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Our
Ozone

Shield




Life as we baow it is possible in part because of the
pratection afforded by the ozone layer. Gradually. it
heis hocome clear to scientists and (o governments

etilro that humern activitios are thredatening our 0zone
shicld. Bebind this environmental problem lies a tale
of tiwin chellenges:  the scientific quest to understand
eer azone shickd and the debate among gorernments
arer o to hest profect it. Here is the story.
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\ ZONE AND HUIVIANKIND Fornearlvabrlhonvears ozonemolecules, o A
. “in the atmosphere have safeguarded life: on-this planet Buti
over the past half centurv, humans have placed the ozone T

layer in jecp ardv We bave unWltUnle polluted: the air Wrth‘f‘ o

' chemrcals that threaten to eat avvay the hfe—protectmg sh1eld .

' Although ozone molecules plav such a vrtal role in the atmosphere

i they are exceedmgly rare* m every mrlhon molecules of air, fewer thani

j Ozone molecules show drfferent character tra1ts dependmg on S
ol :~where thev eX1$t 1n the atmosphere About 90 percent of the ozonei-f:j .
resrdes ina layer between 10 and 40 krlometers (6 and 25 mlles) above'ﬂ e

the Earth’s surface 1n a reg1on of th atmosphere called the strato ’

ultrav1olet rad' a tron from the sun Thrs 1s the ozone threatened by some i
,of the chemrcal pollutants that We have released 1nto the atmosphere 5 .

: f, s1de Because 1t reacts stronglv th other molecules 1t can severely;
S _: damage the l1v1ng t1$sue of plants and ammals Low lvrng ozone 1s aef‘ .



Although smog ozone and stratospheric ozone

are the same molecule, they represent separate
environmental issues, controlled by different forces
in the atmosphere. This monograph- will focus on
the stratospheric ozone layer and the world’s
attempts to protect it. L

What is ozone and where does it ongmate? The o

odor. Each molecule contains three oxygen atoms

the stratosphere, new ozone molecules are con-

stantly created in chemical 1eact1ons fueled by
power from the sun. '

oxygen molecules (O,). When struck by the

sun’s rays, the molecules split apart into single

oxygen atoms (O), which are exceedingly

reactive. Within a fraction of 2 second,

the atoms bond with nearby oxygen

ecules of ozone ).

Solar rays
make ozone

term itself comes from the Greel word meanmg A
“smell,"” a reference to ozone’s drstmctrvely pungent'

bonded together in the shape of a wide trrangle In -

The recipe for maklng ozone starts off with -

moleculesto formtriatomicmol-,

Helium, Neon, )
Krypton, Xenon

Ozone . Water Vapor

Methane
Hydrogen -

. Nltrous Oxxlle

Other

. -Even as the sun’ s energy produces new ozone

| these gas molecules are contrnuously destroyed by |

natural compounds contarnmg nitrogen; hydrogen S
and chlorme Such chemlc,als were all present in
the stratosphere—m small arnounts—long before l’_‘
humans began pollutmg the a1r Nitrogen comes |

from soils and the oceans, hydrogen comes‘h '

,marnly from atmospherlc water vapor, and chlo— .

rine comes from the oceans.’

The stratosphenc concentrat1on of ozone there— i

“ fore represents a balance, estabhshed over the‘:‘ .
‘ aeons between creatrve and destructive forces '.
The total level of ozone in the stratosphere remams

fa1rly constant an arrangement resembhng a tankv
wrth open drarns As long as the amount of water. '

pouring in equalsthe»amount flowing out the drain

* holes, the water level in the tank stays the same,

In the stratosphere the <oncentratron of ozone .

'does vary shghtly, reflectmg small shrfts in the ‘,

balance between creatlon and destruction. These

ﬂuctuatlons result from many natural processes -
“such as the seasonal cycle, volcamc eruptrons and .

changes in the sun’s mtensrty

For about - a billion years the natural ozone
system worked smoothly, but ‘NOwW human' 3
bemgs have upset the delrcate balance

By pollutmg the atmosphere W1th ad-

Reactive nitrogen
destroys ozone

. ditional chlorlne—contamrng chemi-

Reactive chiorine
destroys ozone
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Reactive hydrogen
destroys ozane

‘The amount. of ozone in the Earth’s stratosphere is a balance
between continuous production and loss. Ozone is produced by
. thesun’srays. ltis removed by-chemical reactions, Buthumans
. - have added to the amount of reactive chlorine compounds in the
_ stratosphere. Since the loss of ozone is now greater than'the
prodiiction of ozone, we are thin‘nin‘g our pr’otective':shield.




