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1.

I. OPENING OF THE MEETING

1. The meeting was opened at 10.00 a.m. on Tuesday, 11 November, 1980,

in the offices of the National Institute of Public Health and Environmental- -
Protection, Bilthoven, Netherlands, Mr. H. Cohen, Director-General of the
Institute, welcomed the participants and wished the Committee a successful
meeting. On introducing the !linister of Public Heal+h and Environmental
Protection, Mr. 7. Ginjaar, he drew the Committee's attention to the
importance attached to the ozone depletion problem by the Government of the
Netherlands,

2. Mr. Ginjaar, on behalf of the Netherlands CGovernment welcomed the
participants of the Co-ordinating Committee on the Ozone Layer to Bilthoven.
He said that the Netherlands Government, as onc of the countriss prc! icing
chlorofluorccarbons and aerosol spraycans, could not and would not, ignore
its responsibility in this matter. On the one hand, the effects of
regulatory steps on the economy would be immediate. On the other, if no
such steps were to be taken, major effects on the ozone layer, on human
health and the environmeat, might occur. However, any decision taken should
be based on the best available knowledge. In this connexion he referred to
the excellent evaluations on all aspects of the ozone layer problem
previously made by the Co-ordinating Committce on the Ozone Layer., He noted
that exact and indisputable evidence of depletion of the ozone layer could
not ke given in the near future and it would be wnrealisgtic to expect this,
However, what could and should, be asked from the scientific community, was
an assessment of the risks of serious ozone depletion by chlorofluorocarbons.
He pointed out that the chlorofluorocarbon issue was not culy important

per 82, but could well be considered as a test case for what could be
achieved by the pursuance of envirommental policies on a global scale. He
firnished by wishing the Committee positive and fruitful discussions, and .a
pleasant stay in Bilthoven.

3. On behalf of the Executive Director of UNEP, Mr. R.J. Zngelmann,
Deputy Director of the Environmental Assessment Service, extended greetings
from both the Executive Director of UNEP and the past Chairman of the Co-
ordinating Committee on the Ozone Layer, lMr. R.S. Mikhail. He said that he
wished to place on record UNEP's deep appreciation of the hospitality of
the Government of the Netherlands in offering to host this meeting and paid
special tribute to the facilities which had been provided. He drew the
Committee's attention to the Provisional Agenda and pointed out that if the
meeting were to be successful, the co-operation and gondwill of all
participants would be necessary. He invited the Committee to examine the
paper "Assessment of Ozone Layer Depletion and its Impactsi UNEP/CCOL/4/5,
& paper prepared for the CCOL by a UNEP consultant.

4. He also asked the Committee to note agenda item 5 concerning decision
8/7B of the Governing Council of UNEP regarding chlorofluorocarbons and

said that the Committee's views on how best to implement this decision would
be solicited. The representative of the European Economic Community - at
this point suggested that discussion on this item and item . ¢: confined to
scientific matters. -
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2.
II. | ' DOCUMENTATION
ser 5 A list of documentation before the Commlttee is reproduﬁed in
Annex 1.
ITI. AGENDA
6. The following agenda was adopted:

1. Opening of the meeting.
2. Approval of the agenda.

3. Presentation by Committee members on their activities relevant
to the implementation of the World Plan of Action on the
Ozone Layer.

4. Assessment of etratospheﬂlcozone layer depletion and its impacts.

5.  Dzcision &/7B of 29 April 1980 of the Governing Council of UNEP
regarding chlorofluorocarbons.

6.  Recommendations for action.
7. Any other business
8.  Approvzl of the report.
9. Closure of the meeting.
iv. PARTICIDANTS AT 9HD 710 J7ING
1. The meeting wus attended by experts designated by the following

covitrien, United Nations bodies and specizlized agencies; and non-governmztul
organizations:

Governaents: enmaii; France, Germany (Pederal Republic of R Tké", Janan,
ﬁﬁxﬁe}lanus, Norway, “”eden, Unicn of Soviet Socialist Republics, United
ingdom of Great Brltm.n and Horthern Ireland and the United Stutes of
finerica.

United Hations bodics and speciulirzed aconcien: Vorl& Health Orgenization,

Horld Letco 'UlO“lC?l OrglnlbdbLuh and thc United Nations Enviro:..ent Frogramae.

¢

Intergovernmental Organizations: Buropean Economic Community.. and Organization

for Bounomic Co- —0peravioil Tand Developuent. .

Non-sovernnental Ocganizations: International Council of Scientific Unions and
the Chemical Manufacturers'! Association.

A full list of the participants is given in Anncx 2,
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3.

' REVISW OF RECIENT RESEARCH RESULTS AND ONGOING
AND PLANNTD PHROGRAIMES RILEVANT TO THZ WORLD
PLAN O ACTION CON THE OZOMNE LAYER

8. Precentations made by members on these subjects are given in Annex 3.
VI. PREUSENT ASSESSHENT OF THE PROBIFM AND RECOMMIIDATIONS
9. The background document prepared by a UNEP consultant on this topic

was intrcduced and discussed. It was agreed that, rather than amending this
paver, the Committee would procecd, as had been the case in previous years,
with the formation of working groups to discuss various aspects of the
problem. The reports of the three working groups were considared by the
Committee and a concensus was agreed on a current assessment of the problem
which appears below.

VII. ASSESSIENT OF OZONE LAYER DEPLETION AND
ITS TiPACTS, NOVE{SER 1980

10, Qzone observations : The ultimate test of the ozone depletion theory
depends on the detection of a long term decrease in global ozone, which in
turn requires a continuous and comprehensive flow of reliable data from the
ozone menitoring system, Ground-based measurements form an important element
of the system, both on their owm account and to provide the ground truth data
for satellite based systems, which can provide more comprehensive information
on both lateral and vertical ozone distribution. However, good ozone
measurements are rclatively difficult to make and their interpretation
subject to many uncertainties (i.e. long-~term instrumental drift) and high
natural variability (i.e. synoptic, scasonal, solar, etc.).

11. Total ozone : During the past five years about forty Dobson ozonc-
spectrophofSEeters were upgraded and intercompared with either the world
standard instrument located at NOAA-Boulder, Colorado, USA or a regional
standard instrument. Some of the Dobson instruments have shown differences
of more than 7% in their readings from these standards. Although showm by
only a few instruments, these differences are disturbing, because they
indicate the existence of stations generating data at times with large ervors.
A well kept Dobson instrument network is hoped to achieve an accuracy of #+ 3%
and its precision is estimated to be + 1.5% for calculations af annual means.
Drifting of instrument readings were also demonstrated and frequent. (once in
three to four years) inter-comparisons are considered essential.

12, Data obtained from the ground-based total ozone network are, in quantity
and quality, still below requiremegts. Abogt two thirds of the total number
of stations are located between 30 N and 60 N, generating inhomogeneous and

in some regions, not independent data. Calculations indicate, that increasing
the density of ground based total ozone stations would not bring any
significant improvement of the data. More even distribution, frequent
instrumental checks and the regularity of observations could have a positive
effect on the quality of the data.
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13, From the existing ground based stations, approximately one third

do not report regularly to the World Ozone Data Center, Toronto, Canada.

Of the number reporting, a significant fraction (-~ 40%) provides data
derived from lower quality filter instruments. A new instrument has been
developed during the last ten years by AES-Canada (Brewer) which has
demonstrated differences of less than 1% with measurements from Dobson
instruments. Its inclusion in the ozone measuring network supplementing or
possibly replacing the Dobson ins*rument should be seriously considered.
The advantages of the ARS insirument were reviewed by the WMO meeting on
Assessment of Ozone Observing Systems, Boulder, Colorado, July 1980.

14. Vertical Ozone Distribution : The predicted depletion of the ozone
concentration at 40 km due to CFC releases is calculated to te about three
to four times as great as the predicted depletion of the total ozone amount.
Thus data frem this level should provide the most sensitive information for
ozone periurbations. This is another argument underlining the need of
vertical ozone distribution data. Direct measwement of vertical ozone
distribution frem the ground are known to be inadeguate as less than a
dozen stations make weekly balloon ozone soundings and only a few have
continuous records longer than ten years.

15. International intercomparisons of various types of ozone-sondes have
been conducted twice in 1974 and 1978 and si.aultaneous flights are planned
also for the summer of 1981l. Bfforts should be direcled toward the
continuation and improving of ballocn ozone-—-sondes in parallel with the
increase ol indirect measuremncnts of vertical ozone distribution by, for
exanple the Umkehr method. So far Umkehr represents the largest se: of data
for vertical ozZone Aistribution. This set could be especially useful for
anslysis of the 25 to 50 km region in the atmosphere. However, only about

a dozen slations make them regularly. Recently a new “"short Umlehr? multi.-
wavelength method has been developed and should be widely encouraged.

16, Satellite Measurements : The past te: years have seen the devolopment
of several calelliteé-oorne instruments for neasurements of both the total
coiunn and vertical distribution of ozone using a variety of experimental
techniques. The instruments that have; or are, currently being used to
neasure: ‘

(1) total column ozone - are tased on the techniques of Solar
Bsckscattcred Ultra-Violet (BUV, SBUV/TONS) and Infra-Red
radiance in the 9-6 um band (1RIS, ¥FR, IHIRS-2). Although
much of the data has yet to be processed, that data which has
been processed and validated is proving to be most valuzble
(EUV data from 1970—1977), The differences between neon
simultancous BUV and ground based total ozone observation is
about + 5h. '

(ii) wvertical ozone dist=ibution - are based on the same basic
technigues as for toial column ozone, i.e. Solar Backscattered
Ultra-Violet (BUV, SBUV) and Infra-red radiance in the 9-6 um
‘band (LRIR, II¥S). In addition the technique of solar
occultation in the ultraviolet region has been used (SACE). As
in the case of the satellite total column ozone data, only the
BUV data has been validated and processed.
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17, Within the next year the LRIR, LT3, SACE and first year of SBUV/TOMS
data will be processed. ' '

18. In future years satellites are expeccted to play an increasing role in
the monitoring of ozone. Efforts to improve the accuracy and stability of
the satellite system should be made in parallel with their continuation,

19, Rocket-horne ozone-sondes : Continuous rocket-horne measurements are
necessary mainly for satellite instrument calibration. About sixty vecent
intercomparative flights should cnable an asscessment *to be made of data
derived from previous rocket soundings and should improve our understanding
of the upper stratospheric ozone distribution,

20, Glokal Ozone Obsserving System (GOOS) : Careful assessment of the
performance chacacteristics of the various ozone obscrving systems made at’
the WO meeting in July 1980 in Boulder, Colorado, concluded that a
continuous flow of reliable, total and vertical czone data forming a coherent
set, could be achieved by integrating the ozone observing systems using the
satellite borne observing systems and a set of well maintained ground based
stations. Co-ordinated ozone measurements based on the existing systems with
increased oalibration and integrating efforts and forming one Global Ozone
Observing System was strongly endorsed by the meeting.

OZONI DATA ANALYSIS

21, The relatively large natural variavility of aimospheric ozone makes
detection of long-term trends difficult. Thus, the ground-based Dobson
network indicates a statistically significant 55 increase in global total
ozone between 1965 and 1970, a 2% decrease between 1970 and 1973, little
change between 1973 and 1978, and a statistically significant 2% increase
between 1978 and 1979. The 1979 value, comparable to those in 1970 and 1958
suggests the possibility of a solar cycle (ll—year) variation in total ozone
amount. There is no evidence of an overall statistically significant and
greater than 2% total ozone change between 1958 and 1979. Any anthropogenic
influence on ozone amount caused by chlorine compounds should be most apparent
near 40 km, at a height where photochemistry dominates transport cffects, It
is as yet uncertain to what extent the Umikehr—derived 10% increase in the
32-46 km layer in north temperate latitudes between 1965 and 1970 is real
(possibly due to the tendency 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

Mt. Agung (1963) and their subsequent decrease. In the same layer (32-46 km)
there was a small (about 4%), but significant, decrease immediately following
the Mt. Fuego eruption in 1974. The ozone concentration in this layer by
1979, had slowly reached the same value as in 1973/74.

22.  There is a discrepancy between Umkehr-derived and ozone-sonde-asrived
ozone trends in the 16-32 km layer of North temperate latitudes, the Umkehr
measurements indicating essentially no change in ozone amount between 1970
and 1979, the ozone-sondes amiozone decrease of a few percent. Thus, in
this layer we cannot be sure of the actual ozone variation.
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23. In the 2-8 km {tropospheric) layer the ozone-sondes sugges: a
significant 20% increase in ozone between 1967 and 1979 in Worth temperate
latitudes. A similar increase in North polar latitudes makes it unlikely
that this increase is due to local sources of urban photochemical pollution
in the troposphere. Thus, the ozone-sonde data suggest the possibility that
the near invariance in total ozone in the last decade has been associated
with a partial balance between stratospheric ozone decrease and tropospheric
ozone increase.

