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ASSESS:1ENT OF OZONE LA'{~ DEPLETION ANl 
ITS IMPACTS, OCTOBER l;)8l 

OZONE OBSERVATIONS 

1. The ultimate test of the oz•ne depletion theory depends on the 

detection of long term changes in global total as well as vertical, 

ozone distribution, which in turn requires a continuous and 

comprehensive flow of reliable data from the ozone observing s 0•stem. 

Ground-based measurements form an important slement of the syster,1, 

both on their own account and by providinz the ground truth data for 

satellite-based systems, which can provide more comprehensive 

information on both total and vertical ozone distribution. However, 

good ozone measurements are difficult to make, and their interpretation 

subject to many uncertainties (e.g, long-term instrumental drift) 

and high natural variability (e,g synoptic, seasonal, solar, etc.). 

2. Total ozone: During the past six years about fifty Dobson 

ezone-Ep;ctrophotometers were upgraded and/ or intercompared with ei~her 

the world primary standard instrument located at NOAA-Boulder, 

Colorado, USA, or a regional ( secondarv) standard instrument, Most 

of the Dobson ozone data reported to the \forld Ozone Data Center ( WODC) 

- 'I'oronto, are obtained from these instruments The importance of 

these intercomparisons is reflected in the calibration errors 

discovered which have been more than 7 percent in a fe~-1 instances. 

Although shown by only a few instruments, these differences indicate 

the existence of stations generating data at times with large errors. 

The precision of a well kept Dobson instrument network is estimated to be 

1 1. "j:{ for calculations of gl.obal annual mea.11.s, However, the accuracy 

of the network could be considerably worse due to the uncertainty of the 

absorption coefficients. Drifting of instrument readings was also 

demonstrated, and frei;uent (once in three to four years), intercomparisons 

are therefore considered essential. 

3. There is still room for improvement in the data obtained from the 

ground-based total ozone network - both in quantity and quality, There 

is spatially uneven distributien of the stations - about two-thirds of 

the total number of stations are located between 30°N and 60°N, illore 

even distribution, frequent instrumental checks and increased regularity 

of observations could have a positive effect on the quality of the data, 

4. Approximately one third of the existing ground-based stations do 

not report regularly to the World Ozone :::>ata Center - Toronto, and 

therefore could not be used in trend analyses Of the number regularly 



reportin,r;- 1 a significant f:::action ( -.J 20,:) prcvides d2.-::a dec~i ved from lowe.:' 

qualit:{ filter in3truments. The International Ozone Commission ·,as 

concluded tnat tr~e performance characteristics of another instrument ( tl;e 

Brewer spectrophctometer) meet all observa'OO.onal requirements, will not 

distort the homogeneity of the network, and therefore has recommended its 

inclusion in the ozone measuring netwock, supplementing nr possibly 

replacing some of the Dobscn instruments. 

Vertica'_ Ozone Di3tributirm: The predicted percentage depletion of 

the ozone concentration at upper stratospheric levels due to CFC releases 

is calculated to be several times greater than the corresponding predicted 

depl8tion of the total ozone amount, Thus data from this level should 

provide the most sensitive information for ozone perturbations, This 

strongly supports the need of vertical ozone distribution data. 

6, So far, ground-based Umkehr measurements represent the largest set 

of data for vertical ozone distribution, This set is especially useful 

for analysis of the 21 to 50 km region in the atmosphere, However, only 

about a dozen stations make them regularl:r, :?.ecentl~,r a new "short 

Umkehr" multi-wavelength method has been developed and should be widel,y 

encouraged Direct measurements by balloon borne son.des are nec·ded for 

more detailed analyses of V'ortical ozone distribution, circulat:_on 

studies etc ~he network cf ozone-son.des are ~orrm to be inade1Uate as 

less than a dozen station2 make weekly balloon ozone soundings and only 

a few have continuous reccrds lo!ger than ten years. International 

intercomparisons of varioilS t:','pes of operational ozone-sondes have been 

conducted twice, in 1970 md 1973/30, Other comparisons are planned for 

1)82" Efforts should be directed toward the continuation and improving 

of balloon ozone-son.des in parallel with the increase of indirect 

measurements of vertical ozone distribution by 7 for example, the Umkehr 

method, 

7. Satellite Ueasurem2nts: The past ten years have seen the development 

of several satellite-borne instruments for measurements of both the total 

column and vertical distribution of ozone using a variety of experimental 
• -J;echniques, The instrurr.ents that have 1 or are, currently being used to 

measure: 

( i) total colllmn ozone - are based on the techniques of Solar 

Backscatt(,red Cl tra-Violet (:SUV, SBUV/TOMS) and Infra-Red 

radiance _n the 9.,6 .um band (IRIS 1 )1FH, HIRS-2)" The 

data whic1 have been processed and validated are proving 

• 



to be most valuable_ There is a s;rstema-ic difference 

between neai' simu::. tane()US BUV and Dobson total czone 

observations, the Dobsons being at the average about 7 

percent higher, 

(ii) ver-tical ozone distribution - are based on the same basic 

techni~~cs as for total crlwnn ozone, i,eo Solar Backscattered 

Ultra-Violet (BUV, SBUV) and Infra-'.ed radiance in the 9-, 6 pm 

band (LRIR, LIMS), In addition, the techniy_ue of solar 

dcc~lation in the visible region has been used (3AGE). 

The BUV data and part of the SBUV are nm-1 availab1 ei the data 

from other satellite instruments are now being validated and 

processed. 

13. In future years satellite systems will play- an increasing !'Ole in the 

moni taring of ozone. Sup ~orted by Umkehr measurements, the:r provide the 

best means for early detection of anthropogenic influences on the ozone 

layer in the upp~r stratosphere, Present satellite systems should continue 

to be supported in parallel with efforts to improve their accuracy and 

reliability, 

9. Rocket-borne ozone-sondes: Rocket-borne measurements are necessar:r 

mainl;y- for satellite instrument calibration About sixty recent inter-

comparative flights should enable an assessment to be made of data derived 

from previous rocket soundings and is expected to improve our knowledge of 

the upper stratospheric ozone distribution, 

Global Ozone Observing System (GOOS): Careful assessment of the 

performance characteristics of the various ozone observing systems concluded 

that a continuous flm-! of reliable, total and vertical ozone data forming a 

coherent set could be achieved by integrating the ozone observing system 

using the satellite-borne observing systems and & se::t of weU mai-nta._ined 

ground-based stations. In order to achieve full integration there is a 

strong need for intercomparisons of routine by used ozone-sondes with 

different research type sondes in order to clear up certain remaining 

discrepa!:cies in the ?,0- '"\-; km region, 

OZONE DATA AUALYSIS 

11, The relati vel:r large natural variability of atmospheric ozone makes 

detection of trends difficult, The grom1d-based Dobson network indicates 

that between 196) and 1980 several periods cf increases and decreaseS ha,.re 

I ' , _, "o/ Lf. 



occurred ,~i th ranges of one to several percent cr,anges 1 each lasting 

several years. There exist indications of a possible solar cycle 

variation which is vet difficult to assert Hi th am· statistical 

certainty. There is no 12vide;1ce of an overall change of greater than 2°'.i 

in total ozone between l9')o and 19/JO. rfoT'e refinccd statistical anal·,rses 

of data from 36 selected :Jobson stations confirms this finding and shows 

no evidence nl a statist.i.ca::.l~i significant trend in the period 1970 to 

1979, 

12. 'l'otal ozone measurements from the backscattered ultraviolet (BUV) 