" - asourshield | against incoming solar ultrav:olet radiatlon

cals we have enhanced the forces that destroy accelerate the natural chem1cal destruct1on -of

: ozone—a s1tuat10n ‘that. leads to lower ozone . ozone causmg ozone levels to drop S

concentratrons iri the stratosphere The addrtron of | In 1974 news of another possrble threat to the

these chemrcals is the same as drrllmg a larger ' ozone layer made natronal headlmes Thrs trme,;'

, screntrsts unplrcated a w1dely used class of chemi

“chlorrne” dra1n in. the tank causmg the level to E

drop . . v,v',: TSR :i e ‘cals known as chloroﬂuorocarbons (CFCs) whrch‘) :

were most commonly known as the aerosol propel—_‘f -
A Prohlem Arlses The Earlv 19703 :

5 lant m spray cans Invented 1n the late 19203 CFC
No one dreamed human actrvrty would threaten contarn chlorlne fluorrne and carbon atoms ar—-

the ozone layer untrl the early to mid- 1970s when - ranged 1n an extremely stable structure

sc1entrsts drscovered two potent1al problems ultra— - Through decades of use CFCs proved
fast passenger planes and spray cans. . ' themselves to be ,deal compounds for many G

The plane threat surfaced f1rst after the mven— ' purposes They are nontoxrc noncorrosrve -
tron of a new breed of commercral arrcraft called nonﬂammable and unreactrve wrth most other . '
supersomc transport (SST) These planes could ﬂy substances Because of therr specral propertres .

faster than the speed of sound and promrsed to., they make excellent coolants for refrrgerators .
“trim hours off long ]ourneys In the 1970s the ‘ and a1r condrtroners CFCs also trap heat well so;’:r
Unrted States and other nat1ons began consrdermg '; manufacturers put them 1nto foam ' -
whether to bu1ld large fleets of such ultrafast ]ets a ST DT '

AS SClentlStS such as HaroldJohnston and Paul e
Crutzen looked at the SST 1ssue they grew

concerned about the effects such planes mrght :
have on the stratosphere SSTs are unusual o
because they must fly hrgh up 1n the atmo—l
sphere—where the a1r is. thln—to achreve

their, fast speeds Several researchers

suspected that: the reactlve nrtrogen

compounds from SST exhaust mrght

v

Most of the Earth’s ozone is hngh in the upper part of the -
; atmosphere—the stratosphere. . “This good” 0ZOTe Seyves .

- The *bad? ozone in the lower part of the atmosphere— ,
‘ thetroposphere—addsto greenhouse warmmg and
* is a major patt of smog | jncities.. -






E SSTS or CFCs would allow more ultrav1olet hght to =
- reach the Earth’s surface———an effect that holds se—’
v ‘vvere consequences for hfe on the planet Expo—

sure 1o’ ultrav1olet hght enhances an 1nd1v1dua1’ :

. . solar radiation, which breaks up a chloroﬂuotocartmn molecule to Vield a chioriite atom.
""", This highly chemically reactive atom captures one of the oxygei afoms from 4n ozone |
‘molecule, forming a new hlonne oxygen molecule, . But this molecule wﬂi eventually
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For millennia, 0Z0ne 'a'bundo‘znces;vﬂfiéd'ﬁa:';'u,;azl

because of a scientific hypothesis and. its pre-
dicted effects? -

Decision makers also knew that the'ozonelay'er T
belonged to the entire world, meaning that all

countries would have to address the problem.

-«

Stratospheric Ozone: The First Decade
(1974-1984)

Would CFCs really bring significant harm to the:
ozone layer? That was the question politicians were -
asking in 1974, and the scientific community setout '

to provide an answer.

