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IN'IBOIXXTION 

The Co-ordinating Comnittee on the Ozone Layer (C(X)L) is composed 

of representatives of ageries and non-governmental organisations 

participating in the implementation of the World Plan of Action on the 

Ozone Layer, and of representatives of countries which have major 

scientific prograinies contributing to the Plan. The Coninittee makes 

recoirinendations relevant to the continuing development and co-ordination 

of the Plan of Action. The reconinerxlations are made to the UNEP 

Executive Director who reports to the Governing Courcil. 

C(DL held its seventh session from 15 to 19 Cotober 1984. The 

timing of this session accorded (XDLJ opportunity to provide specific 

information and advice to the ad boc Working Group for the Elaboration of 

a Global Framework Convention for the Protection of the Ozone Layer. The 

Ad toc Working Group, it will be noted, held its fourth session from 22 

to 26 October at the Palais de Nations, Geneva. 

C(X)L examined research results relevant to the World Plan of 

Action on the Ozone Layer and, on the basis thereof, made a new 

assessment of ozone layer modification and its impact. An executive 

suninaty of the assessment, specifically prepared to meet the needs of the 
Working Group in its elaboration of the draft framework convention, draft 

tectrnical annexes and a draft protocol for the control of 
chiorofluorocarbons, was made available to the Working Group at the 
opening of its fourth session (UNEP/WG.110/3). The executive suninary is 
reproduced in section I of this Bulletin. 

Bulletin No. 9 shows an important change from previous issues. 
Its new title, "Envirorxnental Assessment of ozone layer modification and 

its impact", reflects the uncertainty that exists with respect to future 

budgets of trace gases with the potential to modify the ozone layer. 

Aitnough the chemistry and physics of the atmospheric processes which 

control ozone are now better understood than ever before, the ability to 

predict accurately future atmospheric concentrations of chlorine species, 
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carbon dioxide, methane, nitrous oxide and other oxides of nitrogen has 

not yet been achieved. Moreover, since the ways in which these chemicals 

interactively affect ozone depend, to a large extent, upon their 

concentrations relative to one another, with some substances such as 

methane and carbon dioxide being producers rather than depleters of 

ozone, it has become increasingly difficult to offer a single realistic 

scenario for future steady-state ozone, including the prediction whether 

or not ozone is destined to increase or decrease. It does not follow, 

however, that C(DL took the view that the risk associated with ozone 

changes had diminished - on the contrary, there was general agreement 

that, a potential danger to human health and to other biological 

processes and systems, together with serious inplications for climate, 

still existed as a consequence of ozone layer modification. Th that 

extent, the legislative process being develcped for the protection of the 

ozone layer is a timely exercise that should be supported by all nations. 

The full assessnent of ozone modification and its ints can be 

found in section II of the Bulletin, together with 44 reconinendations for 

future research and activities in support of the World Plan of Action on 

the Ozone Layer. 

Section III contains recent research results and information on 

ongoing and planned research progranines undertaken by CCDL members and 

which are relevant to the Plan of Action. Once again, this section is 

inconlete, and members are reminded of their responsibility to supply 

such information. 

Production and sales data for chlorofluorocarbons 11 and 12, up to 

and including 1983 provided by the Chemical Manufaturers Association 

(CMA), are contained in section IV. As it is inpossible to accurately 

estimate production and emissions, other than tbose from manufturers 

reporting to the (}IA Fluorocarbon Programs Panel, assessments of 

production by countries other than tbose listed in schedule I have been 

discontinued. IJNEP has been asked by both C(DL and the Working Group to 

continue its efforts to obtain technical data on the production capaity, 

release and production of chj.orofluorocarbons 11 and 12 and other 
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substances with the potential to modify the ozone layer (see Bulletins 7 

and 8). Countries which manufacture and use such substances are asked to 

co-operate with UNEP in the collection of the necessary data. 

The Governing Council of UNEP, at its twelfth session requested, 

that COOL examine, if possible within two years, the likely effects on 

the ozone layer of the substances considered as having the potential to 

modify it. It also listed in Annex I to the draft convention, such 

substances which should be evaluated singly, interactively and under 

appropriate emission scenarios. In response to the request, the 

Committee endorsed a UNEP proposal to join with WMO, NASA and other 

organizations in a programme to assess the current understanding of the 

physical and chemical processes which control atmospheric ozone and 

assess its susceptibility to change due to natural and anthropogenic 

perturbations. This will be achieved by the convening, in 1985, of a 

number of working groups to determine the impact on the ozone layer of 

specific substances or processes. At its next meeting in February 1986, 

CCOL will consider the report of the overall assessment, to which each 

working group will have contributed an individual chapter. 
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SECTION I 

EXEQEIVE SUIMARY OF THE ASSESSMT OF OZQE LAYER 

MODIFICATION ND ITS IMPACT - OC'IOBER 1984 

The tJNEP Co-ordinating Coninittee on the Ozone Layer held its 

seventh session at Geneva from 15 to 19 October 1984. The Conimittee 

examined contributions presented by various countries and organizations, 

and reviewed research corkucted into atmospheric observations, 

mechanisms, modelling and effects relating to changes in atmospheric 

ozone. As a result of its review of new and existing information, the 

Coninittee reached the following conclusions: 

There are a number of trace gas species whose changing in 

atmospheric corcentrations are expected to affect the amount and 

distribution of ozone. treover, there is strong coupling between the 

effects of the different species, so that it is not realistic to consider 

the consequences of changes in a single species in isolation. Species 

for which there is evidence of change include organochiorine conpounis 

(notably CF\s 11 and 12), carbon dioxide, methane, nitrous oxide and 

other oxides of nitrogen. 

The production of (Rs 11 and 12 by the cctrpanies participating in 

the CMA data collection progranine fell to 599 kilotons in 1982 and rose 

to 644 kilotons in 1983. These figures are considered to represent about 

90 per cent of total world production, but it is no longer possible to 

make reliable estimates of the world total. The 1983 value represents a 

21 per cent reduction from the peak level in 1974, with the bulk of the 
reduction occurring between 1974 and 1977. The decrease since 1976 is 

conposed of two parts; a 51 per cent decrease in aerosols use (432 to 211 

kilotons) and a 36 per cent increase in non-aerosol uses (318 to 433 

kilotons). 

Atmospheric concentrations of CFCs 11 and 12, carbon dioxide, 

methane and nitrous oxide are currently rising at 5-7 per cent, 0.5 per 
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cent, 1-2 per cent, and 0.2 per cent per year respectively. Several 

other halocarbons besides CFCs 11 and 12 also have irreasing 

corcentrations; for exanple, CFC 113 and methyl chloroform are currently 

rising at about 15 per cent and 6 per cent per year respectively. One 

should recognize that the current lange growths in halocarbons are due to 

the fact that they are far from equilibrium. 

Knowledge of the chemistry of atmospheric trace gases has continued 

to advarce both by a reduction of the urcertainty in the established data 

base ari by a recognition of new aspects which would affect predicted 

ozone corcentrations. The new aspects merit further consideration in the 

near future. 

Model calculations which take into account the changing 

corcentrations of all the source gases have been performed to describe 

ozone from 1970 to 1980. These models calculate a 0.4 per cent ircrease 

in total column ozone in the atmosphere which is made up of a decrease in 

the ozone from 32-40 km ranging from 2 to 4 per cent and an ircrease in 

the ozone in the lower stratosphere and the trosphere. 

Analysis of total column ozone recorded at 36 1bson stations gives 

no eviderce of statistically significant trers during the 1970s. The 

results for the period sirce 1970, with the 95 per cent confiderce limits 

from two research groups are -+0.02 + 0.94 per cent and -0.59 ± 1.16 per 

cent per decade respectively. This is consistent with model calculations 

taking into account changes of trace gases i.e. CFCs, carbon dioxide, 

methane, nitrous oxide and other oxides of nitrogen. 

A statistically significant ozone depletion of 2-3 per cent per 

decade has been observed over the period 1970 to 1980 in the uer 

stratosphere (32 to 42 kin). This result is consistent with recent 

one-dimensional model calculations erxoflpassing the same period. 

However, problems corcerning the spatial distribution of the 13 Unkehr 

otDserving stations and the single-station aerosol adjustment method 

should be further examined. 
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9. 	An ozone increase in the Northern Hemisphere troposphere over the 

past 15 years has been fouri in studies of ozone sor1e observations. 

This result needs careful reassessment, to account for both instrumental 

changes at certain stations and bourxary layer pollution effects where 

urban or regional pollution may be significant. 

JO. Evidence of the large natural variability of ozone was observed 

with a major decrease in total column ozone in 1983, which is so far 

unexplained. For example, at Arosa, Switzerland, the lowest annual mean 

of total ozone in nearly 60 years of record was observed. The decrease 

followed soon after the eruption of El Chich6n, and achieved its maximum 

amplitude with the El Nino climatic aromaly during the winter of 

1982-1983. Such natural variations will complicate the estimation of 

ozone trends. 

The magnitude and sign of the predicted change in total ozone for 

multiple trace gas scenarios over the next century depends critically on 

the scenarios assumed. 1easonab1e projections (see paragraph 4) suggest 

little change in total ozone (less than 1 per cent) over the next few 

decades, unless there is sustained growth in (B. use leading to a 

several-fold increase in production. 

1ven though little change in total ozone during caning decades 

calculations slow, a substantial redistribution in the vertical profile 

of ozone is predicted. For example a large percentage decrease of about 

14 per cent at 40 km over the next two decades is calculated, using the 

following scenario: constant ('C emissions at 1977 rates, increasing 

carbon dioxide, methane and nitrous oxide, at rates of 0.5 per cent, 1.0 

per cent, and 0.2 per cent per year respectively. This decrease is 

accompanied by a correspoirling increase at lower altitudes. 

The calculated eftects over long periods are sensitive to assumed 

source gas scenarios. For example, a typical model, assuming the same 

scenario as discussed in paragraph 12, gives an increase in total ozone 

of 1.8 per cent in year 2050 (relative to the present). If instead a 

sustained 3 per cent per year growth in CFC emissions is assumed 
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(corresponding to a factor of 6.8 growth in emissions by the year 2050), 

with the same scenario otherwise, a decrease in total ozone of 3.5 per 

cent is obtained. 

In the hypothetical situation where releases of (YCs 11 and 12 

alone remain at their 1977 rates, (which would contribute a concentration 

of approximately 8 pb odd chlorine by the year 2100), current 

calculations estimate an eventual steady-state reduction in the total 

ozone column of about 3-5 per cent, and as much as a 40 per cent 

reduction near 40 km. If releases of other chlorocarbons continue at 

present rates, they would increase the eventual ozone depletion due to 

CFCs 11 and 12 alone by about a third. This is similar to the estimates 

in the report of the sixth session of the Collinittee. 

In the tr'pothetical situation where atnospheric chlorine alone 

increases (with carbon dioxide, methane and nitrous oxide constant), 

current calculations stow a non-linear relationship with greater than 10 
per cent total ozone reductions occurring when the odd-chlorine levels 

would exceed ttose of odd nitrogen in the stratosphere. (This would 

require odd chlorine mixing ratios of 15-20 pt)) Alternatively, if 

growth in carbon dioxide, methane and nitrous oxide similar to that 

described earlier is included, tin-deperx1ent calculations suggest that 

this non-linear relationship will also eventually be reached if sustained 

growth in CFC emissions is greater than 3 per cent per year. 

In general, globally avera3ed 2-D model calculations of chanjes in 

ozone tend to agree with the 1-D model calculations. However, the 2-D 

results indicate substantial variation with latitude and season. Larger 

ozone decreases are calculated at high latitudes relative to those at the 

tropics, and for late winter and early spring. For the hypothetical 

individual CFC and nitrous oxide perturbations the latitudinal gradient 

of ozone depletion is calculated to be a factor of about three. ¶Lt date 

no fully realistic multiple-scenario calculations have been performed 

with 2-D models. 

ipi 
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The generally recognized corxern about the quality of stratospheric 

neasurernent data has led to vigorous efforts in a series of international 

interconparison campaigns. The results will be available in early 1985. 

In general, the model calculated distributions of stratospheric 

trace species are consistent with measured distributions. Very few of 

the currently available data sets critically constrain model calculations. 

A major deficieriy of current model calculations is the inability 

to reprodie the measured value of ozone in the upper stratosphere, where 

the chemistry is telieved to be the simplest and best understood. 

It should be recognized that all models have kixwn deficierxes, and 

may also be deficient in other (as yet unknown) aspects. t.t)del 

predictions of ozone change still remain substantially unvalidated; the 

range of predicted ozone depletions does not adequately represent the 

true uncertainty. 

Icent deve1onents in our ability to measure atmospheric species 

should enable us to improve our understanding of atmospheric composition 

in order to test the validity of theory and to observe trends in the 

corcentration of key consituents. This latter capability should provide 

eviderce of significant changes in atmospheric chemical ccxrposition. 

With respect to the impat on climate, multiple-scenario models 

suggest that the distortion of the vertical ozone profile might become 

more important than changes in total column ozone. Calculations indicate 

that, early next century, the combined radiative effects of ozone and 

other tre gases on surface temperature would be of the same order as 

those calculated for carbon dioxide for that tine. 

Although current atmospheric scenarios predict a range of both 

positive and negative ozone changes, biological studies have focused on 

the effects of an ozone decrease. If atmospheric ozone decreases, more 

solar ultraviolet radiation in the UV-B range will penetrate to the 
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Earth's surface and into surface waters. Health and biological effects 

can be expected to result from such an increase of ultraviolet 

radiation. Most of the known effects of IN-B radiation are damaging 

effects, so that there is concern for the consequences, especially with 

regard to human health, agricultural production and fisheries. 

Although there are many uncertainties involved in the simulation of 

enhanced levels of solar US/-B radiation, research results indicate that 

many terrestrial plants are affected by exposure to levels of UV-B 

radiation obtained from siir&ilating ozone decreases as small as 5 per 

cent. There is evidence in higher plants, including such inportant crop 

plants as soya beans and wheat, for physiological effects and for 

differential effects among species of cultivars resulting from tJV-B 

exposure. Although there is no clear evidence from field studies of a 

relationship between direct effects of IJV-B radiation at relevant levels 

and a decrease in the quantity of yield, the nutritional value of soya 

beans is affected by exposure conditions obtained from simulating a 16 

per cent ozone decrease. The damaging effects to US/-sensitive 

terrestrial plants of enhanced US/-B radiation, in combination with other 

stresses such as water or mineral deficiency, are greater than the sum of 

the effects produced by the stresses independently. 

