .) 

73 f . Dynamic vegetation models based on theoretical descriptions of all 
factors that could influence plant growth must be improved and / or 
developed for all major kinds of vegetation. I n order to make more 
accurate future predictions, these models must be validated using 
the geological record and empirical ecological response surfaces . 
In particular, the geo l ogical record can be used to test the 
ability of vegetation models to s i mu l ate vegetation that grew uncer 
climate conditions un like any of the modern day conditions. (See 
page _ . ) 

73 g . Dyn am ic vegetation models should incorporate direct ef f ects of 
atmospheric CO2 increases on plant growth and other air pol i utior. 
effects . Improved estimates of future regional climates are also 
required in order to make accurate predictions of futu re vegetation 
changes. ( See page _. ) 

74 . AGRICL'LTl.'RE I S VERY DEPDIDE~'T ON CLI:-lATE. LI'.1I TED ASSESS:-lESTS SL'GGEST 
THAT I~PORTA'.'•.rr CHANGES I~ AGRICCLn'RE . .\~D rAR.'1 P~ODCCTIVITY ARE LI KZLY 
THROCGHOCT THE w'ORLD, IF CLI:1ATE CHA'.',;GE OCCCRS AS PREDICTED . ESTI~A":::S 
OF I :-lPACTS ON SPECIFIC REGI ONS ARE DIFFICCLT TQ ~AKE 3ECACSE ~EGI O~AL 
PROJECTIONS OF CHA~GE CANNOT BE RELIABLY ~AD E. CCRRE\'T CL:iATIC 
K\Ow' LEDGE IS ON LY SLrF IC E:-.'T TO SCP?GRT VC .\ ERAB: L:7Y S7lD IES F"OR 
ALTER~ATIVE SCE~ARI OS. 

74a. Climate has had a significant impact on :arm productivity and 
geographical distribution of c r ops . Examp l es inc l ud e the : 983 
drough t, which contributed :o a near l y JO percent reduction in c~rn 
yi e lds in the U. S.; t he persistent Great Pl ains d r ought bet~e en 
1932-1937, ~hic h contributed co near l y 200 , 000 fa rm bank r uptc~es ; 
and the climate shift of the Li tt l e ·ce Age ( 1500 - 18 00 ) , which :ed 
to the abandonment of agricultura l sett l ements in Scot l and and 
~o rwa y. (See page __ . ) 
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74b. World agriculture is likely to undergo significant shifts if 
trace-gas-induced climate warming in the range of 1.5°C to ~.5°C 
occurs over the next 50 to 100 years. Climatic effects on 
agriculture will extend from local to regional and internationa l 
l evels. However, modern agriculture is very dynamic and i s 
constantly responding to changes in production, marketing, and 
government programs. (See page __ .) 

74c . The main effects likely to occur at the field l evel wi ll be 
physical impacts of changes in thermal regimes, water conditions, 
and pest infestations. High temperatures have caused direct damage 
to crops such as wheat and corn; moisture stress, often associated 
with elevated temperatures, is harmful to corn, soybean , and wheat 
during flowering and grain fill; and increased pests are assoc iat ed 
with higher, more favorable temperatures . (See page __ .) 

74d . Even relatively smal l increases in the mean temperature can 
increase the probability of harmful effects in some regions . 
Analysis of historical data has shown that an increase of l .7 °C -
( 3°F ) in mean temperature changes by about a factor of three the 
likelihood of a five-consecutive-day maximum temperature event of 
at le ast 35°C ( 95°F ) occurring in a city like Des ~oines . In 
regions where crops are grown close to their maximum tolerance 
limits, extreme temperature events may have significant har~f~l 
effects on crop growt h and yi e ld. (See page __ .) 