The human-made chlorofiuorocarbons (GFCs) were “miracle” compounds. Their uses

proved to be manyfold. They cooled refrigerators, propelled spray from cans, filled the -

insulating bubbles in foam, and cleaned delicate electronic parts. The rapid worldwide

growth in the use of these ozone-depleting compounds in the mid-1980s rekindled -

International debate over whether their production should be curtailed.
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'destroyed ozone" molecules

Atmospherrc researchers had to )udge the sen—d '
: -ousness of the problern If ozone levels were tof '
declme by only- 1 percent in the neXt 50 years o
nations would have httle cause for concern On the o
other hand a substantial drop in ozone levels couldl )

]eopard1ze the world . FEE

The frrst attempts 'to assess- the problem pro— | '

duced d1re forecasts suggestmg that CFCs could
, destroy perhaps half the ozone. shield by the:[ ;
o mrddle of the next century. Yet experts did not:
know how much to beheVe these early estimates,
' because they were based or a very snnphstlc under— J
. standlng of chemical reactions in the stratosphere.
It was like try'rng to dec ipher a part1ally com-
- pleted jrgsaw puzzle spread out on a table ;
 Scientists wondered What the missing pieces -
looked like and whether they would change the -
emerging picture.

Over the next few years, researchers took many -

different routes toward filling in the gaps in the

ozone puzzle. f EXperirnents in the laboratory. "
allowed chermsts to gaugé how quickly chlorine

Other scrent1sts

launched balloons that carrted mstruments up into
~the stratosphere, where they measured the con- |

. centrations of key chemicals that controlled ozone

levels. All this mformatron fed into new computer

models that predicted how chemrcals would affect- : '

the ozone layer.

‘ By 1976, many experts had grown convmced
© that CFCs did mdeedpresentasenous threat In the E
o United States—the world’s largest producer,and o




but recensyy

v

“user of CF Cs——-the pubhc called for the government .‘>

“to. place lrmltatrons ‘on these chemrcals

_leaders launched boycotts agarnst items that used

CFCs; and some companres even ellrrnnated the -
7 compounds from thelr products '

The U S and. some: other governments respond- i Amand for the offendrng compounds But world-

ed in: 1979 by banrnng the sale of aerosol cans -

" contammg CFCs Because spray cans represented'_ :

,,,,,

the. largest use of these: chermcals the ban led to. an
abrupt levehng off of CFC produChon »

After the spray can decrsron the ozone 1ssue--.; R

qurckly receded from worldwrde headlmes But _“" i worldwrde attentlon to the threat of

atmosphenc researchers knew that danger still-

threatened the protectrve ozone layer \Whrle CFCs

‘ no longer frlled Us. aerosol cans companles' .

cont1nued to produce these chermcals for use in, arrl
condrtroners 1n msulatron and in the cleamng of
electromc parts \What s more most countrres ’
asrde from the Uruted States con— g}
trnued ‘to: use CFCs in. spray * Gaone Motseils —
cans So even as the threat fo- »; '
the ozone: layer shpped from*
the pubhc *spotlrght screnusts‘
extended their mvestlgatrons
mto the problem > :

Researchers also began
watchmg the ozone layer more,
closely, searchmg for evrdence

that chlonne pollutron had already started

weakemng the protectrve shreld They knew 1ts -,_A‘7

j rmght be drffrcult to spot such destructron at f1rst
Ozone levels ﬂuctuate naturally by several percent

f;so 1dent1fy1ng the subtle srgns of unnatural ozonei |
C1v1c; o -floss would be l1ke to tryrng to hear someone:

“j‘ wh1sper a message across a crowded room

caused a temporary pause 1n the growmg de—”' -

'wrde use -of the chemrcals cont1nued and
"Llevels of CFC productron began to rrse :
,j_"'tagam By 1985 the product1on rate was 5
'grow1ng 3 percent a year

:.ozone destru ;t1on spurr1ng
_f‘-countnes in 1985 to srgn an.

-‘»"nternatronal agreement ‘

.terrestnal and aguatic ecosystems Sclentxsts in'the 1970s were predictirig that the

" humans contmued b produce more and more CFCs h

The U S ban on CFC propellants 1n spray cans S

The mcrease 1n CFC use rekmdled

called the Vrenna .