There are large uncertainties regarding the natural mortality of 

aquatic organisms and the role of current levels of US/-B exposure in the 

mortality rate. However, various experiments using exposure levels of 

US/-B radiation simulating ozone decreases ranging from 5 to 25 per cent 

nave denonstrated damaging effects on fish larvae, shriup larvae, crab 

larvae and the zooplankton and phytoplankton essential to the aquatic 

food web. These damaging effects range from mild to severe, and include 

decreases in growth, productivity, survival, mortality and ccmnunity 

diversity. 

With regard to human health, it is well established that there is a 

direct relationship between exposure to US/-B radiation and the incidence 

of non-melanoma skin cancer. A 1 per cent decrease in ozone 
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concentration with unchanged exposure habits would result in about a 4 

per cent increase in the incidence of non-melanoma skin canoers. 

Non-melaiuna skin carcers occur in people of all skin types; the 

incidence is highest in light-skinned people. There are several 

indications that sunlight may be one of the causative factors of 

malignant melanoma. For at least one type of melanoma, there are 

indications that UV-B radiation is involved. 

1cent research irxlicates that UV radiation alters several 

responses of the ixriainological system. The doses of UV-B radiation 

causing these ininunological changes are much smaller than the doses which 

induce tumours. 

The Contuittee eiphasized that it was iirportant for member nations 

and organizations to study with increased intensity the biological 

effects of exposure to UV-B radiation simulating both decreased and 

increased ozone concentrations, and to make quantitative assessnents of 

those effects, especially with regard to human health and to the 

productivity of agriculture and fisheries. 

The Coninittee also enhasized that it was inportant for member 

countries and international organizations, such as the World Health 

Organization and the World Meteorological Organization, with the support 

of the United Nations Enviroriint Progranine, to continue to collaborate 

in studies on the ozone layer, especially evaluations of the state of the 

ozone layer and the nature and scale of any likely modification thereof; 

and to examine the sources and possible effects of the substances listed 

in annex 1 of the Draft Convention for the Protection of the Ozone 

layer. Furthermore, the Coninittee stressed the need to provide data on 

production capacity, production, use and release of chemicals which have 

the potential to modify the ozone layer. 
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SXTION II 

AN ASSESSMENT OF OZONE W)DIFICATION AND ITS IMPACT - OC'IOBER 1984 

A. Ozone observations 

The ultimate test of the ozone depletion theory depends on the 

detection of long-term changes in global total ozone as well as 

vertical-ozone distribution, which in turn requires a continuous and 

comprehensive flow of reliable data from an ozone observing system. 

Ground-based measurements form an inportant element of the system, both 

on their own account and by providing the ground truth for 

satellite-based systems, which can provide more cc*prehensive spatial 

information on both total and vertical ozone distribution. However, good 

ozone measurements are difficult to make, and their interpretation is 

subject to many uixertainties (e.g. long-term instrumental drift and 

abrupt changes following the realignment and recalibration of 

instruments) and high natural variability (synoptic, seasonal, solar, 

etc.). 

Total ozone. During the past decade, about half of the regularly 

operating Dobson ozone spec trophotometers have been upgraded and/or 

interconpared with either the world primary standard instrument located 

at NOAA, Boulder, Colorado, United States, or a regional (secondary) 

standard instrument. Most of the Dobson ozone data reported to the World 

Ozone Data Centre (W)DC) at Toronto are obtained from these instruments. 

The inportare of these intercoiiparisons is reflected in the calibration 

errors discovered, which have exceeded 7 per cent in a few instances. 

Although shown by only a few instruments, these differerces indicate the 

existerce of stations at times generating data with large errors. The 

potential precision of a well-kept Dobson instrument network is estimated 

to be ± 1.5 per cent (95 per cent confiderce level) for calculations of 

global annual means. The absolute accuracy of the network may be 

scmewt-iat less than this, because of the urcertainty of the ozone 

absorption coefficients. However, this systematic error does not affect 



the calculations of trends. Drifting of instrument readings has been 

demonstrated, and frequent interccarisons (orre every three to four 

years) are therefore considered essential. 

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

ground-based total ozone-nets'rk - both in quantity and quality. There 

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

the total number of stations are located between 300  and 6O N. More 

equable distribution, more frequent instrument checks and irxreased 

regularity of observations (as described in the Ozone Observation Manual 

- Wt4) Ozone Project Report t.6) could have a positive effect on the 

quality of the data. 

1pproximately a third of the existing ground-based stations do not 

report regularly to WJDC, and therefore cannot be used in trend 

analyses. Of those which do report regularly, a significant fraction 

(approximately 20 per cent) provide data derived from lower quality 

filter instruments. It is noted, however, that the lower quality filter 

instruments are in the process of being upgraded and the data will be so 

delineated for publication. The International Ozone Coninission has 

corciuded that the performarce characteristics of another instrument, the 

Brewer spectrophotometer, meet all observational requirements and will 

not distort the bomogeneity of the network, and has therefore reconinended 

its irciusion in the ozone measuring network, suçplementing or possibly 

replacing some of the Dobson instruments. 

Over the past 15 years, several satellite-borne instruments have 

been developed to measure total column ozone. These instruments are 

based on measurements of the solar ultraviolet radiation back-scattered 

by the earth and the atmosphere (Buy, SBUV, ¶ItS) and nadir-emitted 

infra-red radiarce in the 9.6 p band (IRIS, MFR, HIRS-2). The data 

which have been processed and validated are proving most valuable. 

Because of different laboratory absorption coefficient sets used by the 

satellite-borne ultraviolet instruments and the surface-based Dobson 

network, there is a systematic bias between nearly simnitaneous Dobson 
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and 'B4S total-ozone observations, with the flbson data being 6.6 per 

cent higher on the averae. 

The Ozone Cormiission has recommended the use of new ozone 

absorption coefficients for evaluation of back-scattereed ultraviolet 

(BUy) type satellite ozone measurements. It is likely that the new 

coefficients will also be recomenied for use with the Dobson instrument, 

after slit functions and wavelengths settings have been re-evaluated. 

Preliminary studies indicate that the use of the new absorption 

coefficients will substantially reduce the systematic biases between 

Dobson, BUV, SBIJV and ¶IUE'4S total-ozone measurements to less than 3 

percent. 

iecause of their better spatial coverage and homogeneity of the 

observations, satellite systems are expected to play an increasingly 

iriportant role in long-term observations of global total-ozone content. 

It is noted that the United States 1DAA operational satellite series is 

to include an irmproved SBUV type instrument. This is, currently, 

scheduled to be launched on a biennial basis with the first launch in 

November 1984. The data from these instruments, with those available 

from the SBUV instrument on board the Nimbus 7 sp&ecraft, 

(1978-present), form the initial part of the long-term satellite ozone 

monitoring prog ranine. 

Because of absorption of solar ultraviolet radiation by sulphur 

dioxide, local pollution in urban areas and regional pollution in 

non-urban areas will produce Dobson total ozone measurements which are 

too high. Volcanic clouds also contain sulphur dioxide which will cause 

both Buy-type satellite and Dobson total ozone measurements to be too 

high. These effects require further study in order that the ozone and 

sulphur dioxide absorption effects may be separated and spurious results 

in total ozone trend determination thereby avoided. It is noted that the 

brewer ozone spectrophotaneter is designed to measure ozone and sulphur 

dioxide separately. While it is ttought that the effect on total ozone 

trend determination of troposphere pollution is relatively minor, this 

shuuld be the subject of further examination. 
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Vertical-ozone distribution. The model-predicted percentage 

depletion of the ozone concentration at upper stratospheric levels due to 

(2V releases alone is several times greater than the corresponding 

predicted percentage depletion of the total-ozone amount. The increase 

of CD2 , predicted to cause cooling of the upper stratosphere, could 

augment ozone concentration there because of the trperature dependence 

of certain reactions, although to a lesser extent than would be necessary 

to cc*zpensate for the currently predicted depletion due to cEs. Thus, 

data for these levels should provide the most sensitive information on 

ozone perturbations. Indications of continuously increasing tropospheric 

ozone with possible substantial climatic effects call for more 

confirmative observations. These factors strongly support the argument 

for obtaining vertical ozone distribution data. 

So far, ground-based t.Inkehr measurements constitute the largest 

time series of data for vertical-ozone distribution. This set is 

especially useful for analysis of the 25-50 km region in the atmosphere. 

However, only about a dozen stations make these measurements regularly. 

A new "short" 1.hukehr multi-wavelength method, which saves considerable 

observer time, has recently been developed, and its use should be 

encouraged. Implementation of an autcxnated Dobson observing system has 

begun with five stations completed in 1984 and two more scheduled for 

1985. Further programmes of this type are to be encouraged. LIDAR 

measurements of aerosols in proximity to Umkehr stations are necessary 

for correcting for the optical effects of stratospheric aerosols from 

volcanic and other sources. 

Direct measurements by balloon-borne sondes are needed for more 

detailed analyses of vertical-ozone distribution, circulation studies, 

etc. The network of ozone sondes is known to be inadequate, as fewer 

than a dozen stations make weekly ozone sourding by balloon and only a 

few have continuous records for periods greater than 10 years. 

International intercomparisons of various types of operational ozone 

sohoes have twice been conducted at Hoherpeissenberg and in Haute 

Proverce and, more recently, at Palestine, Texas. The comparisons at 
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Palestine were more couplete in that several research sondes of 

potentially greater acuray were inlved. The Palestine results 

indicate considerable variability among the systems, the general range 

being ± 20 per cent. However, special sensitivity is noted above 25-30 

kme, where the operational sondes appear to give results that are too 

low. Ifforts sIxuld be directed towards the continuation and inprovnt 

of balloon-borne ozone sorxles in parallel with the ircrease in rete 

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

method which are, however, inadequate below about 15 km. 

	

Three solar ultraviolet satellite instruments (BUy, SBUV, 	) have 

been designed for obtaining information about the vertical-ozone 

profile. In addition, two instruments (LRIR, LIMS) use limb scanning of 

emitted infra-red radiarxe in the 9. 	ozone band for profile 

measurements, while arther (SA() uses solar occultation in the visible 

regions. The data from these satellite instruments are available from the 

United States National Space Scieixe Data Center. It is noted, bowever, 

that current plans are to reprocess the BUV and SBUV data bases with a 

uniform aiorithm and by utilizing the ozone absorption coefficients 

recently reconunded by the International Ozone Cc*anission. The SA( 

data are also to be reprocessed to allow for tenperature adjustments not 

previously considered in the routine analysis. However, until such time 

as these reprocessed data are available, due caution must be exercised in 

the data interpretation. Again, because of their good spatial coverage 

and bomogeneity, these and other satellite systems may be expected to 

play an ircreasingly inportant role in observations of the ozone 

profile. Supported by Unkehr and other ground-based measurements, they 

provide the best means for the early detection of perturbations of the 

vertical-ozone profile. As stated above, the United States W)Ah 

operational satellite series beginning in November 1984, is scheduled to 

ir1ude an improved SBUV-type instrument with biennial laurh 
thereafter. These data, with those available from the SBtN instrument on 
board Nimbus 7 (1978-present) form the initial part of the long-term 

satellite ozone profile monitoring progranine. 
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At present, rocket-borne measurements provide the only in situ data 

available in the region above about 40km. Unfortunately, the data prior 

to 1984 have been questioned, and, beginning with the 1984 data, major 

improvements have been made in the instrument and data aigoritbn. Again, 

due caution must be exercised in the interpretation of the earlier data. 

For the region below about 40km, several balloon-borne systems are 

being examined through the intercoiparison held at Palestine, 1xas. Of 

note is the deve1cpint of an improved, cperational electrocbanical 

sonde, suitable for flight up to about 40km, which is to be deployed in 

early 1985. System launching at three sites (Hilo, Hawaii; Boulder, 

Colorado; and either Poker Flat, Alaska or Edmonton, Canada) is planned 

on a ore-per-week basis in sLport of the SBtN instrument on the NDAA 

operational spacecraft. 

New observational sensors: In order to assess the value of new 

sensors, it might be appropriate to list briefly the requirements for 

such sensors: 

'Ibtal ozone and profile information up to aroximately 60 kms of 

altitude; 

Day and night observing capability; 

Observations independent of aerosols; 

Observations independent of meteorological conditions such as 

Cloud cover and precipitation; 

Capability of continuous operation; and 

Global covera3e. 

In recent years, two new observing techniques have been developed, 

both of which have the potential to meet at least some of the 

above-mentioned criteria, namely the superheterodyne or microwave 

technique, and LIDAR. 

The relevance of microwave sensors to ozone research was reviewed 

by a working group of the International Ozone Coninission in 1984. The 
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conclusion reached was that microwave sensors have demonstrated their 

capability of measuring ozone profiles in the altitude range from 25 kms 

to approximately 80kms. These measurements are unaffected by aerosols 

and only slightly disturbed by meteorological conditions. An 

intercoiparison of a microwave sensor with a nearby Unkehr station has 

shown good agreement, but a longer period (greater than one year) is 

required to make a more definite statement about the accuracy. At 

present, microwave sensors are limited to wavelengths larger than 1 nm. 

However, rapid progress is being made in sensor technology in the sub-niii 

range. These sensors will allow the extension of the number of minor 

constituents which can be investigated to such inportant molecules as C, 
NO and NO2. 

LIDAR systems can provide profiles with excellent altitude 

resolution from less than 100 m up to about SOkms. In addition, LIDAR 

provides information on aerosol content which can be used to correct the 

results from ".knkehr" observations. However, LIDAR is limited to 

clear-sky conditions. Ground-based LIDARS have been successfully used to 

measure ozone and NO2. Interconparisons of the LIDAR-derived ozone 

profile with ozone sonde data show excellent agreement. 

Global Ozone Observing System (GJOS). Careful assestent of the 

performarce characteristics of the various ozone observing systems led to 

the conclusion that a continuous flow of reliable total-and 
vertical-ozone data forming a coherent set could be achieved by 
integrating the satellite-borne ozone observing systems and a set of 

well-maintained ground-based stations. This will offer the best basis 
for reliable trend determination, inanuch as cross-checks between the 
two systems allow considerably higher precision in obtaining a valid 

global mean ozone value. In order to achieve full integration, there is 

a strong need for continual interconparisons of routinely used ozone 

soriles with special high-accuracy instruments, in both the laboratory and 

the field. 
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B. Ozone data analysis 

The relatively large natural variability of atmspheric ozone 

complicates the detection of treris. The grour-based Dobson network 

iniicates that between 1958 and 1982, several periods of irreases and  

decreases in ozone corentrations have occurred involving changes of one 

to several per cent, each lasting several years. There are some 

irthcations of a possible solar-cycle variation which are as yet 

difficult to confirm with any statistical certainty. 