24. Total ozone measurements from the backscattered uliraviolet (BUV)
Nimbus-4 satellite show a time-varying discrepancy with data from the

Dobson network. It is presumed that there has been a2 drift in the satellite
measurenents. Without correcting this apparent drift, the satellite
indicates about a 1% greater ozone decrease hetween 1970 and 1974 than does
ihe Dobscn network. The attempt to correct for the drift results in
essentially no change in satellite-derived ozone amount between 1970 and
1974, in cowparison with the Dobson decrease of nearly 2%.

25. - Because of the excellent spatial coverage of a satellite system, precper
calibration with the Dobson network should pernit a considerable improvement
in global total-oczone values., It is estimated that {lhe mean monthly glcbal

. . 7
total ozone value so obtained should be in error by no more than 1%.
However, cven with this improved vprecision the problem remains of differ
iating between natural ozone variability and man-induced ozone variabili
For example, during the last decade there may have been a balance tetwec
{the ozone increase resvlting from stratospheric cooling and the decrense
due to possibie anthroposgenic coffects.

ot}

-
L

total ozone? arnd: How well can we establish the effects of man-induced

26. Trond detection ¢+ We are feced with two questions: How well can we
Po

27, In answer to the first question 1t is considered that the standard
error of zstimate of wmean monthly gloval total -ozone using the past Dohson
retwork is estimated at about 2h. Receni improvements in Dobson inter-
calibraticn, as well as o twofold increase in tropical Dobson gtations, has
reduced this value to about 155%, Further improvement in the Dobuon networl
involving mostly the locaticn of the stations in the Southern Ilcmisphere
presently deveid of observatlions, could reduce the sterndard error to nearly
1%. Bccause of the excellen’ spatial coverage provided by satellitcs, the
stendard error of cstimate for a combined satellite-Dorion netwonit would be
loss than 1%. ' ‘

28, With regard to the sccond question it is recogaized that, even lhough

a reasona’.ly accurate measurement of the global total czone can be obtained,
it dees not mean that anthropogenic effects can bhe easily detected. The key
issue is the relatively large natural variability in total ozmone. Wiih a

data record of only iwenty yecars it is not possible to specify with confidence
this natural variability. Consequently, anthropogenic effects cannot easily
be delincated even by sophisticated statistical techniques. As the data
record becomes longer, such techniques will beccme more precise.
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29. Recent developments in statistical methods show that at present a
trend attributable to anthropogenic sources in the total ozone of the order
of 3-6k is the smallest that could be detected by the Dobson monitoring
network. As the data record becomes longer, this statistical analysis for
the detection of trends will iwprove in precision. The introduction of a
suitable validated global satellite vertical ozone sounding system may
provide a measurement accuracy sufficient to detect a trend of the order »>f
greater than 1.5h. ’ '

30, Sources and Binks of CFCs: Yorld production of CFCs 11 and 12 as
reported by the Chemical ianufacturers Association (QIA) has fallcen by 17
percent between 1974 and 1979 froa 812.2 to 702,3 Tm (thousand metric tomaes)
p.a. These figures arc estimated to be accurate within + five percent and
include an estimated eight percent contribution from countries not reporting
to the CMA. The corresponding estimated release of these CFCs have fallen
from 741.2 Tm to 610.0 Tm over the same pveriod. There has been a reduction
in the cowbined use for aerosols and open cell foam (giving immediate
atmospheric release) from 608. 8 Tm to 363.5 Tm over the period 1974 to 1979
but an increase in the amount uscd in refrigeration and closed cell foams
(delayed release) from 203.8 Tm to 283.1 Tm over the same period. It is
recognized that, in a few years time reduction of CFC use in aerosols could
be offset by growth in non-aerosol uses.

31, Present model estimates of ozone depletion due to CFCs 11 and 12 allow
only for their destruction in the stratosphere. Both 1D and 2D models give
one hundred to two hundred ycars for CFC-ll and CFC-12 respectively, due to
this mechanism. The presence of a loss mecnanism in the troposphere would
cauge a reduction in their overall lifetimes and a commensurate reduction in
the resulting cestimate of ozone depletion at steady state assuming continued
release of CI'Cs at current rates.

32, Atmospheric measurements of CFC-11 and CFC-12 have revealed a steady
increase throughout the troposphere over the past decade. In principle, such
measurements when taken with atmospheric release data, can be used to derive
atmospheric lifetimes for CFC-11 and CFC-12 and hence determine whether there
are significant tropospheric sinks. Several papers have been published giving
the rssults of such investigations, which give rise to estimated lifetimes
near the value calculated assuming only a stratospheric sink. However, the
error limits on these estimates may be rather large, reflecting difficulties
over siting sampling stations away from sources of CFCs and calibration
errors. A network of five continuously monitoring stations has been set up
in locations remote for significant CFC sources to acquire long-term data

for CFC-11 and CFC-12 (together with some other halocarbons and nitrous oxide)
using regular calibration with the specific objective of establishing
atmospheric lifetimes.

the figure for 1978 production of 709.1 Tm given in the Report of the Third
Session of CCOL has later been revised to 735.3 Tm and the corresponding
reduction between 1974 and 1978 becomes 14 percent instead of 17 percent.
This amendment is within the + 50 accuracy claimed for these data.
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13, Direct evidence for specific tropospheric sinks continues to be sought.
One mechanism for which thcre is some lahoratcry evidence, involves the photo-
lysis of CFC-1l in the presence of dry sand, leading to the formation of
CFC-21 (CHC1oF). This measurcment of the dmount of CFC-21 in the atmosphere
should provide cvidence for the exteat to which this process occurs in
nature. However, the experimental data is scmewhat conflicting. Measurcments
taken at a distance from possible sink areas show CFC-21 concentrations of
about ' ppt which would indicate an insignificant loss of CFC-11 from the
atmosphere by this mechanism, but somc recent mocsurements (accepted for
publication) demonstrate subtstantially higher concentraiions downwind of a
desert area. The overall significence of such measurements has yet to be
resolved.

%

34, Production data and atmospheric measurements for other halocarbons which
may also produce ozone depletion are less oxtensive than those for CFC-11
and CfC-1Z2, Apart from methyl chloride, which is of non-industrial origin,
the most significant of Lhese ofler chiorine contuining compounds are methyl
chloroform (CH3CCIK), carbcn tetraciloride (FC]4) arnd CFC-113 (CClgF CClF2)
but there are a number or others uvhich n2ed to be considered in a full
treatment. On current esimates these substances would cause in the steady
state an additional czone dople tl”ﬂ of about a third of that due to CFC-11
and CFC~12 if current relesses ccntinved indefinitely. However, the
producticn of methyl chlorcfora ocnd zoms oshers has growm uubs*antldlly 1n
the recent past and there has besn a sorresponding increase in atmospheri
concenirations though these data are rather Fragmentary. IF this growth were
te continue while “hie prcoduction of CFC-11 and CC-12 rcumains constant or
declines, tnen these oiher compounde could cssure an importance equal to that
of CIC-11 and CPC-12 at some time in the futurc. Thus there is a clear need
10 acquire relevant glotal releese data and te czterd corresponding
2ua0apheric measurencits.

VIiIit. ATMOCPHERTC PL WiﬁC

HEOMISTRY

35. During the last few years considerable preogress hzs been made in the
laboratery measurement of rate coeflicients, cross—sections, and primary

quantuvm yiclds for uee in atmospheric modelling. However, a nunber cof problems

renailt, ranging from small differcuces in results for a given pararcter

obhtc 1nud by different laboratories, to the poscibility that major proccsses
heve not been incorporated into the photochermicael medel, The following
discugzeion will emphasize the uncerteinty in those processes which are not
vcll deiined, and Tor which ihe ozone perturbation calculations are sensitive,
rather then discussing the large majority of processes Tor which the present
data base iz thought to b2 well established. TIncreaced emphasis is currently
being placed on understanding reaction meshanisms over the full range of
atmospheric temneratures and pressures since the partial pressures of other
gases such as water vapour; or oxygeu, may occasionally affect wrcaction rates,
and in addition; cerlain reactions may proceed via muliiple reaction pathways.



9.

36, The chemistry of the global troposphere is complex with both
homogeneous and heterogencous (for example rain-out) processes playing
impertant roles. Significant progress has been made in understanding

firgtly, the coupling betwcen the carbon/nitrogon/hydrogon/oxygen systems,

and secondly, the details of the hydrocarbon oxidation mechanisms which

play a vital role in controlling the tropospheric hydroxyl radical
concentration. This is an iaportant development insofar as the hydroxyl
radical plays a central role in firstly, photochemically controlling ozone

in the troposphere, and seccondly, controlling the tropospheric concentrations
of gases such as CH3CI and CH3CCly. In the context of stiratosvheric

chlorine phetochemistry (i,e. -~ coupled oxygen/nitrogen/hydrogen/chlorine
system) it should be stressed that the basic formulation reiains wichanged
from that originally forwardzd by Rowland and Molirna in 1974, namely that there
are still no catalytic cycles involving chlorinated species which arc thought
to result in the production of odd oxygen. The only fundamentally novel

idea which would alter the original Rowland and Molina foraulation is the
cxperimentally unproven hypothesis that C10 may complex with 0o to form

Cl0 Op, which might then react or photolyse in such a manner that there is

a ClOx catalytic cycle which results in the net production of odd oxygen.
This would be most significant below 30 km. The numerous changes that have
been made in estimates of certain rate coefficients have predominantly
involved temporary rescrvoirs such as HOC1, H02N02 and ClONO,, This has
modified our understanding of the lower stratosphere wnere the temporary
reservoirs such as HOC1l and ClCN?J» play a key role, i.e. below 30 km, but

not our bhasic perception of the role of ClCy in the photochemically—controlled
region above 10 km where temporary reservoirs such as HOCl and ClOiOp play

a far less significant role. Each chemical femily in turn is discussed below,
although it is recognized that therc is strong coupling between cach of them.

37, Cdd-Oxygen Reactions (Cx) : The key photochemical processes involving
Ox species only, are now considered to be well undersiood, Minor uncertainties
still exist in certain processes but these uncertainties do not cause
significant problems for stratospheric modelling,

38, O0dd Hydrogen Reactions (HOx) : The rate coefficients for reactions which
control the abundance and partitioning between the odd hydrogen radicals

(OH and HOQ) are required with high accuracy due to the central role that the
hydroxyl radical plays in controlling the catalytic efficiencies of both NOx
and Cl0x, Unfortunately some of the largest uncertainties, and most
significant recent changes, in rate coefficients fall within this category of
reactions. Host simple OH reactions were, until quite recently, thcught to

be well established, however, recent work on OH+H,0o and OH+HNO, has shown
this belief to be incorrect. Consequently, the more critical r@actions need

to be re-investigated, for cexample, OH+HNOy, OB+HOoNO5, ‘and OH+HO,.
Understanding the reactivity of the HOo radical still remains one of the

major problem areas in atmospheric photochemistry. However, while it is
essential to understand the effect of Ho0 vapour or HO, reactivity, it is
important to recognize that such effects will be significantly more important
for tropospheric than for stratospheric photochemistry due to the difference

in the relative humidity of the two regions. Additionally, the question of
pressure and temperature dependence of OH and H02 reactions is highly pertinent
considering the unusual pressure dependence obsserved in certain rcactions
(OH+CO, HO +H02), and the unusual temperature dependcnce cbserved in others
(H02+H02, 02+C10, OH+HNO3). '
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10.

39. Odd-Nitrogen Reactions (NCXL : In general, the kinetic data base fon
NOx reactions is relotively good. The major problem areas have already
been outlired in the previous section (e.g. processes involving HNO, and
HOoNOp). Additional studies of processes involving VO3 W205 are required
but are uilikely to have a major impact on modelling results:

40.  0dd Chlorinc Reactions (Cltx) : The kinetic data base for Cliyx
actions has mprovea s;vnlchanthy in the last few years, but there arec
still several cas of concern. The probLem of which isomers of CIlNOy arz
fermed 1in the blOFNOZ M reastious, aml what the nhotolysis products of
these isomers could ve has still not been resolved,‘ The answer could affect
the NCx-C1llx coupling. Althcough recent recults on the temperature dependence
.for HOCL formation and the absorption cross sectlon of HOCLl has improved our
understanding of the rates of formation and destruction of HOCl, the exact
role of HOCl in atwmccpheric photochemistry is stlll uncertain due to iis
dependence upon the HCy budget.,

41.  0dd-Bromine Reactions (BrO_) : Due to the efficient coupling betuecn
COx and ClOyx, therc has been rcréwed interest in the role of BrOy in the
l1ower stratosphere. The quality of the coverall kinetics and photochemical
data base for BrO, is significantly poorer than it is for ClQ,., Secveral
BrOy rale cocfficients were cxperinmentally determined within the lasi yeor,
and in cach case the values wsre comparable to those previously cstima
Au adecuate laboratory--deterained kinetics data base i
r !

;
J ad 3RS
perforin ozone perturbation calculations with some- pealisem.