Convent1on :

- CFC
. Molscute

An mtact ozone shxeld (1) preven’rs much S
..of the ultrawolet ragiation. from reaching.the Earth's
] o surface A thirining, of the ozone shigtd (2) allows more solar
. : ultrawolet rays 1o reach the surface of the Earth. Such radiatlon is known to
iricrease the number of skin cancers and cataracts in. humans tis alsa harmful to hoth

lmpacts of sugh harmful ultravrolet‘raduahon could becomg very. S|gn|f|cant |ndeed it"
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The convention called on negotiators to draw up a.

plan for worldwide action' on this issue: 7 It also

required scientists to summarize the latest

information on the atmospheric consequences of

CFCs and related bromine-containing chemicals
called Halons, which had grown popular ovv'erk
the previous decade because of their ability to’
extinguish fires. Collectively, CFCs and Halons fit

under the name halocarbons.

Using the most complete models, experts B
predicted that if levels of halocarbon production

continued to increase as they had in the past,

ozone concentrations in the stratosphere would -
drop by about 5 percent by thev year 2050.-
Although much less severe than the predictions
of earlier years, even a 5 percent decrease would .
still allow a very serious surge in the amount of
ultraviolet radiation reaching the Earth’s su_rface,‘

causing millions of new cases of skin cancer in
the United States alone. [f] | _
By the time of the Vienna Convention, scientists

remained uncertain whether ozone levels,;had .
actually started to drop. The research community, -
nonetheless, wamned that countries could not af--
ford to take a wait-and-see approach Halocar- -~
bons present an insidious danger for the future -
because they can survive in the atmosphere for '

decades; some can last several centuries. ,’[hat

means even if the entire world stopped producing ,
such compounds instantly, the halocarbons al-

ready in the atmosphere would continue to dam-

age the ozone layer for more than 100 years. -
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_ t1c1pated changes

1 motrvated countrres to-act;

¥

“Many governments thought it cntrcally nnportant '

to limit the chermcals as soon’ as possrble
_ “Then'in May of 1985 shocking news spread, ,‘
:'throughout the screntrﬁc cornmumty Bntrsh re-
searchers reported finding dramatic declrnes in
"+ ozone Values ‘over Antarctica each sprtng———actual
" “holes” in the ozone layer. Atmosphenc screntrsts: '_

- didn’t know how fo explarn these large and unan— s _‘

processes were at work, whrle others thought it was'
the frrst srgn that halocarbons were weanng away' '

the protectrve ozone shield..

Despite uncertamty about the Antarctrc
i phenomenons cause, screntrsts frrmly belreved',,‘fl
| halocarbons Would eventually deplete the global_‘ ,
ozone shield. Their certarnty and . the ]amng l }
, unexpectedness of. the ozone hole’s appearance
In September 1987, .
I diplomats from around the world met in Montreal‘
~and forged a treaty unprecedented 1n the h1story of .

mternauonal negotratrons Envmonmental mlms

ters. from 24 nations, rep: resenting most of ‘the R
:mdustrrahzed world, agreed to.- set sharp lrmrts on:j .
_the use of CFCs andHalons Accordtng to the treaty, ;‘ "
" by mid- 1989 countries would freeze theit produc— o
'_tron and use of halocarbons at 1986 levels Then
over the next ten years they Would cut GFC =
‘ ’productron and use in half @ B |
For screntrsts and pohcy makers, the Montrealj )
Protocol marked a truly profound moment -
When negotrators drew up the treaty, they were
rnotrvated by concerns about future ozone loss . .

Some proposed that natural




rather than by drrect observat:tons of current ozone'{ -
destructron by CFCs (Certarnly the ozone hole m“. '
Antarctrca had unnerved world leaders but it was; ’

had caused thrs declrne) Thus ‘the agreement‘fvf :

was based pnmanly on confrdence 11'1“ a theory

The Montreal Protocol establrshed anew. way of ‘
vrewrng envrronmental problems In the past the,'.
world had addressed such issues. only after damagef, L
grew notrceable For exarnple natrons agreed to :", f

l1m1t above-ground nuclear :
tests once it became evrdent',l',;
these explosrons porsoned the f .
‘airand Water w1th radroactrv— -
1ty The Montreal agreement ;
however tackled the ozone'"“;‘
1ssue early, demonstratrng a:'""_: -
he1ghtened sense of envrron-; B |

mental responsrbrlrty -

- 'The framers of the protocol’*_" .
also broke new ground in‘an-
other way they realized the1r;.tj,
agreement rmght not suffrce if
future screntlfrc work revealed 3
that the ozone layer faced even g