Iinalysis of total column ozone recorded at 36 Dobson stations gives 

no evidenoe of statistically significant trenis during the 1970s. The 

most recent analyses have been designed to renove the effects of n1ear 

testing, solar variability, and instrument recalibrations. The results 

for the period sire 1970, with the 95 per cent confidere limits from 

the two research groups doing this work are + 0.02 ± 0.94 percent per 

decade (WisconsirVChicajo group) and -0.59 ± 1.16 percent per decade 

(Prireton group). This is consistent with model calculations taking 

into account charges of trace gases i.e. CFC' s, carbon dioxide, methane, 

nitrous oxide and other oxides of nitrogen. 

A major negative perturbation in total column ozone was observed in 

1983. Although global in extent, the effect was most pronoured in the 

Northern Hemisphere. At Arosa, Switzerlani, for example, the lowest 

annual measure of total-ozone in nearly 60 years of record was observed. 

It followed soon after the eruption of El ChicI5n (May 1982) and was 

corurrent with the El Ni?b (January 1983) climatic armaly. 

Considerable work will have to be done to determine the cause of the 

ozone charges and their association, it any, with the above-noted natural 

events. This is important, from the viewpoint not only of testing 

theoretical prediction models but also of extending our knowledge of 

natural total-ozone variations and their impact on trend direction. 

Lbtal-ozone measurements from the Nimbus-4 satellite using the 

back-scattered ultraviolet (BUV) metbod slow a time-varying discreparcy 
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with data from the Dobson network. It is reasonably certain that an 

uncorrected drift remains in this satellite measurement. With this 

residual drift uncorrected, the satellite indicates an ozone decrease 

between 1970 and 1974 about 1 per cent larger than that shown by the 

Dobson network. Attenpts to correct for the drift, by means of 

cosrvarisons with the surface-based total ozone network, give results 

showing essentially no charge in satellite-derived ozone amounts between 

1970 and 1974, cotipared with the Dobson-indicated decrease of nearly 2 

per cent. In future, because of the excellent spatial coverage of a 

satellite system, proper intercalibration with the Dobeon network could 

render possible a considerable inprovement in estimates of the global 

total-ozone amounts and trends. At least two studies have already used 

satellite and Dobson total-ozone data to examine the representativeness 

of the Dobson network for calculating global means and existing trends. 

It is estimated that the error in the mean monthly global total ozone 

values so obtained from the combined systems should be no worse than 1 

per cent. 

Furthermore, with respect to the instrumental drift in the Nimbus-4 

BUy, it is reasonably certain that a similar uncorrected drift exists in 

the vertical profile retrievals. However, there are insufficient 

ground-based conparisons to provide a meaningful estimate of this drift. 

Consegiently, and because the spatial coverage of this particular 

instrument was inconpiete and degraded with time, the Nint*is-4 BUV ozone 

profile data should not be used for the estimation of trends. It is 

noted, however, that iriprovements incorporated into the follow-on SBUV 

instrument on Ninibus-7 resulted in virtually caiplete spatial coverage 

and that the causes of instrument degradation were monitored. ?reover, 

the SJV-2 to be flown on the NDAA operational spacecraft has, in 

addition, an on-board Mercury laup which will serve as a calibration 

source and will be backed up by an SBUV instrument flown on 10-day 

shottle missions (SSBiJV) at about six month intervals. The SSBUV 

instrument will be recalibrated both before and after flight, thus 

providirg basic calibrations caiparison of the operational spacecraft. 
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A statistical analysis of stratospheric ozone profile data from the 

Umkeflr method has been considered for the detection of trends. In the 

statistical trend analysis, time series models have been estimated using 

monthly averages of Umkehr data for the whole of 1980 at each of 13 

Umkehr stations and at each of the five highest Umkehr layers. The time 

series regression models incorporate seasonal, trend (zero trend up to 

1970, linear 1970-1980) and noise factors plus an additional factor to 

account explicitly for the effects of stratospheric aerosols. The 

analysis also accounts for step functions in the record of certain 

stations, where changes of instrument, recalibration or instrument damage 

are known to have occurred. A random effects model is used to combine 

the 13 individual station trend estimates to form an overall trend 

estimate. The analysis indicates statistically significant trends in 

Umkehr layers 7 and 8 of the order of -0.2 to -0.3 per cent per year 

over the period 1970-1980, with little trend in the lower layers, nos. 5 

and 6. These results are consistent with recent one-dimensional model 

calculations encompassing the same period (see figure 1). 
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Figure 1 

Trend analysis of stratospheric ozone profile data obtained by 

the Umkehr method 
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There are three elements of uncertainty in the trend results 

described in the previous paragraph. First, there is the effect of the 

11-year solar cycle both on statistical interpretation of observed data 

and in the model calculations. Secondly, there is the representativeness 

of the 13 station Umkehr network in terms of global trends. Thirdly, 

there is the use of turbidity data from the background air pollution 
monitoring station at Mauna Loa as a measure of stratospheric aerosols at 

all stations. With respect to the solar-cycle variation, current model 

calculations suggest that there could be an eleven year variation in 

ozone at Umkehr layers 7, 8 and 9. That such a variation is not readily 

discerned represents a possible substantial problem that must be 

resolved. The impact on the current trend estimates for the period 

1970-1980, however, is such that the results should not be invalidated. 

With respect to the question of representativeness, this is a major 

uncertainty which can be resolved only when a greater length of 

satellite-derived record becomes available. For the stratospheric 

aerosol corrections, the major feature was the long-term signature of the 

Mt. Agung eruption which was explicitly treated in the statistics. It is 

important, however, to have an independent check on the aerosol impact of 

the 1982 El Chichón volcanic eruption. 

There is a discreparxy between tJmkehr-derived and 

ozone-soixie-derived ozone trends in the 16-32 km layer of north temperate 

latitudes; the Umkehr measurements indicate essentially no change in 
ozone amounts between 1970 and 1979, while the ozone soixies indicate an 

ozone decrease of a few per cent. Thus, in this layer, it is not 

possible to be sure of the actual ozone variation. However, it is noted 

that the ozone soixie data are currently being re-evaluated to include the 
effect of changes in instrumentation and the effect of the adjustment of 

the profile to conform to a Dobson total-ozone value. Results should be 

available in the near future. 

Tropospheric ozone. The vertical distribution of ozone within the 

troposphere has been measured on a regular basis at some 20 stations in 

the Northern Hemisphere and at about 4 stations in the Southern 
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Hemisphere using electrochemical ozone sondes. Recent evidence has 

suggested an increase in the tropospheric ozone content. In view of 
current efforts to examine the quality of the observations and the 

spatial distribution of the variations, great care must be exercised at 
this stage in interpreting the current trend values. 

Trends in stratospheric temperature. As the current multi-species 
models predict the major ifipact on temperature to be in the mid-to upper 

stratosphere, it is imperative that this parameter be examined for 

corroborative evidence. While long-term measurements have been made from 

meteorological rocket sondes since about 1965, a major change in 
instrumentation was incorporated into the United States network in the 

early 1970s. This has complicated the trend analysis of these data and a 

considerable effort is being made to resolve this problem. 

With respect to the availability of satellite data, it is noted 

that global, daily stratospheric analyses have been available from the 

United States NoAh operational spacecraft since November 1978 and that 

this is a continuing prograiliTle. These data, however, depend on 

information derived from ground-based instruments (i.e. the rocket 

soaies) for continued calibration. The fact that the number of rocket 

sonde stations has, over the last few years, been reduced, especially at 

high latitudes of the Northern Hemisphere, presents a potentially serious 
problem for the calibration prograirine which is currently under study. It 

is emphasized, however, that the previous remarks are pertinent to the 

region above about 30mb (>25km). As regards the lower stratosphere of 

the Northern Hemisphere, a more numerous body of rawinsonde observations 
exist such that meaningful trends can be determined. 

C. Detection of ozone trends due to human activity 

With reference to the question of how well the effects of 

man-induced activity on any change in total-ozone can be established, it 

is recognized that a reasonably accurate determination of trends in 

global total-ozone can be obtained. However, since these trends result 
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from a sunination of all the effects in the iriividual layers, it does not 

necessarily follow that anthropogenic effects can be easily detected. 

The key problem is the relatively large natural variability in 

total-ozone on all time-scales. With a data record of only about 20 

years, it is not possible to explain this natural variability with 

confidence. Consequently, anthropogenic influences, with the possibility 

of additional simultaneous positive and negative effects of different 

origin, cannot easily be delineated at present, even when using 

sophisticated statistical techniques. Nevertheless, the statistical 

estimation of treris in ir*iividual layers offers the possibility of a 

better diagnostic capability. 

D. Sources of sinks of trace gases 

Over the past few years, we have become aware of a growing number 

of atmospheric trace-gas species wbose concentrations have been 

increasing, at least in part as a result of man's activities, and many of 

which are expected to affect ozone by virtue of their involvement in 

tropnospheric and stratospheric chemistry. The list of such species 

includes CFCs, other halocarbons, carbon dioxide, methane, nitrous oxide, 

other nitrogen oxides, carbon monoxide and water vapour. All of these 

gases are infra-red active and may contribute to an increase in the 

teaerature of the troposphere. In contrast to these other radiatively 

active trace species, only 0 2  uld directly change (decrease) the 

tesperature of the stratosphere to a significant extent. Of these trace 

gases, most information is available concerning CFC 11, CFC 12 and 

CD2. The key issues to be addressed are the tropospheric 

concentrations of the source gases, the rates of change of the source-gas 

concentrations in the troposphere, identification of the key sources and 

sinks for these source gases, and how the source gases are transformed 

into active species in the stratosphere. 

1. CFC 11 and CFC 12 

The production of CCs 11 and 12 by the companies participating in 

the Q'IA data collection progranine fell by 7 per cent relative to the 1981 
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figure to 599 kilotons in 1982 and rose by a similar arrount to 644 

kilotons in 1983. The 1983 value represents a 21 per cent redi.xtion from 

the peak level of 1974, with the bulk of the reduction occurring between 

1974 and 1977. The 1983 production rate was very close to the 1981 value 

(See figure 2). 
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Figure 2 
The production of CFC 11 and 12, by companies participating 

in CMA 1960 to 1983 

In previous years, Q4A had assessed world production by estimating 

production in countries and caipanies which do not participate in the (}IA 

data collection progranine. However, QIA has now decided to discontinue 

this exercise because the estimation of non-04A production relied heavily 

on published data for 1968-1975 for one non-Q4A producer only, which 

indicated a growth of 18 per cent per annum. The continued extrapolation 

of such a high rate for a number of years witut any verification cannot 

be justified, and may be introducing serious errors. Indeed, there is 

eviderce from the measurenent of global abundares, that production of 
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CFC 12 was being over-estimated. However, it is still considered that 

production by companies reporting to Q4A represents about 90 per cent of 

world production. 

ldditional data from 04A show that the pattern of CFC 11 and CFC 12 

usage has changed substantially sire 1976, the first year for which such 

data are available. Aerosol usage has declined from 432 kilotons in 1976 

to 211 kilotons in 1983, a fall of 51 per cent, while non-aerosol usage 

has ircreased from 318 kilotons to 433 kilotons over the same period, a 

rise of 36 per cent (See figure 2). 

Observations show that the corcentrations of CEC 11 and CFC 12 in 

the atmosphere have been rising at a rate of 5-7 per cent per year. This 

large rate of irrease reflects the fact that these gases are, at 

present, far from being at equilibrium in the atmosphere. The rate of 

irrease would level off, eventually falling almost to zero, as steady 

state is approached, if release rates were to remain constant. 

Further measurements fiom the five-station observing network of the 

Atmospheric Lifetime &periment (ALE) have confirmed the abserce of any 

significant tropospheric sinks for CFC 11 and CEV 12. The lifetime 

observed for CFC 11 was about 70 years, in good agreement with model 

calculations made assuming a stratospheric sink only. There is greater 

urcertainty in the lifetime calculated for CFC 12 (about 100 years), 

arising partly from the difficulty referred to above of determining 

global production and release. 

Although the ALE network has achieved the prircipal purpose for 

which it was set up, four of the five stations are being ircorporated 

into the Global Atmospheric Gases &periment (GAC) to provide continuing 

data on CFCs 11 and 12 and other natural and man-made gases of 

atmospheric signifiearce, particularly methyl chloroform, carbon 

tetrachioride and methane. 
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2. Other halocarbons 

No organization currently collects global production data for 

halocarbons, other than CFCs 11 and 12, that may affect the ozone layer 

and there are only some rather uncertain estimates that can be used in 

model calculations. These indicate that other chiorocarbons contribute 

about one-tnird as much chlorine to the stratosphere as Cs 11 and 12 

combined. Currently, the main contributions come from methyichioroform 

and carbon tetrachloride, but there are a number of other chiorocarbons 

which make small contributions. Estimates by industry sources suggest 

that the production of methyl chloroform was essentially constant for the 

years 1979 to 1981 inclusive, and that the high growth in production 

observed in the 1970s has now ceased. 

kxtensive atmospheric measurement data are now available for metl-rjl 

chloroform (CH3CC13) and carbon tetrachioride and more fragmentary 

data for chiorofluorocarbons other than CFC 11 and 12. These show that 

atmospheric concentrations of methyl chloroflorm, carbon tetrachioride 

and C 113 have been risir at 5-8 per cent, 1-3 per cent and 15-20 per 

cent per year respectively. As in the case of CK 11 and CFC 12, these 

rates would decline in future as the concentrations a.çroach equilibrium, 

if production were to remain constant. 

On a molecule to molecule basis, bromine is a more effective 

catalyst than chlorine for the destruction of stratospheric ozone. If 

organo-bromine ccxipouixls in the atmosphere were to increase from their 

present value of 25-30 ppt to 100 ppt, then ozone reductions of several 

per cent are predicted with current models. The principal contributor to 

organo-bromine atmospheric concentrations at present is methyl bromide, 

which is of both natural and anthropogenic origin. Other man-made 

couounds could become more inortant in future. There continues to be a 

clear need to acquire relevant global release data and to extend the 

corresponding atmospheric measuremants. 

- 23 - 



3. Carbon Dioxide 

Carbon dioxide is irrrortant  in the radiative cooling of the 

stratosphere; its concentration, together with that of ozone, largely 

determines stratospheric teneratures which in turn affect the rate 

coefficients of the chemical reactions that control stratospheric ozone. 

Tropospheric CD 2  concentrations have increased steadily over the 

last hurxlred years or more and are now over 340 ppn and rising at about 

1.5 ppm per year; this increase is attributed to the burning of fossil 

fuels and the effects of deforestation. However, the rate of increase of 

concentration (approximately 0.5 per cent per year) is considerably 

less than estimates of source increases even for fossil-fuel burning 

alone (approximately 2 per cent per year) owing in part to the reservoir 

effects of oceanic sinks. Our current urierstariiirg of the global carbon 

cycle is inadequate to explain 00 2  trends quantitatively, especially 

the role of the oceanic and terrestrial biosphere. 