Nimbus-4 satellite so far analysed for limited period,show a time-varying 

discrepancy with dai;a from the Dobson netwo:,:k, It is presur;ied that 

there has been a drift in the satellite measurements dithout correcting 

this apparent drift, the satellite indicates about a 1·' greater ozone 

decrease between 1970 and 1974 than does the Dobson network. The attempt 

to correct for the drift results in essentialJ.y no change in satellite­

derived ozone amount between 1970 and 1974, in comparison with the Dobson 

decrease of nearly 2,:i, In future, because of the excellent spatial 

coverage of a satellite S?stem, proper intercalibration with the Dobson 

network should permit a considerable imprcvement tn global tot.al ozone 

values. It is estimated that the mean monthly global total ozone value 

so obtained should be in error by no.more than 1 percento 

13" Any potential influence on ozone amount caused b·r chlorocarbons 

should be most apparent near 40 km, at a height ;,Jhere photochemistry 

dominates transport effects, It is as vet uncertain to ·"'hat extent the 

Umkehr derived 10% increase in the 32-48 km la7er in North temperate 

latitudes between 196, and 1970 is real (possibly due to the tendenc:~/ for 

a greater ozone amount at sunspot maximum) and to what extent it is 

artificial, caused by the effect on the Umkehr method, of aerosols 

injected into the stratosphere at the time of the eruption of r.It Agung­

(1963) and their subsequent decrease, In the sari',e layer (32-48 km) there 

1-✓as an appreciable (about 4,;) decrease indicated immediately fol.bowing 

the :<1t" a,.iego eruption in 1'374, The ozone concentr-ation in this layer 

by 1979/80 had slowl:r reached the same value as in 1973/74- A study of 

data for 32-48 km layer from 12 um:::ehr stations in the northern hemisphere 1 

over the period 1970-79 1 indicates that no statisticall',, si,;nificant 

change could be detected, Sateli.i te data from same 3,l ti tude la:rer when 

published should provide additional information which need to be interpreted 

carefully 
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14. T!'1cre is a ,li scrspanc/ beu,;eerr '._bkehr-deri ved and ozone-sonde-der1 vr:d 

ozone trends in the ll-32 km 7.a:r,':r of North te1;iper:rte lati t·-1:ies, the Umkehr 

measu.:·sments inclicatin6 essentiall:r no ci1ange in ozone ar:ioun.t C'f;t1.,een 197f 

and 19T; 1 -ti,e ozo:--1G-sondes an ozone dec:'e:1se of a few percent 

this la·rer rJ•3 cannot be sure of the actual ozone variation 

Thus I in 

Vi, In the 2-3 km ( tr0pospheri c) layer the ozonG-sondes indi catG an 

approximate 20_;i~ increase in ozone between 1367 and 7 980 in North, temperate 

lati t'.1d.es, A similar increase in North polar la.ti tudes makes in unlikely 

that this increase is due to local sources of urban photochemical pollution 

in thG troposphere Thus 1 the ozone-sondes data suggest that the near 

invariance in total ozone in the last decade has been associated with. a 

partial balance between the possible stratospheri 0 ozone decrease and 

indicated tropospheric ozone increase 

OZONE T,:.END DETECTION 

16, With reference to the question: How well can we establish the effects 

of man-induced activity on any change in total ozone? It is recognized that, 

even though a reasonably accurate determination of the global total ozone 

can be obtained, it does not mean that anthropoge-:-i.ic effects can be easily 

detected The key issue is the_relatively large natural variabilit,,r in 

total ozone, Wi tr. a data record of only about t,rnnty years it is not 

possible to specify with confidence this natural variability., Consequently, 

anthropogenic influences, ir:ith the possibility of additional simultaneous 

positive and negative effects of different origin, cannot easil::,' be 

delineated even by sophisticated statistical techniques at this time. 

17. It was noted that the estimate of total ozone change determined 

recently in three studies was a statistically nonsignificant increase of 

1 percent for the period :970-7? with an uncertainty averaging ,:t:-1, ·5 

percent. The effor limits (95% cohfidence limits) reflect the natural, 

spatial and instrumental uncertainties that are revaaled in the analysed 

data, 

Such recent develop~ents in statistical methods 3how that at present, 

a trend attributable to combined anthropogenic sources in the to~al ozone 

of 2,:'. change since 2.970, is the smallest that could be detected by the 

Dobson monitoring network, However, on meteorological considerations, 

taking into account possible influences and effects unrevealed by the 

statistical analJse:::;, the threshold may be as high as,4 percent As the 

data record becomes longer, this statistical analysis for the detection of 

trends may improve its precision 
!,-
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SOU2C~ES AND :SINKS OF C -i'C' S 

18. World. production o • 1~~'Cs ll anc. 1 2 co;r.bined as estimated by the 
•· 

c:,emJ..cal Manufacturers . .'.,.3sociation ( CI-11\) ",as fallen b:r a total of lG 

percent bct;.-;een l97L: an,i 19Jo from 8Jl kt pa to 696 kt p,ao (thousa.YJ.d 

metric tonnes) ;1iost of the decrease occm·red in the ·rears ')74 to 1377: 

only 1 decrease took place in the past vear 7 please refer to data 

supplied by CMA for full details, These estimates are bas•c)1. on data 

supplied to the CRA. b·; reporting companies with an estimated accuracy 

of ),·:; together wi tt an uncertain O,: contribution from countries not 

reporting to the CM.A, Data from non,reporting countries is needed in 

order to improve the accuracy of estimates of global production, The 

corresponding estimated releases of these C~Cs have fallen from 741 kt 

to )Jl Kt bet.\lern l97L1 and 1930. 

19, From the data O!~ th,, reporting companies only, there has been a 

reduction in the annual combined use for aerosols and open cell foa;,; 

(giving imr.1ediate atmospheric release) from GlO Kt to 350 Kt over the 

period 197 4 to 1930 but an increase in the annual amo,:nt used in 

:-efrig8ration and closed cell foams ( delayed re:~ease) from 203 Kt to 290 

Kt over the same period, It is recognized that eventual.1.y the reduction 

of CFC use in aerosols could be offset by g-rowth in non-aerosol uses 

This indicates the important of monitoring ail uses of CFCs ll and 12" 

20, Present model estimates of ozone ,iepletion due to CFCs 11 and 12 

allow for their destruction only in the stratosphere. The presence of 

a loss mechanism in the troposphere would cause a reduction in their 

overall lifetimes a.,d a ommensurate reduction in the resulting estimate 

of ozone depletion at steady state assuming continued release of CFCs 

at constant rates,, 

21. Atmospheric measurements of ·cFC-11 and CFC-12 have revealed a 

steady increase throughout the troposphere over the past decade, In 

principle, such measurerrents when taken with atmospheric release data, 

can be used to derive atmospheric lifetir.1es for CFC-11 and CFC-12 and 

hence determine whether there are significant tropospi1eric sinks. A 

network of five measurenent stations has been set up in locations remote 

from significant Cii'C sources to acquire long-term data for CL"8-ll and. 

CFC-12 ( togetLer with ca.c'bon tetrachlo:'ide 1 methylchloroform, CFC-113 

and nitrous oxide) using regular calibration Hith the specific obJective 

of establishing atmospheric lifetimes, This objective should be achieved 

I 
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in a few :,rear 1 but thc::~"e v:i ~ 1 be a continuing need io maintain a globa.l 

:nonitoring network of cor.1parable q_1.1alit• for CFCs 11 ancl 12 1 together 

with other ch2-orocarbons for a much longer period to provide cw1 

independent check on release data In addition 1 efforts seeking direct 

evi1e,1ce for the existence o 2pecific tropospheric sinks are continuinbo 

At this tir:1c tne available, info:i.·mc.tion is no1: su:ficient to be properly 

evaluated. 

22, Ho organisation currentl· collects g~o'oal p--coduction d2.ta .for 

halocarbons other than Cli'C 11 and 12, ·,,1l1 ich ma;· affect the ozone laT3r .. 

Less extensive atmospheric data are avai:able for these compounds of 

which the most significant are methyl chloroform (cH3cc1
2
,L carbon 

tetrachloride (cc1
4

) and CFC-113 (CClf" CC1?2), but there are a number 

of others which need to be considered in a full treatment Based on 

approximate estimates of current production these substances would cause 

in the stead? state an additional ozone depletion of about a tl1ird of 

that due to CFC-11 and CFC-12, However, the pi.·oduction o?.~ meth:rl 

chloroform and some others has grown substantially in the recent past, 

and there has been a corresponding increase in atmospheric concentrations 

though these data are rather fragmentar:r It thi3 groi!th :,e1~e to continue 

~hile the production of C?C-11 and CFC-12 remains conEtant or declines, 

then these other compounds could assume an i:nportance equal to that of 

CFC-11 and C:'C-12 at some time in the: future. Thus there is a clear need 

to acquire relevant global release data and to extend correspondi ,g 

atmospheric measurements, 

ATMOSPH.t.11I C PHO'I'OCI-wl:IIST!ff 

23. During the last few years considerable progress has been made in 

the laboratory ;neasurement of rate coefficients, cross-sections, and 

primary quantum ;rields i/3or use in a tmospberi c modelling~ However 1 a 

number of prob2.ems remain, ranging from small differences in :·esul ts for 

a given parameter obtained by different laboratories, to the possi bi li t,r 

that majo:~ processes have not been incorporated into the photocJ-:.emical 

model. ·1'he following discussion will emphasize the uncertainty in those 

processes which are not well definecl 1 and for 1hich ·she ozone perturbation 

calculations arc sensitive 1 rather than discussing the ~argc majority of 

processes for w:bich the present data base is thought to be ,_,1ell 

establis:hed Increased emphasis is cur·rently bein0 placed on understanding 

reaction mechanisms over the full range ol atmospheric temperatuTes and 

pressures since the partial pressures of other gases such as water vapour, 
In 

0 ., 0 0 0 / u 



or oxygen 1 ma,1' occasional2-J affect reacion :rates, and in addition, certaj_n 

reactions mc1.:r proceed. via multiple reaction path\ia;rs 

24. 'I'he chemistr:r o.: ti-1e global troposphere: is complex .Ii th both 

homogeneous and heterogeneous (for ex~mple rain-out) processes pla~ing 

important ro_i_ es, 3i 0y1.i fi cc1nt prcg,·ess has been made in und..:::rstanding 