"f'to examrne any new screntrﬁc or technrcal mformatton '
) that rmght necessrtate adoptlng deeper cuts ’

. The Ozone Years 1985—1 989

by no means clear whether chermcal POHutants p T
u’;‘,;”[he ozone hole was bom 1n the late 1970s long =
B ':{"before the Montreal Protocol was s1gned Like 2 77 :

. leak i in the roof over the drstant part ofa house the ©

L,;hole at frrst grew unnotrced by any human berng:‘i | :
, lrvrng below 7' T

Each sprmg, ozone abundances over the ddes o

'v"covered contrnent dropped be—f" U
low normal and then rose:i_b':i:l.-" §
gradually toward ‘normal )L;: o
amountsmsummer “And each:f:* : :
year the sprrngtrme losses,;?
grewworse BRI k&
LA Bntrsh team whrch had

| - measured ozone levels over i .
the Antarctrc coast srnce 1956
frrst began not1c1ng the phe— S

v

nomenon in’ the early 19805
But it was hard toswallowthe
Was ‘the
ozone hole, real ‘or; were ‘the .

E evrdence at: f1rst

greater danger Uppermost 1n :

therr rnrnds was concern over_
the Antarctrc ozone hole and 1ts .
possrble 1mp]1canons for global- :

ozone ’Ihe d1plomats therefore,‘.
rncluded a provrsron callrng for
: negotlators to reconvene in: 1990 :

. Aﬁer |t was hypothesuzed that CFCs could destroy ozone researchers
+*fociised on quantifying this theory. Some hoisted instrurfents into'the.
. stratosphere with huge balloans. Others probed the mnerworkmgs of
the 0zoie- destroymg chemrcal reactmns in the laboratory. Still others
2 crafted all. ‘of this information into .comptiter models, whlch foretoid f
. mountmg ‘0zone Iosses if CFC usage continued to grow o .

- 1nstruments malfunctronrng? e
. wondered the screntrsts - Af- L

ter checkmg and- recheckrng L

the mstruments the Bntrsh re-f . ‘."
7 searchers grew confrdent of
therr dlscovery In 1985 ‘they . s
announced their startlrng_‘lf“‘ -

news to the rest of the world

e

e l\l'at'l_o'n -‘\Fall‘199_2‘ ‘

' B'ep o r'ts' to



Atmospheric experts moved quickly to deter-
mine whether the ozone hole was real. Consulting
measurements made by satellite-borne and balloon- - - A
borme instruments, they found evidence confirm-
ing the springtime ozone depletioh. ‘Even more
staggering, measurements showed. the hole
extending over the entire Antarctic continent.

The discovery of the ozone depletion
blindsided the scientific coirnnunity, catch-
ing it totally off guard and without a
suitable explanation. But within a few
months, theoretical scientists came up.’
with three competing ideas that could -
explain why the ozone hole had devel-
oped over Antarctica. :

One group of scientists focused on . .
the solar cycle—the periodic waxing
and waning of the sun’s energy output. -
Noting that solar radiation had grown
particularly strong in the early 1980s,
some researchers proposed the intense
radiation had created above-normal 1eve1$ '
of reactive nitrogen chemicals in the strato-
sphere. [5%] These compounds could then C,on—
centrate over Antarctica and destroy ozone there.

A second group suggested that natural changes
in stratospheric winds were responsible. Accord-
ing to this “dynamical” theory, the ozone hole
resulted from changes in the system of air motions
that transport ozone and establish its amount in ,
the polar regions. [ S

)
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ZEOﬂl'?ther solar CYde and dynarmcal theones
stressed natural processes as 2 cause for the deple= .

tion. . But a.third theory ‘held that huinanmade
* chemicalsdeserved e, Acorling o't s,

~ thé cold conditions above Antarctica amplified the -

rocesses, then humans =~

| “could breathe a sigh of reief. -

rtic ozone losses; atmospheric research-

] s couldsottell which theory was coriedt.

et they recomived ht policl lesders

would need an-answer as soon as possible.