74e . Limited experiments us ing climate scenar ios and agricultural 
productivity models have demonstrated the sens itivity of 
agricultural systems to climate change. Future farm yields are 
likely to be affected by clima te because of changes in the l ength 
of the growing season, heating units, extreme winter temperatures, 
precipitation, and evaporative demand. In addition, field 
eva l uations show that total productivity is a function of the 
drought tolerance of the land and the moisture reserve, the 
availability of land, the ability of farmers to shift to different 
crops, and other factors. (See page . ) 

74f . The tran_sition costs associated 1.1ith ad just ing to g l oba l climatic 
change are not easi ly calculated, but are like ly to be very ~a rge 
Accommodating to climate change may req~ire shifting to new lanes 
and crops, creating support services and industr ies, improving anc 
relocating irrigation s ystems, deve loping new soi l management and 
pest control programs, and breeding and 1ntroducing new heat - or 
drough t-tolerant spec ies. The consequences of these dec is1ons on 
the total quantity, quality, and cost of food are diffic~lt to 
predict. (See page . ) 

7~g . Current proJections of :he effects of climate ch ange on agr1c~~:~re 
are l imited because of uncertainti es in predicting l oca l 
temperature and precipitation ?at:erns us ing g iobal climate moce ~s. 
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and because of the need for improved research stud i es us ing 
controlled atmospheres, statistical regression mode l s, dyn am ic crop 
models and integrated modeling approaches . (See page_ . ) 

7 5. \,iATER RESOCRCE SYSTE~IS HAVE CNDERGONE I ~IPORTA:-,.iT CHA\IGES AS THE EARTH'S 
CLI~IATE HAS SH I FTED I\I THE PAST . CCRRE\IT ASALYSES SCGGEST AN 
ISTESSIFIED HYDROLOGIC CYCLE, IF CLI~ATE CHA:-,.iGE OCC CRS AS PREDIC7ED . 

75a. There is evidence that climate change since the last ic e age 
( 18,000 years B.P . ) has significant ly a lt ered the l ocat ion of akes 
-- a l though the extent of present day l akes i s broad l y comparab l e 
with 18,000 years B. P . For example, there is evidence indicating 
the existence of many tropical lakes and swamps in the Sahara, 
Arabian, and Thor Deserts around 9,000 to 8, 000 years B.P . (See 
page _ . ) 

75b. The inextricable linkages between the water cycle and climate 
ensure that potential future climate change will significantly 
a l ter hydrologic processes throughout the wor l d . All natural 
hyd ro l ogic processes--precipitation, infi l tration, storage and 
movement of soi l moisture, surface and subsurface runoff, recharge 
of groundwater, and evapotranspiration--wi ll be affected i f climate 
changes . ( See page _. ) 

75c . As a result of changes i n key hydrologic variables s uch as 
precipitation, evaporat i on, soil moisture, and r unoff, climate 
change is expected to have significant effects on water 
availability . Early hydrologic i mpact studies provide evidence 
that relative l y small changes in precipitation and evaporat ion 
patterns might result in significant, perhaps critical, ch anges in 
water availability . For many aspec:s of water resources, inc.uding 
human consumption, agricultural water supp ly , f l ooding and d rought 
management, groundwater use and recharge, and reservoir des i gn and 
operation, these hydrologic changes ~i ll have serious 
imp li cations. (See page __ .) 

75d . Despite significant differences among c lima te change scenar :os, a 
consistent finding among hydro logic impact studies i s the 
prediction of a reduction in summer soi l moisture a~d ch anges ~n 
the t iming and magnit ude of r '..lnoff . ',i int er runof: is expec:ed :o 
increase and summer to decrease . These res u: :s app ear to ~e rob ust 
across a range of climate change scenarios . (See page _ . J 

75e . ?utu re di rect:ons for research and ana lyses s ugges: : hat 1mp r oved 
est imates of climate variab l es are needed :rorn l arge-sca l e ci ~mate 
models; innova:ive techniques are needed for reg io na l assessments ; 
increased numbers of assessments are necessary to broaden our 
knowledge of effects on di:ferent users; and inc reased ana l yses c : 
the impacts of changes in water reso~rces on t he economy and 
soc i et y are necessary . (See page _ . ) 
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76. wEATHER IS CLOSELY ASSOCIATED wITH ~ORBIDITY AND ~ORTALITY RATES [S JCR 
SOCI ETY . 