Increasing OD leads to increases in total ozone through 

stratospheric tenperature changes. Current estimates are that a doubling 

of CD2  from the pre-iriiustrial level to 600 ppm will occur about the 
year 2060. 

4. Methane 

Methane plays a major role in controlling stratospheric ozone 

concentration by limiting the effectiveness of the chlorine cycle in 

catalysing ozone destnrtion, by contributing to the water vapour budget 

and by influencing the concentration of 	There is good evidence 

that the tropospheric methane concentration has been rising since 1978 at 

a rate of 1 to 2 per cent per year to its present value of 1.65 çm. 

More tentative evidence indicates increases of about 0.5 per cent per 

year during the period 1965 to 1975. Ice core data suggests that, in the 

sixteenth to seventeenth centuries, the concentration was only 0.7 pxn. 

If the rate of increase over the past five years were to continue well 
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into the next century, then methane would play an increasingly inportant 

role in determining the future concentration of ozone. Consequently, it 

is of prime inportance to discover the reasons for the increase in 

atxwspheric methane and the likelihood of its continuation over the next 

few decades. At present, it is not clear whether the increase is due to 

increases in the magnitude of methane sources or to a decreased rate of 

tropospheric renoval by Ci radicals; the lifetime of methane in the 

atnsphere is uncertain by up to a factor of t. Increased production 
of methane could be due to an increase in world cattle population, 

increased rice production in wet soils or some other more speculative 

cause. 

5. Nitrous oxide 

Several sets of data irxiicate that nitrous oxide concentration has 

been increasing at a rate of about 0.2 per cent per year since 1960 at 

least, reaching a value of 300 ppb in 1980. It is uncertain whether the 

increase is due to an increased rate of combustion of fossil fuels or to 

denitrification of an increasing fertilizer consumption. Understarxling 

the life history of N 20 is important since it controls the 

concentration of nitrogen species in the stratosphere and this, in turn, 

plays a crucial role in controlling the effects of the chlorine cycle in 

the catalytic destruction of ozone, with particular reference to the 

chlorine concentration at which non-linearity in ozone depletion occurs. 

. Other nitrogen oxides 

Anthropogenic production of NO and NO2  at the earth' s surface as 

a result of fossil fuel combustion and biomass burning, has urxi.oubtedly 

increased during the past century. The competing consequences of still 

further increases in fossil-fuel combustion and potential regulatory 

action make future emissions difficult to predict. However, the lifetime 

of odd nitrogen in the lower troposphere is very short (a few days) so 

that it is generally assumed that little of the NO x  produced at the 

surface reaches the uer troposphere or lower stratosphere. However, 
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surface emissions of IO may be affecting the lowest few kilometres of 

the troposphere. Ourrent model calculations suggest that emissions of 
NOx by subsonic aircraft make a significant contribution to the 

nitrogen budget in the uer troposphere. It is estimated that emissions 

of NO x by aircraft increased by a ftor of six between 1955 and 1975 

corresponding to an annual increase of some 9 per cent per year. One 

source has suggested that an annual increase of 7.4 per cent per year 

should be adopted for the years 1975 to 1990. An increase in ozone in 

the mid-troposphere over the last 15 years may possibly be attributed to 

aircraft emissions of nitrogen oxides and acconpanying hydrocarbons. A 

re-evaluation of historical and future aircraft emissions is required. 

7. Carbon monoxide 

The tropospheric concentration of (B radicals is largely determined 

by the atmospheric concentration of carbon monoxide and, to a lesser 

extent, by methane itself. Increases in carbon monoxide would lead to a 

reduction in tropospheric (B and a consequential increase in methane. 

Some sets of data indicate that tropospheric carbon monoxide 

concentrations have been increasing by about 1 per cent per year in the 

recent past; other data suggest a larger increase. Since carbon monoxide 

is also a product of methane oxidation, there is the possibility of a 

positive feedback mechanin in which increasing methane retards the rate 

of its own removal resulting in still further increases. More needs to 

be known about the sources and sinks of both methane and carbon 

monoxide. Extended sets of observational data are required to define the 

growth rate and lifetimes with better precision. 

8. Water vapour 

Water vapour in the stratosphere is inportant because it is the 

source of the hydroxyl radical. It enters the stratosphere mainly 

through the tropical tropopause (with the Indonesian and Indian monsoon 

regions being particularly inportant) where "cold trap" ation results in 

very low concentrations in the lower stratosphere (about 2 - 3p*u near 
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the tropopause). The tiperature of the tropical tropopause is the main 

influence on the flow of water vapour, and hence any change in this 

tperature could have profound effects. 

Above the trcçopause, concentrations increase with height from 2-3 

ppn to 5-6 pn, consistent with a stratospheric source from oxidization 

of methane. Co-located satellite measurements of methane and water 

vapour are consistent with there being no other major sources or sinks. 

Tbus increased methane concentrations would also lead to increased water 

vapour in the uççer stratosphere. Likewise, increased tropospheric 

temperatures resulting from a CD2  increase could lead both to increased 

tropospheric water concentrations and by altering the exchange rate 

between the troposphere and stratosphere, to changes in water vapour in 

the ler stratosphere. 

E. Atrspheric chemistry 

Our urierstanding of the chemistry of atnospheric trace species has 

continued to improve as a result of laboratory measurements of rate 

coefficients, cross sections, primary photo-dissociation quantum yields 

and products of elementary reactions. Since the last OL session, new 

data have been reported for a number of key reactions previously 

identified as important for the ozone budget. This has led to small 

refinements and reduced uncertainty in the recomered parameters for the 

basic odd-oxygen renoval chemistry involving 	and Clx 

species. In addition, rate coefficients have been measured for a number 

of reactions for which data were not previously available, in particular, 

reactions involving the NO 2  radical. These studies have not provided 

any major novel or unexpected results. 

Although there are still some problems in relating the data base to 

chemical kinetics theory, the consistency in the experimental results of 

the important reactions gives reason for considerable confidence in the 

reliability of their rate coefficients. This rather satisfactory 

situation can be largely attributed to the great improvement in the 
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experinntal techniques for study of gas phase kinetics and  
photockemistry. 

No major new processes have been ircorporated into photo-chemical 

models sirce the last CODL session, but several novel chemical aspects of 

a more speculative nature have been addressed. These irclude the slow 

chemical reactions of non-radical reaction parthers (e.g. C1Ct0 2, HC1, 
H20, N 5  and kNO2  etc.), which may occur either 

hcncgeneously, or heterogeneously on aerosol particles; reactions 

involving sodium of nEsospheric origin; and exàited-state chemistry. 

Data relating to the mechanisos of the oxidization of hydrocarbons and 
halocarbons has also been reported. 

The following discussion will esphasize the impact of new results 

on established chemistry and also on some of the more speculative 

aspects, with particular refererce to ozone perturbation calculations. 

The large majority of the processes for which the data base is thought to 

be well established have been fully dealt with in previous CODL reports 

and will not be covered again here. In experimental work, emphasis has 

continued to be placed on: 

(a) The analysis of reaction products with the object of better 

definition of the products of nvltiple reaction pathways; (b) 

Investigation of rate parameters and mechanisms over the full range of 

atmospheric temperature and pressure sit -ce extrapolation of results from 

outside this range is sometimes unreliable; (C) Studies of the influerce 

of the partial pressures of other gases such as water vapour or oxygen on 

reaction rates; (d) Laboratory investigations of simple chemical systems 

involving ozone reactions with I) '  ClO, or Wx 	cjea, as it has 

been recognized that this approach may lead to the possthle 

identification of relevant novel chemical processes. 

The report of the CXDL at its sixth session drew attention to the 

nç)ortarce of tropospheric chemistry, both in controlling the irput of 

surface-derived source gases to the stratosphere and with respect to the 
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contribution of tropospheric ozone to the total ozone column. Efforts to 
improve our urx3erstarding of tropospheric chemistry, particularly that 
relating to the budgets and life cycles of sulphur, nitrogen and 
carbon-containing species have expanded greatly in the last two years. 
These studies have revealed a ccztplex picture of tropospheric trace gas 
behaviour which is not so readily amenable to study using the approach 
adopted successfully for stratospheric chemistry. This arises from the 
variation in space and time of the sources of pboto-cheinical activity, 
and of the dynamical behaviour of the lower atmosphere. However, real 
progress towards understarviing the chemistry of the troposphere is 
expected as a result of the ongoing programes. 

Extensive chemical kinetics research has continued to emphasize the 
11Tportare of temporary reservoir species such as IDC1, DD 2 , 
N205  and C1ONO2. The improved measurements of key kinetic and 
photochemical parameters involving these species, reported in the period 
since the last CODL session, has not led to any significant change in the 
calculated ozone depletion due to C1X perturbations. The possible 
importance of additional chemical pathways for C1X species in the highly 
perturbed stratosphere will need to be considered. 

Reactions involving O,, FK), Mx and C1X coupling. No 
significant new experimental data relating to the kinetics of reactions 
of the oxygen species 0( 3p), 0( 1D), 03  or 0 2 * have been reported 
and the data base is considered to be well established. The branching 
ratio for WJ formation in the reaction, of 0(1)) with N20, which is 
the major source of stratospheric 	is a critical parameter in model 
calculations. There are differences in the laboratory studies of this 
reaction which have been attributed by sane, to kinetic energy effects 
from photochemically generated 0 ( 1D). This needs clarification. There 
remains some concern about the possible roles of excited states of 
(021D and 021)  and work is in progress to identify the sources of 
these excited molecules, especially from radical + radical reactions. At 
present, there is no evidence that these states have any important 
effects on the overall chemistry of the stratosphere. 
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The penetration of solar ultraviolet radiation into the atzsphere 

is controlled by absorption by molecular oxygen between 100 and 240 nm 

and by ozone between 200 and 320 nm. In the past, there have been 

inconsistencies between measured solar ultraviolet fluxes and those 

calculated from laboratory measurements of the relevant absorption cross 

section of 02  and 0 3. It was inferred that the laboratory 

measurements of the 02  absorption cross-sections in the Herzberg 

Continuum, 180-220 run, may have been too high, by a factor of ts, and 

recent laboratory experiments designed to overcome problems associated 

with extrapolation to stratospheric pressure and tenperature have 

confirmed this. Incorporation of these lower values into models results 

in enhanced calculated penetration of solar-radiation flux into the 

atmosphere. The resulting increased pkxtolysis rates lead to an 

inprovement in the agreement between measured and calculated profiles for 

CFC 11, CFC 12, N20 and HNO3  but reduces the level of agreement for 

profiles of ozone. Accurate values for ozone cross-sections for 200 ± 20 

nm are still required to refine the solar-flux calculations. 

kecent laboratory measurements of the ozone absorption 

cross-section from 230 to 340 rim show no significant difference below 

280 rim compared with the previous measurements used in the stratospheric 

models. But, at longer wavelengths, the temperature effect leads to 

increasing differences reaching 10 per cent at 300 rim. The temperature 

dependence should be considered carefully for modelling applications with 

the simultaneous variation of the quantum yield of the 0( 1D) 

production, particularly in the lower stratosphere. 

HD x species play a key role in the upper stratosphere, where the 

following reactions: 

OH + 0S- 	2 + 02 
O +IID--0H+O2  

provide the major 03  loss process in the unperturbed atmosphere. In 

- 30 - 



the lower stratosphere, (11 is the key radical controlling formation and 

removal of active Clx and NOX  species through the reactions: 

OH + HC1-*H20 + Cl 

OH + NO + M- HDND + M. 

The data base has inproved greatly so that today there is a reliable 

consensus based on measurements for the rate parameters for all the key 

a)2  reactions with H, 0, OH, NO, 11) and 0 3  which control the 

abundance and partitioning of OH and 11)2 radicals. Earlier work 

indicating unexpected kinetic effects has been confirmed in experiments 

which now provide better characterization of the reactive channels and 

the presure, tenperature and water vapour dependence of the rate 

coefficients. &ditional studies of HD + 0 3  are still required. 

!ival of odd hydrogen in the lower stratosphere occurs mainly by 

the reactions of CE with nitric and peroxynitric acid: 

OH + HN0SH2O + ND3 

OH + "12 > H0 + 02 + ND2 

Charyes in the reconiiried rate coefficients for the reactions have 

previously resulted in significant revisions of calculated ozone 

chanes. The negative tenperature dependence and small pressure 

dependence of the reaction of Cli with HND 3  is now well established, and 

new data have been reported for the tenperature and pressure dependence 

of the reaction: 

HD + NO2  + M = 1DMJ2  + M. 

The problem of conflicting results for the teiperature dependence of OH + 

is still not resolved and the products of this reaction have 

not been verified. Moreover, the tenperature dependence and products of 

the plxto-dissociation of 11) 2ND2  are still not established. These 
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gaps in the data base still lead to sane urcertainty in the description 

of the behaviour of }D 2NO2  in the lower stratosphere. 

The most significant new developments in ND 
X 

chemistry relate to 

the kinetic data reported for NO 3  reactions. There have been several 

direct measurements of the rate coefficients for the reaction I7)3  + 

NO2  + M = N205  + M, and the equilibrium constant for this iiiortant 

teiporary reservoir species (N 205) is now established. Data for 

reactions of NO3  with NO, Cl, dO and numerous hydrocarbon species have 

been reported. The new information on NO3  reactions has not modified 

the previously held view of the major features of NO3  chanistry. 

No major charges in the data base for the major odd-chlorine 

reactions have emerged. Minor revision of the rate coefficients for the 

reactions 0 + dO and OH + HCl has resulted from several new studies of 

each reaction. The new values are approximately 10-20 per cent lower and 

higher respectively and, sirce they have opposite effects on the ozone 

destruction cycles, the overall effect of these revisions on calculated 

ozone depletion is minimal. Recent kinetics studies of the II) + dO 

reaction have revealed scme irconsistercies, in both the kinetics and 

products channels. Earlier corclusions that the HCl forming channel is 

negligible may need modification in the light of consistent observations 

of only 85 per cent yield of the H3 2  and Cl products. Direct 

observations of HCl as a product is urgently required, sirce this 

reaction channel could provide an important loss mechanism for odd 

chlorine in the upper stratosphere, where large 0 3  reductions due to 

C1X are predicted. 