1%, CURRKLTY 3TATUS OF [IODEL PREDICTIONS

12, Most predictions of stratospheric ozone depletion from man-nale causer
continue to rely on one-dimensional (1-T) medels, The princival fecus
remains with the impact of continued release of CIC-11 and CFC-12 althouch
there ars many other factors which may influence the stratossheric ozor :
amownt over a similar time scale. Ignoring all other potential changes,
current predicticas of the impact of continuved relesce of CIC-11 and (0C--12
et the 1977 rate is about 10 percent ozone depletion in steady siate
comparcd with the value of 15 vercent given at the UNDP Co-ordinating
Committce on the Ozone layer held in Wovaaber 1979. This downward. PCJision
has been caused by adjustments to the rate coefficicats of some HOy reactions
and by a major revision to the rate coefficient of the OHE+HWO castion., Tha
estimate of the present total ozone depletion due to CFC~11 aid CFC-12 alone,
has been similarly reduced and should be gtout 1 percent,

> W

A3, Two~dimensional medel studies (without the above-mentioned major

. \ - - . . . . . - . 2
version) show that significant variations of the ozone depleticn with 1&T-+uiw

and scason are to be anticipated. The qualitative aspects of such variations
are, however, expected to be the same with the inclusion of the new rate
coefficicent although new calculations have not been carried out. The maximun
reduction occurs in late winter/oarly spring with a minimum in late summe:/
early autumn. There is a greater reduction at high lativudes than in the
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11,

gl

hemisphere than in the southern hemisphere. IMean reductions in low
latitudes may be about half such values in middle and high latitudes. A
similar range occurs in the scasonal variations., These latitudinal and
scasonal variations have implications for changes in the intensity of
UV-B radiation at the carth's surface as compared to the global average
results of 1-D models,

equatorial regions, with slightly morce overall reduction in the northern
[¢]

1

44, The ozone reduction shows significant variations with » altitude with
the greatest percentage denletion of about 40% predicted to occur at about

40 ki in steady state. The cstimated ozone reduction around 40 km is
expected to be about 4% at tho present day. The reinvestigation of the
OH+HN03 reaction has changed little the percentage czone reduction prediction
in this region. The main effect has been to reduce the ozone depletion
prediction in the lower siratosphere where the bulk of the ozone column
resides.,

45. Whether the models recalistically foracast what is tikely to happen in
the stratosphere depends on the correctness and completeness of their input
data and their coverage of the simultancous effects of other atmospheric
pellutants. It is not realistic to consider global ozone reductions in
terms of releases of CIC-11 and CIC-12 alone. Many other factors may
increase or decrease the glcbal amount and it is this combined effect which
will detoranine what will actually happen to the ozone layer. A full study
mugt take them all into account since they may interact together in a non-
linear manner typical of a highly-coupled systen. In addition to the natural
perturbing effeets such as lightning, volcanic eruptions, cosuic rays, solar
proton events, global circulation changes and the variability of solar
radiation, consideration should be given to:

(i) Other man-made chlorine-containing compounds such ac methyl
chloroforin, carbon tetrachloride and the other chlorofluoro-
carbons. (CFC-113, CFC-114 and CFC-22). The potential for
future growth in their atrnospheric releases are more difficult
to assess but estimates indicate that if releases continue
at present levels then they could increase the steady state
ozone depleticn by about one third.

(ii) Increased emissions of N,0 from the soil due to fertilizer
application and changes in land usc. Previous work has shown
that with a hypothetical scenario leading to a doubling of
N,0 with continuing present CFC release would lead tc ozone
depletions almost half those anticipated with CFC release alone.
This is due to the highly counled nature of the perturbations.
Since the rccent reinvestigations of HGy chemistry the joint
N,0-CFC perturbation experiments have not yet been carried out.
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(iii) Increased emissions of carbon dioxide (COQ) from combustion
or following deforestation, increasing the stratospheric
ozone amount through decreased stratospheric temperatures.
Recent studies in both one-dimensional and two-dimensional
models suggest that the efffct of a hypothetical joint CFC-COy
scenario wherc the atmospheric burdea of COy is doubled and
with the continued release of CFC-11 and CFC-12 at 1977
production rate, is predicted to reduce tne depletion by CI'Cs
alone, by about a quarter. Stratospheric and tropospheric
temperature. changes may also affect the HoC amount in the
stratosphere which in turn will change, the abundance of HOy.
However, the theorstical basis for this is too uncertain to
make good quantitative estimates.

(iv) Increased CO and Nty from combustion. Such emissions may not .
only increaze {roposspheric ozone but may also change tropospheric
OH. Increcased enissions from combustion may thereby influence
the injectior. of CH,Cl, CH,CCl, and CH, into the stratosphere,
At present, detailed inforilatidn on the tropospheric bhudgets
ig inadequate tc form a quantitative view.

(v) Increased use of man-made bromine compounds. Through the coupling
the Brdy and ClGy cycles, stratospheric 2r0y has the potantial

to increase the csons depletion duwe o CFCa above the values it

would hzve in the abseace of Br0y.  However, quantitative data

on the 1ife cycles of bromine compounds is absent a% present, and

current relzase rates are believed to be small.

(vi) Yinigsions from aircraft and aerospace operations. The recent
reinvestigations of H(y rate coefficient in acting to deccrease
the magnitude of CFC perturbations may, at the same time, alter
current understznding of the impact of stratospheric Moy
increases, More recently, it has been suggested that N .
emissions from subsonic aircraft, particularly in the middle and
high latitudes, may have noticeably increased the ozone con‘ent
of the upper tronosphere. lowever, measurements of OH ard HOp
arc completely absent for this region and it is not possibie to
asscess accurately the model calculations of these species in

that region and the iwportance of recent changes in Hi ¢ chemistyry.

5. At present, we are a long way from developing consisistent and realistic
strategiecs for studying all the perturbations 4c the ozone layer. This adds
considerable additional uncertainty to the predicted ozone changes. Refinement
of onc-dimensional model structures is rapidly approaching its useful limit.
Two-dimensional models overcomec some of the difficulties and inadequacies of
1-D models and, as shown above, roveal inforwation on the seasonal and
latitudinal dependence ¢f czone changes. A start has been made on the
inclusion of dymamical feedbacks and these may modify significantly, the
ma;citudes of predicted onone changes. There have been a number of recent
theoretical advances in two-dimensional modelling. As yet no new practical
models have appearcd based on these recent theoretical developments but the
prospects for progress in this, so far insufficiently studied arca, appear

to be good.

.. /13



13.

X. COMPARISON OF THEORETICAL MODELS AND MEASUREMENTS
OF A'TVOSPHERIC TRACE SPECIES

47. The first and so far the only general test of the validity of any
photochemical model is the accuracy with which it reproduces the trace gas
distributions in today's atmosphere. Uhfortunately, a conclusive comparison
between model predicted and measured’trace gas distributions is limited by
several factors:

(i) Although much work has been done, the available data are still
insufficient to fully characterize the spatial and temporal
variations in the stratospheric distribution of tha race gases,
IExcept for ozone only scattered vertical proriles are available
for most trace constituents. Some important species have not
been measured at all,

(i1) ~ Due to natural variability and sometimes to experimental
uncertainties, the available measurements usually only define
the atmospheric concentrations within a certain error range.

(iii)  Most of the measurements represent local and instantaneous
concentrations whereas the models calculate concentrations
. which are averaged over considerable spatial and time scales.

48, Despite these limitations, the comparisons form a reasonable test at
least for 1-D models, since, in their totality, the measurements place rather
narrow constraints on the range of concentration values which can be assuned

by the mcdel for the various trace gas species. The models have been generally
successful in describing the average vertical trace gas distributions in the
stratosphere. This ig especially true for the long-lived trace gases such

as CH,, M50, CFC13, CF. Clpy Hg,»whereﬂthe-globally—averAge¢-featuresaare:quite
well described by 1-D mode.s., With the recent availability of profiles of
trace species from different latitutes, finer details may become apparent which
will require multi-dimensional models for their interpretation. Tre existing
data base is yet inadequate to provide a validation of multi~dimensional models,

49, For the short-lived species which are produced and destroyed within the
stratosphere, qualifications have to be made. Some measured species such as

odd oxygen, 0, 03, and HCl show reasonable agreement between model and
‘measurcment over the altitude range of the latter. Some of' the others show
significant discrepancies at certain altitudes, for example NO, in the lower
stratosphere is underestimated, NO and HNO; in tha upper stratosphere are
overestimated. Excluding the singularly high C10 measurement, the most notable
discrepancy is that ClO in the lower stratosphere is predicted to be considerably
higher than indicated by most of the measurements,

50. . In summary, it appears that present models are fairly successful in
reproducing most of the features of stratospheric photochemistry as represented
by the limited observations. There are, however, some significant discrepancies
such as for Cl0, which indicate that the photoohemistry or transport incorporated
in the models may not be complete, Thisg uncertainty which cannot at present

be quantified may prove to be of importance for predictions of future changes

of stratospheric ozone.
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XI. N INTERPRETATION AND EVALUATION -

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

the wnquantified asswaptions governing the adopted approximations should be
considered along with other readily quantified parameters. '~ Uncertainties

in measured solar flux intensity, chemical kinetics rcaction rate coefficients,
model bvouadary conditions, transport coefficients, source disiribuiions,

and cthers can, in principle, be cvaluated. Although all these parancters

are not knorm to similar degrees of accuracy,recent progress in analysi 3,
techniques and measureacnt programnes promise steady improvements in the

years to come. Preseat analysis of the uncertainties inherent in the mcdel
predictions can only be considered as the best available information. The
wgquantified uncertainties, such as the possibility of missing chemistry, the
adequacies of 1-D, 2-D or 3-D model transport formulations, diurnal, seasonal
or spatial averaging yrocedures for the non-linecar interactions and the
adequacy of medel validation procedures, by necessity, wust be evaluated on

2 mostly subjective basis. .

52. Bxigting views of the model's ability to describe the present day
atmosphere and predict potential psrtucbation span the range.from. a high level
of confidence bascd on the positive results discussed in previous sections to
strong recseriaticns based on the still unquantified uncertainties. The
subjective components in the intcerpretation of model predictions will most
likely persist.

53. The complementary relationship among 1-D, 2-D and 3-D models is widely
accepted and current information stirongly supports thig view. Recent results
from two-dimensional models 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 predictionc 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.,

54, Difficulties in 1-D model validation persist in 2-D models. This has
led to new intersst in re--examining the question of whether the major
chemical processes in the lower stratosphere have been included in the model.
The development may affect the model predictions on CFCs: effect
quantitatively but not qualitatively, i.e. CFC increase lcads to a decrease
in total ozone. But for other perturbations, notatly the NOy perturbation,
there remains considerable uncertainty as to the type of ozone changes that
may result from an increase in the atmospheric burden of total odd nitrogen.

55. The two major aspcects of model predictions, past or near term trend
and steady state ozone change have different sensitivities to model input
parameters. 1In the analysis of possible trends, a major uncertainty lies in
the transport paramecters. UWherecas for steady state changes, one additional
concern is with the uncertainty of the future state of the atmosphere.
Recent research interest in coupled perturbations from multiple causes has
contributed a wide appreciation of the degree of complexity of this problem.
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XII. INCREASE COF UV-B IRRADIANCE

56. A decrease in atmospheric ozone results in increased penctration to
the carth's surface of the damaging short wavelength UV-B radiation. The
increase s non-linear and highly dependent on wavelength; it is the
stcepest for the shortest wavelengths in sunlight. The action spectra
congidered in biological effects of UV; such as the DNA or erytheanal or
plant rcsponse action spectra, all show that 290 nm nhotons are about four
orders of magnitude more cffective than 320 nm photons. Therefore, it is
important to consider the radiation flux over the entire UV-B spectrum.

57 lodels have been developed which permit the quantitative weighting
of increases in UV-B irradiance according to the various action spectra,
taking into account variations in ozone column thickness, solar angle,
aerogol thickness and surface albedo. The percentagc change in the
effective aaily UV-B radiation dose produced by a one percent change in
ozone column thickness is defined as the radiation amplification factor.
Deta shows that, in general, for biclogical action spectra commonly used
by photobiologists, this radiation amplification factor varies from about
1.6 to about 3 for most latitudes and seasons, with the higher values
existing near the polar regions,

XITI. BIOLOGICAL FFFLCTS

58. Lffects on human health Conegiderable progress has been achiecved

in understanding the human health effects of increcascd ultraviolet radiation.
Human health is influenced by UV radiation in meny ways,; such as the
formation of vitamin Dy, sunburn, cye diseases, and skin diseases including
skin cancer. Among thésc 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 cffective than UV-A radiation.

59. Epidemiologic studies have shown that the incidence of non-melanoma
skin cancers correlates with exposure to sunlight; these data relate mainly
to ligh#é-skinned neople. Animal experi:ucnts have revealed that UV-B is the
most cffective 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 incrcased UV-B irradiance.

60. There are increasing indications that sunlight may also be one of the
causative factors in the pathogenesis of malignant melanoma. These
indications come from epidemiologic observations which, because they deal
with exposure to total sunlight, do not point to any particular wavelength
range in the solar spectrum. Animal experiusents indicating the effective
wavelength range are not available.
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61. should UV-B be involved, a decrease of stratospneric ozone might be
expected to increase the incidence of melanoma. This is a possibility, but
it cannot be substantiated on the basis of the presently availablc data.