76 a . Weather has a profound effect on human hea lth and we ll be in g . It 
has been demonstrated t hat weather i s associated with changes in 
birth rates, ou tbreaks of pneumonia, influenza, and bronchitis, and 
related to other morbidity ef f ects, and i s linked to pollen 
concentrat ions and high pol lution levels . (See page .) 

76 b . Large increases in mortality have occurred du ring prev ious heat and 
cold waves. It is est imated that 1,327 fatalities occurr ed in th e 
Cnit ed States as a result of the 1980 heat wave, and ~issouri alon e 
accounted for over 25 percent of that tota l. (See page __ .) 

76 c . Hot weather extremes appear to have a more substantial impact on 
mortality than cold wave episodes . (See page __ .) 

76d . Threshold temperatures, which represent maximum and minimum 
temperatures associated with increases in total mortality, have ­
been determined fo r va r ious cities. These thresho l d temperatures 
vary regionally; for example , the thresho l d temperature for winter 
morta lity in mild southern citie s such as Atlanta i s 0°C and fo r 
more northerly cities such as Philadelphia, threshold temperature 
i s -5°C. (See page __ . ) 

76e . If future g l obal warming induced by increased concentrations of 
trace gases do es occur, it has th e potential to affect human 
mortality sign if icant ly. In one study, total summertime mortality 
in New York City was estimated t o increase by over 3,200 deat hs per 
year for a 7°F trace-gas-induced warming without acclimatization . 
If ~ew Yo rkers fully acclimat i ze, the number of additional deat hs 
are estimated to be no different than tod ay. It i s hypothes iz ed 
that if climate warming occurs, some additional deaths are likely 
to occur because economic cond it : ons and the basic infrastructure 
of the city wil l prohibit full acclimatization even if behavior 
ch anges . ( See page .) 

77. ~ODIFIC AT ION OF THE TRACE GA S CO~POSI:IO~ J F T.{E A'NOS?HE~E CA~ SE 
EXPECTED TO ALTER COLC~~ OZONE ABCSDA~CE 

77a. The range of g lo bal av erage total co:umn ozone change predic t ed :or 
the year 20 75 based on a parameter i zed :epresentat1on of a 
one-dimensiona l mode l could va r y f rom as high as over 50 percent 
dep l et ion for a case whe re globa l CFC use grows at an average 
annu a l rate of 2. 8 percent fro m ~9 85 to 2 ~00 ( 5. 0 percent per ~e ar 
fro m 19 85 to 2050, fol l owed by no growth through 21 00 ) , co 
increased abundance of ozon e of approximate y 3 percent for a case 
where g lo ba l CFC use dec lines to 20 percent of i ts 1985 valu e by 
2010. Exhibit ES-1 di sp lays : he glob a l ozone change estimat es for 
these two sce na ri os , as well as es t1mate s for four scenar1os :~ 
between; the s i x cases examined inc~ud e : 
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EXHIBIT ES - 1 

ESTI~ATES OF GLO BAL OZONE DEPLETION IN 2075 
FOR SIX CASES OF CFC CSE 

0 .3 I I I 
I I I 

greater than 

I I 
I I -
50% deplecion 

Case 1 Case 2 Case 3 Case 4 Case S Case 6 

Csing a parameterized representation of a one-dimensional mode l, t he 
potential change in ozone was evaluated for six cases : Case l: g loba l C?C ~se 
declines to 20 percent of current levels by 2010, and remains cons tant 
thereafter; Case 2 : no growth in CFC use fro m current :eve l s; Case J : J. ; 
percent annual average growt:-i i n CFC use from 1985 to 2100 ( l . 2 percent g:- 81,.- : :1 
from 1985 to 2050, followed by no growth through 2100 ) ; "case .:. : 1 . .:. per c ent 
annual average growth in CFC use from 198 5 to 2100 ( 2.5 percent gr'.Jwt~ f:-om 
1985 to 2050 , fo i l owed by no growth ch rough 2 :oo ) ; Case 5 : 2. 1 pe::-cenc an:--.~a ~ 
average growth in CFC use from 198 5 co 2100 ( 3.8 percent growth f:-om : 98 5 : 8 
2050, followed by no growth through 21 00 ) ; Case 6: 2.8 percent annua l ave::-age 
growth in CFC use from 1985 co 2 100 ( 5.0 percent growth from 1985 to 2050 , 
fol l owed by no growth through 21 00 ) . The trace gas concentration ass wnpc~ ons 
used in the se six cas es are: CO2 : ~AS 50th percenti l e; CH4 : 0 . 0 17 ~pm per year 
( approximate l y 1 percent of current CH.:. concencracion ) ; and S2 0: 0 .20 ?er c e~: 
per year . 
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Case 1: CFC use declines to 20 percent of its 
19 85 value by 2010, and remains constant thereafter, 
yielding approximately 3.0 percent increased ozone 
abundance by 2075; 