the couplin6 bet1,1een the carbon/ni trog"en/hydrogen/oxv2:cm systems, and 

the dotaila of the hydrocarbon oxidation mechanisms ,rhich play a vital role 

·n controlling- tropospheric hydroxyl radical concentrations. This is an 

important development insofar as th•? hydroxvl r0 adical pla1,rs a central role 

in photochemically controllin,:; ozone in the troposphere and. controlling 

the tropospheric concentrations of gases suer: as CH
3

c1 and CH
3
ccl 

3
. In 

t~e context of stratospheric chlorine photochemistry (i.e a coupled 

oxygen/nit rogen/h~rd.rogen/ chlorine system) it should be stressed that the t 
basie; formulation remains unchanged from that originall:· forwarded by 

;~owland and r.Iolina in 1974, namely that there are no identified catalytic 

cycles involving chlorinated species which are thought to result in the 

production of odd oxygen, The numerous changes that have been made in 

estimates of certain rate coefficien~s have predomina..~tl? involved 

temporary reservoi.:'s suoh as COCl, H0,.,1'il'C,.., 1 mm, 1 and ClOIJ0
2 

This has 
~ C. .) -

modified our understanding of the lower stratosphere 1 but not our basic 

perception of' the role of ClO in the photochemically-cont1'olled region 
X 

above 30 km Hhere temporary reservoirs st:.ch as HOCl and ClON0 2 play a 

far less significant role, In turn each chemical family is discussed 

belm-.r, al though it is recognized that there is strong coupling between 

each o? tl1em, 

Odd-Ox~rgen Reactions (ox.2,: The key photochemical p::ocesses 

involving O species onl 'T 1 are now considered to be well understood, 
X 

Minor uncertainties still exist in certain processr;s but these 

u~'1ce;-,tainties do not cause significant prob1r;~s for stratosph-2ric 

modelling 

26. Odd-}~ydrogen Reactions (HOx.2.: The rate coefficients for reactions 

which cJntrol the abundance and partitioning between the odd-hydrogen 

radical..; (OH anrl E0
2

) are required •,·Tith high accurac•r due to the centr2-l 

role that the hydrox~-1 radical pla.vs in controlling the catalytic 

efficiencies of both NC and ClO, Unfortunately, some of the largest 
X X 

uncertainties and most significant recent changes in rate coefficients 

fall within this category of reactions. Uost simple OH reactions were, 

until quite recently, thought to ~e well established, however, recent 

work on OH+H
2
o2 and OH+HNo

3 
has shown this 1)elief to be incorrect, As 

, ... /) 



was su;•;,;ested in the las-'; report the key reactions, 09 + llJ0
3

, OH+ EOJIJ0 2 , 

OH + HO? have boen studi,2cl during the past year and this has led to a ne\r 

balance anong chemical catalytic cycles in the lower stratosphere 

Understa.nding the reactivi t.'/ of the E0
2 

radical still remains one of tne 

r::ajo:c problem areas in atmospLeric photochemistr~r However 1 while it is 

essential to understand the effect of H
2
o vapou;:· or H0

2 
reactivity, it is 

important to cecognize that such effects Hill be significantly more 

important for tropospheric and lower stratopsheric than for upper 

stratospheric photochemistr_yo rrhe question 01 pressu2°e and temperature 

dependence of en ani Ho2 reactions continuee to be important and requires 

extensive stud=r especiallJ in view of the unusual pressure d~pendence 

observed in certain reactions (OH+ CO, H0 2 + H0 2), and the unusual 

temperature dependence observed in others (Ho 2 + H0 2 , H0 2 + ClO, OH+ HN0
3

), 

Odd-Nitrogen Reactions (NO:): In general, the kinetic data base for 

NO reactions is relatively good, 
X 

The major problem areas have already 

been outlined in the previous section (eog processes involving ENO, and 
_) 

HOt0 2), The decrease in HOx concentrations in the lower stratosphere 

has significantly enhanced the role of odd nitrogen in this region 

Additional studies of processes involving :iW.,, N
2
o_ are required but are 

.) ) 

unlikely to have a major impact on modelling results, 

28, Odd-Chlorine Reactions (ClOxl= The kinetic data base for ClOx 

reactions has improved significantly in the last few yea.rs, but there are 

still several areas of concern, 'I'he problem of which isomers of c1uo
3 

are formed in the ClO + N0
2 

+ M reactions, and what the dissociation 

products of these isomers could be, has still not been resolved, Recent 

changes in the relative importance of ClO in the lower stratosphere have 
X 

reduced the model-predicted influences of c,-;ics on ozone, particularly in 

the lower stratosphere. Last year's results on the temperatu.i:'e dependence 

for HOCl formation and the absorption cross section of HOCL coupled to 

the recent decrease in e,3timated HO concentrations in the lower 
X 

stratosphere has considerably reduced the importance of HOClc 

2)., Odd-Bromine Reactions (BrOxl: -The lessened importance of ClOx in the 

lower stratosphere has for all practical purposes eliminated an•,r potential 

impact of BrOx on ozone chemistry at current stratospheric concentrations. 

CURRENT STATUS OF MODEL PREDICTIONS 

30" Most predictions of stratospheric ozone depletion from man-ma.de 

causes continue to rel;y on one-dimensional (1-D) models, The principal 
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focus remains wi t:-i the impac-t of continued re h,asc of C~~C-1 7_ and CFC-12 

al though there are mq,n•r othe:i:-· factors which ma-.· ir.fluence th2 strato­

spheric ozone amount over- a similar time scal8, I1:7,nocing all othei' 

pot-2ntial changes, current predictions of the impact of continued rele2.se 

of c·;1C-ll and C7i'C-l 2 at the 1)77 rate range from about l. to 10 percent 

ozone depletion in steady state* compared ~ith the value 0£ 10 percent given 

at the UNEP Co-ordinatinz Commi i:tee on the Ozone 'Sa-·l,r held in Novembe:::-

1980. 'l'his devmward revision has been causod mostl'/ b_y adjustments to 

the rate co-efficients of th3 above mentioned EO reactions, T,,is ran,_;e 
X 

merel,/ reflects the uncertaintv in our quantitative understanding of HO 
X 

chemistry and transport pararneterisations in the lower stratospi,.ere, 

Other uncertainties ~1hich are not included directly in the above range 

are discussed in paragraphs 1 15-50 below. The estimate of the present total 

column o;:;one depletion due to CFC-11 and CFC-12 alone, h2.s been s:;.rnilarly 

reduced and is less than 1 percer.t, which is below the present detection 

limiL 

31 Two-dimer..sional model studies show that variations of the predicted 

ozone depletion with latitude and season are to be anticipated. The 

maximum reduction occurs in the late ~-rinter/ early spring with a. minimum 

in late summer1' early autumn, There is a greater reduction at high 

latitudes than in the equatorial regions 1 with slightl,'f more overall 

reduction in the northern hemisphere than in t~e southern hemisphere, 

The differences between mean reductions at low latitudes and higr. latitudes 

are qualitatively the sam~ in all 2-D models although not identical 

quantitatively, '11he research community is still in the process of 

developing a full unders-tandine of 2-D models, These latitudinal and 

seasonal variations have implications for cl1anges in the intensi t;/ of 

UV-B radiation at the earth's surface as compared to the global aver3{!e 

results of 1-J models l'he 2-D model predicti2d :dobal averaged changes 

are in good agreement with the correspondin.::_;· esti:Tiates from 1-D models 

,,,./11 

➔l-,al thoue-h "stead/ st3.tG" in the CUi'rent sense is a mathematically well­
defined situation, its p}rrsical muaning is simpl_ y the condition in the 
future when al L relevant variations in timE.: of all the para.11eters of! 
interest have been re~1ced to a very lo~ level, The length of time 
required in reachin:; s-,.1ch a condition differs greatly from scenario to 
scenacio ( see para L16 ) . 