New data on the temporary reservoir species IDC1 and C1ONO 2  have 

confirmed previous corciusions that FOCi plays a minor role and only one 

significant chlorine nitrate isomer is formed in the ClO + NO 2  + M 

reaction. Pboto-dissociation is the major sink for these temporary 

reservoirs. Minor charges in the product channels for C1CN0 2  

pboto-dissociation are indicated by recent results, which si.gest that 

0(3p) formation occurs approximately 10 per cent of the time. 
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1. Bromine chemistry 

Ozone destruction by active bromine species, Br and BrO, may occur 

by means of a catalytic cycle analogous to that of ClO, and also by 

coupliog with ClOg  cycles through the fast reaction of BrO with ClO. 

Although ptiotochemical kinetic data have been reported for most of the 

relevant reactions, the uncertainty in the data base is larger than that 

for CiO, reactions. Nevertheless, it is clear that ozone destruction 

by BrX is more efficient than that by C1X on a molecule basis, because of 

the rapid conversion of the reservoir species, HBr, to active BrOs 

species by the reaction: 

)Br+H20. 

This leads to a large proportion of the total stratospheric bromine bei9g 

present in the active form. 

2. Cbcidization of hydrocarbons and halocarbons 

The observed increase in atmospheric methane concentrations 

underlines the need to understand its oxidization mechanisms. In the 

stratosphere, the reaction Cl + CH4—HCl + CH3  constitutes the main 

loss process for active chlorine. The dominant sink of methane is, 

however, its reaction with OH, leading to water vapour formation. The 

main intermediate products are CH 3O, CH302  and formaldehyde. New 

data confirm that reaction with 0 2  is the only important route for 

Ck10 in the atmosphere. Particular areas of uncertainty, are the rates 

of the reactions: CH 302  + H3 -4 CH 300H  + 02' 302 + 03  

-3 products and kD2  + kiCk!) -3 products, and the teffperature dependence 
of the OH + CD reaction. The effects of these uncertainties on 

stratospheric ozone perturbation calculations are negligible but they are 

inportant for the tropospheric ozone and OH budget. There is also 

improved knowledge of the kinetics and mechanisms for oxidization of 

other hydrocarbons such as C 2116, C 3  H  8  and C2H21  which are 

useful as tracers to test the transport and chemistry used in models. 

Many gaps remain, bowever particularly in the pbutochemistry of 
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intermediate species such as carbonyl conpounds, which are potential 

sources through pbotolysis, and the organic peroxynitrates (e.g. 

peroxyacetylnitrate) which can act as sinks for odd nitrogen in the 

troposphere and lower stratosphere. 

A considerable anv.unt of attention has been directed over the past 

few years, to the pboto-oxidization mechanisms of the chlorofluoromethyl 

radicals derived from the initial breakdown of the Cs by photolysis or 

by reaction with 0(1D). tkdel calculations have generally assumed that 

the release of Cl from the CFC1 radicals is rapid compared to the 

overall CFC lifetime and detailed chemical steps for this process are 

normally ignored. However, caieulations in which the intermediate 

species C120 and CFC10 are irluded give stratospheric C1X 

corcentrations a few per cent lower than the simplified treatment. 

Furthermore chiorofluoromethyl peroxynitrates formed by the reaction of 

with NO 2  may act as a minor temporary reservoir for 

NO and CIX in the lower stratosphere. These effects need to be 

explored further in model calculations. 

3. New chemical considerations 

The stabilization of the data base for established reactions has 

rendered feasible investigation using modelling techniques and laboratory 

experiments of the possible role of less well quantified processes in 

stratospheric chemistry. The potentially most important effects result 

from reactions involving the temporary reservoir species. The 

bomogeneous reaction of N 205  with water vapour is known to be very 

slow, but a rapid surface reaction can take place. If this reaction were 

to occur on the surface of stratospheric aerosol, the reaction sequerce: 

H 2  0 + N205  -92ItO3  -)23H + 2402  could provide a significant 

source of ID  in the lower stratosphere. A similar effect could result 

from ClO)2  and 1D 2NO2  reactions with water. The reaction ClOtJ32  

+ HC1-*L12  + HNO3  has also been observed in the laboratory, but the 

rate and nature of the reaction has not been established with certainty. 

Such chlorine reactions could be important for stratospheric chemistry, 

sirce they could release active chlorine from these reservoir species 
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thus increasing the predicted magnitude of ozone depletion. 	In 

addition the Cl0) 2  + H20 reaction would increase ca]eulated ozone 

dletion due to ClO. The ourrence of these reactions on the 

surface of stratospheric aerosol could also be ixiportant. Studies of the 

reactivity of these species in both the gas phase and on aerosol surfaces 

are clearly needed. 

The possibility of additional chemical pathways for Cia in a highly 

C1X perturbed stratosphere has also been addressed. The formation of 

assymetrical d03  in the reaction of ClO with 02  has been 

investigated experimentally, with a view to assessing a possible 

odd-oxygen source through photolysis of C10 3 , i.e.: 

d03  + hv -3 OClO + 0 

0C10 + hv -4 dO + 0 

Recent results suggest that C10 3  formation is too slow to be 

significant. Other possible pathways to Clx species, such as the ClO + 

dO reaction, are also being investigated. 

Since the sixth session of the CCDL, a certain amount of progress 

has been made in quantifying sane of the more speculative aspects of 

stratospheric chemistry raised previously. These include reactions of 

excited-state species, e.g. N 2  (A), which could provide a source of 

N20 via reaction with 02.  Reactions of }I) 2 (A) and CW' could modify 

ID x chemistry. While numerous excitation mechanisms for these species 

have been shown to be inportant in the stratosphere, non-reactive 

quenching processes appear to dominate the loss mechanism of the excited 

states for 102 (A) and ci-i, but the picture is still less clear for 

N2 (A). 

Considerable inprovements have been made in the kinetic data base 

for reactions involving sodium. It has been suggested that sodium could 

influence upper stratospheric ozone through catalytic release of Cl from 

HC1, through the formation and photolysis of NaCl. The gas phase 

- 35 - 



reactions of NaO and NaOH with HCl to form NaCl are thought to be 

extremely rapid. There is still considerable urertainty regarding the 

photolysis rate of NaCl, which is essential for the release of chlorine 

and the regeneration of sodium. However, the major ur*ertainty relating 

to the iirortance of sodium chemistry is our lack of knowledge of the 

aburKlarxe of gaseous sodium and its oxides in the stratosphere. 

4. Solar-flux variability 

Changes in atmospheric chnistry could be induced by solar-flux 

variations between 100 nm and 240 nm where molecular oxygen absorbs; 

special attention must be given to the spectral region near 200 ± 20 nm 

(atmospheric window), where various molecules such as N 20, Cd 4 , 

CF3CI and CF2C12  are photodissociated. Although the total solar 

irradiarxe (solar constant) and its variations with solar activity can be 

measured with great accuracy from satellites, this is not the case for 

spectral irradianoes in the ultraviolet regime above 100 nm. While the 

best calibrations give a precision of better than + 10 per cent, 

examination of different sets of observations that are often regarded 

individually as satisfactory, reveals consistent differerces of ± 20 per 

cent and in certain cases as much as a factor of t. The most recent 

values obtained using rockets have mean values for 1 nm intervals which 

generally differ by about 10 per cent. 

The degree of penetration of solar UV radiation in the stratosphere 

is determined by the absorption of molecular oxygen (02)  leading to 

production of 03  through photodissociation to oxygen atoms (0) and to 

its final product ozone (03). Recent satellite and rocket observations 

have shown that the solar spectral irradiances of the various spectral 

regions (Chappuis bands in the visible, Hugg ins bands in the UV-B and 

even the Hartley band at wavelengths less than 310 nm) corresponding to 

the photo-dissociation of 0 3  do not vary with solar activity ( ± 1 per 

cent). ¶L\'ienty-seven day cyclic changes in the solar irradiance have been 

detected in the region of the Herzberg Continuum, leading to the 

photodissociation of 02  at wavelengths less than 240 nm. Between 240 
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and 210 nm, the variation is about 1 per cent itxreasing to approximately 

5 per cent near 200 nm. 

An extrapolation of these data to a solar 11-year cycle requires 

the adoption of a solar irxex. Sirce there is no general agreement to 

date regarding the adoption of an indicator of solar activity, the 

question as to the magnitude of the solar-cycle variation in the 

photo-dissociation region of the spectrum of 02  still remains. 

F. Atmospheric observations 

Atmospheric observations are required to check the validity of 

models at all accessible points. The caiarison of theory and observation 

is essential if we are to test our ability to describe the present 

atmosphere. Various in situ and remote-sensing techniques are now being 

used to determine the atmospheric corcentrations of a large number of 

chemical species from the ground and from aircraft, balloon and rocket 

platforms. This type of data is required to test the radiative-chemical 

aspects of the models. lb date, there have been some measurements of 

most of the key atmospheric constituents, with the exception of the 

teuporary reservoirs, e.g., Cl0Ii021 	22'  etc., which have, at 

best, been only tentatively identified. 

While many of these observations have been isolated measurements of 

single species, they have not only demonstrated the preserce of these 

species in the atmosphere, but also provided a vital, though limited, 

test of our knowledge of atmospheric pbotochemistry. Obtaining 

measurements of these key species with the accuracy, precision, and 

teuporal and spatial resolution required to test critically the validity 

of the photochemical models, is a difficult task due to the low 

atmospheric corcentrations of these species i.e., parts per million to 

sub-parts per trillion. It is now well recognized that the simultaneous 

measurement of several pbotochemically coupled species in the same air 

mass is necessary for the required critical test of photochemical theory; 

such tests are not possible from isolated measurements of single 
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species. 'lb date, hover, there have been only a limited number of such 

simultaneous measurements with which to test the theory. 

There has also been substantial progress during the last two years 

on formulating strategies that will test most effectively the validity of 

tne photochemical models, including studies of the diurnal behavior of 

gases, studies of the changing chemical ccnposition of an air parcel with 

tine, ratio measurements of species, correlation studies of 0 3  with 
temperatures and correlation studies of 0 3  with "DX'  C10 and 
species. Before coxrçaring theoretical descriptions of the present 

atmosphere with observations, it is vital to have an understarxiing of the 

accuracy and precision of the observations. At present, it is not always 

obvious whether differences between measurements of the same species, at 

different times, are due to measurement inaccuracy or to atmospheric 

variability. Once the quality of the data has been determined from the 

various intercomparison campaigns that have recently been conducted, and 

the newly developed instrumentation discussed below is demonstrated, it 

sIuld be possible to make the type of measurements required to test 

critically the photochemical models. The data collected from the recent 

remote-sensor campaign, described below, will provide the most 

ccmprehensive set of data of known quality with which to test 

pbutochemical models. It sbuuld also be noted that a capability to 

measure several species globally from satellites has been denonstrated, 

and that a data base is now available to test certain features of the 

chemical, radiative and dynamical aspects of nultidinerisional models. In 

the longer term, these field and satellite progranmes will overcame the 

greatest problem, i.e., the sburtage of data. 

As indicated earlier, one of the major shortcomings to validating 

theory is a lack of understanding of the accuracy and precision of 

atmospheric measurements. Consequently, there has been a major effort to 

conduct a series of international intercomparison balloon measurement 

campaigns aimed at determining the accuracy with which the vertical 

distributions of key atmospheric constituents can be obtained. In two of 

these campaigns, numerous different instruments using similar and 

dissimilar experimental techniques were employed to measure 
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siniiltaneously a wide range of key atmspheric constituents in the same 

air mass. Provisional data from these canaigns have been presented at 

several recent international synposia, and in most cases, the accuracy 

appears to be in the range of 10-20 per cent after certain problems in 

the analysis of some of the data sets were solved. This data is 

currently being finalized and sbould be available within the next few 

months. They irclude: 

Several canaigns enploying both in situ and remote-sensing 

balloon-borne and rocket-borne ozone instruments; 

Two canpaigns utilizing remote sensing balloon-borne 

instruments (13 on the first, and 18 on the second) using eight different 

techniques irluding grating spectrometers, radiometers and Fourier 

transform interferometers, to measure several key atmospheric 

constituents irxluding HNO 3, NO 2FJD,  HC1, HF, 03  N20, Q14  

H20, ID, etc. These sensors utilized the visible, infra-red, 

far-infra-red and microwave regions of the electromagnetic spectrum in 

both the absorption and emission mode. These balloon measurements were 

supported by ground-based and aircraft-borne instruments which measured 

the total column content for a number of chemical species, and also, by 

meteorological and atmospheric aerosol data; 

Three canpaigns enpLoying in situ and rte sensing 

balloon-borne water vapor instruments; 

In one caJipaign, two in situ grab sanpling techniques for 

source gases, ircluding N20, CFC13  and 2Cl2  were utilized. 

Several additional intercparison canpaigns of balloon-borne 

instruments are clearly needed inzluding: 

In situ and raiote sensing techniques for dO; 

In situ and remote sensing techniques for ID and 
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Over the last two years, several newly developed in situ and renote 
sensing techniques have been denonstrated, though the data has not yet 

been published, for species for which there had been inadequate 

measurements, e.g • OH. In addition, some existing techniques have been - 

or are being, inproved and this will result in greater sensitivity for a 

number of species, e.g., ClO and 0 3  by balloon-borne microwave emission 

and HD, by matrix isolation EPR detection. This newly developed and 

inproved instrumentation will augment existing instrumentation so as to 

measure nearly all key atnospheric species over a significant altitude 

range with the accuracy and precision required to test critically our 

description ot atnospheric photochemistry. An exception to this may be 

in the ixçortant area of the tenporary reservoirs, where there are no 

reliable measurements to date, and where the prospects for future 

measurements are difficult to assess. In prirciple, there may be hope of 

utilizing a high resolution infra-red interferometer or another possible 

approach may be the infra-red detection of these species trapped at 77K 

on an inert gas matrix. 

thniques that have been denonstrated over the last two years 

irclude: 

Two balloon-borne far-infra-red emission interferotneters for 
remote sensing detection of OH; 

Balloon-borne laser induced fluorescerce systems for in situ 

and ranging detection of OH; 

(C) 	A ground-based microwave emission system for renote 

detection of NO2 , 

(d) 	A balloon-borne laser diode absorption system for in situ 

detection of NO and NO2 . 

A platform, called reel-up/reel-down, has also been denonstrated 

whereby an instrumented packe can be lowered and subsequently raised 

approximately 10 km on a cable relative to a balloon-borne platform 
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floating in the mid-upper stratosphere. This allows the atmosphere to be 
probed with highly sensitive in situ fluorescerce instruments having a 
high vertical resolution (approximately 30 m) many times per balloon 
flight. This results in a substantial enharcenient of the scientific 
information return; e.g. on the diurnal variability of chemically coupled 
species and fine stricture in the vertical distribution of the chemical 
ciosition, both of which critically test chemical models of the 
atmosphere. 