Case 2: no growth in CFC use from 1985 to 2100, 
yielding approximately 0.3 percent increased ozone 
abundance by 2075; 

Case 3: 0.7 percent annual average growth in CFC 
use from 1985 to 2100 ( 1.2 percent growth from 1985 
to 2050, followed by no growth through 2100) , 
yielding approximately 4 . 5 percent depletion by 2075; 

Case 4: 1.4 percent annual average growth in CFC 
use from 1985 to 2100 ( 2.5 percent growth from 1985 
to 2050, followed by no growth through 2100), 
yi elding approximately 25 percent depletion by 2075; 

Case 5: 2 . 1 percent annual average growth in CFC 
use from 198 5 to 2100 ( 3.8 percent growth from 1985 
to 2050, followed by no growth through 2100 ) , 
yielding over 50 percent depletion by 2075; 

Case 6: 2.8 percent annual average growth in CFC 
use from 1985 to 2100 ( 5 . 0 percent growth from 1985 
to 2050, followed by no growth through 2100 ) , 
yi elding over 50 percent depletion by 2075 . 

The trace gas concentration assumptions used in these six cases 
are: CO2 -- ~AS 50th percentile ; CH4 -- 0.017 ppm per year 
( approximately 1 percent of current CH4 concentration ) ; and ~20 --
0.20 percent per year. (See page __ .) 

77 b. Curr ent data are not sufficient for distinguishing whether CH4 
concentrations are likely to increase in a l inear manner (e.g, at 
0 .0 17 ppm per year, or approximately 1 percent of current 
concentrations) or in a compound manner ( e . g., at 1 percent per 
year, compounded annua lly). The sensit ivi ty of :he ozon e chan ge 
estimates in 2075 was eval ua ted :or the : oilow1ng s i x 3ss urnptions 
regarding future CH4 concentrations: 

• 

• 

• 

~l : linear growth of 0. 017 ppm per year 
( approximately 1 percent of cu rrent concent~ations; 

compound annual growth o f 1 percent; 

~3 : linear growth at 0.0127 5 ppm per year 
percent of the 0.017 ppm growti ) ; 
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• M4: linear growth at 0 .0 2 12 5 ppm per year ( .25 
percent of the 0 . 017 ppm growth ) ; 

• MS: compound annual growth of 1 percent from 1985 
to 201 0, fol l owed by constant concentrations at 2 .2 3 
ppm; and 

• M6: compound annual growth of 1 percent from 1985 
to 2020, growing to 1 . 5 percent compound annual 
growth by 2050 and thereafter. 

For Case 4 of future CFC use, the estimate of ozone depletion by 
2075 ranges from about 14 percent (M6) to JO percent ( MS ) across 
these six CH4 assumptions evaluated. For Case 2 of future CFC use, 
the range is from about 4 . 8 percent increase in ozone abundance 
(M 6 ) to 2.0 percent depletion (MS). Exhibit ES-2 displays the 
results for the six CH4 assumptions (Ml through M6 ) for Case 2 and 
Case 4. For Case 6, estimated ozone depletion exceeds 50 percent 
by 2075 under al l six CH4 assumptions ( and is consequent ty not 
displayed in Exhibit ES-2) . As shown in the exhibit, the 
difference between the 1 percent linear (0 . 017 ppm per year ) and 1 
percent compounded assumptions (Ml and M2) is approximate ly 6 
percent depletion in Case 4 and approximately 2.5 percent depletion 
in Case 2 . This sens itivity of the ozone depletion est imates to 
the assumption about linear versus compound growth of CH4 
concentrations i s much la rger than the sensitivity to the range o f 
assumptions examined regarding future CO2 concentrations ( fro m the 
25th to the 75th percentile ~AS estimates ) and regarding futur e \20 
concentrations ( from 0 . 15 percent annual compound growth to 0. 25 
percent annual compound growth ) . (See page __ .) 