I 
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32, The predicted_ ozone r(,duc-tion shovrn si71i.~icant v·criations :Ii -t:, 

al ti tu';_e with the greatest p0:r-csntage clepletion of abo;it Vi 1~ preclictod to 

occur locallv at about 40 1~ in stead:.· state:: The present-day estimated 

local ozone re:ductior, aroW1cl ~-0 km- -i., exp,~cted to b,~ c,:c-0W1d 4:0- 'I'he 

recent changes in tLe !-1:0,_. c:·,·..:.Tti st:ry have 1 c::ss effect O!;. t ::c percentage ozom, _, 

reduction prediction in this _,:',:;:_;-ion tl1ar. in -t;·":-' lo ,er stratospL•::re ,-riJer8 

the bulk of the ozone column ··e:sides, 

33. ',Jhethc1' the ::iodels n.::2.li~:ticall~- forecas~ ,Jh2,-i; is li::el·, to 1:appen in 

the strato::;phere depends on tl1c• correctnc::;s ~,1d com:i:;leteness of thei:: input 

data and their coveri1£s of the siml~l_t,meou::: 0:fects of ottwr atmospbcric 

pollutants It is not realistic to consi<'ier 5lobal ozone -::-educcions in 

terms of re2.eases of C;-:'C-ll and CFC-12 a·~owao '.'.3.J.'1. • other factors ma~r 

increase 01' decrease the gl bal amount, and it is thi.3 co~abined effect which 

will determine what will act-..ially happen to the ozone) l:lyer A full studv 

must take the,n 2-l l into account since they may intc-ract togcthci~ in a non­

linear manner typical of a highly-coupled system" In addition +,o the 

natural perturbing effects such as lightning, volcanic eruptions cosmic 

rays, solar proton events, global circulation changes and the variabi]it.,,, 

of solar radiation, consideration shou:1..d be gi ·,en to: 

(ii) 

Other man-made chlorine-contained compound. suet as moth.~ l 

chloroform, carbon tetrachloride and otLe".' chlorofluoroc:arbons, 

( CFC-113, CPC-114, CFC-11;, and CFC-22), 'The potential for 

future groHth in thtii::~ atmosp.he!'ic releases is mo2e difficult 

to assess but estimates indicated that if releases continue at 

present levels then they could increase t;he steady stu.tc ozone 

depletion from Cii'C 11 and. 12 alone by about one thirdo r:ost of 

this enhancement is derived frorn the release of cc1 41 CTTi'C 113 

and methyl chloroform, 'l'lith minor conti,ibu·r,ions from CFCs 114 1 

11'5 and 22, 

Increased cnissions of N
2
o from the soil d1.1:? to fertilizer 

application and chanc;es in land use, Increnses in atmospheric 

N 
2
o lead to an increase in stratospheric lJO,, hence decroasod 

ozone amounts. But ,Ji th a h1 pothetical scenario lcadinc to a 

doubling of N ,..,0 11i th continuing present C>'C rel.case the net 
L 

effect is not simpJ<r the linear :::;urn of the individual i;npacts, 

This is due to the highly coupled nature of the basic cn,tal:rtic 

.cycles. :;ith tl:e recent chan.c::·e::; in HO chemist.:--,, ,,Le cstir:iatecl ·~ X 

Joint ~T 20-CFC steady stai:e deple-tion i:n to-::al ozone is 9-17 

percent ,Jhile that for tte d.oublin-:;- n
2
o on] •r scenario 1·10u::..d be 

8-16 percent, and the CFC 11-12 onl_y scenario would be :,-10 percent, 

. ,/12 
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(iii) Increas2d atmospheric :::iu:.:0 dens o:~ ca_::,bon dioxi,ie (CO 2) 

could cause an increa&e in the stratospheric 

(iv) 

( V) 

(vi) 

ozone amo,mt thJJough decreas2d strato~pheric torrr.per::i.tures.. Recent 

studies in both one-dimen;_;i~ anil two-di:nensional models 

0 ;ug, 0 esc t!"sat tho effec-+: of a r.:;pot:-,eticnl 1oint CFC-CO 2 
scenario is to roducco the st2ady stc1.te i:otal ozone dep 7 etior. 

to 'Jetvrncn one h::i,~f and tl-,ree qti.arters of the valu.c from 

CFCs 11 :,,nd 12 alon8. In tLose joint scenario calculations 1 

it was assu,11,2d ·i;b;_,t the atmozpheric burden of CO
2 

is 

eventuall:,r doubl.od. with continu8d i''~l"ac;8 o~ CFC 11 and 12 

at 1977 p,~oduction rates Strato3pheric ~id tropospheric 

. temperature chan5os ma~r al so affect ths H2o arr.ount in tlle 

stratosphere \·rhich in turn will change the abundance of HO ., 
X 

However, th'.:: tl.eo,eticai basis for this is.too"uncertain :to1~make 

good quantitative estimates. 

Emissions from aircraft and aerospace operations, The recent 

changes in the IIOx chemistry in acting to decrease th 12 magnitude 

of Clr'C perturbations have, at the same time a '..tered current 

understanding- of the impact of strc:.tospheric NO increases. 
X 

Furthermore NO er.1issions from subsonic aircraft, particularly 1 X , 

in the middle and high latitudes of the northern hemisphere, 

ma:r have noticeably increased the ozone content of tho upper 

troposphere, Calculations indicc:te that large fleets of 

aircraft, wtether supersonic or subso1ic operating in or 

above lower stratospheric al ti tud.es 1 Hou1d significantl',-" 

deplete tre ozone J.a=,'er; that fl.eetsoperating exclusively 

below such altitudes would cause some ozone j_ncreases, 1::':-ius 

the ozone change attributable solel·r to existini· or planned 

fleets would depend on their sizes and operating altitud2s. 

Increased CO and HO from combustion, 
X 

Such emissions may not 

only ~ncrease troposphcri c ozone □'cc t ma~' al so change tropo­

spheric OE. Increased emisssions from combustion may thereb:;r 

influGnce the injection of CH
3

c1 1 CIL cc1
3 

and CH, into the 
j L~ 

stratosphere" At present, detaiiod information on the 

tropospheric budgets is inadequatG to fonn a quantitative view, 

Past atmospheric nuclear tests, AlthouGh the available 

modelling rem.i.l ts and, observations on the total ozone trend in 

the 1960 1 s are consistent, due to the widely accepted 

uncertainties, t~1is apparent agreement is judged not to be 

/- 1. 
0 , " ' / J_-' 
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conclusive 

atmospheric nu.c:.ea.::.0 tssting wcrt: sig.nificant, ti:.0;·1 these past 

events r.:ay interf,::rc ' .. i ""'.:h anc,l ·sis of past ozone data for 

the detection of ot~er possible i~flu~nccs up to this time. 

34" At present 1 1-:e are a J.ont_:; .:ay f:'om cl0veloping coi1sistcnt &.nd r2alistic 

strategics for studying al 7. the p0rturbations to tLP ozone: la·.·e;_". ~his adds 

considerable uncertaint,r to t!'te pre<li cted ozone chan,S"es. :;everth,?less 1 one 

should notG thz.i,t 1r;i th an :0 -:rpot',cticaJ. scen:lrio usi;1_:;- the ;:istorical relc,ases 

of C?Cs i:'.. and 12 up to 1980 ,;Gld constc1..rit thereafter, CO
2 

doubling b-' 

20j0, O. Z:~ per year growth in N ~O concentrations and a subsonic aircraft 
c 

fleet increasing b21 a factor of 10 beh.-ccn J.)1 1 and 1390 held constant 

thereafter, a recent calculation shows 7.ess th'1!i a one half percent total 

ozone change during the next few decades L, the northern hemipslwre, The 

ozone concent~ation in mid-latitudes is predicted to decrease by as much a~ 

40,~ at ~-0 km and to increase by a.s m1.,:ch as 25/; at 10 km in steady state" 

'l'his strong distortion of vertical ozone distribution may have a ncticeable 

climatic impact which has vet to be an,7.,lyzed" 

35a Refinement of one-dime11.sional rnod2l structure is rapidl~y approaching 

its useful limit, T~,ro-dimensional models overcome some or the difficulties 

and inadequacies of 1-D model3 and reveal information on the seasonal and 

latitudinal dependence of ozone changes .. A sta:ct has been made on the 

inclusion of d,mamica l E'eedbacl:s 1 and these may tmp:;:ove the quality of the 

predicted ozone changes There h~ve been a number of recent theoretical 

advances in t~rn-dimensional modelling, As yet no n2•,.; practical models have 

appeared based on these recent theoretical ieV8lopments but the prospects 

for progress in this, so far insufficiently stwlied area, appear to be 

good" 