62. Tn animal studies, UV-B radiation has been shown not only to be
carcinogenic, but alsoc to alter the response of the immunological system;
this results in impcded recognition of a UV tumor as a foreign body.

.

63. Effects on tcrrestrial plants : Higher plants have obvious importance
both in agricuiture and ac the hasis of primary production in natural land
ecosystems, such as forssts. Unlike animals, which can reduce exposurc of

their living ccills to sunlight through protective, body coverings and

behavioural respenses, plants have evolved to expose much of their living

tissue to sunlight in order to utilize its energy. Thus, an atmospheric

ozone reduction, with its attendant increase in solar UV-B radiation, could

be particularly significant for them. .

64. Studies have been conducted in growth chambers and greenhouses, and in
addition a few field studies, under conditicns of enhanced UV-B radiation.
In the experiments, damaging effectis were seen to growth, composition and
function, including photosynthesis, of a large variety of plant spccies,
including many important crops such as soybeans. The enhanced UV-B exposure
Jevels at which the harmful effects began to occur depended on the plant
species and were in the range from O to 50 percent. Some plants exhibived
incroased growth when evisting natural levels of UV-B were filtered out of
the incident sclar radiatiocn. ' :

€5. Tests of more than 100 species or varieties of species in controlled
environment growth chanmbers indicate that approximately 20 percent ar
sensitive to daily UV-B radiation doses of the order of those delivered by
Florida sunshine 25-30°N at prescrnt ozone levels, while 20 percent were
resistant to doses four %imes greater than this, and the remaining 60 percent
showed some intermediate sensitivity.

A6, Before any firm conclusion can be drawn about scaling such effacts to
acricnltural productivit further field studies are requirecd.
(&3 ’ 1 q

67. Rffects on aquatic organisms : Solar UV-B radiation at biologically
effective levels have been moasured to depths of more than twenily metiers in
clear waters and more than five meters in unclear water. Much marine life
sensitive to these UV-radiation levels (fish,eggs and larvae etc.), live in
the top 20 meters of occan waters. Experimental studies with enhanced UV-3
levels from zero up to fifty percent of natural levels have shown cffects 1o

i

fish,eggs, larvae and juveniles, shrimp; crabs, zooplankton and other aquatic
animal organisms as well as to phytoplankton and other aquatic plants
eesential to the aquatic food web. Phytoplankton studies show that increascd
growth occurs when the UV-B radiation is filtered out of the incident solar
radiation; indicating that existing levels of UV-B deprcss productivity.
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68. Studies on over 60 aquatic micro-organisms, protozoa, algae and
snall invertebrates, that form the base of the food web of oceanic and
estuarine ecosystems, indicate that most of these, too, are sensitive to
current levels of UV-B radiation incident at the 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 growth of chain-forming diatoms
is reduced, and similarly affects the biomass and specific diversity of
attached marine algae and survival of coral reef epifauna. Similarly,

a UV induced mortality of inarine pelagic copepod and pelagic crab and
shrimp larvae could occur at present UV-B radiation levels incident at
the water surface.

69. Continued investigations will be required to assess the possible

consequences for the many complex ecological interacticns as well as for
the productivity of fisheries.

XIV, INSTRUMENTATION

T0. Further progress was made on radiation flux and spectral measurements
in air and water by using high resolution spectroradiometers (e.g. double
monochromator), Computer models are used to calculate the biological
effectiveness of these UV-B fluxes with respect to ozone reduction for
various latitudes and seasons, taking into account variations in ozone
column thickness, solar angle, aeroscl thickness and surface albedo.

Xv. RECOMMENDATIONS

71, At its previous sessions the Co-ordinating Committee on the Ozone Layer
has made a number of recommendations for improvement of activities relevant
to the implementation of the World Plan of Action on the Ozone Layer,
Although action has been taken on most of them, it is felt necessary to
re-emphasize some of those issues again. The Co-ordinating Committee on the
Ozone Layer noted that substantial progress in upgrading the international
ozone monitoring network has taken place over the vast few years. However,
improvement is still not proceeding with the speed or sense of urgency
commensurate with the potential seriousness of the ozone depletion problem.
Greater commitment of effort and resources by both national and international
agencies is urgently required if the ozone monitoring network is to
adequately fulfil its role of providing a reliable data base for detection
of ozone changs.

72, The following specific actions are recommended:

1. to make the Global Ozone Observing System (GOOS) based on
integration of satellite and ground-based systems fully
operationalj;

2, to request UNEP to continue its support for strengthening and

catalysing international activities through the WMO Global
Ozone Research and Monitoring Project;
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11.

12.

18.

to intensify upgrading and intercomparisons of Dobson :
instruments;

to expand vertical ozone distribution measurements by
continuing balloon-borne sondings and by widely implementing
"short-Unkehr" measurements as well as by encouraging the
development of reliable operational satellite sensor for
accurate measurements over the complete altitude range of the
stratosphere including the continued development of inflight
calibrations;

to explore the feasibility of developing new, reliable and
operationally inexpensive ozone sondes;

to continue efforts to establish the nature and importance of
tropospheric sink mechanism for CFC's including the continued
monitoring of CFC-1l and CFC-12 concentrations;

tc request nations to give more attention to measurements of
UV-B measurements, in principle in the vicinity of ozone

‘measuring stations as it was noted that the UV-B measurements

are so far only isolated national efforts which have not becen
internationally standardized and integrated.

to continue to develop higher dimensional models and compare
the results;

to extend the measurements of rate constants over the pressure
and temperasure ranges found in the atmosphere, and identify
the reaction products;

to search for and investigate any additional reactions which
may affect stratospheric chemistry; _

to continue efforts to increase understanding of tropospheric
chemistry; - -

te undertake simultaneous in situ measurements of the relative

concentrations o¢f photochemically related compounds of the
vavious families;

to extend measurements of CiI and Cl0 to the lower stratosphere
using independent techniques;

1o undertake measurenents of hydroxyl concentrations in the
troposphere and stratosphere;

to oﬁtain 3-D fields of iuportant trace oonstituents and
meteorological variables in the stratosphere by satellites;

10 continue to develop tropospheric monitoring to assess the
lifetimes of stable species;
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18,

19.

200

21.

19.

to monitor the solar flux variability in the spectral region
175-400 nm; '

to improve knowledge relative to:

(i) the relationship of dose and dose-rate and response fo.
the various biological effects of UV radiation;

(ii) the relationship between hunan exposure to solar ultra-
violet radiation and the development of non-melanona,and
to better define the nossihle relationship tetween
sunlight and melauonia s<in cancer including social and
environmental conditions; as a result of these studies,
global base-line data on skin cancer incidence should be
established;

(iii) +the possible interaciion of chemicals, including pollutants,
and increased UV rediation;

to study biological uction spectra and the spectral response using
polychromatic radiaticns in order to include possible interactions
of the various wavelength regions;
to determine the eiffects of existing and erhance UV--B radiation on:
(i) the sensitivity and activities of insects important to
the biospheric balance (animal fcod chain, plant cross-—
fertilization, ctc.);
(ii) micro-organisms, such as those causing plant diseases;

(iii) primary processes such as photosynthesis;

(iv) the photodegradation of herbicides, pesticides, fertilizers
and similar agricaltural chenicals;

(v) synergistic and secondary effects.

to determine the mechanisms by which UV-B radiation acts on
biological species ard systems:

to include photorepair, adaptation and protection mechanisms in
the overall considerations of UV-B effects;

to extend aquatic effects studies to the natural water environments

in order to gzin knowliedge of the rasultant effect of enhanced
solar UV-B radiation to aquatic food productivity;
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24. to develop and publish a manual to provide guidelines for
UV-B exposure studies to facilitate intercomparison of
biological research results. The manual should include
recommended radiation equipment and experimental methods for
use in growth chambers, greenhouses and in the field, i.e.
light sources, filter systems, irradiance measurements,
spectroradiometer calibrations, etc.;

25, to develop individual and biological UV-B dosimeters.

APRIL 1980 OF THE

XVI. DECISION 8/7 29
- C L OF UNEP REGARDING CHLOROFLUOROCARBONS

B
GOVERWING COUd

OF
CI

13. This item was discussed by the Committes and several suggestions were
made as to how the Executive Director could accelerate international co-
operation on the subject. The Committee welcomed and endorsed the decision
and recommended the decision to policy makers for their consideraticn.

XVII. ANY OTHER BUSINESS

T4. A press release was drafted by the Committee. The text of this
document is reproduced as Annex 4.

XVit. CLOSURE OF THE MERTING

75.  Mr. Engelmann thanked the Government of the Netherlands and the staff
of the Institute for their splendid hospitality. He, in particular, singled
out Dr. Schnecider and his staff for their hard work and never-failing
courtesy. He also thanked the Cowmittee for its forbearance and spirit of
co--operation which had helped to make the fourth session of the Co-ordinating
Committee on the Ozone lLayer so stimulating and successful. He expressed

his gratitude to the Chairnan and members of the Working Groups for so ably
undertaking their difficult and onerous tasks. In closing the mseting he
wished the participants a pleasant journey home and expressed his hopes of
meeting with them next year.

The meeting closed at 4.30 p.m. on Friday, 14 November, 1980.
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ANNEX 3

CONTRIDUTICN BY MEIEFRS CIf RECENT RESEARCH RESULTS AND ONCOING AND PLANNED
REGEARCH PROCRAILGIS RELLVANT 70 THYR TVORLD PLAN O ACTION ON THE OZONE LAYER

Denmari

1. The Danish Government has concluded that a ban of CFC’s could have the
cffect that substances substituting for CIC's might pose a health risk,
vherefore the Danish Covernment intends to regulate aerosol propellants and
colvents with a "positive list" of allowed substances Yo maie this list the
first two of the following investigations are being carried out:

(a) Ozone cepletion effects of CIC's and possible alternatives for
use 1n aerosols:

Several different subctances, that could be possible propellants for
aerosol use, are being comparec. The comparison, mainly on the
basis of the rate constant with respect to reaction with OH, should
malce it possible to select substances with tropospheric life-times
short enough, that ozone depletion, to a great extent, would be
avoided.

(b) Health ris.s of CIC's and possible alternatives for use in
aerosols:

A survey of the "nown health effects of possible propellants or
solvents in aerosols is being carried out. 'this should mae it
poseible to advise on what alternatives could be used without
posing unacceptable health rists.

2 In addition determination of rate constants for selected reactions
of importance to tropospheric and stratospheric cnemistry is ongoing.
This is a research project using pulsar radiolysis equipment. The rate
constants founc in this way will be compared with rate constants
established by othes methods.

France

Activities related to stratospheric research and monitoring

3. French activities related to stratospheric research and monitoring

are shared by various laboratories in University, Industry (ONERA

Acrospheric Research) and the lleteorological Office (Météorologie Hetionale),
under the joint sponsorship of two Agencies: DCGRST (Delegation Générale 2

la Recherche Scientifique et Technique) for basic research and EFRM
(Etablissement de Recherches de la llétéorologie Nationale) for monitoring.
The CNES (Spaoe‘Research)dis also contributing to the research programmes.-:.
This report reviews the recent results obtained in stratospheric measurements
(both ozone and other minor constituents), chemistry and modelling (including
the assessment of ozone trends). '



QOzone measurements

4. DOBSON stations: continuous ozone measurements are currently carried
out at the Biscarrosse SIS station on the coast of the Bay of Biscay (DOBSON
spectrophotometer daily observations and BREWER-MAST ozone sonde weecly
launchings some UIKIHR measurements) - and a new DOBSON station, located at
MAGNY, ir the vicinity of PARIS. (The CNRS ozone station at MONTLOUIS, in

the Pyrenees, has been dismantled).

Non-continuous measurements

5. Satellite measurements: The previous 1979 report mentioned the
radiometric experiment on board the satellite 0SO 8, based on a sun occultation
technique on the terrestrial liub. TFrom these data, the LPSP Laboratory

has carried out a retrieval of ozone in the 50 lm - 76 km alititude range,

showing a high day-to-day variability (up tc a factor of 2). ‘
6. TIROS N and NOAA: Using the TOVS multispectral telemetry on board

meteorological satellites (TIROS N and HOAA series), a new method for
extracting the total ozone content (from the 9.6 micrometer band) is
currently being checked at Lennion CMS. The method might be used for
cperational purposes in the near future.

To Balloon measurements: A cheailuminescent ozone sonde prototype
has bVecen flowm on a constant level halloon floating at 2.5 mb. A simplified
version aimed al operational purposes is presently being tested by EERIL.

8 Lider meacurements: First vertical profiles of O, have been obtained
by differential absorpticu of a baczcaticred laser signal. from a ground-
based tuiable laser {Observatoire de ilaute Provence, CNRS/SA)°

9. Aircraft measurements: A meridian flight (YOOH) on board a Caravelle
aircraft (the so~called STRATOZ. experiments), from North Greenland to the
southern tip of South America, was orgenized by EXRM in cooperation with
OFERA; during springtime (May 1950) "syimetrical® {o the previous Stretoz
flight during the fall of 1978, It included spectrometric measurements of 03,
confirming an important agymelry between the two hemispheres.