78 . TiiO-OIMENSIONAL ( 2-0 ) MODELS P~EOICT GREATER AVERAGE GLOBAL OEPLIT: ON 
THAN ONE-DIMENSIONAL ( 1-0) MODELS . 2-0 MODELS ALSO PREDICT THAT OZONE 
DEPLETION Id LL EXCEED THE GLOBAL AVERAGE AT HIGH L-HIITDES . 

78a. For a case of J percent annual growth in emissions of CFCs, ~o 
emissions of Halons, and increases in trace gases of: CO2 -­
approxim~tely 0 . 6 percent per year; CH4 -- 1 percent per year; and 
N20 -- 0 . 25 percent per year , a 2-0 mode l estimates approximate: y 
5 . 4 percent g lo bal average dep l etion by 2030 . For the same 
scenario of em1ss1ons and trace gas concentrations, the 
parameterized representation of a 1-0 model estimates on ly 3. 0 
percent depletion by 2030. ( See page __ .) 

78 b . For this same case of emissions and trace gas concentration s , t~e 
2-0 model estimates of ozone depietion 1n 2030 at high ~at~:udes 
are approximately : 60 °S -- o. 7 percent; and 50°N -- 7.0 per cent. 
( See page _ . ) 
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EXHIBIT ES - 2 

ESTI~ATES OF GLOBAL OZONE DEPLETION I~ 2075 
FOR SIX ~ETHANE CONCE~TRAT ION ASSCMPTIONS 

A~O TiiO CASES OF FCTCRE CFC CSE 

:Vt2 ',t) _\l(,a _\I( 5 '-1 6 

-0.6 

-27. l 

Cas~ 2 Cas e 4 

.\116 

_n 

Us ing a parame terized r epresentation of a one-d imensiona l mode l , : ~e 
potentia l change in ozone was evaluated for six assumptions about futu re 
methane concentration: ~l: linear growth of 0. 0 17 ppm per year ( approx :. rnac:e i.y 
1 percent of current concentrations ); 12 : compound annual growt h of ~ per ce~c:: 
13: linear growth at 0.01 275 ppm per year ( 75 percent o f the 0.0 i7 ppm 
growth ) ; ~4: linea r growt h at 0.0 2125 ppm per year ( 125 per c ent of :he J . 
ppm growt h ) ; ~5 : compound annual gro~th of 1 percent :rem 1985 to 2010, 
follow ed by constant concentrations at 2 . 23 ppm; and 16: compo und ar.nua l 
growth of 1 pe rcent f rom 19 85 to 2020, grow 1ng :o 1.5 per cent compounc a:m"Ja ~ 
growth by 2050 and thereafter . 

The two cases of future CFC use examined are : Case 2: no growth in :?C 
'Jse 198 5 to 2100; and Case .:. : 1 . .:. percent annual average growth in CFC 'J Se 
from 1985 to 2100 ( 2 . 5 percent growt h from : 985 to 2050 , followed by no grow : ~ 
thereafter ) . Th e other trace gas ass umption s 'J sed in :hese cases a re : :22 
\ AS 50 th pe r cent il e; and \20: v. 20 per cent growth per year . 
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79. ~ODIFICATION OF TRACE GAS CO~POSITIO\ OF THE AT~OSPHERE CAN BE EXPEC7~J 
TO CHA~GE THE NC~BER OF SKI~ CANCER CASES AND ~ORTALITIES OF ?EOPLE 
CCR RE\TLY ALIVE OR PROJECTED TO BE SORN THROCGH THE YEAR 2075 A~D BEYO\D. 
FOR CASES OF HIGH GRO'w'TH OF CFCs A\D HA LONS, THERE 'w'ILL BE SIG\IFICA\T 
CA\CER I \CREASES . FOR THE CASE ~HERE CFCs A\D HALONS ARE EVE\TCALLY 
PHASED OCT, SKI\ CA~CER I\CIDE\CE A~D ~ORTALITY CAN BE EXPECTED TO 
DECREASE. 