COMPAP.ISON 0£', 'I'HEORETICAL NODELS AND l1EASUREMENTS 
OF THE ATNCSPHERIC TTI.ACE SPECIES 

36. The first and so far the onl~i general test of t;1e validity of an,:c 

photoch,,anical model is the accuracy ,,;i th 1-:hich it reproduces the trace gas 

di stri but ion in toda:/' s atmosphere, Unfortunately 1 a conclusive comparison 

between modol predicted and measu.ced trace gas distributions is limited b: 

several factors: 

( i) Al though much 't!Oc"k continues to be done 1 the available data are 

still insufficient to fD.lJ ,, characte:rize the spatial and 

temporal variations in the stratospheric distribution of the 

0 '> ',i14 
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trace gases E::cept for ozone, onlJ sca;tered v~rtical 

pro[ile3 are available for most trace constituents Some 

impo i·tan t c·pe ci es have no·c been meas·c1red at all 

(ii) Due to natural ·m.ciabili t~, 3.n,l_ someti~nrJs to experiment:11 

uncGrtain+,ies, the avai.'..able measurements usuall·: onl_r define 

the atmospheric concentrations within a certain error ranz3 

(iii) f.Iost of the ,neasurcments represent loc::i,l and instantaneous 

r::oncentrations t1here3,s the models calculate concentrations 

1,ihich are averaged over conside::'ablc spatial and time sca1.es, 

37 ,, Despite these limitations, the comparisons form a reasonable test at 

least for 1-D models, since 7 in their totality I the measurements p1ace 

rather narrow constraints on the range of concentration values ,iLich can 

be assumed by the model for the various trace Gas species, The mo~els 

have been generally successful in describing the average vertical trace 

gas distributions in t~1e stratosp;_-.ere This is especiall;/ true for so.r, _ 

long-lived trace gases such as CH
4

, N
2
o, CFfl

2
, H

2
, where the globally­

averaged features are cruite well described by 1-D models. vii th the 

recent availabilit1 of profiles of trace species from different latitudes, 

finer details may become apparent which will require multi-dimensional 

models for thei::: interpretation The existing data base is. yet inadequate 

to provide a validation of multi-dimensional models. 

38. For the short-lived species which are produced and_ destro;yed '.vi t~in 

the stratosphere 7 the same situation does not generally prevai L Sorne 

measured species such as O, o
3

, No
3 

and HCl sho111 reasonable agreeme:1.t 

betwaen model and measurement over the altitude r3.nge 01 interest, Recent 

changes in HOx chemistr:>- data have helped. greatly in re3olving past 

difficulties in comparing lower stratospheric N0
2 

and ClO data, New upper 

stratospheric NO observations are also in much better agreement with inodel 

predictions., However, the upper stratospheric distributions of mm
3 

and 

ClO are still difficult to understand, 

39. Recent measurements of light hydrocarbons in the lower st ·atosphero 

have led to some concern about the adequacy of our understanding of the 

chemical partitionine among the various chlorine species. 

40. In summary, it appears that presEmt ;node ls are fairl:r successful in 

reproducing most of the features of stratospheric photochemistr:r as 

represented by the limited observations necent interests in developing 

proper interpretations and diagnostic techniques for model and experiments 

.. I 1 •. 
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are expected to ccsul t in a new class of :.::.tmospheri c observations rc1ore 

dircctl:r interpretable which :nay hence serve as better tests of models, 

as for e:.::a;;;p~ 2 1 in the r2cent si,.,ul tancous :neasucemcnts of N0
3 1 o

3 
and 

t emper3, tun,, 

INTEPP -:c:TA. TION ANlJ EV .ALT..Ic:\TI ON 

41. Since all models are approximations to reality, it is essential that 

the unquanti.i:'ied assu.;nptions governing t}:e adopted approximations should 

be considered along with other readil:_r quantified parameters. Unc8rtainties 

in measured solar flux int0nsity, chemical kinetics reaction rate 

coefficients, model boundarJ comli tions, transport coefficients, source 

distributions, and others can, in principle, be evaluated. A 7-t!-iough c:.11 

these para.mete:r-s arc not kno·,m to similar degrees of accuracy I recent 

progress in analysis, techniques and measurement programmes promise stead:r 

improvements in the years to come. Present analysis of the uncertainties 

iru~erent in the model predictions can only be considered as the best 

available information. 'rhe unquanti L~ied uncertainties, such as the 

possibility of missing chemistr_·r 1 the ade:q-,;.acies of 1-D, 2-D, or 3-D 

model trn.nsport formulations 1 diurnal, seasonal or spatia averaging 

procedures for the non-linear interactions and the adequacy of model 

validation procedures, by necessity 7 must be evaluz:i.ted partl~r on a subjective 

basis, 

42. Existing views of the model's ability to describe the present day 

atmosphere and predict potential perturbation span the range from a hi 6h 

level of confidence based on the positive results discussed in previous 

sections to strong reservations based on the still unquantified 

uncertainties. 'l'he subjective components in the interpretation o.f model 

predictions will most likely persist. 

43. The complementary relationship among 1-D, 2-D, and 3-D models is 

widely accepted, and current information strongly supports this view, 

Recent results from two-dimensional ,,10dels on stratospheric ozone perturbation 

studies serve to elaborate on the seasonal and latitudinal variations of the 

ozone change but have not significantly altered global average predictions 

based on 1-D models. In addition, multi-dimensional models have pointed to 

new coupling processes, most notably in the troposphere, that could not have 

been studied with 1-D models. 

411.. Difficulties in 1-D model validation persist in 2-D models. This has 

led to new interest in -re-examining the question of whether the major 

chemical processes in the lower stratosphere have been included in the model. 
'". ,/16 



Developments to date may affect cl:t~ model predictions on CFCs effect 

cruantitativel? but not qt.1alitatively1 loe. :::Fe increase leads to 2, 

decrease in total ozone, 

!).)o 'l'i,e -b-10 r:iajor aspects of r.iodel prechctions 1 pa2t or near term trencl 

ancl steady state ozone change 1 have different sensitiviti0s to model input 

parameters In the analysis of possible trends, a major uncertaint-.r lies 

in tr.e transport parameters. \·Jha~2as for stead'.- state changes, OY.1.G 

additional concern is '.vi th t~"'..e uncertaint:,c of tl:ie future state of the 

atmospl:.erE.:- - Jecent research interest in cou.pl eel perturbations from mul tipl e,s 

causes has contributed a wide appreciation of tee degree of complexity of 

this problenL Single isolated scenarios are inadequate in describing 

reality either past or future" Increased efforts must be devoted to 

assessing the most probable coupled scenarios based on world evolution in 

economics and culture patterns- Only moclel predictions based on such 

scenarios can be used to compare ivith ozone observations in testing the 

theory of ozone chemistry, 

460 Present understanding of stratospheric ozone chemistry and .transport 

still poin s to a ~ri~cipl0 of persisting effect o: past emissio~s in 

stratospheric ozone perturbation. Namely, that if countermeasures were 

undertaken after observin[, a. certain ozone change, the said effect ·,-10uld 

be likely to persist for de ca.des before recovery, F\,rther, due to the 

compil.exity of coupling among multiple perturbing influences it is 

difficult to provicie general guidance for evaluating the possible persisting 

perturbing effects and it2 duration, The duration of perturbing 

influences could var:r frorr. a few years (aircraft N'Ox perturbations) to 

several decades ( CFC perturbations) to centuries ( CO 2 and N" 2o perturbations), 

SUch evaluation of magni t·,.ide and duration must be performed on a case-by­

case basis vith the appropriate scenario, 

47. A decrease in atmos~heric ozone results in increased penetration to 

the earth's surface of the damaging short wavelength UV-B* radiation, Tho 

increase is non-linear and highly dependent on wavelength; it is the 

steepest for the shortest wavelengths in sunlignt, I.lost action spectra 

considered in biological effects of UV, such as the DNA or erythemal or 

plant response ac+,ion spectra, show that 290 nm photone: a.re a.bout four 

* rV-B 
UV-A 

200-315 run 
315-380 nm 

I 



orders of :n~anitude rnore effective -+:~1ai1 220 YlI'.1 p1otons Therefore, it ia 

importa:1t to consider the radiation Lux 1 wav2len~7th b.'f 1davel,-:mgth over 

th 12 entire U'!-:S 3pectrum 

4~i. !1i0clcls :,av:; been. cleveloped '!hich per:ni -t: the q-.1.an.ti tative 1ci_o;hting 

oi' incrcaso~J ia JV-B irradiance according to t:,l, various action spectra, 

takin:c; into account va:·iation.s in ozone col'..lLm t':ickncss 1 solar angle 1 

aerosol thiclmess and surface a2."bsdo, The percentage change in tr.c 

eff'cctive daily UV-B radiation dose produced by a one percent change in 

ozonc0 column thickness is defined as -+:ric ~adiation amplification factor. 