/<The signers of the Montreal Protocol would be | .~

/' meeting io review the limitations on halocar-
“bons, and it was eritical to know whether these
- chemicals lurked behind the ozone hole, [] +
+-problem launching severslfield expeditionsaimed '

" The _scientific - co

-t solving the riddle of the ozone depletion. T

B T S T T S T S R Ny .. September-. of 1 19806, a  hastily. assembled team.
- \. .Antarctica—the “last place on Earth.” But here occurred the first large-scale ozone - T T N S S o T

losses. -British scientists discovered that, in the mid-1970s, the_ozone. layer:over - hurried. off to MCMdeQ',Statlon‘m the Antarctic. - NI

.| -Antarctica began to thin:dl_.i'ring'éach'spr'ingt‘ime.;}Bythe,mid-mal)‘s;,thg magnitde of .~ - 0T o T cl il T T

'} -these, seasonal losses had grown to 50 percent; which wasmuich greater than ary - "~ Using ground-based -instruments. and: balloons: to- .
- | *known natural variation. The Antarclic Gzone “hole” had bégn discovered, presenting .~ =~ - - S A A Lo e

‘both ‘scientists and policy makers with.a omplex puzzle. *

robe the Str;aitOsphéfé;:thi's__ teamfoundlughlevels -
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of ozone-destroying compounds. A year later, the
United States, in conjunction with other countries,
sent a massive group of more than 100 scientists,

engineers, and technicians to Punta Arenas, Chile,
at the southemn tip of South America. From this
distant base, two research airplanes flew into the

dangerously cold Antarctic sky to gather conclusive .

data about the mysterious affairs in the stratosphere

over that icy land. Other scientists r'eturnedto

McMurdo for further measurements. o
By October 1987, the researchers came back

sage for the world: blame for the ozone hole. falls
' on human shoulders.
The expeditions
showed that

]

Scientists probed the Antarctic stratosphere
with ground-based remote-sensing equipment
and with high-flying research aircraft faunched
from nearbybases. Similarly, they addressed whether
such ozone losses could occur over the Arctic. ‘Because
of the ozone “hole,” the distant poles are, ironically, the most
extensively chemically studied regions of our planet.
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from the Southern Hemisphere with a dark mes-

chlorineand

| REAGTIVENITROGEN -

- Sunspots?.

- bromme pollutron had shrfted the fragrle chermcal '
balance in the Antarctlc thereby drarnrng those :
‘skies of ozone durrng the sprmg -
A Ozone loss is accelerated over the frozen contr—
nent because the Antarcttc stratosphere contams .
cloud partrcles not normally present in ‘warmer -
climes. [&] These i icy particles have a critical effect
“on the chlorme and bromrne pollutron ﬂoatmg in |
the stratosphere Normally, the chlonne and bro- g
"_. | mine are largely locked into “safe” compounds that
cannot harm ozone, but the ice partrcles transform
“them’ into- destructive chemrcals that, can break i
. apart ozone molecules wrth amazrng effrcrency In
1987, ozone concentratrons above Antarctica fell to . 7
half their normal levels and the hole spread across ’

an area the size of the United States
Evrdence gathered durmg these eXpedltrons and

depletron ice partrcles form
durrng the: polar nrght

sphere On those ' floating

new data: from laboratorres back home ,
enabled sC tent1sts to fashron a con-‘:;j
sistent theory to explam the hole.
~In the prelude to ozone 7

when several” rnonths of .
darkness descend on
Antarctrca and tempera- -
.,t:ures plummet: below‘tv,
-80°C (—1;12°F)' in the strato—;

) ‘ice partrcles reactrons convert_

chlor1ne from the safe” to the'



- Metecrology? R

- z"‘destructive”""form 3 The real’ ‘action' begrns when S

fithe sun. returns to this: part of the world dunng

. spnngtrme energrzrng the- chemrcal cycle ‘that.,

. destroys ozone Wmd patterns durrng w1nter and
fsprmg contnbute by 1solat1ng the. Antarctrc strato-;

:' ,_sphere from Warmer air to. the north

7 The ozone hole forms only in Antarctlca because: >
: ::tlns regron has a umque combrnatron of weatherA
. cond1t1ons it is the coldest and most 1solated spot
“on Earth But somewhat srmrlar condltrons existin ¥
-t the Arctrc and screntlsts )wondered Whether the,'
V North also suffered from ozone loss Even small"_" ;
: depletrons in this regron would represent cause for - _
L concern because many people l1ve in northern"'f"‘
. latrtudes potentrally affected by Arct1c ozone loss A
So in 1988 two small teams traveled to Greenland‘f '

'and Canada to gather data

" extensive group headed to Norway to. take mea—,f-
{:','surements wrth the two aﬂplanes that helped tO‘:'

; solve the Antarctrc puzzle .