The only two parameters for which there are long-term extensive 
satellite and ground-based global data sets are ozone and tenperature. 
However, a significant step forward occurred with the validation and 
release of data obtained by instruments flown on the Nimbus 7, 
Atmospheric &plorer II, and Solar Mesospheric Ecplorer Satellites. This 
ircludes seven months of Limb Infrared Monitor of the Stratosphere (LIMS) 
data (HNO 3 , NO2 , 031 H20, temperature), the first year of 
Stratospheric and Mesospheric Sounder (SPMS) data (N 20, Qi 11  

temperature), the first two years of Solar Backscatter Ultraviolet/Total 
Ozone Monitoring System (SBUV/'IOMS) data [0 3  (column and vertical 
distribution) and solar flux] and the first two years of Stratospheric 
Aerosol and Gas &periment (SA) data (0 31  NO2 , aerosols). In 
addition, five years of polar stratospheric aerosol data are available 
from the SPi4S II experiment. These data have been processed and archived 
in the National Space Scierce Data Center at Washington, D.C. Moreover, 
the data from the SME satellite (031  NO2 , aerosols and solar flux) 
are now becoming available. 

Our current knowledge of the vertical distribution of source gases 
and retive tre species will now be briefly reviewed, with emphasis on 
those species which can directly influerce the corcentration of ozone in 
the stratosphere. However, it should first be reiterated that recent 
developtents in our ability to measure atmospheric species should enable 
us to improve our understaitling of atmospheric composition in order to 
test the validity of theory and to observe trends in the corcentrations 
of key constituents. This latter capability should provide eviderce of 
significant changes in atmospheric chemical ccuposition. 
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1. Source gases 

Individual vertical profiles at several latitudes have been 

obtained for R 2F CH4 , N20, C'2Cl2  and CFC131  while, in 
addition, zonally averaged vertical profiles have also been obtained for 

N20 and CH4  from satellites. While their individual rates of 

decrease in the vertical direction are different, they all exhibit the 

same general zonal and vertical distribution. In the tropics, the 

profiles show less vertical changes in the 10-35 km region than in the 

higher latitudes. There is significantly more scatter in individual data 

sets in the altitude range where transport and chemical lifetimes become 

coqarable. Theoretical models seem to be able to represent the 

qualitative features of each source-gas distribution, but not all aspects 

of the available quantitative details. The most notable discreparcy is 

the underestimation of vertical fall-off. The new lower 02  cross 

sections rede the magnitude of this discreparcy but do not eliminate 

the problem. It should be noted that transport parameterization can also 

affect the theoretical calculated vertical profiles. These differences 

have little inpact on the overall budgets of the trace species families 

C10 and HD x in the region of greatest interest. There are 

only a few mid-latitude CH3C1 and 0) vertical profiles available, and 

they are in general agreement with theoretical estimates. The present 

lack of an extensive data base for these species prevents more refined 

analysis. 

2. Wd-oxygen fami,y 

The oxygen species of interest in the stratosphere are ground state 

atomic oxygen O(), excited-state atomic oxygen 0('D), sir1et 

molecular oxygen 02(A)  and ozone 03. There exist only six 

profiles of 0( 3p) and one of 02 (A) in the stratosphere. 0(1)) 

has not been measured in the stratosphere because of its low 

concentrations. The relevant coflçarison for 0( 3p) measurements is the 

ratio 0( 3p) /03• Conçarisons of the measured ratios with those 
predicted by models show good agreement; however, the data base is 
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limited and, therefore, not adequate to test critically these models. 

Atmospheric 03  is disussed in another section of this report. 

3. O.d-hydrogen family 

Although the odd-hydrogen species (IDX)  play a central role in 

stratospheric pbotochemistry, knowledge of atmospheric corentrations of 

species 	'EDand 11202) is inadequate. The available 
observations for both (B and 102  can do little more than demonstrate 

the existerce of these radicals in the stratosphere and provide a crude 

picture of the altitude dependerce of absolute corcentration above 30 

km. For lower altitudes, there are no published data at present, and 

this constitutes a serious gap in our knowleãe. This limited data base 

is understandable considering the difficulty of the measurements. 

However, several new techniques have recently been develced to measure 

the vertical distributions of (B and 102  radicals. These techniques 

have already been deployed and the data obtained are currently being 

evaluated. This type of data will render possible a critical testing of 

the understanding of 10 pbotochemistry, when obtained in conjurction 

with other relevant data, e.g. 1120  and 03  corcentrations. Published 

ground-based measurements of the total column of OH, and of the 

distribution of 102  above approximately 25 kin, do reflect some 

constraint on these key species, and are indeed consistent with model 

predictions. The OH distribution with altitude and latitude have been 

calculated using LIMS NO 2  and HNO3  data by assuming photochemical 

equilibrium. The derived CU corcentrations appear to conpare well with 

theory between 30 and 35 km. The situation for hydrogen peroxide is less 

satisfactory, sirce there are no positive observations of this species in 

the stratosphere, but, prospects for its detection in the near future are 

good. In the abserce of detailed knowledge of CU, 102  and  11202, 
there is no adequate test for the validity of 10 chemistry in the 

models, and this is urgently needed due to its control of NO x and 

C10 pbotochemistry. The partitioning of NO x and C10 species 

between active radicals and inative reservoir species is believed to be 

controlled by the atmospheric corcentration of Cl-I, i.e., the ratios 

ClO:kiCl and NO2.HNO3  are both controlled by OH in model calculation. 
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4. O1d nitrogen family 

The odd-nitrogen species considered inportant in the chemistry of 

the stratosphere are NO, NO 2, NO3 , N205, 1NO3, }32NO2  and 

CJJJNO2. The results of measurements of NO, NO2 , 3)3  and HNO3  

have been reported in the literature, but the lack of reliable 
measurements of the tiporary reservoir species (N 205, Ii)2NO and 
C1ONO2) constitutes a major gap in the understanding of nitrogen 

chemistry. Wd-nitrogen chemistry is inportant in that it is believed to 

play a dninant role in limiting 03  corentrations in the stratosphere 

and it interacts strongly with odd-chlorine and odd-hydrogen chemistry. 

Atnkspheric-corcentration profiles of the daninant odd-nitrogen 

species (NO, NO2  and 11103) have been measured by a variety of 

techniques. In general, the agreement between measurements by the 

different techniques lies well within the slight day-to-day variability 

observed by a single technique. However, until recently, there have been 

very few sinultaneous measurements by different techniques to test 

instrument accuracies. The recent BIC canpaign addressed this problem 

and the results, which will be available in the near future, will be used 

to evaluate the relative accuracies of many of the long-path instruments 

that have been used to measure NO, NO 2  and HNO3 . 

There have been no measurements of total odd-nitrogen 

conoentrations (NOr ) in the stratosphere. However, N0, profiles in 

the 30 to 40 km region can be inferred from NO2  and NO profiles 
measured by satellite and balloon-borne instruments (HNO 3, NONO21  

NO3  and C10NO2  contribute only very minor anurits to the total; and 

N205  contributes a sanewhat larger and diurnally variable anunt to 

the total in this region; NO is only present during daylight hours when 

the bulk of NO is in the form of NO and NO2). Of these 

measurements, the best available indicator of stratospheric 

corentrations of NO to caipare with one-dimensional ndels are the 

early evening measurements of the mid-latitude NO2  conoentration 
profiles. In this region and at this time, NO 2  is calculated to 

comprise 50 per cent (at 30 kin) to 90 per cent (at 40 kin) of NO V. In 
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the 30 to 40 km altitude region, chemical processes predominate over 

transport processes, and the chemistry that controls the partitioning 

among NO, species is believed to be reasonably well understood. 

For global budgets of tD,, satellite data provide the most 

conprehensive data sets for ccmparison with models. Three satellite data 

sets of stratospheric NO2  corcentrations exist (LIMS, SAGE and 4E), 

but only one (L1MS) irciudes night-time measurements of MD 2  
corcentrations. Averaged NO2  corcentration profiles for March, April 

and May, 1979 from the LJI4S early night data (four to five hours after 

sunset) for the middle latitudes (Northern and Southern Hemispheres) sbow 

an ircrease with altitude from about 9ppbv at 30 km to a broad 

corcentration maximum of about 16.5ppbv extending from 36 km to 40 km 

with a one sigma error of about 25 per cent. This average MD 2  profile 

can be converted to an ND profile using calculated NO 2  to 

ratios which are primarily determined by ozone corcentration and 

tenperature. The data are consistent with a uniform NO mixing ratio 

in the range 18 to 21 pbv between 30 and 40 km. Specifically, the 

profile is calculated to be 18ptv at 30 km, 21bv at 36 km and 18ppbv 

at 40 km. 

Due to large diurnal variations in NO and NO 2  corcentrations 

(under daytime conditions NO2  coxrprises only 15 to 35 per cent and NO 

only 14 to 80 per cent of NO at 30 to 40 kin), other measurements are 

not directly cQtparable with the ND data derived from the night-time 

NO2 data. However, the satellite (SAGE) sunrise and sunset NO2  data 

measured during March, April and May, 1979, are consistent with the 

profile deduced from the LIIIS data and the calculated MD 2  to MDy  

ratio. Also, most NO and NO2  measurements from balloon-borne 

instruments (as suninarized in The Stratosphere 1981 - Theory and 

Measurement, published by '14) in co-operation with N1SA) are consistent 

with the NO values given above when the calculated ratios for NO to 

NOy  and NO2  to NOy  are used to convert to NO profiles. However, 

there are several NO corcentration profiles measured using a 

rocket-deployed in situ technique that iirrlies MDy  values about one 

half as large as tbose given above. 
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The general consistency between data sets measured with a variety 

of different instruments, both in situ and remote, and specifically the 

consistency between balloon-generated data and satellite data, tends to 

verify NO concentrations derived from the LIMS data. However, a much 

more ccmprehensive study to conpare NO budgets derived from the large 

volumes of satellite NO 2  data as well as the more limited balloon NO 
and NO2  data sets should be conducted. Even though one or two models 

calculate ND values below 15ppbv, many of the current one-dimensional 

models calculate NO values at 30 to 40 km in the 18 to 22ppbv range, a 

range consistent with the values derived above. 

In general, the shape of model calculated profiles of NO and NO 2  

in the middle latitudes agree with the shapes of measured profiles 

throughout the stratosphere. The only discrepancy between measured and 

calculated profiles of the dominant odd-nitrogen species is the slight 

over-estimation of HNO3  by models above 30 km. However, it appears 

that the available measurements of NO  by species do not provide a 
critical test of model performance. 

The main deficiency in odd-nitrogen measurements is the lack of 

reliable data for the teuporary reservoir species N 205  and 
kD2NO2. Only a tentative identification of N 205  and an upper 
limit for 1D2NO2  have been reported. 

5. Q]d-chlorine family 

The stratospheric odd-chlorine species (ClOg)  are Cl, dO, }DC1, 

ClONO and HC1. Measurements of ClO and HC1 have been reported, but 

reliable measurements of }DC1 and C1ONO 2, which are needed to assess 

their iirportance to stratospheric chemistry, are not available. The 

interaction of the odd-chlorine species with species of the odd-nitrogen, 

odd-hydrogen and odd-oxygen families may be iiiortant in determining the 

future concentrations of atmospheric ozone. 

Knowleàge of atmospheric dO has been inproved recently by ground 

based microwave measurements. These measurements largely confirm 

previous balloon-based vertical profile measurements. This technique has 
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also been used to measure the diurnal charge in the column amount of 

atmospheric dO. The results of model calculations agree rather well with 

these movements. The large calculated diurnal variation of dO is 

primarily due to the rapid exchare between C]JC10  and C1)2/K)Cl. 

However, published results of ground-based infra-red measurements of ClO 

indicate an upper limit for the column ClO density that is a factor of 

three to five below both the microwave and the balloon-based 

measurements. This upper limit was derived on the basis of the observed 

signal-to-noise ratio and the lack of any spectral feature that could be 

attributed to ClO. Preliminary analysis of new spectra shows a line that 

can be attributed to dO, but the interpretation of these data is 

cc*licated by interfereaes due to adjacent }1J03  lines. A ccrplete 

analysis of these data and a re-evaluation of the relevant line strengths 

should be available in the near future. 

The agreement between balloon-based ClO profile measurements and 

the model-calculated profiles is reasonably good, with the calculated 

profiles being at the upper ece of the measured profiles throughout most 

of the stratosphere (ignoring the two unexplained balloon-based profiles 

that fall well outside the other eight profiles measured by the same 

technique). The earlier discreparcy at 40 km, where models 

underestimated dO, has apparently been resolved. This is due to larger 

calculated ClO corcentrations at this altitude, as a result of changes of 

the rate coefficients of O-FB)2, O-fClO and OH+HC1. The column density 

of ClO measured by the ground-based microwave instrument is approximately 

30 per cent lower than the column density calculated using the mean 

values of the ballon-based profiles. It should be noted, however, that 

the balloon-based CB) data exhibit rather large flight-to-flight 

variability (a factor of three to four) which is neither easily explained 

nor seen in the ground-based microwave data. 

Measurements of HC1 consist of vertical profiles from 14-40 km and 

ground and airborne total column measurements. Profile observations show 

a variability within approximately a factor of three and the altitude of 

the maximum HC1 aburriarce and any seasonal variations cannot be clearly 

established. Calculated lid profiles fall towards the middle to high end 

of the observations up to about 30 km, but the data at 35-40 km possibly 
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irth.cate an HCl mixing ratio (approximately 2 pçv) somewhat higher than 

calculated values. Recently observed latitudinal variations in the HC1 

column are modelled fairly successfully. 

Tenporal trerxls in MCi and HF atmospheric corcentrat ions have been 

determined from the airborne total column measurements, which have wide 

latitudinal coverage but are made only sporadically. Calculated trends 

tor these species are in reasonable agreement with the measured trends. 

However, preliminary analysis of ground-based infra-red data indicate a 

trend in HF that agrees with the airborne measurements and calculations, 

but a trend in MCi that is considerably below the airborne measurements 

and calculations. These data are from only one location but are 

continuous in time. As the trend in HC1 corcentrations is critical to 

the understanding of stratospheric ClOg, these results iwst be 

cross-checked by other data sets. 

The inçortant tenporary reservoir species C1CNDand HDC1 have 

not been reliably detected in the atmosphere. However, two techniques 

may produce measurements of C1OND 2  in the near future. Inrovements in 

the spectral resolution and in the signal-to-noise ratio in addition to 

tne ability to remove interfering lines mathanatically , sbould lower the 

detection limit for the FIR technique to a value below the calculated 
C1ONO2  corcentrations. A technique in which the C]QI) 2  is trapped in 
a solid (D2  matrix and is then analysed by FIR will, in prirciple, 

have a detection limit well below the model calculated C1 2  
corcentrat ions. 