Measvrenments of «ilher minor constituents

10, Ihe STRATOZ II experiment: In addition to the previous spectrometric
devicos which were involved in STRATOZ 1 (ONERA grid spectrometer, IAZH

infrared radioaeter) two air sainpling experiments were performed by

Profecssor Fhhalt, Federal Republic of Cermany for CO,, CH4, co. N,0, CH,C1,

CFCl, ¢ CF,Cl, and the C_H_ (in cooperation wi ~. Cuioch o ol ;

and ProfesSsor Rowiand, goy'éHBCC1 ?Ccﬁéﬁggbﬁgfhbég;,G&ﬁ??hqﬁﬁeE?Sé&lfglybCChnlquo)
already obtained on STRATOZ 1~ hava teen presentcd ét thd August 1980 Boulder

Ozone Sympesium, as concerns latitude variations ¢ L0 and NQO, co, HNO3

and HC1, ' o '
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11. Methane and water vapour interaction: Four balloon fligats have
Leen performed by OIFERA in order to evaluate the validity of the methane
oxidation theory as an explanation of H,O increase in the stratospiere.
Using an absorption spectrometry (sun occultatlon) technique with a grid
spectrometer (0.00 cm~ -1 resolution), it has been shown that above 23 km, 2 CH4
+ 1,0 is approximately constant (coapatikle with theory), while, below
2o 3m, the increase in stratospheric H2O cannot he satisfactorily explained
hy ClT, oxidetion.

4 ,

Other measurements

12. Several balloon flights were carried out separately by Rigaud
(laboratoire Val Joyeux) and Pommereau (CHRS/SA) for in gitu NO
measurenents. [The former mecasurcments were cdone at night-time.

Chemistry

13. New laboratory techaniques have been devcloped for measuremeuts of
total chlorine (down to 3.5 npbv) by the so-callec PCUK chemiluminescence
method; and CIHS concentration measurements (gas chrometography with
electron capture: Guiochon Fcole Polytechnique). A new measurement
(Combourieu~CRCCHT) of HZCO + €1 reaction rate; has shown a clight dilference
with the previous one, quoted in the 1979 report (the new rate is higher).,

valuation of ozone trends and modclling
Iraluation of ozone trends : .

14. Box and Jeniiins method: Both varieties of the Box and Jeakins
method (the so-called endogen and exogen varieties) have heen used by BERI
for global ozone trend cvaluation for a set of 29 selected DODSON grouna
stations, during the period 1957 - 1975. The sensitivity of the exogen
variety, checsed by a random simulation method, narrows down to 37 of the
mean value, the threshold of trend detectability. Mo significant trend
has been found in trhe considered ozone data set.

15. Proximity analysis: This new technique has Leen used for handling

a full data set of 157 ozone stations, during 18 years. The "interdistances"
(betwecen ozone fields) matrix is projected into a two-dimensioned scheme,
which allows a visualization of possible trends (no trend is equivalent to

a "browmean" or '"chaotic!" distribution: & trend is detectable by some
alignment of representative points). Numerical tests have been made
available to support the purely visual evaluation. The high sensitivity of
this statistical tool has been checled on a well-imown mcteorological fielc
(geopotential). @ Dy simulating different values of trends, with gaussian
noises; it has been chown that a trend of dowm to a few percent, on the
largest samplings,; was dotectable. A technical documnent will be
dicseminated by LER}M by December 1980.



Hodelling

16. The TFRM 1D model; which hag been described in the 1979 report, has
been converted into a new version, taking into account the diurnal variations
of constituents (the two versions give very close agreement for ozone content
and ozone sensitivity to chlorine). The new version has been used Ior a
specific study of sensitivity to an increase of nitrogen oxides. A doubling
of N,0 flux, coubined with CI'C action, shows the sensitivity of ozone to
chlorine cecreasing, when nitrogen oxide concentrations increase. The
current model will be soon completed with a radiative model,; in order to
study the photochemistry/tcmperature interaction and the "Climate impact"

on ozone of a 002 increase.

17

i

. Planned activities include:
- Intercomparison of various in situ and ex_situ techniques for

measuring ozone aunt other stre boophgric minor constituents at
the Observatoire de Heute Provence (CHP) site.

- Investigation of {race specics profiles by severzl techniques
prescntly under development; lidar (Chanin - CFRL,SA)
Fourier transformation spectroueter (Jouve), and microwave
sounding (Bandoy)-

—~ Improvement of spectroscopic d“ta, relevant to species of
intevest (CHR /Unlverc‘t" L

~ Use of new balleoon technigues for long duration stratosrt heric
fiipnts (CNZS) aimed at dynamical and chemical neasurement s.

APYi

- Qzone nenning from satellite telemetry at Lannion ClIS (Brt).

- mwvelvoation of global ozone t“ond by "proxinity" and
Up1 s erence! anal*fs (3

E;
f
[
-
S
a

- Seasitivity studies on the 1-D ELRil model.

Gervany (Tegersl Republic of )

Sources and siais of relevant compounds

13,  Systematic investigationg of ~ release rate from agricultural
soils have been carried out since % sumner. Mrst results shou a
high variability of N,0-release 1aic with respect to &grioultural and
meteorological parameters For example, release rates (extrapolated for
the whole y(“r) were 290 & U—u20/ncrc per year for a wheat field and

55 kg N-il, O/ acre per year for grcen land. First measua enents on noun-
qgrlcultvral soils under middle - Buropean conditions uhox. rather low
N.O-release rates. It was also observed, that such soils act as a source

{or chloroform. The cdestruction of bl[‘s adoorbeu on surfaces has been



investigated using Auger-spectroscopy. On a surface of iron oxide, an exchange
of chlorine (from CFC1,) and oxygen has been observed. It is in doubt,

whether this effect might be relevant in the atmosphere, or at the surface of
the earth, where concentration, surface and reaction-conditions are very.
different from those of laboratory experiments.

Mield measurements

19, A principal item of the German field measuring programme are
talloonborne measurements of the vertical distribution of trace cbmpounds
involved in stratospheric chemistry. A set of data from ten balloon-[lights
is now available. Specics measured include CIl 11 and 12, CH,C1, Ch4,

N, O7 2 CO anr COﬁa The vertical protiles of different 111 ts for

these To ong-— llvcd comoounco are in quite close agreement. Thc CFM profiles
recorded at 42 % latitude shoy a considerable discrepancy Erom those
calculated and measured at 300H This emphazises the necescity for improved
2D-mocdelling, to tate into account not only radiation di trlbutWOn and
transport, but also source inhomogenities. Balloonborne ozone soundings at
the Hohenpeissenberg have been run since 196, representing one of the

wvorld's longest surveys of this “ind, Since about 1976 a significant
decrease of ozone-concentrations at altitudes above 25km from the long-term
average has been observed. This is, however, at variance with Um'cehr

observations; a thorough analysis of high altitude ozone trends appears
highly important, New ccmponents being covered within the balloon-measure-
ments programme are the hydrocarbons ethane (C H,) and propane (03H8)°
thereas Lor C H the destruction is mainly due t0 reaction with
OH radicals, or C,H, the cestruction with C1 atoms is of similar importance.
Vith the Cl1- conhonﬁrutions calculated in the models currently used, a
much steeper slope would be expected with altitude than has teen measured.
This seems to indicate, that the C1 concentration in this region might be a
factor of about five smaller than nodelled. The electron paramagnetic
rcusonance (EPR) method has been modified and improved for application for
field measurements of free radicals. In the troposphere, NO, values between
T and 1.5 ppb and NO2 values of about 0.5 ppb have been observed at
altitudes of up to 6 km. Stratospheric concentrations measured with this
method were (12%4) ppb for NO, and (0.8%0.3) ppb for HO, .

Reaction kinetics

20. The reaction rates of the two Chapman reactions; O P) + 0, —3 20, (K )
and O(°P) + 0, + N> O + M(K,) have been dctermlned, The- dlrect
measurements awree reas onaoly wei] with the data published so far. The
measurements were rade o6ver a narrow temperature range such that the
activation energies derived have relatively large errors. For the photolysis
of C10NC,, different chamnels are coming into considera tlon. The relative
contrlbu%lon of these channels is of great importance for the further
chemistry of the species involved. FExamination or reaction %inetics and
investigation of the products formed under different conditions lead to the
conclusion, that the channel leading to C1 and NO, is the dominant one.

Direct absorptlon of radiation by species like 0,3 0?, HCHO, CH,CHO, OHNO

is of particular importance, as this constitutes the primary sie% to the
subsequent chain reactions. For most of these species, the photolysi

rates have been determined actinometricly in the troposphere. In some cases,
the branching ratios were investigated additionally. A smog chamber operating
at stratospheric conditions has been constructed. The analysis of the species
involved is carried out with Iourier transformation of infrared spectroscopys
First measurements were carried out on the decomposition of HO,NO, and on
reactions of the H02— radicals formed at this process. Other measurements
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concerned reaction rates of OH and Cl with hydrocarbons. Next to be
investigated is the reaction of HNO4 and HO.

Biological effects

21. Four plant species (barley, bean, corn, radish) werc irradiated
gither continuously or in a natural light-dark rhythm in a growth chamber
or in the field with cnhanced UV-B intensities corrcsponding to ozone
reduction rates between 3% and 50% when using plant weighting function as
a basis of calculation. All plants show, depending on UV-B intensitics,
within the growing period, a reduction of fresh weight (up to 45%), leaf
area (up to 60%), photosynthetic pigments and activity (both up to 65%).
Biosynthetic capacity was reduced, cspecially in barley, with the
cxception of protein and flavonol formation which increasad up to 40
compared to control plants. In field experiments six plant species
(potatoes, beons, barley, cabbage, spinach, radich) were irradiated in
addition %o daylight with four differcat UV-B intensities corresponding
to ozone reduction rates of 40%, 15%, 8% and. 3%« Under thesc conditions
{he plants were maintained for several wecks until harvest. As in the
growth chamber, compositions of plants and pnotocyathetic function of ‘
Jeaves decreased with increasing UV-B intensities. The yield of beans,

potatoes, barley and cabbage were reduced at high UV-B intensities

(:15% and 40% ozone reduction) but were somewhat enhanced at low UV-B
intensities. As in the growth chamber, increasing amounts of proteins
were found in several plants with increasing UV-B. Some exporiments

were carried out on the lethal and mutagenic effects of UV-radiation
(254, 293, 203, 315 nm) in the yeast (Saccharomyces cerasvisine) as aa
sucariotic model. As a result, the mutagenic effect on the wild sgbrain
ig more than two orders of magnitude less sensitive than oa a strain with
2 lack of excision repair. The differeace of mutagenic effect is

smaller at shorter wave lengths than at larger ones.

;talz

22. Several research activities connected with the possibility of
stratospheric ozone depletion by chlorofluorocarbons (C¥Cs) ore being
continusd in Italy under the sponsorship of the Government (Universities,
National Research Council) and industry. The different fields of
activity are presented as follows.

Ozoae Monitoring

23, Four Dobson spectrophotometers are operating (Messina, instrument
no. 463 Cagliari Elmas, no. 113; Sestola, no. 48; Vigna di Valle, no. 47)
in connexion with the basic glotal ozone monitoring network. The
Meteorological Service of the Air Force takes care of the instrumentation,
the collection of deta and connexions with the Toronto Data Center (Canada).
In the Cagliari Elmas station, data are also colleccted weekly from two
ozone-sondes MAST 730-5.

Stratospheric Constituents Measurcments

24. A balloon cxperiment has been set up by IROE/University of Florence in
collaboration with NPL/Tcddington (UK), aimed at the evaluation of the

vertical profile. 7The diurnal variability of some stratospheric constituents
(uci, yr, clo, H,0, O%’ HNO3, NOZ' N20) is still going on. The 1979

balloon flight has shown, for an uppér limit for C10 of 1.5, 0.3, and 0.03 ppd
at 35, 30 and 15 o of altitude respectively.  The HCl/HF ratio has a value

of 0.2-0.3, practically constant up to 40 lkm. A third balloon flight is
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planned in 1980 from Sicily. A theoretical and experimental spectral study
concerning C10, HOC1T, C1ON02, etc. is being developed at the University of
T'lorence and Bologna.

Methods for Halocarbons Concentration Measurements in the Atmosphere

25. Qualitative and quentitative analytical methods for the determination
of chlorofluorocarbons (in particnlar CHFC1 ) in the tropospherc are being
developed at the University of Urbino (Prof. Pruner)., Systematic measurements
have been carried out on samples from different areas of Italy, the Indian
Ocean and. the Red Sea. The project deals with the search for possible
tropospheric sinks for chlorofluorocarhons. S :

Modelling !

206, At the Physics Department of the University of 1'Aquila, a numerical
photochenical, raciative, convective one-dimensional model has been set up
by Prof. Visconti, The model, ~hich calculates the temperature profile ond
chemical comnosition of the atmosphere between 0 and 70 'm, allows the study
of tuo feedbac!: processes connected with: firstly the tropospheric
tenperature—woter content cycle: and secondly the stratospheric temperature-
ozone conteht. Using this model, the effect on the ozone layer of doubling
the atmospheric €O, concentration has been studied; an increase in 002 gives
rise to stratospheTic cooling and a consequent local increase of ozone.