Data s~10ws that, in gene1°al 1 for biological action spectra COIT!f!lonly used 

by photobiologists, this radiation amplification factor varies from about 

L6 to about 3 for most latitudes and seasons, 1-:ith the higher values existinc­

near the polar regions. 

BIO LO GI CAL :-s=,F'EC'l'S 

~9. If a depletion of a-trnospheric ozone cloes occur, the UV-B irra.diance 

wil::. increase in all areas of the ,10rld. This :nay have biological 

influences on plants 1 animals and man. Therefore, it is nocessar~r to 

identif7 the "biological effects to be expected and, if possible, to make 

quanti tati vo assessments of these effects 1 especial l,v ·,.,.,_ th regard to 

agricultural production, fisheries und hurian health. 

;Oo Effect:::; Oil terresi rial plants: J-lic.-hor plants have obvimus importance 

both in agriculture and. in natural terrestrial ecosystem::;, such as forests~ 

Plants have evolved to e:cpose much of their livin6 tissue to sunlight in 

ordE:r to utilize its ener{Dr, T:ms, a reduction ot' total ozonG 1 with its 

attendant increoase in solar UV-B rad.iation 1 could. be si 6""c1ificant for ther.:, 

jl. Studies have been conclucted in growth champers 1 ad.justed to nc1tural 

daylight rhythm, in greenhouses and in the field under conditions of enhanced 

UV-B radiation, In spite of the different gro;1ing conditions 1 but under 

similar illumination 7 similar reGUlts were obtained in plant species sensitive 

to UV-B. D3J!laging effects •,-,rero seen to gro,-1th paramtJters 1 leaf surface 

structu.i'r: composition, physiological function, pollen sermination and 

productivity of a large variety of plant species, including man;- important 

crops, such a;:; whoat, :cice, soybeans, barley, potatoes and beans, The 

enhanced UV-B exposure levels at which the harmful effects beean to occur 

depend on the sensi ti vi tJ of p1.ant species anrl ranged from natural sun:ight 

levels to -::;o percent enl1anc.ement of UV-B radiation. 'I't,sis o:' more than lOC 
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plant species 2,11cl varieties in c.cnt:-olled-environm,2nt J,rowth cl1ambers 

indicate that approxi~ate 7 y 20 porcEnt are ~lread~ sensitive to ~resent 

dail~: UV-B doses .:;,t ::..ati tu,ks 01~ a'bout 30c;IJ 1 ,jG percent shmvcd intermediate 

se,isi ti vi t,1 , :lrJ:reas 20 percent ·.1ere resistant even to UV-D doses 4 times 

gre::i.ter -;;ha:7.. normaL 

are scnsi ti ve to acldi tioc:.c1.l U',"-B, It has also been observed over scverc1l 

grm·liil.g sc::asons ti.at unde.c crJ1anced UV-B the comp•cti tion benaviou,,, of plant 

species is changed, dependL1.:::: on +,he composition of the plant communi ticso 

5 2, The action spectra for most of the effects of ul troviolet radiation 

on plants ar'? similar to the DU1\ and eryther.ial action spectra, The action 

spectrwn foe· damage to photos~rnthetic ac+,ivity 1 houever, differs markedly 

from these, It is much less steep, shmling a decre2.se of effectiveness 

by only a factor of 3 over the ;,;avelength re,~ion from 280 +,o 340 nm, as 

compared to a factor o[' at least 1000 for most of the other action spectra 

over an even narrower wavelength ran[;C 

-_i3, Non-damaging, but higil:r sensitive and specilic UV-B effects on 

formations of secondar;y plant 3Ubstances 1 ,1~1.icl1 ,'laf act as natural 

protective a,::rents, were found in m,::.rr;' plants., 

54, The envil'onrnentaJ_ conditions under Hhich r:iany growth cl,amber 

experiments have been performed ma:· in somo cases have altered the 

sensitivity of plants to UV-D radiation Before any firr.i conclusion can 

be drawn about e:"fects on agTicultural prociuctivit,y, it will be nec2ssary 

to conduct experiments simulating prope::o natural radiation conditions, 

both in the laborator:/ and in the field, 

35, Effects on aquatic organisms: 3olar U'J-B radiations inducing 

biological effect3 have been caeasureci to depths of more than ti,enty m0ters 

in clear waters and more than five meters in nuclear water. Much marine 

life sensitive to these UV-radia"cion levels (fish eggs and larvae etco J, 

live in the top 20 meters of ocean 1:ate~·s. .8-<:perimEmtal studies 1.,,;i th 

enhanced UV-D levels from zero up to fiftJ percent above natural levC?.ls 

have ehown effects to fish (ec-gs, larvae and juveniles), shrimp, crabs, 

zooplankton and oth:,r plants 2ssential to the aquatic food Hebo In 

addition, ph:,rtoplankton stuclies in t:-,e labo:rato:7 shm·r tl:.at increased gro•.;th 

occurs when the UV-B radiatioD is filtered out of the incident solar 

radiation 1 i rdicatin6 that e::isti::.,:7; levels of UV-B depress producti vi t,y" 
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/5 The rcJ.a ti ve sensi ti vi ci:::s or' ,>::ven ~;pccies 1.,1i th1n a selected aqu:i tic 

ecos~rstci,1 1 st,1.clie::d in the lctoo.1ato1"· nnle~" o:0 hanceci UV-D r0sultcd in shii:ts 

oi: communi t:;, cornposi tion 

natural ma.ri.1e e1.:;o.:;;:rstem. 

These, rcsul ts were co:croborated b:r a study in a 

protozoq,, alr_;-ac a..'1.cl small inverteb1°ates 1 tnat furrn t'1e base of the food web 

of oceanic and estuarine ecos:rstems, indicat tliat most oI' thb2e, too, ar1.; 

sensi tivc to current lc::vels of UV-B radiation i:1cident at ti1.2 water surface 

More recent and more quantitative; studies indicate that at doses comparable 

to daily levels of existing natural UV-B radiation incident at the water 

surface, reduction of UV-B increases the groivth of chain-forming diatoms, 

and similarly affects the biomass and specific diversity of attached marine 

algae and survival of coral reef epifauna Under conditions of enhanced 

UV-B radiation, decreases were observed in growth, reproduction, survival 

and other functions of these organisms, 

57. Continued investigations concerning the range of natural ecological 

uncertaintios 1 :-,rhich are much larger than the uncertainties in the pa:cticular 

photobiological effects, will be required to assess the possible consequences 

for the many complex ecological interactions as well as for the productivi t.·.r 

of fisheries. 

Effects on human health: Considerable progress has been achieved in the 

study of the human health effects of increased ultraviolet radiation. Human 

health is influenced by UV radiation in many ways, such as the formation of 

vitamin n
3

, sunburn, eye diseases, allergic reactions, and skin diseases 

including skin cancer" Among these effects, skin cancer stands out as the 

one problem to be significantly influenced by increased UV-B irradiance-

The severity of health and other biological effects of radiation depend on its 

spectral composition, irradiance, and exposure time-· The response may be 

modified by biological factors and environmental conditions. UV-B radiation 

has been demonstrated to be more biologically effective than UV-A radiation 

59. Epidemiologic studies have shown that the incidence of non-melanoma 

skin cancer correlates with exposure to sunlight; these data relate mainl:,' 

to lightskinned people" Animal experiments have revealed that UV-Bis the 

most effective wavelength region in carcinogenesis by UV radiation These 

data indicate that an increased incidence of non-melanoma skin cancer is to 

be expected in the case of increased uV-B irradiance" 



Non-melanoma skin cancer is cccepti.onal amonr< the biolo,;-ic effect3 

under discussion, in that numeric:11 statistics ai'e available, This has 

m3-d.e it possible to make comparatively developed quantitativ8 extrapolations. 

These studies indicate that, besides the radiation amplification mentioned 

alread.•r, there is for this particular biologic effect alsn a biologic 

amplifi~ation; for everv percent increase in effective UV-n ir·radianc,3, ti1e 

incidence of non-melanoma skin cancer ',,ill ul timatel~r increase by more than 

2 percent 

60.- There are s8veral indications that sunlight may ':ilso be one of the 

causative factors in the pathogenesis of malignant mel':inoma, which affects 

people of all skin types, These indications come from epidemio:i.ogic 

observations which, because the2r deal with exposure to total sunlight, do 

not :,oint to anir particular 1vavelength range in the solar spectrum, Animal 

experiments indicating the effective wavelength range are not available. 