G. Current status of model predictions 

It is now well recognized that the changing corcentrations of a 

number of anthropogenically influerced source gases may be altering the 

global atmospheric ozone distribution and teuçerature structure. Many 

previous evaluations of possible changes in ozone have considered only 

the effects of individual species. However, because of the non-linear 

intertions between the various chemical cycles, the most realistic 



model analyses of possible future changes in ozone must consider the 

simultaneous effects of the time-dependent scenarios for variations in 

concentrations of all chemically and radiatively iiportant gases. These 

gases include CFC-ll , CFC-12, other chlorocarbons (CFC-113, CFC-114, 

C-115, (2C-22, CH3CC13 , (X14) CD2 , (B4 , CD, N20 and 

the last from both surface and aircraft emissions. 

Nevertheless, for historical purposes and for interpreting the 

role of a given type of perturbation, there is still value in considering 

the effects of each individual species alone, as discussed below. Such 

single-source calculations also render possible sinpie evaluations of the 

effects resulting from revised rate coefficients or changes in other 

models iputs. Therefore, single-species perturbations will be 

discussed, following discussion of the more realistic combined scenario 

studies, in order to describe the individual source-gas influences on 

chemical cycles in the atmosphere. 

As in the past, most of the model studies of potential 

perturbations to ozone and tenperature have been made using 

one-dimensional (l-D) models. However, assesnents with 2-D models are 

also now becoming available from a number of groups in North America and 

&lrope; these 2-D results, where available, are discussed throughout the 

remainder of this section. 

1. Individual perturbations 

most one-dimensional models used to study the effects of single 

perturbations also include the coupling of cnistry and tenperature, 

while the 2-D results available for chiorofluorocarbons, methane and 

nitrous oxide perturbations do not include tenperature feedback. Most of 

these calculations have been carried out with steady-state models 

assuming 1977 rates for ground release of chlorofluorocabons CFC-ll and 

CFC-12, and prescribed factors for the increase in the ground 

concentrations of nitrous oxide (NI)),  methane (Cl!4), carbon dioxide 
(CD2) and for the tropospheric injection of odd nitrogen (MDX)  by 
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subsonic aircraft or surface sources. The table below gives a summary of 

representative model results for changes in total ozone and surface 

tenperature. All teuperature changes were normalized to a value of 2K 

for a doubling of 00 2. This is a typical value for 

radiative-corrective models, whereas most general circulation models give 

2.5-4. 5K. In conparison with last year's results, &nall differeres are 

mostly due to alterations in the 02  and 03  absorption cross-sections. 

Table 1. Changes in total ozone and surface tenperature at steady 

state for individual species perturbations 

Scenario 

cFcs (1977 rate) 

cH4  x 2 

N20 x 2 

CD2  x 2 

Change in 1tal Ozone 

(percentage) 

-5 

+3 

-10 

+3 

Change in 

Surface 1nperature 

(°K) 

+0.5 

+0.4 

+0.3 

+2 

Steady-state odd-chlorine corentrations calculated with 1977 CFC 

emission rates result in a change of total ozone of about -5 per cent in 

fully coupled radiative-convective models and -3 to -4 per cent in models 

without tenperature feedback. The maximum changes in ozone of 40 per 

cent our near 40 km in the steady-state CFC perturbations. The 

corresponding surface tenperature change is about +0. ( due primarily to 
the CFC greenhouse effect with sane influence also from the change in 

ozone. Two 2-D models, which do not include the tenperature feedback, 

give a global average ozone change of -3.0 and -3.4 per cent in good 

agreement with the typical value of -3.5 per cent from 11) models without 

tenperature feedback. The largest ozone depletion in the 2) models is 

calculated to take place at high latitudes in the late winter and early 

spring, the minimn effect on ozone (-2 to -3 per cent) would be in the 

tropics in late suimer. If the releases of other chlorocarbons were to 

continue at present rates, they would ircrease the eventual calculated 

ozone depletion due to cts 11 and 12 by.about one third. 
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Doubling of nethane results in a calculated increase of total 

ozone by about 3 per cent, with about one-third of the increase ourring 

in the troposphere and t-thirds in the lower stratosphere. With 

increased nethane, calculated stratospheric ozone re&ction by odd 

chlorine is decreased or even reversed through the retion of Cl with 

nethane. Increased 014  also produzes more stratospheric water vapour 

and therefore more odd hydrogen, which adds to calculated upper 

stratospheric ozone re&ction. The surf ae tenperature change results 

from the combined effects of 014  increase (about two-thirds of the 

effect), increase in stratospheric water vapour (about one third), and 

increase in ozone (about one sixth). A 2-D study gave approximately a 

2.5 per cent global average increase in total ozone with a maximum 

increase ( 3 per cent) in the tropics and small decrease ( 1 per cent) 

in the high-latitude suniir hemisphere. 

(d nitrogen prodtxed from the reaction N 20 + 0( 1D) -3N0 + NO 

provides the primary loss nechanism for ozone in the stratosphere. 

Coupling of odd-nitrogen species with the odd-chlorine and odd-hydrogen 

families converts the ozone-destroying catalysts 	dO, OH, 

to intive reservoir species (ClCI) 2, H03, HI04) and can 

therefore rede calculated ozone destrtion. Doubling of N 20 causes 

appreciable redixtion in stratospheric ozone below 40km. At current 

rates of N20 concentration increase, the N2O perturbations on ozone 

over the next century are likely to be smaller than those projected for 

constant (YC emissions. 

Increase of tropospheric odd nitrogen by subsonic aircraft or 

surfe emissions enhances calculated ozone production. In terms of the 

estimated aircraft fleet for 1990, a global increase of 0.3 per cent in 

total ozone, with most of the effect in the troposphere, has been 

calculated using l-D models. Since most of the effects from aircraft 

emissions would be expected to occur over a limited latitude range, 

further analysis with 2-D and 3-D models is required. 

Increasing C)2  decreases calculated stratospheric tenperatures 

by its infra-red cooling effect, slowing down teiiperature-dependent ozone 
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destruction reactions. With doubled (1)21 stratospheric ozone is 

calculated to increase by about 3 per cent. The aD 2 greenhouse effect 

results in a surfsce tenperature increase of about 2K. 

Should there be an increase in tropospheric carbon monoxide (CO),, 

calculations show a decreased OH concentration and an increase in 

tropospheric ozone. Tropospheric (11 limits the amount of 

hydrogen-containing species (e.g. Ca 4, CH3C1, CH3(X13) which rise 
into the stratosphere. 

Although not examined in detail here, enissions of 

bromine-containing gases could also lead to a significant reduction in 

stratospheric ozone, if anthropogenically related enissions of such gases 

as methyl bromide, ethylene dibromide, FC-13B and FC-1281 were to 

increase substantially. 

Several recent modelling results have shown a non-linear 

dependence of the total ozone column as a function of the upper 

atmospheric odd-chlorine level (C1X = Cl + ClO + 11. + Clci) 2  + 

kDCI). 'IWo distinct types of non-linearity have been discussed: for 

small charges in chlorine (A C1X <5 ppb) above the natural chlorine 

level of about 1 ppb, and for large chlorine perturbations 
(tClX>l5 pph). 

At small levels of chlorine loading, some models show a linear 
decrease in ozone with added Clx, while others give non-linear results, 

including cases for which the calculated ozone change is positive. The 

newly reported non-linearity for small C1X perturbations is different 

from earlier results and has inplications for calculated short-term ozone 

trends. Several details of the models, including the method of diurnal 

averaging and the eddy diffusions coefficient used, acear  to cause these 

model differences. In general, models with a more detailed treatment of 

diurnal concentration changes give more linear results. 
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Over the last year, model sensitivity studies have been made 

sbowing a rapid decrease in the total ozone column when the C1X level 

approximately exceeds that of stratospheric odd nitrogen (NO, = NO + 

NO2  + NO3  + 2 x N205 +HN)3+  1D2NO 2  + C1ONO2). The 

non-linearity for large Clx perturbations may have significant 

inplications for the interpretation of effects if CIC emissions irrease 

substantially. These results suggest that as Clx ircreases, the 

calculated total ozone decreases non-linearly with each additional 

increment in Clx. Some typical results are given in figure 3.1. For 

purposes of ccllparison, models calculate a charge in C1X level relative 

to background of 8-9 ppb in the eventual steady state (about the year 

2100) with nominal 1977 release rates for CFC 11 and 12. Atmospheric 

measurements suggest that present total odd-nitrogen level (NO r ) is 

about 18-21 ppb, with an urcertainty of ± 25 per cent. 

The shape of the calculated curve of 03  versus C1X depends 

sensitively on the levels of both NO and CH This is illustrated 

in figure 3.1 and summarized in table 2. The level of C1X giving a 

calculated steady state ozone reduction of 10 per cent, for several 

Figu'e 3.1 

Calculated change in total ozone versus CII as dependent 
on levels of NO 
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levels of methane and NON,, is shown in table 2. These hypothetical 

sensitivity studies show that the level of C1X yielding a large change in 

ozone, increases with the atmospheric levels of both methane and 

Table 2 	The level of odd chlorine (C1X) in the stratosphere 
corresponding to a calculated steady-state ozone reduction of 10 per 
cent, for several levels of methane (CH4) and total odd nitrogen ()) 

(jj4 NOV  C1X Level 
(Troposphere) (Stratosphere) (for 	03 = 	-10 per cent) 

1.6 ppm 14 ppb 10 ppb 
1.6 ppm* 19 ppb/ 16 ppb 
1.6 pxn 23 ppb 22 ppb 

4.8 ppm 14 ppb 13 ppb 
4.8 ppm 19 ppb 20 ppb 
4.8 ppm 23 ppb 26 ppb 

a/Approximate levels in the present atmosphere 

The modelled rapid decrease in 03  when Clx exceeds Noy  can be 

understood quantitatively as a titration of odd nitrogen by chlorine in 

the lower stratosphere (20-30 kin). In the present atmosphere, ozone 

destruction in this region is thought to be daninated by !O_cata1ysed 

cycles. When CLX levels increase, NO is sequestered in the tenporary 

reservoir C10lD2. After a laz:ye frtion of N3, is this tied up, 

saturation occurs and further added chlorine leads to more C1X-catalysed 

ozone destruction. In these models, the OH concentration increased 

rapidly at high C1X levels due to slower destruction of OH through 

reactions like (Ii + Hs33•  Increased OH pushes the partitioning of C1X 

species towards the catalytically active forms (Cl + ClO). 

As shown in figure 3.2, the modelled response of 03  to C1X is a 

monotonic decrease in the upper stratosphere. In the lower stratosphere, 

a snatl C1X addition decreases 143_catalysed  ozone destruction and 

gives an ozone increase. The positive ozone charje in the lower 

stratosphere changes sign when the chlorine and nitrogen levels are about 

equal, after which additional C1X gives a large modelled ozone 

depletion. It should be noted that the greatest modelled decrease for 

the high C1X scenarios occurs in the lower stratosphere, a region with 
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significant remaining uncertainties because important chemical species, 

such as most of the temporary reservoirs, are yet unobserved and because 

the role of transport processes is not as yet well understood. 
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Figure 3.2 

Model Calculated response of ozone to levels of CIX at 

different altitudes 

The overall features of the results from l-D models shown in 

figures 3.1 and 3.2 have also been seen in 2-D model calculations. An 

interesting feature in some 2-D models is that the latitudinal gradient 

in calculated ozone depletion, which is two or three times greater at the 

poles than at the equator for small chlorine loadings, decreases 

significantly as the amount of CIX in the model is increased. The global 

mean ozone change as a function of CIX, obtained in 2-D models, is very 

similar in shape and magnitude to that found in l-D models. The 

sensitivity to NO found in 2-D models appears to be similar to that 

described previously for l-D models. 

Steady-state calculations in various multiple-perturbation studies 

have led to the conclusion that the single effects described in the 

individual perturbations add up in a highly non-linear manner. 
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As an indication of this effect, figure 3.3 shows three different 

cases (A, B, and C) based on a background atmosphere with twice the 

present levels of 00 2  and tropospheric NO, three times the present 

CH4  level, and 1.25 times the present N 2  0 level. These are selected 

as representative of the levels that these species might reach in about 

100 years' time if present trends continue. The curve in figure 3.3 

shows the computed steady-state change in the total-ozone column, if 

fixed amounts of Clx are introduced into this hypothetical scenario. The 

same (elevated) levels of cO 2  and CH4  are used in the background 
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Figure 3.3 

The computed steady-state change in the total ozone column with 
introduction of fixed amounts of CIX in three hypothetical cases 

(A), (B) and (C) (see text) 

A 

B 
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atmosphere for scenario B, with present levels of N 2  0 and ?IJ. The 

difference between scenarios A and B demonstrates the inportarce of total 

odd nitrogen on chlorine-catalysed ozone destruction. Scenario C, for 

cciparison, gives the hypothetical case where only CFCs increase but all 

other source gases remain at the present levels. 

Constant CFC emissions at the 1977 rate give a calculated 0.6 per 

cent total ozone decrease in scenario A, 3.4 per cent in scenario B and 

5.8 per cent decreases in scenario C. It is obvious that the non-linear 

fall-off for high odd-chlorine levels is strongly dependent on the 

assunptions made for other trace gases, especially on the amount of odd 

nitrogen available in the stratosphere. For scenarios A and B, the model 

skows a decrease in ozone around 40 km and an increase in the 
troposphere. These results point to the fact that realistic predictions 

can be made only with a time dependent model using the best estimates for 

the time development of all relevant trace gases. 

2. Time-dependent nultiple scenarios 

Attenpts to model the tine-dependent combined effects of all 

potential perturbations sluld provide an inproved understanding of the 

coupling between the different trace gases for the best estimates of 

possible future source gas scenarios. Only through such studies can we 

get an indication of what measurements would be necessary to detect and 

test the predicted effect on ozone. 

As mentioned in the section on measured ozone trends, model 

calculations which take into account the changing concentrations of all 

the source gases have been performed to study the trends in ozone and 

tenperature from 1970 to 1980. These models calculate a 0.4 per cent 

increase in the total column ozone which results from a decrease in the 
ozone from 32-40 km raring from 2-4 per cent and an increase in lower 
stratospheric and tropospheric ozone. 

1cent l-D and 2-D model studies (see for instance, figures 4.1 

and 4.2) suggest that future ozone changes associated with CPCs may be 
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drastically altered when other perturbing effects are included. As seen 
in figure 4.1, the majnitude and sign of the calculated effect on total 

ozone is strongly deperent on which scenarios are assumed for (s, 
002 1,  CM4 , and other relevant gases. 