The szme group of 1'Agquila has developed a tuo~dimensional model for the
study of tropospheric anc stratospheric minor constituents and M1 distribution,

Chenical )zinetics A S SO S

27, Prof. G. Fiodco and his collaborators at the University of Rone and

at the Laboratorio Plasma Spazio (CHR) have been concerned with the

influence of diffuse solar radiation on the stratosphere. The diffuse
component of solar radiation has important effects on stratospheric structure
and composition because of photodissociaticn and heating. The results

of the analyses indicete that molecular scattering should always be included
in photodissociation calculations, if an accuracy of the order of a few
percent is desired. The variable part of the diffuse field due to surface
albedo, clouds and aerosols could be responsible for large fluctuations in
the thermal structure and composiion of the stratosphere.

Effects )
28, Research programmes are also being planned on the epidemiology of

malignant melanoma, and the monitoring of erythemal ultraviolet radiation
at the ground, by some researchers of the Instituto Superiore di Sanitd’

in Rome.
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JAPAN

29. Japanese research is mainly related to the measurement of
atmospheric tracé consituents. ~ One experiment which has been done
between 1977 and 1980 at the Meteorological Research Institute in

Japan is the measurement cf F 11, F 12 and N O in the atmosphere.

Air samples in the troposphere were collecte on alrcraft at altltuuco
up to 7 km over an area approximately 137 E to 142 E and 33 N to

35 . Air samples in ti.c stratosphere up to an altitude of 29 lm were
obtalned in a balloon-borne stainless steel can. Vertical ancd horizontal
distribution cf F 11, F 12 and N,O0 were obtained. The other measurcment
is related to the lifetime of CFC's at the atmpsphere. The purpose of
this research is to clarify whether CFC's are decomposed in the '
stratosphere by investigating the change of concentrations during
several years. In order to do this, the Meteorological Institute takes
daily data of the concentration of CFC's at a place far from the
possible emitting sites of CFC's, such as urban and industrial areas.

By using an automatic analyser, F 11 and F 12 are measured every hour.
By comparing the changing trend between CFC's at atmospheric
concentrations and the consumption of CFC's, the lifetime of CFC's at
the atmosphere will be determined. The necessary equipment will be
installed this year and measurements will start soon

Netherl“h S

Meagurement and monitering activities

A A BRI LA 83

30, Measurements of NC, and SO, using a modified correlaiion
sprctrometey technique. ZAlthough™ihis preogramme was intended
originally to measure the vertical zas burden in the troposphere,
recenily it appeared pocsible to measure also the concentration of

N0, in the stiratosphere at dawn and sunset using obligque incident
swilight., It is intencded to exlend the progrerme to measure ozone in
the stratosphere. Measuremsnt of the sclar radiation in the U V. of
colected wavelengths (315, 350 and 400 un) as well as total intensity
in the interval from 320-390 nm have been carried cut. A network
consisting of 5 stations has been set up in the Netherlaonds in
connexion with the national air pollution network  Special ewphasis
is laid upon absolute intensity measvrements. A calibration systen
has been assembied and tested. A research programme has becen sel ~up
to investigate the pessibility of measuring stratospheric freon and
other chlorofluorcarbens from the ground using tunables diode lasers
operating in the infrared

Health aspects .

31, A dose-response modcl, based on the results of animal
erxperiments, is being developed for skin cancer induction in human
population by chronic exposure to ultraviolet radiation. The model
takes into account a variety of exposure habits and susceptibility of
individuals in the population. The reguired input data for the dose-
response relationship are the age specific incidences of the population
in question. Calculations based on this model can be used as a step in
the evaluation of the effect that a reduction of stratospheric ozone
would have on non-melanoma skin cancer incidence. As an example an
evaluation of the white populatioan of the U S.A. was presented.

.



It is estimated that, if the amownt of stratospheric ozone were to
have been continuously reduced by 1% over the last century, we would
have had a 4% higher iacidence of non~-melsnoma skin cancers in the
U.S.A. (i.e about 12,000 more non-melanoma skin cancer cases per
year), This estimate agreces fairly well with ecarlicr estimates based
on combined climatclogical and epicdemiological data.

Alternative aerosol propellants

32, In an investigation on the use of demethylether (DUE) as an
alternative propellant, very promising results have been obtained.

DIME is cecomposed so quickly in the troposphere, that it is unlike to
change the ozone layer to any significant extent. Using the current
type of aerosol spray cans, no detectable amounts (< 1 ppm v) of
peroxides are formed from IMA so that the possbility of explosions

can be ignored. If DME is used together with current chlorine-—
containing types of disinfectants, no detectable amounts (< 0.1 = 1 ppVv)
of bis (chloromethyl) cther are formed Chronic toxicological studies
have not yet been completed, but no harmful effects of DM have been
found so far. RN . o .

Norway

Czone Measurements

33. Observations of total ozone with Dobson sgectrometers are done at
three different locations of which TrSmoo at 70~ ¥ latitude is the
northermost location  These observations will in the near future be
supplemented by Umkher observations in order to obtain information of
the vertical distribution of ozone in the stratosphere over Norway.

Modelling

34. 1 -~ D and 2 -~ D modelling work on the trace gas distribution.

in the trcposphere and stratosphere is performed at the University of
Oslo. The 1 - D model:is in particular used to investigate future
depletion of stratospheric ozone due to halccarbons as a result of
interaction with other chemical species influenced by human activities
(co R NZO)° 2 -- D global modelling has first of all been concerned
wit% tropospheric ozone generation due to the release of nitrogen oxides
and hydrocarbons fiom grounc level sources, and due to the release of

NO_ from subsonic aircraft. In the former case, the calculations indicate
that the increase in tropospheric ozone is sufficient to lead to a
noticable increase in total ozone in the Northern Hemisphere (v 1%

at present). In the latter case future increases in air traffic (FAA
high estimates) may also affect total ozone The global 2 — D is also
used to estimate fluxes of ¥ 11, F 12, I 22 aad CH, CC1, into the
stratosphere, and their contribution tc the stratés;;e%ic chlorine
content While F 11 and F 12 increase Cix by 0.6 - 0.7 ppb in the
upper and middle stratosphere (1980), methyl choloroform is estimated
to add another~~ 0.2 ppb to Clx. Release of methyl chloroform
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have increased rapidly over the last years, and will probably continue to
increase in the future. It is therefore likely that it will have increasing

importance for the ozone depletion problem in the future.

U/-B radiation

35, Theorctical studies of changes in UV-B radiation as a result of
ozone reduction are also performed at the University of Oslo. It has veen
chown that the change is dependent on the action spectra, on latitude

nd season. TFor a certain reduction in ozone, the change in UV-B
radintion increases towards higher latitudes. This effect becomes more
pronounced when the action spectra is shifted toward shorter wavelength
(c.g. the DNA action spectra). At low and middle latitudes the ratio of
U7-B increase to ozone depletion is~>v2, while at high latitudes it is

52.
Pasulatory Measures

16, Norway has prohibited the penufacture and import of asrosol caus
or the lilke where completely halogenated CFC!'s are employed as propellonts.
There is, however, a general exemption for medecinal products. The bon will
come into effect 1 July 1981,2nd so far there scem to be oaly minor

problens for industry related to the prohibitions

United Kinzdom of Creat Britaia and Northern Iroland

27, A continving programme of research 1s maintained in the UK
including atmospheric measurements, chemical kinetic studics and
aomerical modelling. Overall assessment of the ozone depletion problom
ig algso carricd out. o

Almospharic Meacurcment s

8. Ground-based measurements: Ground based equipment has been
developed by the Meteorological Office Tor determination of total colwmn
NO,, by measuring the differential attenuation of sunlight across the
spectral range 435-350 nm. Values of the total NO, in the vertical
column observed at Bracimell have been in the range 0.5 to 5.0 x 1016,4
molecules cm=2. Routine ooservations of total column ozone are being
maintained by the Meteorological Cffice at Bracknell, Lerwick, Mahé and
8t, Helena, and the British Antarctic Survey continues to operate three
Dobson instruments at high southern latitudes. UK scientists have taken
part in the inter-—comparisons of Dobson instruments organiscd by the

WHMO in 1978 and 1979. The results of a 3-year study of CFC 11 and CC14
measurenents made at Harwell showed a growth of CrC 11 of 1.1 ppt

(parts per 1012) per month over the period 1975-1977 consistent with a
50-yr atmospheric life-time (i.e. insignificant tropospheric sink). The
CC1, data showed no evidence for a natural source. Measurements have
boen made by Harwell of CFC 21 (CHFC1,), CFC 22 (CHFpC1), CF4y CoFe,
CFyC1, CFyBr and CpF5C1 by GC/MS techniques.

Aiccraft-based measurements: -

39, Aiveraft-based mcasurements: The system formerly used by Harwell
for collection of atmospheric samples from the rroposphere and lower
stratosphere using British Alrways Concorde aircraft has now been replaced
for operational conveniecnce by one using a chartered Lear-jet 35 aircraft.
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The final results obtained using Concorde included measurements of methyl
brouaide, CH,Br of 10 ppt in the lower stratospherc compared with 20 ppt in
clean tropoSpheric air. An airborne gas chromatograph has been flown on the
€130 Hercules research aircraft of the Meteorological Research Flight (MRF)
capable of detecting CFC1y, CF,C1,, CH}CC13, CC14, €Oy and No0, | The
instrument has been flown in Saharan dust plumes, to detect possible CFC13
destruction but with inconclusive results co far. lHeasurements of
stratospheric water vapour content, up to 140 mbar pressure level, continue
to be made by frost point hygrometry on the MRF Canterra aircraft.
Investigations have been mode to study the annual voriation, and the
meridional gradient from 40°Y to TO°N.

40, Dalloon-borne measurements: Harwell is cooperating with the
stratospheric belloon programme carried out by the llax Planc': Institute
for Aeronomic, Lindeu (FGR) in providing highly sensitive Gas Chromatograph-
llass Gpectrometric (GC/MS) analysis of some samples. Main achievements to
date have been the measurement of stratospheric profiles of CH,C1, CF,,
C2F6 and CF,C1 up to an altitude of 32'm. The NPL tco': part in two
successful Taunches of the joint UK/Italy submillimetre and Infra-red
Experiment (SIBEX) have been made from the National Scientific Ealloon
facility, Palestine, Texas, in November 1970 and April 1979. ‘The two
flights were planned to coincide closely with overpasses of the NIFBUS 7
setellite during the early and final stages of the LIIIS (Limb Infrared
Monitor of the Strotosphere) experiment. Profile concentrations have been
obtaincd for HNO,, Oy, H,0, CF201 , CIC1,, HF and HC1, providing valuable
'ground truth!? data fn support of the sa%ellite experiment. Further
eveluation of the extensive amount of data gathered is proceeding.
A third SIBEX flight by IROE/MPL vill be made during the latter halr of
1982. A further balloon-bvorne experiment NOBLE (Nitrogen Oxide Balloon
Txperiment ) directed at simultancous measurements of NO_ and the
halocarbons is planned by IPL in collaboration with Department of
Atmospheric Physics at Oxford University during the spring of 1981, It
will record by infra-red techniques improved Vvertical profiles of
HNO, , H?O, H,0, CF,C1, and CFC1, sirultaneously and will be flown from
NSB%, Palestine, Téxa§, togethe% with a PMR (Pressure Modulated Radiometer)
provided by Oxford University measuring NO and N02 anc. pogsibly N2O

o 5
and C1ON02. ,

41. Rocket and Satellite Measurements: A rocket experiment to
observe the diurnal variation of ozone in the height range 45-65 km was
successfully carried out by the lleteorological O{fice in October 1979,
The stratospheric and mesospheric sounder (SAMS) operated by Oxford
University on Nimbus 7 is providing information on the concentrations
HQO, N20, CH4, CO and NO, as well as temperature, in the stratosphere and
mesosphere as a function of height.

Chemical Kinetics

42. At Harwell the technique of molecular modulation U.V. spectrometry
has been employed to obtain kinetic and mechanistic information on the
following reactions involving C‘IOx and HOX species.

The reaction C10 + HO, —_ products; the overall rate coefficient for
this reaction has been determinecd at 293 K and 1 atm (760 Torr) pressure.
The value is in agrecement with other measurements obtained at low pressures
(-5 Torr), The results imply a minor or negligible role for this reaction
in converting active C10y species to HC1 in the stratosphere.
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The reaction C10+C10 -—- > productc; the temperature dependence of tiae
overall reaction leading to the products Cl1, + O, was determined. Kinetic
complications due to the formation of the agdition product, C1,0, were
encountered, and the observed temperature dependence is incompatible with
the kinetics and thermodynamics of the alternate channel in this reaction,
leading to C1 + C100 as producte.

The reaction OH + HO, —3H,0 + 0,5 This reaction is being studied by
observing HO, and OH radicals in %he photolysis of 0,-0 —HZO nixtures at
3030K and 1 &tn pressure. Work Is continuing in an3at%empt to resolve
the differences between previous studies of this reaction eince it pleys
a major role in determining HO and H02 densities in the stratosphere.