Should UV-B be involved, F.l. decrease of stratospheric ozone might be 

expected to increase the inciience of melanoma, This is a possibility, but 

it cannot be substantiated on the basis of the presently available data" 

61, In studies perform,:,d on mice I UV-B radiation has been shown to alter 

the response of the immunological system; for instance, this results in 

impeded ability of the animni to reject a UV induced tumor as a foreign 

body, and in increased susceptibility of the animal to primar~r tumors induced 

by UV, 

EFJiECI'S ON CLI:''.ATE 

62. Even if total ozone is not significantly changed the projected 

distortion of the vertical profile is expected to have climatological 

consequences, The projected CFC and CO 2 effects on the temperature are 

additive. The indicated increase of ozone concentration in the troposphere 

would on the other hand through modification of the IR-fltLx lead to a 

temperature ris0 at the :ru.rface - also adding to surface heating effect of 

co 2. 1rherefore, increas,3d research efforts on these problems are thus 

urgently needed especial L,y in the framework of the \,';'.,10-ICSU World Climate 

Research Programme. 

OZONE DEPLEI'ION SCENAlUOS 

63. The representativ€ of the Organization for Economic Co-operation and 

Development presented a report on ozone depletion scenarios being undertaken 

by that Organization" It was stated that during 1981 1 the OECD prepared a 
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report on emissions scenarios for ctlorocarbon releasGs These scenario~, 

along with a sinGle scen~rio for emissions of other materials affecting 

the ozone la 'er, 1::ere used as input to various one and two dimensional 

-,1odels of the atmosphere" The report 1 ~,,rhi8h inc:udc)s a summ:.;,ry of the 

results of th::; r:,odeling work and the discussion of thc:.t ,,or'.,: at tiie 

meeting of an Ad Hee Group :ihich met in September, v:il1 be pres8nted to 

the Environ..-nent Committee of the OEC:U in =iecer..ber 1931 1 ,:iho wi:Cl determine 

;.,rhat future ,,rork in this a.:~ea wil 7 be carried out 

l'IEED F'OR HEVI SION OP T~ HORI.,D PLAN CF ACT ION 

ON THE OZONE i,AYER 

64, Docw:ient UNEP/ CCOL/;/3 1 The '.'Tor~d Plan of 11.ction on the Ozone 

Layer, was reviewed, so as to determine it the requirements of the plan 

were still vaL.d and complete, whether it was sufficiently detailed and 

comprehensive 1 and whether all gaps in lmowled,:;e identified in the Plan 

were being 3,ctively filled and at a satisfactory rate ol' progress, 

65, ~iany delegations, while stating awareness of inaccuracies in parts 

of the original plan 1 in the light o.: new lmowledge available 1 felt that 

no clianges shouJ.d be made to th2 text, but instead emphasis should be 

placed on ~he r~quirement, contained in the Plano: Action, to implement 

and further develop the Plan, 

66. Several delegations considered that the CCOL had been somewhat 

negligent in not addressing certain aspects of the Plan as thoroughly 

as other sections, particularl~:r socio-eco:1omic aspects. However, several 

delegations cautioned that it would be difficult to widon the scope o,~ 

current and past activities of the CCOL in view of the additional cost 

associated with enlarging their delegations to cope with a broader Agenda, 

67. It was noted that no lead agency had_ been designated to undertake 

the implementation cf this section ~cinliko other sections and one 

delegation suggested that OECD would be the obvious choice for this. 

After support for this view was expressed by others, it was suggested 

that m:F.2 should contact the OECD Environment Cammi ttee with a view to 

soliciting their aid in this connection, Also, lr.:JEP will, a.t the time 

of requiring members to furnish their annual report on ongoing and 

planned activitiesv request that a report on national socio-economic 

measures be included, 



D~CISION 9/l3B of 2: '.[.\Y or T~iE ;1'1'E 

GOVERNING COillTCIL OF UHEP 

G~~, 1\ gent...'ral Lliscussion -,ns; he~d to decide in \-/Lich wa, t'lc CCOL could 

best res;)oucl to the invi, at ion of the E.:cecuti vc lirecto'." to cc,ntr'i "butc to 

the ad hoc working group of 7 ogal and technical experts p7 a,nned for 20 to 2') 

Januar~r 1?02 at Stoc]:holm,, 

6), It '."las agreed that ::i Sinal 7_ '.-rnrki"1C'.° group be cstabli shed to consic'Ler 

this rnatt0r and to r8port to p:1.enc:12~, session of tl1c CCOL on comp :.2tion 

of its deliberation, T';e report of the group i3 available as document UNEP/WG, 69/7, 

70, Th" Secretariat reported to the members on_ ._;ponses received from 

Governments to tho Rxecutive Director's letter o' 21 July 1981 which requested 

inforrnation, includin,; statistical and technical data, on the implc::rnentation 

of the recom□enda:t.ions contained in Decision 3/7B OJ,~ 29 April l '130, in 

particular relating to the uce of chlorofluorocarbons 11 and 12, as welJ as 

to production capacity, The Secretariat noted that thirteen replies had so 

far been received, 1rhe Cammi ttee was informed that a full report on ti1is 

subject woc1ld be submitted to Governments in the Report of the Executive 

Director to the tenth session of the GoverninG Council in ~tay 1')32 a.1d to 

the ad hoc Legal/Technical Group Meeting at Stockholm in J,muar:- 1'922_ 

OZONE DEPLETING CHEMI CJ.LS OTHETI 'THAN 

CHLOROFLUOROCARBOi'TS l: AND 12 

7L 1rh(, Committee recommended that the UNEP Secretarid should collect data 

on chemicals, other than C-P.Cs 11 and 12 7 that might affect t~18 stratospheric 

ozone la7er" The mo.c~e important of these chemicals are iden";ified in '3cction 

I, The assessment of ozone layer dc,letion anJ its impacts, The S0cretariat 

was asked to report to the CCOL g,t its next session on the information 

received 

RECOIIMENDATIONS FOR ACTION 

7 2, 'fhc Co-ordinatingr Committee on the Ozone Layer made specific recor:imendation~ 

for activities relevant to the implementation of the World Plan of Action on 

the Ozone Layer, These were: 

L To make the Global Ozone Observing 3,,stem (GOOS) based on 

integration of satellite and ground-basrd systems full•r 

operational, and appeal for reguJar reporting of observational 

data to the relevant 1.-rnrlrl centers; 
, , , /23 



2. rro reqU(:lSt mJEP to continue its support for strengther.ins 

and catalvsing international activities through the ~mo 
Global Ozone Research &.'1d lfoni toring Project; 

3. 'I'o intensify upgrading and intercornparisons of Dobson instruments; 

4 To expan,l vertical ozone distribution measurements by continued 

balloon-borne soundincs and by ,Jidel,y implementinr;- "short­

Umkehr" measurements as well as· by encouraging the development 

of reliable operational satellite sensor for accurate 

measu;:'ements over :;he complete altitude ran~e of the stratosphere 

includine- the continued development of inflight calibrations; 

5" To encourage measurements o:' trace species of importance to the 

ozone question; 

6. 'i.'o undertake simultaneous in-situ measurements of the relative 

concentrations of photochemically related compounds of the 

various families; 

7. To promote systematic review ( usin,::; log calibration records) for 
-l1omogeniety of long total ozone records: 

3. To call the attention of al 1 countries who are not yet reporting 

production figures of CFCs 11 and 12 as well as of other chloro­

carbons to the need for reporting pertinent chemical production, 

r~loase and usage data; 

9. To promote studies of rad.i.ati ve effect of ozone and. other:- mino.c 

species relevant to ozone photochemistry and stratospheric 

dynamics for detecting possible climatic impact; 

10, To promote studies aimed at clarifying ph-rsical processes and 

phenomena having impact on error detection of ozone records; 

11. To request countries to give more attention to UV-B measurements, 

in principle in the vicinitv of ozone measuring stations as it 

was noted that the UV-B measurements are so far only isolated 

national efforts iThich have not been internationally stacidardized 

and integrated; 

12. To continue to develop multi-dimensional models and continue to 

study the simultaneous G:tfects on the various species '.1hich may 

perturb atmospheric ozone; 

13, To continue to develop tropospheric monitoring to assess the 

sources, sinks, trends in concentrations of CFCs 11 and 

chlorocarbons, N2o and CH4i 



24, 

140 To ±ntensi f•,r tLc on6oing res0:arch on the represerw,t::.on of 

transport processes for chemical models; 

15, To e::t8:1d. tbe de:terminati•:m of rate coefficients over the 

pressure 3.nd tcr.1peraturc ranges found in ths atmosphere, 

and identif? the products; 

16, To search for o.nd,"investi 0ate c1,ny addi tionc1,l reactions which 

r;:a.v affect strc1tospheric chemistry; 