79a. Based on estimates of ozone change from a parameterized 
representation of a 1-D model, the increase in the number of cases 
of sk in cancer among people alive today and born through 2075 may 
exceed 200 million for the highest emission case exam ined (C ase 6: 
2.8 percent annual average growth in CFC use from 198 5 to 21 00 ( 5. 0 
percent growth from 1985 to 2050, followed by no growth through 
2100)). About 80 percent of these cases would be expected to occur 
after 2075 . For the l owest emission case examined (Case 1: an 80 
percent reduction in CFC use by 2010), a decrease in cancer cases 
on the order of ~ . 5 million is estimated. The overwhelming 
majority (over 95 percent ) of the increases and decreases in sktn 
cancer cases estimated fo r this wide range of emiss ions scenarios 
is associated with basal and squamous cell cancers. ~ortality 
impacts are on the order of 1.5 to 2.0 percent of the changes in 
the numbers of cases, with squamous cell cancers producing the 
l argest mortality impact due to it s sensitivity to UV -B incr eases . 
The estimated impacts are primari l y associated with people born i n 
the future . People alive today account for less than 5 percent of 
estimated increased cases, and people bo rn between 1985 and 2030 
account for about 20 to 30 percent . The remainder of the estimated 
impacts are accounted for by people born between 2030 and 2075. 
(See page _ . ) 

79 b . The estimates of increased incidence vary on th e order of 10 to 15 
percent for the range of action spectra examined (See page . ) 

79c. Statistical uncertainty regarding estimated dose-response 
coef fici ents influences the esti-<nates of impacts on the orde r of 
plus and minus 50 percent ( reflecting plus and minus one standard 
error of the estimates of the coeffic i ents ) . Additional 
uncertainties exist, some of ,...-hich cannot be quantified . (Se e 
page _ .) 

80 . 'IODI FIC ATION OF THE TRACE GAS CO~POS I:: cs OF THE A~OSP :-!E~E CA.'l 3E 
EXPECTI~ TO I\CR EASE THE \C~BER OF CATARACTS. 

80a. 9ased on estimates of ozon e change from a parameterized 
representation of a l · D mode l, the increase in the num ber of cases 
of cataracts among people ali ve today and born through 2075 may 
exceed 50 mi ll ion for the hi ghest emission case examined (Case 6 : 
2 . 8 percent annual average gro~th in CFC use f rom 1985 to 21 00 t S J 
percent gro~th ~ram 1985 to 2050, followed by no growth t~rough 
2100 ) ) . About 80 per=ent of :jese cases ~ou l d be expected to ~c=~ r 
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after 2075 . For the lowest emission case exam ined (Case 1: an 80 
percent reduction in CFC use by 201 0), a decrease in cataracts on 
the order of 2 million is estimated. The estimated impacts are 
primarily associated with people born in the future . Peop l e a liv e 
today account for about 5 to 10 percent of estimated i nc:eased 
cases, and people born between 1985 and 2030 accounted for about JO 
percent . The remainder of the impacts are accounted for by peop l e 
born between 2030 and 2075 . (See page_. ) 

80b. The estimates of increased incidence vary on the order of 10 to 15 
percent fo r the range of action spectra examined . (See page . ) 

80c. Statistical uncertainty regarding estimated dose-response 
coefficients influences the estimates of impacts on the order of 
plus and minus 50 percent ( reflecting plus and minus one standard 
error of the estimates of the coefficients ) . Additional 
uncertainties exist, some of which cannot be quantified. (See 
page _ .) 

81. ~IODIFICATION OF THE TRACE GAS COMPOSITI ON OF THE EARTH CAN BE EXPECTED TO 
RAISE THE GLOBAL EQCILI3RIC~1 AND ACTUAL TE:1 PERATURE OF THE EARTH . 