At Cambridge University the study is continuing of the reactions of HO
radicals relevant to atmospheric ozone chemistry. In addition to the
continuing usc of laser magnetic resonance spectroscopy a new technique 1is
being developed. involving diode laser spectroscopy ‘and flash photolysis
with which it should be possible to study reactions of HOZ over much
wider pressure ranges than hitherto.

Nunerical modelling

43 The Harwell 1D model has been updated with the recent CODATA

set of rate constants tozether with the recently revised value for the

OH + HO., rcaction published by De More. A steudy-state ozcne depletion

of 15% $s calculated for continuing CFC emissions at the 197¢ rate, s

civen in Pollution Paper 5; and this estimate has recently decreased ‘
significantly to 10.7% due to a revision of the OH + HNO, rate coefficients
The Hurieil tuo-dimensional trepospheric model has been tsed. to investigete
ine behavieur of those haloczibons cmitted by man's activities which have
simificant sinks due to reaction with tropospheric hydroxyl (OH) radicals.
Tt appcars that the tropospheric neasuremente, atmospheric release rates and.
0H reaction rates for mathiyl chloroform are consistent with present
estinates of the tropospheric OH distribution and o methyl chlorcform’
lifetime of zbout 5 years. The stratospheric ozone deplction estimatec to
result {rom the continucd rolease cf methyl chloroform at present rotes ig
likely to be about 1 per cent in steacy state. A rodiative-photochemical
coluun model has teen used by the leteorological 0ffice to calculate the
effects of CFli releases and CO, emissions from fossil fuel burning on tne
ozone layer, separately, and in concert. Also, & two dimensicnal circulation
model with photochemical reactions has been used by Oxford Univereity to
investigate the effcot on the ozone layer of doubling the CC, centent of

the atmosphere anl of inmcreasing chlorofluorocarbone. The eTfects arc noi
lincariy additive, becausc of the e¢ffect of temperature on the czone
concentrations. The upper atmosphere dymemical rescarch group of the
lictcorological CTfice is mainly invelved at present in medelling and
observatinnal study of dynamical prccesses in the stratosphere and mesosphere.
A three-dimensional primitive equation model is being developed for uce

in the theorctical studies, which are teing carried out with the aid of

data retrieved from the Heteorological Office's Stratosphere Sounding Units
(ssu) currently on board the TIROS-N and NOAA-6 Satellites. Sudden

warming events are the main topic of current effort, but later work will
alco be dirccted towards study of the transport and chemictiry of ninor
constituents. Also at the lMeteorological Office a diagnestic gtudy has
been made of the glohal distribution of ozone and water vapour in-a

general circulation model with 13 levels from 900 to 2 mbars. The fluxes of
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water vapour across the tropopause have been examined, and trajectories
calculated. A global OH cistribution has been computed from the model
fields of ozone; wqter vapour and NO_. Longitudinal varigtions and their
relative phages, were showun to be important. This three-dimensional

model is to be used to interpret data from the HALOE instruments, planned
for satellite use by NASA Langley Research Centre. Joint studies carried
out by the University of Oxford in conjunction with Harwell have concentrated
on the relationship between ozone depletion and the subsequent change in
UV-B dose at %he earth's surface. A factor of twc is usually assumed in the
relaetionship between ozone depletion and increased UV-B dose. 'Two-
dimensional model studies of CFCs show that the ozone depletion is mariedly
seasonally and latitudinally dependent and that the simple factor of two

no longer applies.

Asgescment .

44, A comparison of recent USA and UK reports on the impact of
chlorofluorocarbons on stratospheric ozone is currently being carried out.
This comparison includes the US National Acacdemy of Sciences (1743) and
National fheronautics and Space Administration (NASA) reports together

with that of the UK Stratocpneric Resggrch Advisory Committee (STRAC).
Although there are some minor ¢ifferences there arg no major discrepancies
between the ozone depletions calculated from the variaus modelling studies.
However, there are considerable differences cof opinion over the cdegree

of confidence which cen be attached to the predicted future depletion
deriving from the cdegree to which the models successfully simulate current
atmospheric composition. )

Contributions received from other countries too late for inclusion in
Annex 3 will appear in an Addendum. :

" »

Wlorld Health Organization
L ]

45. The representative of WHO informed the Committee an WHO
consultations on the monitoring ef health effects of ultraviolet
radiation held in, Geneva, 16-20 June 1930. .The recommendations adopted
at the meeting, include proposals fer coordijated studies to assess the
relationship between human exposure to solar ultraviolet radiation and
the development ef non-melanoma and melanoma skin cancer; with particular
emphasis on the establishment ef dose-response relationshibs.  Well
planned and continuing surveys af non-melanoma skin cancer are needed,
particularly in areas ef high and low latitudes. Carefully recorded
data on a large number of patients with malignant melanoma should be
collected and analysed, with emphasis on patterns of sunlight exposure,
histologic type, location of lesicns, hereditary skin type and on
effects of known or suspected associated factore ather than UVR (i.e.
chemical, mccupational, residential, social, etc. ). A plan ef actien.
for the study and list of participating inséitutions and experts has
been prepared for submissien te UNEP for possible financing of the
project in 1981-1984. The published WHO/UNEP/IRPA Environmegntal Health
Criteria document on ultraviojet radiation gives all available
information for the evaluation of the realth risks of ultravislet
radiation and could be updated in the future with UNEP assistance.
Cooperation of national institutions in the -development of appropriate ?
international programmes are essential due to the limited resources-
available for such activities in WHO. , .
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World IMleteorological Organization

46. WMO continued its role of encouraging, prometing and
facilitating ohservational and research activities of WII0 members and
summarizing and disseminating relevant results on various aspects af
the World Plan ef Action on the Ozone Layer. WIO aims at assisting

in integrating and interacting between different measurement and other
scientific groups.

Total Ozone

47, As called for in the World Plan, WMO has continued its work

during 1900 in upgrading, re-activating and re-locating suitablz Dobson
spectrophotometers. These efforts, combined with appropriate

intercouparisens, continuing over a peried of years have reculted in a -
significant improvement in the global total ozone monitoring network, -

both in terms of data quality and coverage. A Heeting of Zxperts on the
Assessment of Performance Characteristics ef Various Ozone Observing

Systemzs (Boulder, 29 July - 2 August 1280) was organized to discuss, "\
inter alia, existing technical pracedural criteria for standardization,
validation aand intercalibration of ebuserving systems. A system for the
integration of various ebservation techniques into a global ozone
“observing system (CO0S) was suzgested, as a means of co-srdinating the
various czone measuring effarts obtained by a variety of measurement

echniques. The proposal was prempted by the need for a continucus flow
of reliable, tetal and vertical ozone data ferming a cohercnt set to
provide adequate answers to acute czone studr questions primarily for use
in satellite reduction and detection of trends. The G003, as envisaged
would be based on the existing network of ezone measuring stations.

lembers of WIO, operaiing Dobsen spectrophotcmeters, are being urged to
sutmit their data to the Yerlid Ozsne Data Center in Torentec, Oanada. It

is suggested that it is important that they supply a list of all
correcticns applied, and the date(s) of application, for inclusion in the
relevant WO publication. A manual fer operating Dobson spectrophotometers
was prepared %or the IGY (1956) which, in many aspects of modern
calibration techniques, has beceme obsoletea With this in mind and as part
of the activities within the WO Ozone Project, Mr. W. Kemhyr (NOAA, USA)
nas prepared z oompvehen31ve aperatlons handbook on ozone observations
with Dobson instruments '

Q
Vertical Ozone L]
{ -

48. Folloewing the successful internaticnal rocket-borne ezonesondey,
inter-comparison (September—Novcmber 1979, Wallops Island, USA) supported
by FAA, NASA and NOAA, with the participation of Australia, Canada, India,
Japan, and USA, W0 organized an expert meeting in ilay 1930 in Tokyo to
assess the data from the cemparison and initiate further studies to

correot and mevise historical rocket ozonesornde data as a caherent eet.
During the ozonesonde comparisen organized by WMO in Hohenpeissenberg in
April 1978, countries using various types of osonesondes participated, with
the exception of India. At a recent session of the International Qzone
Commission of IAMAP (August 1980) it was strengly recommended that the
Indian ozonesonde be compared with an instrument that took part in the
Hohenpelssenberg oomparison, In this connexion, WMO arranged for a serics
o[ comparisons between the Indian and Pederal Republic of Germany
ozonesondes in Hohenpeissenberg in early November 1980. Additional EEC
comparisons are planned for Summer 1931 in Wyoming, USA. Scientists in
the USA and Canada (J. Deluisi and C. lateer respectively) have developed
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jointly a method of taking Uukehr observations which shortens the time
necessary for the observation from morc than three hours to about one
hour. MO has arranged for a comprehensive review on ozone neasurenents
from satellites, including data availability. This will be available
for distribution in 19&1. ‘

Rare species of importance to ozone layer

49. "LI0 organized an informal meeting of experts on rare .
atmospheric constituents of importance o the ozone layer in Washington,
D.C. (March 1900). The nineteen experts from siv countries reviewed
advances in bhoth theoretical studies and measurenent needs in view of the
anticipated and desired measurement capabilities, including satellites.
The meeting stressed the need for co-ordination octween groups as

regards choice of observation time, location, type of measurements,
accuracy and SO on.

Ozone iodels

50. At the meeting of experts on stratospheric circulation and
analysis held in July 1979, it was strongly recomaended that work should
continue on 1-D, 2-~D and 3-D ozone models 2s it had been denonstrated
that each type had an cssenfial role to play in stratospheric ressacch.,
Consequently, an expert review meceting on 2-D ozone models was held in
Toronto in January 1980. On this high priovrity subject, the meeting
revieued the state—of-the-art and identified critical deficiencies.
The experts then discussed scientific ohjectives and foundations anda

the cucrent understanding ol the theoretical bagis of the 2-D models

as well as the need of data oan atmospheric rare constituents. The

report of the discussion will form the basis of a comprecheasive survey on
ozone modelling whicn will be aveilable in 1961, In this 7ield, 1t is
felt necessary to continue encouraging comparative revieus of ozone
modele. ’

Impact on climate variability

51, Studies on this subject with respect to ozone have been
cacouraged vithin the W10 Ozone Project as a contribution to the WO
World Climate Research Programme (WCRP). A review paper on the
possible impact of ozone variability and other rare species on climate
is being prepared. The greater relevance to surface temperature
changes of projected increase in tropospheric ozone concentrations is
being revealed, The trpe of studies arc long-term and advances would
depend very ruch on the development of the global climate mocdels which
is one of the tasks of the WCRP. The work of the MO Ozone rroject in
this field would continue in collaboration with the International Ozone
Commigsion ol IAMAP.

Organization of Bconomic Co-operation and Davelopment

52., The OECD has prepared a report to serve as a vasis for discussion
on the chlorofluorocarbon/ozone reduction issue at the December 1580
meeting of the Tnvironment Committee. The report was prepared in part by
member. nations and in part by the secretariat and is intended to he a
swiary of currently available information. The report covered, aftmospheric
chemistry and physics, health and environmental effects, trade and
production data, technologies available for reducing use emission of

CCs and national and international activities and regulatory actions
concerning CFCs. TFuturc activities, if any, will be determined by the
Fnvironment Committeec of the OTCD in December 1930,



Commission of the RBuropean Comrminity

53, The Commission is of the opinion that general critical
comparisons between results of models and of the observations obtained
in different countries are very useful for a further assessment of
ozone layer depletion. Tle key question is to know whether there can be
any appreciable difference betucen the calculated amount of ozone
depletion and the actual cesponse by the atmosphere to the effect of
CFCs. The Brasseur report cowmissioned by the CRC gives such a
reflection on the validation of the models and the methold of formulating
the problem. The Commission intends to continue in this scnse its
articipation in the ongoing activities relevant to the Horld Plan
Action on the Ozonc Laver by orgenizing in tlhie Departueat of
Daviromuental Research next January, a wo*Vﬁnop on the impact of CI'Cs
on the ozone larer. The purpose of this workshop will be to provide
individual scientists an opportunity to compare their respective
nmethods and results and to arrive at en objective asscscaent in the
field of CiCs and ozone depletion on the internaticnal evel., The
results of this workshop will be provided to UNEP and the CCOL,

Chenical ilanufacturers Ascociation

54. Production and release data for Fll and F12 Lave again
been collecied from the world CI'C manufacturers and the data sulmitted
separately to UNEP. These figures show that world CFC production
peaked in 1374, a.d that the 1677 production was 17.) per cent below
the 17974 level, continuing the decline observed since that year.
Tedeed, USA production capacity has been reduced since 1974, as some
plexis have been closed doim and dismantled. ‘Jien this rfachor is
combined with the production capacity limitation in the IEC, high
growth scenarics for (IC-11 and CFC-12 for the shost or mediun term
appcar extremely ualikely,

55 Progress in the (A studies of the science are revicwed in
the following scctions:

Atiospheric Lifetine Experiment (ALE)

58.. Preliminary results from one and a half years ol dota indicate
a trend-method lifetime for Fll of roughly one half of the ilifctime

duve to stratospheric removal processes alone (cited in the MAS ruport
1979, P.64, Tab’e 5.1). he error bhars are, however, very wide, nansly
seven yeare to infinity at this stage. Three years of data will nrovide
a much firmer estimate. The error in the alternative overburden
technique is such that no meaningful lifetimes can be obtained with this
technique at this time. Present computer medals, in contrast to this
real world experiment assume nc destruction method for F11 and F12

other than stratospheric processes. If lifetimes one half those now
assuned are considered, the calculated steady state ozons depletion would
be reduced by 50 per cent. The original four ALZ monitoring stations
have now been in operation for over 24 months, and performance continues
at a high level. Calibration checlis have been completed on the first

18 montus data. A fifth staticn cn the Cregon Coast (Northwest,[SA)
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has been in operation since March 1930. The data record at this
station for Fll has been obtained from parallel equipment since
1979, augmenting the data in the important northern hemisphere-
temperate zone. An interlaboratory comparison of 1 and F12
measurements at concentrations in the 50 to 300 ppt. range has
becen completed. The 19 laboratories 'who participated in analyzing
the same samples obtained widely differing valucs for the CFC
content. This work illustrates the difficultics of measurement
at such low concentrations, and confirms the conclusion from
theorctical studies that trend type techniques for determination
of lifetimes, where absolute calibration is not necessavy, should
be preferred to overburden technigques, In order to improve
knowledge of release of Fll,; a study of rigid foam manufacture and
use was undertaken and complsted. The releass estimates produced
include the new recognition that F11 is retained in these closed-
cell foams for more than 80 years (Brandreth and Ingersoll, June
1980, SPI, Strasbourg) rather than being lost at the time of
increase of thermal conductivity as previously assumed. The
results of this study remove some of the uncertainties in the ALE
programme. (Note thc release data submitted separately is based
on NcCarthy, et al, Atmospheric Environment, II, 491, 1977).