The northern expedrtrons revealed that durrng :
: :"wmternrne the Arct1c stratosphere has the sarne
types of' destructlve chlonne and brornrne com—'
7' , pounds that cause the problems 1n the Antarctrc
;';Indeed when sc1ent1sts returned to the Arct1c for an:i!

=eXtended study 1n 1991 and 1992 they drscovered

’ strong hrnts that such compounds had destroyed B
s1gn1f1cant amounts of ozone in the polar region:
 But because the Arctic atmosphere isnot as 1solated :

k "the ozone losses there appearfobe much smaller than”

those 1n Antarctrca—at least for the present .

PR

: ozone layer

' i ozone loss

] by measurable amounts not only 1n wrnter and

CA, year later an

the Northern Hemrsphere—the segment of the

Vglobe that encompasses the Umted States and‘_“ :

: ?: ( 1n global ozone levels

o - REACTIVECHLORINE.

U Gpemisyy L i S

Between trrps to the ends of the Earth atmo—;;- o
spherrc screntrsts dunng thrs pemod also stepped R
up therr search for s1gns of a global eros1on in the; 5
An mternatronal panel of expertsf'_;.»"‘
came together to scrutlnrze measurements made’ 4
by satellrtes and by ground based mstruments:'

éround the world In 1988 they reached a ver dlct?;'_f :

global ozone levels bad decllned over the past 17 : ) o
years rnarnly in- the wrnter Normal processes";_; -

such as the solar cycle had caused part of the drop, s

but natural effects could not eXplain the entrre

The news grew even worse An mternat1onal
panel announced that ozone levels had dropped

sprrng but also 1n summer Because people

spend far more trme outdoors durrng sumrner

ozone loss at thrs t1me of the year poses the
greatest threat to the health of humans IE
Sc1entrsts suspect that CFCs and Halons are to .

blame for much of the ozone declrne whrch has
reached several percent over the mrdlatItudes of

Europe But atmospherrc researchers are not yet A

fully confrdent that they know what mechamsm
hes behrnd the drop The largest changes have

occurred over the poles and ne1ghbor1ng
mrdlatrtudes leadmg some researchers to suggest
that loss near the poles has enhanced the declrne
Others suspect that the
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Spurred by the GFG - ozone hypothesis, scientists bégan closely watching the l/ariations‘ » R
In global ozone, searching for the first sign of the predicted ozone losses. In the late
1980s, they began to see ozone losses, even outside of the polar regions, that could not -

be explained by natural variation. These losses, which increase poleward from the
equator, appear to be related to the CFCs, but the details are not yet fully explained.

natural, thin layer of sulfur—contairnng particles in-

the stratosphere could be involved in midlatitude

ozone loss, in a role somewhat similar to that ‘

played by ice pamcles over Antarctica. -

The fast-paced research of the late 19805"fe; -
vealed that the original Montreal Protocol would

not go far enough toward protecting the ;f;agile_

ozone layer. Even with the 50 percent cuts

mandated by the treaty, levels of chlorine and
bromine would still rise in the stratosphere, mean- . _

ing that ozone loss would only worsen with time.
In June 1990, diplomats met in London and

voted to significantly strengthen the MontreallProf, '
tocol. The treaty calls for a complete phaseout of

Reports to the Nation e Fall 1992

rap1d phaseout of other ozone—destroymg
2000 and methyl cl.tlorofon“n by 2005). ‘

phaseouts  fair for 'develo'pmgk countries,

natlons—to help developmg nations sw1tch overto "

more ozone—fnendly chermcals

,Our Ozone Laver Presvnt and Future o
But many p1eces of the- ozone puzzle remain

rmssmg, and scientists wonder whether new ozone

\ ‘problems will. develop in the near future. EXperts
are explonng several unanswered questtons 1n- .
. cludlng ' - : o