81a . The equilibrium temperature increase by the year 2075 estimated 
using a one-dimensiona l model varies significantly across the s i x 
cases of CFC use examined ( see above ). For Case 6, in whic h C?C 
use grows at an average annual rate of 2 . 8 percent from 1985 to 
2100 ( 5~ before 2050; 0% thereafter), equilibrium temperatures 
could rise about ll. 5°C from temperatures observed in 1985. For 
Case 1, in which CFC use decreases by 80 percent by 2010, 
equilibrium temperatures could rise about 2°C. The climate 
sensitivity to doubled CO2 is assumed to be 3°C for these 
estimates, and the growth in other trace gas concentrations used 
was: CO2: NAS 50th percentile; CH4 : 0.017 ppm per year; and \20: 
0 .20 percent per year . Higher rates of growth in other trace gases 
resu l t in larger estimates of warming . The National Academy of 
Sciences has suggested that the uncertainty associated with these 
types of estimates is plus and minus 50 percent . (See ~age __ . ) 

81b . Sea l evel would be expected to rise with this warming. 3y 20 75, 
thermal expansion and a lpine me l ting may contribute between JS c~ 
and 80 cm under the above assumptions . Glacial con trij ucions are 
particularly uncertain ( particu l ar ly from Antarcti c g lac:ers ) and 
may be between 20 cm and 110 cm by 2075, for a tota l rise of 55 cm 
to 190 cm. (See page . ) 

82. w"HILE QlA:---.'TIT.~TI VE ESTI:1ATES OF AQCATIC , CROP, GROCND -BASED J ZC\E, A\D 
SEA LE VEL RI SE O~~AGE CAN~OT BE '.1ADE A~ THIS TI:iE , CASE STCDY RESCL~S 
I \DICATI THAT SIG\IFIC A~'T I\CREASES I \ GROC~D -BASED OZO~E. LOSS ~F 
AQCAT:c LIFE, SEA LI VES RISE DA'.1AGE , A\D :..ass OF CROP YIELD ARE ?oss:3r..z 
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82 a . According to a s in g l e study of poss ible changes in tropospheric 
ozone in urban areas, a 33 percent ozone de pl etion cou l d cause pea k 
ozone values to rise about 50 per c ent in ~ashvill e, about 9 percent 
in Los Angeles, and about 33 percent in Philadelphia. Three of the 
6 cases of CFC use examined could result i n ozone depletion of this 
order of magnit ude . Care should be taken i n interpreti ng these 
resu l ts , however, and additional studi es are needed to assess th ese 
resu l ts . (See page __ .) 

82b. The resu lt s of a case st udy suggest that northern anchovies cou l d 
be harmed by ozone dep l etion . Laboratory studi es indicat e tha t 
und er some conditions, as smal l as a 10 percent incr ease in CV-B 
could have an adverse in f luence on anchovy mortality . A 30 percent 
increase in uV-B could increase mortality by zero to 10 percent, 
and a 60 percent increase in UV -B could increase morta lity by 11 to 
25 percent . Three of t he 6 cases of CFC use examined could resu lt 
in CV -B increases o f this order of magnitude. Care s hou ld be taken 
in interpreting these resu l ts , however, and additiona l studi es are 
needed to assess these resu lt s. (See page .) 

82c . Field experiments on the Essex cultivar of soybeans indicate that a 
25 percent ozone dep l etion could reduce yi e lds by up to 25 
percent . Actua l damages might be somewhat lower i f G'V -resistant 
cul t ivars that ex i st become preferred . Greenhouse experiments 
indicate that 2 out of 3 cultivar t ested are sensit ive to CV. 
Additional study i s required to better assess the potentia l impacts 
of UV -Bon crops . (See page . ) 

82d . Based on a case study of the economic impacts of sea l eve l use , the 
potential economi c impact of a 55 cm to 190 cm rise by 2075 on the 
two C. S cities studi ed is on the o rder of S400 mi l lion to SJ. 7 
billion ( present value, 1980 dollars ). The magn itude of impact i s 
sensit ive to assumptions regarding whether and how people prepare 
for future sea level rise . Addit ional st udies are requir ed to 
confirm the magnitude of these est 1mates, and to develop estimates 
for the total U.S. impact . (See page __ . ) 
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