17, To continue e.Cforts to increase understanding oi tropospheric 

chemistryi 

18. To extend mec1surer:1ents of the radical species to the lower 

stratosphere and upper troposphere using independent techniques; 

To obtain 3-D fields of important trace constituents and 

meteorological variables in the stratosphere b:r satelli tesi 

20. To improve knowledge pertaining fo: 

(i) The relationship of dose-rate and reponse for the 

various biological effects of UV radiationsj 

(ii) The relationship bet;,1een human exposure to colar 

ultra-violet radiation and the'development of non­

melanoma, and to better define the possible relation­

ship between sunlight and melanonia sk:in cancer 

includinc social and environmental conditions, as a 

result of these studies, global base-line data on 

(iii) 

skin cancer incidence should be established; 

The identi..:'ication of high-risk groups among the 

populations; 

(iv) The possible interaction of chemicals, pharmaceuticals 

and pollutants with UV radiationo 

2lo To study biological effects of enhanced UV-Bon agricultural 

crops in different geographical locations and und~r local 

growing conditionsj 

22, To extend aquatic effeata studies to the :c.atural wate-r. environ­

msnte in order to gain kxlowledge of the resultant effect of 

enhanced solar UV-E radiation on aquatic food productivityj 

'2cc: ••• • I -.J 

C 



230 To continue studies on oiological action spectra and the 

spectral respowJ8 using also pol/cliromatic radiations in 

order to inc1 1 lclc possible interactions of the various wave-

1 ength re <si on s : 

24, To include photorepair- 1 adaptation :md protection rc,echanisms 

in th= overall con3iu.era tions of UV-B effects; 

2'.}c To determine the infL .. ence of existiug ard er:.hanced 'JV-B 

radiation on: 

(i) The sensitivit" and activities of insects important 

to the biospheric balance (animal food chain 1 plant 

cross-fertilization 7 etc"); 

(ii) 

(iii) 

(iv) 

~hero-organisms, such as those causin, • plant and 

anim:11 rliseases: 

Primary processes such as photosy--nthesis, bio­

synthesis, etc.; 

The photodegrac.ation o, her:::iicides, pesticides 1 

fertilizers and simila,c agricul tul'a.1 chemicals; 

(v) The effects of other stress situ,.tions, 

26. To determine the mechanisms by 11hich L"V-B radiation acts on 

biological species and eco-systoms; 

27. To promote the publishing of manuc,J.s providing guidelines 

for both UV-B exposure studies and to facilitate inter­

comparison of biological ~esearch results; 

28. To develop improved individual and biological UV-B dosimeters, 

An executive summary of U.e assessment and the recommendations of the 

, •• CCOL is attached as Annex 1. 



ANIJEX l --·--

~X3CU'IIIS :3TJ'[.\ARY 

The United Jati_o,1s ~mr ro,1.:ent Progra:>me's Co-ordi_·,1at'_i1g Co·n:nittee 

on the Ozone I.,ave.::· (CCOL) :net in Copenha:;en 12-16 October 1961 for its 

fi_ fth sess i 'Jn, '11 he Cor,rni ttee examined the substant ~al contributions 

presented to i_t by various c0untries and organizatlons and the research 

efforts in observati·.Jns, e'1aluatior.c.: and ;1odelling necessary for the study 

0f the stratos;_Jher2_ •Jn the basis ,.)f existing and. new infor 1ation 

available the Co·1mi ttee concluded the following: 

1. A r;_sk of depletion of the ozone layer due to chloro­

fluorocarbon releases is st ll -1ost Lkely 1 although 

natural 'Tar~aEons and other compounds which ,,ay a 'feet 

ozone, require increased consideration, 

2. If one considers only chlorofluorocarbon 11 and 12 releases 

at their present rates, current ·1odel calculations estL1ate 

an eventual ozone reduct '.on in the range 5 to 10 uer cent, 

co•.1parecl to about JO ner cent esti ,1ated in last year's CCOL 

report, The change fro·-1 the 1920 figure is due to new data 

on certain chemical react~on rates. If ryresent releases of 

other chlorocarbons are continued at oresent rates, then they 

could increase the eventual ozone depletion due to CFC 11 and 12 

alone by about one third, 

3. Recognizing the si riul taneous and co ·::,lex i ,;_Jacts of hu.1an 

activities on at~ospheric ozone, ~ore realistic scenarios 

have been developed to study the coupled nature of potential 

ozone changes. The cha.1ges in the trace gas concentrations 

of N 
2
o I NOY and C1'7 C 's may have all affected the :)ast ozone 

amounts, The esti ,ate of the 'present total column ozone 

depletion is less than one per cent 1 ·.-.rhich is belo1, the 

ryresent detection li1it, 
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/ The relatLvely large natural variability ~f at~ospher1c 

ozone makes detectio:1 of long-ter"'.1 treml difficuL t, 

Consistent Hith the study using :nulti;::ile scenari_os fro 

hi stn:' ~ cal da. ta 1 :10 ev~denc•2 °Jf change::, in total ozone has 

been observed., This recognises the significant conti"luin.; 

~rogress 1ade in statist(cal analysis of the ozone record, 

5., Observati_onal data indicate an ozone increase 1-n the northern 

hemisphere troposphere over the last 10 years which is 

qualitatcvely consistent '.v"_th the model predicted 1,1pact fro,n 

past subsonic aircraft operations and other co :ibustions, 

Observations in the UJper stratosphere are still inadequate to 

validate the model :,)redicted changes due t.J CFC 11 and 12 re leases 

in the past decades, :'Iul tiple scenario ·1Jdels suggest that the 

distortion of the vertical ozone profile Jight beco,e more 

i noortant than changes in the total a.-:iount with respect to 

possible cli .1atic consequences, 

6, Co,,t i_nued i.1prove,nent of the data base or at ,10spheric trace 

S1Jecies has contributed to the resolution of sone past 

problems in interpretation and ?Dinted out new areas of 

possible concern, 

7, World production of CFC's 11 and 12 combined as esti . .1ated by 

the Chemical 1•1anufacturer's Associat' on has fallen by a 

total of 13% between 1974 and 1980. lfost ,Jf the decrease 

occurred in the years 1974 to 1977; only 1,1o decrease took 

place in the -::iast year (1980), lJses in aerosols have declined 

but other uses, for example in foaned plastics and air 

conditioners, have shown an increase, It is recog;.1ized that 

eventually reduction of CFC used in aerosols could be offset 

by grm,rth in non-aerosol uses. 'l'here are al so indicat ,_on s of 

increased production of other chJor: ;~e containing co:;ipounds which 

could affect the ozone layer, 



8 If at ,ospheric ozo 0 1e decrease2 1 :ore solc.,r ultraviolet 

rad,at~o:1, i;, the TJV-B range, .snll Jenetrate to the eart11',3 

surtace, i'e,•,; studies have confi.ried DrevLous est. 1ates of 

tho relation bet,,1ee;1 020°1.e ri2cre2.se ancl UV-B increase. The 

health and biolo,3"ical effects to be expeci,ed fron such an 

i:1crease of ultraviolet raJ.1at .on :f'.Jr1ed one of the ,1ai"l 

to;->ics of discussion at the meet' ng. ;Iost of the k:nm-m 

effects of UV-B are da,naging effects, so that there is 

concern for the consequences, esnecially with regard to 

agri.cultural production, fisheries and hu11an health. 

9, Recent research results lll.dicate that .:1any terrestrial 

plants and aquat i. c orga;" • s .. 1s ,nay u:,:1dergo da,;iage by increased 

UV-B; this applies to iriportant cro~s such as wheat and 

rice, and to aquatic organ i_s ,1s 3uch as fish eggP and larvae. 

Further investigations are needed, however, to assess the 

overall effects under the c,:11plicated actual growth condi t i_ons. 

10. With regard to human health, it is ,.,ell-established that 

an increase ·_r:. solar UV-B would lead to an increased 

incidence of non-,nelanoma skin cancer, especially in light­

s'.cinned people, 

There are several indications that sunlight .1ay be one o: 
the causative factors of .. ,alignant 1elanoma, which affects 

DE/Ople of all skin types, It is !)resently not known if 

lI'J-B is involved; should it be involved, a decrease of 

at:1ospheric ozone might be expected to i_ncrease the 

incidence of 1elano;na, 

lL The CoJmittee emphasized the i :portance of 1ernber countries 

and international organj zat ~ons as WMO, :ri th the support :af 

illlTEP to provide pertiner,t che i7j_cal production 1 release I ar:d 

usage data and to cont '.nue t; collaborate in studies ::m the 

ozone layer. 
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