-e \Y/hat surprises lurk in the neXt decade or so?',,‘"

Even W1th the amended protocol chlonne abun— "

dances Wlll contmue to nse until around the turn of '_

. the . century ) . : , )

e Wil ozone losses grow worse in the Arct1c as' ‘
lchlonne abundances increase?. o
. How safe are the CFC subst1tutes? \Xfﬂl some of B
them 51gn1f1cantly contnbute to ozone loss global
:'Wan“mng, or other env1ronmental problems? '
e How appropnate is it to allow countnes to'

' connnue essennal” uses of the powerful ozone,

CFCs by the year 2000 a phaseout of Halons )
(except for essential. uses) by 2000, and a

chlorine compounds (carbon tettachlonde by '
The treaty also attempts 'to make‘ the .
which cannot easily afford the lngher—pnced .
substittites that - will’ replace banned com-

pounds The rev1sed agreement estabhshes
an env1ronmental fund —pa1d for by developed.'




" For tbe fmt tzme " my Ii fe I saw tbe bomzon as a. curued lme It was
laccenmated bya. tbm Seam of dark blue [ngt—our az‘mospbere Obvzously
- tbzs was noz‘ tbe ocecm of arr[ bad been told zt was so mcmy tzmes mv'ny i fe

U Metbold, GeﬁﬁériLAéh’On\éutf s

adequate in, lrght of neW research' frndmgs o

depling Fulos " The e s i

these uses : The Montreal Protocol provrdes a dramat1c eX—.

e Are there other compounds that srgmfrcantly-4 : K R L ample of scrence rnthe serv' e
. Tdeplete the ozone. layer and hence could Ay, of humankrn d. By qmckly-a o
;'deserve attention under the Montreal Pro- L precrng together the ozone'"fj"?""" :
B ;tocol—suchas methylbromrde whrch ; - puzzle, atmos ph etic research-’f}'l>;a
rs used wrdely as-a ﬁrrmgant? -

‘. How will polar ozone de—

- ers revealed the true danger of;. i _'
;halocarbons allowmg world lead—:
structron affect populated coun— |
.,trres? Wﬂl the Antarctrc hole

_ 'CaUSC ozone declrnes over Chrle
|- Argentrna andNeWZealand? \erl'j :

- Arctic losses spur drops 1n ozone concentration But perhaps more unportantly;

; ers to take decrsrve actron to protect . R
“the ¢ ozone layer T o

5 This - mtematronal agreement represents a' )

e crrtrcal step toward sang the World’s ozone layer A

1t has taught scien- o

Over. Canada Scandmavra the Unrted States and';f'rl“ ;trsts and polrcy .makers an mvaluable lesson about

jthe former Sovret Unron? Sl ' g"addressmg envrronmental problems Negotratrons |

* How. much do- the natural ' partrcles in the‘_'," ~on thrs 1ssue mark the ﬁrst trme the natrons of the

stratosphere other than the 1cy polar clouds accel--_v . ‘- :fworld have Jomed forces to protect the Earth fo‘ -

,future generatrons

© etate’| the chemrcal destructron of ozone at"

. .‘mrdlatrtudes? Jiia

" o How “will’ large Volcanrc eruptrons—whrch

‘u‘w.v

{{The treaty can serv "asa cruc1al apprentrce-

Hshrp for World leaders and screntrsts WhO now )

face 4n; even more dauntrng envrronmental mat-

r_can 1n]ect immense amounts of dust 1nto the,v_'ff;'

'stratosphere—affect the ozone layer When the ‘ifter—the threat of global greenhouse warmrngfz_.» '
he I
e fsuccessful ozone agreement offersljhope that 7

chlotine from CFCs reaches unprecedented abun— ;*that looms over the future of thrs planet

';'5dances? 4, o . o
ce How wrll the ozone hole and global ozone - ~sc1ent1f1c understandrng can once agarn provrde "
losses affect worldwrde Weather and cl1mate? , the foundatron for responsrble actron by the.

e Does 2 proposed nevv class of hrgh—altrtude k 1nternatronal communrty

- arrcraft threaten the ozone layer? e f

DCCISIOI‘I makers Wlll need answers tO SUCh;

questrons as they contrnue to, revisit the1r mterna—
tronal agreements in the future and ask 1f these are' PR

T
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