Ozone Trend Analysis

5T Recent statistical znalysis shows that no detectable depletion
of the ozone layer has occurred, and that real-world data can provide
an carly warning system for small significant chaanges in ozone
concentrations that might occur in the future. Regulatory action

can now be bhased on actual ozone measurement rather than thecretical
nodels without incurring the substantial risk of large depletion
previously thought to bc associated with this avproach. The

analysis of ground-based (Dobson) and satellite ozone data for

trends by the two separate U.S. statistical groups, funded by CMA,
continues, One of these studies, both of which are currently
directed toward reducing the uncertainty in the detection of any
long-term trend regardless of cause, indicates that the data from

36 Dobson stations are consistent with a slight increcase in stratogspheric
ogone for the period 1970-78. Instrument drifts, station-to-gtation
variance and white noise have been quantified to give + 1.4 per cent
error limit, This is to be compared with the + 3.6 pe; cent ecrror
limit previously estimated at the Harpers Ferry NASA Workshop (NASA
Ref. Publication.1C49, December 1979). The difference between the
current calculated depletion of ozone by CFC-1l and CFC-12, and the -
observed trend is statistically significant, Either the depletion
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Ozone Trend Analysis

57« Recent statistical anslysic shows that no dctectable depletion

of the oucne layer has occurrcd, and that real-werld data can provide

an eorly warning sjstem for small significant chaupges iun ozone
concentrations that mizght occur in the future., Regulatory action

can now be based on actual ozone measurcment rather than theoretical
nedels without incurring the substantial risk of large depletion
previously thought to Le associated with this approach. The

cnalysis of ground-based (Dobson) and satellite ozone data for

trends by the two separate U.S. statistical groups, funded by Cili,
contimies. One of these studies, both of which are currently

directed toward reducing the uncertainty in the detection of any
long-term trend regardless of cause, indicates that the data from

3% Dobson stations are consisteat with a elight increase in stratocpheric
ozone for the period 1970-78. Instrument drifts, station-to-station
variance and white noise have been cquantified to give 4+ 1.4 per cent
ervor limit, This is to be compared with the + 3. & mer cent ervor
limit previously estimated at the Harper% TFerry NASA Workshop (MASA
Ref. Publication.' 1049, December 1979). The difference betwecen the
current calculated depletion of ozone by CPC-11 and CFC-12, and the -
obzerved trend is statistically significant, Either the depletion
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errors, concluding that there is a 1 in 20 chance that the true steady
state depletion will lie outside the range 16.5 + 11.5 per cent. The
magnitude of the errors involves an assessment of the reliability of

the existing rate data and model assumptions, and "educated guesses"

(NAS 1979, p.189) about then unknown chemistry., Other qualified
assescments of the science (NASA Ref, Publ. 1049 DOBE pp. 15) chose not

to place uncertainty limits on the depletion estimates. On the contrary,
DOE cxplicitly stated that it was unrealistic to make such estimates (DOE
pp. 15, p.194, paragraph 407). Investigations over the past year have
shown that small changes in certain model inputs can indeed have a large
effect on calculated ozone depletion. Specific findings include firstly
the large reduction in calculated ozone depletion resulting from new
developuents in peroxynitric acid chemistry. When the smaller photolysis
cross section of lolina, and a reascnable estimate for the OH + HO,NOp
reaction rate based in recent work at SRI are included in computer
models, the calculated steady state depletion is reduced to about

12.5 per ceut. A faster rate for OH + HOpNOo (a possibility indicated

by the BRI study) reduccs calculated depletion to 8.1 per cent. This

new chemistry also indicates reduced OH in the lower stratcsphere, and a
much improved fit with measurcments for C10 concentration profiles and
the ratio of HNOB/NOZ. Secondly the dramatic effect of branching in the
HOo + C10 reaction to give HC1 + O, on calculated ozone depletion is
considered. If there is 10 per oe%t branching to HC1 + 03, a
reasonable possibility at stratospheric temperatures, the calculated
ozone depletion would be halved. Similarly, the reaction OH + C10 may
give HC1 + Op as alternative products.

o

60, In the real world, other perturbations to stratospheric
cnemistry occur. The importance of including these perturbations in
calculatirig the possible CFC effect has recently been recognized. An
investigation of the coupling of the effects due to increasing C0o,
resulting from greater use of fossil fuel, and those due to continued
CFC emissions indicates that depletion estimates are reduced by
subtracting approximately 4 per cent from those calculated from CFC
emissions alone. The full 2-D model being developed in conjunction with
the U.S. Air Force Geophysical Laboratory is nov operational including
pertinent chemistry of the major oxygen, hydrogen, nitrogen and chlorine
species. This model will allow a more realistic comparison of theory
with atmospheric measurements, as well as exploration of the latitudinal
and seasonal distribution of calculated changes in ozone. Calculations
made with the DuPont 2-D model, for instance, indicate discrepancies
betwecen theory and measurement for ¢10 and HC1 concentraticns which are
similar to those from current 1-D calculations. The expectations by
NAS that the discrepancies in the 1-D model would be largely corrected
by 2-D modelling, have not been realized. (NAS 1979, P.161).

Atmosplieric Chemistry

61, The industry programme to elucidate stratospheric chemistry
centers on species and rcactions likely to impact the fluorocarbon

ozone depletion theory, e.g. C1, C10, higher chlorine oxides, OH and

HOo, and on reactions which might constitute ozone production cycles.

The pressure and temperature dependencies and product distributions of
important reactions have received increased emphasis recently. An
anusual temperaturc dependence has been observed for C10 + HOo,

implying two separate mcchanisms operate for the reaction. As mentioned
in the modelling section, in addition to the expected products, HCT + O
have been suggested as preducts. Similarly, the products of the reactién
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HO + C10 are C1 + HO, and possibly HC1 + Ooe Both reactions are under
study. The rate conStant of the very important reaction HO + HO, and

its pressure dependence is under study. Low and high pressure values

of the rate constant that have been reported previously differ by at least
a factor of 10. The reaction directly affects ozone depletion estimates.
The programme recently funded a critical analysis of stratospheric
chemistry, with a special effort to define studies neecded to improve the
kinetic and photochemical data base used as input to the computer models.
The anzlysis points out a large amount of important information does not
exist or cannot be considered reliable without additional study. The
Fluorocarbon Project Panel intends to use the analysis to guide future
research. The study of the decomposition of Fll and F12, and selected
chlorchydrocarbons on Tunisian sand show that under the conditions studied,
the relative stobilities were as follows: CF201 ﬁ’CFC1“'0014“’CH CC1,.
Roth light and dark decomposition reactions uere identified. Thé ra%e of
decomposition decrceases with moisture concentration, and no decompesition
of CPC-1) or CFC-1Z2 is observed at 35 percent relative humidity and 20°c¢.
Measurcments of F21, a possible decompositien product of F-11, in air
blowing from desert regions, is encouraging cvidence for this ‘
deoomposition process and will be followed up. The CMA programme of
rescarch in chemistry, modelling and measurements is continuing at an
:noreased level of funding through 1930 and 1981.
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REPCRT OF CANADIAN OZONE LAYER RESEARCH ACTIVITIES °
TO UNEP CO-ORDINATING CCHMMITTEE Ol THE OZONE LAYER ‘
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Stratoprobe balloon measuremehts indicate that ozone
depletions will probably he about 10 percent rather than 20 percent if
fluorocarbons continue to be used at current rate. This is based -on
low hydroxyl densities in lower stratosphere inferred from measurements
of nitrogen constituents. As well, current ozone depletions appear
tc be less than 1 percent from Canadian ozone monitoring network. This
also supports view that long-term depletions will be less than 10 percent,
since current model projects estimate 1980 depletions of over 2 percent
accompanying the long-term reductions of 20 percent. In ozone monitoring
area, Canada has continued to operate ozone network of 5 stations with
total ozone measurements daily and ozonesonde flights weekly. New :
Mark II Brewer ozone spectrophotometer has been developed and is now
ready for commercial production. An interference of SO0p on Dobson
total ozcne measurements has been discovered and measured. on a daily
“asis at Toronto with Brewer spectropnotomster. Typical ozone
interference amounts hy 505 are 5 to 6 Dobson units at Toronto. Ilany
of the Dobson network instruments in urban locations must be affected
seriously by SO, interference and network should be evalunated for this
problem. Large amcunts of SO from Mt. St. Helens eruption were observed
at Toronto several days after the eruption in May. Effects of 8Cp from
volcanic eruptions on Dcbson network should also be evaluated
particularly in reference to ozcne trend analysis.
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ASSESSMENT OF OZONE LAYER DEPLETION AND ITS IMPACTS,
NOVEMBER 1980

PRESS RELEASE

The UNZP Committee on the Ozone Layer met in Bilthoven 11-14
November 1930 for its fourth session. The Committee examined tne
substantial contributions presented to it by various countries and
organizations and the research efforts in measuring and modelling
necessary for the study of the stratosphere. On the basis of
existing and new information available the Committee concluded as follows:

1. A rislk of depletion of the ozone layer due to chlorofluorocarbon
releases is still most likely, although in future other
halogenated compounds which can reach the stratosphere, require
increased consideration.

2. If chlorofluorocarbon releases continue at the existing rate,
present model calculations estimate an ultimate ozone depletion
of about 10 percent, compared with a figure of 15 percent
estimated in last year's report. The change from the 1979 figure
is due to new data on some chemical reaction rates. (Principelly
the reaction between hydroxyl radical and nitric acid).

3. No evidence of change in ozone attributable to human activity has
been observed. According to the model calculation, a total ozone
depletion of about 1% should have already occurred, but such an
amount cannot be detected directly with present technology.

4. Significant progress has been made to perform more realistic model
calculations which show latitudinal and seagonal variations that
must be considered when cvaluating the health and environmental
effects of changes in the ozone layer.

5. Figures from the chemical industry show that world production of
chlorofluorocarbons 1l and 12 has decreased between 1974 and

1979. Uses in aerosol nas declined but other uses for example
in refrigerators and foamed plastics have shown an increase. 1t is
recognized that in & few years time, reduction of CFC use in
aerosols could be ofenak by growth in non-aerosol uses. There
are also indicationg of increased production of other chlorine
containing ccompounds which oould affect the ozone layer.

6. The relatively large natural variability of atmospheric ozone
makes detcction of long-term trends difficult. The Committee
therefore recommended that exinting satellite and well-kept
ground based ozone observing systems should be integrated through
2 Olobal Ozone Observing System {Go08).
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If stratospheric ozone decrcases, more solar ultraviolet
rediation, in the UV-B-range, will penetrate to the earth's
surface. The health and biological effects to be expected
from such an increase of ultraviolet radiation formed one of
the main topics of discussion at the meeting. Host of the
knowm effects of UV-B arc damaging effects, so that there is
concern for the conscquences. There is broad agreement that
n increcase of solar ultraviolet radiation would lead to an
increased incidence of non-melanoma skin cancer in light-
skinned people. Receni research results indicate, that many
terrestrial plants, including important crops, and nany
aquatic organisms, including shrimps and fish eggs, may also
undergo damaze by incrcased UV-B though further investigations
are necded to establish the overall ecological effects.

The Commit*ee emphasized the importance of lember countries
and internatiocnal organizations such as WMO, with the

support of UNEP, continuing co-ordinated studies on the ozone
depletion problem.
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