1cent model calculations (see figure 4.1) suggest that little 

overall change in total ozone (less than 1 per cent) would be expected in 

the next few decades for the canbined source gas effect unless 

significant sustained growth in CEC emissions were to our. Over this 

time period, the effects of projected (D 2  and CM4  concentration 
increases would be expected to counterbalance the calculated decrease in 
ozone due to CFCs alone. 

3 
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C 

CFC (constant production) 	c *'.01 

 

CtC4 (1.5%yr) 
CO2  (NASA. 1984) 	 CFC (nst prod) 
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Figure 4.1 Time-depeudent changes in total ozone for various assumed 
tre-gase future scenarios. Besults are shown for several different l-D 
modelling groups. estimated growth in NOx emissions from aircraft of 
14 per cent/year until 1990, and constant emissions thereafter, are 
included in scenatios C and D, but are not included in scenarios A, C, 
and D. 

The calculated effects over long periods are sensitive to assumed 

source gas scenarios. For exauple, scenario A of constant CYC emissions 

with increasing CD 2, CM4  and N20 as shown in figure 4.1 gives an 

increase in total ozone of 1.8 per cent in the year 2050 (relative to the 
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present day), whereas, if a sustained 3 per cent per year growth in CFC 

emissions is assumed (a factor of 6.8 growth in emission by 2050), with 

otherwise the same scenarios, the result is a decrease in total ozone of 

3.5 per cent in 2050. The results in scenario B of figure 4.1 suggest 

that the non-linear relationship between changes in ozone and 

odd-chlorine levels will eventually be reached if the sustained growth in 

CFC emissions is not less than 3 per cent per annum. 

Results from a recent 2-D model calculation including scenarios for 

CFC-ll, CFC-12, CH3CC13  as well as CU4  and N 2  0 (but not 

are shown in figure 4.2. These results suggest that significant 

variations with latitude and season may be expected in the combined 

effects on total ozone. 

a 'p 
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CH4  : 0.7% per year 
N20 : 0.2% per year 
CFC1 1 I 3% per year 1980-2000 
CFC12 I constant release after 2000 
CH3 CCI3  J 

CO2  : not included 

Figure 4.2 

2-D model calculation of change in total ozone with scenarios 

for CFC-ll, CFC-12, CH 3CC1 2 , Cl!4  and N 2  0 

Even in those model calculations showing little change in total 

ozone calculated for combined future source-gas scenarios, there are 
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significant charges beirij predicted in the altitude distribution of 

ozone, with large decreases above 30 km and irreases or small decreases 

below. Calculated irreases in tropotheric ozone are extreily 

sensitive to the assiined scenarios for CH, CD, and  

perturbations, but not to the Clx scenarios. ¶L'pical l-D ndel results 

are shown in figures 4.3 (a) and (b) based on cases A and B from figure 

4.1. Large percentae decreases in ozone are calculated above 30 Ian; for 

exanpie, scenario A (constant (PC enission at 1977 rates, ircreasing 

W, Q4 and NJ) at 0.5 per cent, 1 per cent and 0.2 per cent per 
2. 4 

year reectively) calculates about a 14 per cent decrease in ozone at 40 

km over the next two decades. These decreases are aconpanied by 

correorxirg irxreases at lor altitudes. 

03  vertical profile changes 
1983-2050 

55 

50 

45 

40 

35 

E 
.30 

a, 

25 

20 

15 

10 

5 

0 1 	I 	I 	11 	I 	I 	i 	I 	I 	i 	I 	i 	I 	i 	III 	I 
-70 -60 -50 -40 -30 -20 -10. 0 10 20 

Relative change in ozone (%) 
Figure 4.3 (a) 

l-D model calculation of relative change in ozone (1983-2050) with 
altitude based on cases (A) and (B) in Figure 4.1 
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Figure 4.3 (b) 
l-D model calculation of change in ozone concentrations (1983-2050) 

with altitude based on cases (A) and (B) in Figure 4.1 

Similar effects on the vertical ozone distribution are also found 

with 2-D models, but with significant latitudinal and seasonal variations 

in the magnitude of ozone change at any given altitude. These predicted 

changes in the ozone distribution have potentially significant radiative 

and climatic impliactions that require further analysis. 

3. Uncertainties and sensitivities 

In the current predictions of ozone change, major areas of 

remaining uncertainty are: 

(a) 	The trace gas 	scenarios; 
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(b) Photochemical processes and rate coefficients; and 
(C) Radiative - dynamical interraction. 

iture scenarios for the combinations of trace gases uuist be used with 
caution. At present, forecasts of future corxentrations except for 
U)2 , are based primarily on historical trends rather than on detailed 
analyses of expected changes in sources and sinks. Unfortunately, the 
budgets of several important gases (e.g. methane, nitrous oxide and 
carbon monoxide) are not well understood. 

Although urcertainties in chemical-rate constants are being 
reduced as new laboratory measurements become available, the possibility 
of significant variations in the predicted ozone depletion from new 
chemistry or changes in rate constants still remains. As an example, if 
a very fast reaction coefficient were established for the reaction HC]. + 
LlOt)2-9(l + HNO3  then model calculations would show significantly 
ircreased estimates of ozone depletion from chlorine perturbation. 

Urcertainties in product distributions are also important. For 
example, if HC1 is produced, significantly in the reaction of dO with 
OH, both the caleulated levels of ClOg  and the influerce of chlorine on 
ozone would be significantly reduced. 

Additional uirertainty, not easily quantified, is associated with 
the models used to predict ozone change. For example, many predictions 
are based on l-D models, which attenpt to irclude the average effects of 
transport, but which do not represent the detailed mechanimus of 
atmospheric transport processes. Many of the l-D and 2-D calculations 
have not taken into account the effects of temperature feedbacks, and 
none irclude radiative-dynamical feedbacks. 

4. Effects of source gases and ozone on climate 

There are two distinot ways in which trace gases can affect 

climate: 
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Directly, through infra-red absorption and emission. 

Several of the source gases discussed above (e.g. (1)2,  CH4 , N20, 

Cs) have strong absorption bards in the 7-13jim spectral wavelength 

region, the "atmospheric wirow". These gases thus enharce the 

greentouse effect and could contribute to global surface warming; 

Indirectly, by changing the ozone or water vapour 

distributions. Ozone, water vapour and carbon dioxide provide most of 

the infra-red opacity of the atmosphere, and absorption of ultraviolet 

radiation by ozone is the primary radiative heating source in the 

stratosphere. Changes in the vertical ozone distribution will modify the 

tenerature profile. If the tropopause teiiçerature changes, there may be 

a corresponding change in stratospheric water vapour. Sirce methane 

oxidization is tbought to be a major source of stratospheric water 

vapour, ircreased CH4  could yield elevated H2O levels in the upper 

stratosphere. 

The climatic effects of the source gases have been most 

extensively studied with one-dimensional models. The limitations of a 

one-dimensional model are well recognized, but few asses&rents of 

source-gas changes have been performed using higher-dimensional models. 

The effects on tropospheric climate are then characterized by a single 

number: the conputed surface tenperature change. Model results in table 

1 above give the cc*iputed equilibrium surface tenperature changes for 

selected scenarios (CD2, CH4, CFCs, N 20). In all these cases, the 

modelled tropospheric tenperature change is predominantly due to direct 

infra-red absorption and emission. 

The infra-red effectiveness of a given amount of ozone in the 

troposphere is about ten times as large as in the stratosphere. Doubling 

of tropospheric ozone is predicted to ircrease the surface teirperature by 

about one half a degree (K). Of the source gases discussed in this 

report, CU4  has the largest calculated inpact on tropospheric ozone; 

rougrily 20 per cent of the cciiputed change in the surface tenperature is 

due to tropospheric ozone changes related to ircreasing methane. 
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As discussed in the previous section, model calculations based on 

reasonable scenarios for the major source gases 	CH4, N20, 

and CFCs) over the past decade and the next few decades suggest 

that there may be an ozone corentration decrease in the uer 
stratosphere and a slightly larger irrease in the lower stratosphere and 

the troposphere. One diriensional coupled model calculations (scenario C 

in figure 4.1) suggest charges in the teuperature profile from the 

present day until the year 2050 characterized by an ircrease in the 

troposphere (+2.5K) and generally larger decreases througbuut the 

stratosphere (8K at 40km, 12K at 50 cm). The modelled contribution of 

the other source gases (CH 4 , N20, CFCs) to the surface tenperature 

warming during this time is roughly equal to the surface warming due to 

Methane alone gives a modelled surface tenerature change about 

half as large as 

The influerce of these cc*TVuted changes in ozone and te!Içerature 

on the dynamics of the stratosphere have not been fully investigated, 

although general circulation models with a sufficiently carplete 

treatment of stratospheric dynamics to make an assesanent are under 

deve1onent. While charges in stratospheric ozone may, in prirciple, 

alter tropospheric weather patterns, the few studies of a limited nature 

that have been made to date suggest that the inpact of the charges 

anticipated in the next few decades would be minimal. 

Charges in tropospheric and stratospheric dynamics could 

influerce the stratospheric-ozone and trace gas distributions. The 

magnitude of this feedback cannot be quantified until sophisticated, 

fully interactive 3-D chemistry-transport models are developed. It is 

very inportant in the develoçznent of such models to obtain a better 

understanding of troposphere-stratosphere exchange processes and to 

clarify the very cciiplex roles of ozone and other source gases in the 

climate system. 

5. ttdel interpretation and evaluation 

Marrj types of ninerica1 models can play, and have played 

inportant roles in stratospheric research. l-D models provide a means of 
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e-3m,110ring photochemical theory without a detailed representation of 

conlex atmospheric transport processes. Similarly, l-D 

radiative-convective models remain the most ccminly used models for 

studying the effect of trace species on the atmospheric tenperature 

profile. l-D chemistry-transport and radiative-convective models have 

been coupled to investige the interaction between chemistry and 

tTerature. 

One of the largest urcertainties in the developeent of 2-D 

(latitude-altitude) models has been the lack of a furdamental 

urderstariling of how prcperly to parametrize the atmospheric dynamical 

processes responsible for trace species transport. In spite of recent 

advarces in atmospheric dynamics, the quantitative aocuracy of 2-D 

transport treatments currently used in models and the accuracy with which 

evaluations of future ozone changes can be made have not been 

established. It will probably take several years before fully coupled 

2-D cheniical-cliiiate models will be available. 

In prirciple, 3-D models can be made more internally consistent 

and can irclude more interactive physical processes than the more 

parametrized models. Unfortunately, because of the limitations on both 

physical and human resources, fully coupled radiative-dynamic-chemical 

3-D models are still in the early stes of developnent. Because of the 

expected high cost involved in using such models, they will most likely 

be used in limited studies oriented more towards basic research than 

towards applications. It is aarent that the study of atmospheric 

pbotochemistry and dynamics requires a wide spectrum of different models 

of varying degrees of cctplexity, each of which has a contribution to 

make and none of which is pre-eminent. 

While the first - and so far the only - general test of the 

validity of any ptotochemical model is bow well it reproduces the 

trace-gas distributions in today's atmosphere, such conparisoris are not 

sufficient to establish the predictive reliability of current model 

calculations. In a&lition, it is necessary to demonstrate the ability of 

the models to simulate an observed change in the atmosphere and its time 
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depzxlence. Attempts to do so with recent multiple-perturbation scenario 

calculation, appear to produce results consistent with tiDse from ozone 

trend analysis. A conclusive comparison between model-predicted and 

measured trace-gas distributions and ozone variations is limited by 

several factors: 

Although, for several species, satellite data (SPbIS, LIMS, 

SBUV, SAGE, SME) have become available, the overall data base is still 

not sufficient to permit a full characterization of the spatial and 

tenporal variations in the stratospheric distributions of trace gases. 

Some important species have not been measured at all; 

As a result of natural variability and experimental 

uncertainties, the available measurements usually define the atmospheric 

concentration with a certain error range only. 

(C) Most of the measurements are of local and instantaneous 

concentrations, whereas the present models calculate concentrations 

averaged over considerable spatial and tenporal scales. 

With the increasing concern over chemistry and climate coupling, 

the need for better data (both theoretical and observational) relevant to 

the lower stratosphere and upper troposphere has been established. 

Because of natural fluctuations driven by dynamic processes, extensive 

spatial and temporal coverage in measurements of trace-species 

concentrations for this region would be required. Furthermore, a better 

description of the budget of reservoir species, such as 1Th03 , 

and H202  is also necessary. 

Current understanding indicates that photochemistry predominates 

over all other physical processes in determining the ozone distribution 

in the upper stratosphere (> 30 kin). Consegiently, l-D or 2-D models 

can be regarded as pure local ptotochemical models in this region, and 

there are no problems in accepting their predictions at these altitudes 

as globally representative. Nevertheless, current models still seem to 

be unable to reproduce the measured value of ozone in the upper 
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stratosphere, with models urerestimating measured ozone concentration at 

50 km by 20-30 per cent. 

Part of this deficiercy could be traced to uncertainties in 

measured solar-flux intensity, chemical kinetics, reaction rate 

coefficients, model bourxary corviltions, transport coefficients, and  

source-gas distributions. The unqualified uncertainties, such as the 

possibility of missing chemistry, the inadequacies of l-D, 2-D or 3-D 

model transport formulations, diurnal, seasonal or spatial averaing 

procedures for the non-linear interactions, and the admitted inadequacies 

in model validation procedures can only be evaluated on a most subjective 

basis at present. 

The two major aspects of model predictions - past or near-term 

treriis and long-term ozone change - have different sensitivities to model 

iput parameters. In the analysis of possible trenis, a major 

uncertainty lies in the description of variables governing the teiporal 

evolution of the system, such as transport parameters and solar flux 

variations. For long-term changes, an additional concern is the 

uncertainty of the futu:e state of the atmosphere. Recent research in 

coupled perturbations has contributed a wide appreciation of the degree 

of calexity of this problem. Increased efforts must be devoted to 

assessing the most probable coupled scenarios based on evolution in world 

economic and cultural patterns. A reference set of scenarios would aid 

in the intercoeparison of highly conpiex chemical and climate model 

assesnts of trace gas influences. 

The model results described previously s.xjgest that it may be 

extremely difficult to detect changes in total ozone due to anthropogenic 

perturbations in the coming decades. The calculated variations with 

altitude irillcate that changes in the ozone distribution may be more 

readily detectable, altbuugh natural fluctuations need to be better 

urierstood. The influences of such phenomena as solar-flux variations, 

solar-proton events, and volcanic eruptions may affect the detectability 

of ozone changes due to CFCs and other trace gases. 

- 67 - 



H. Biological effects 

Although current atmospheric scenarios predict a range of both 

positive and negative ozone changes, biological studies have focused on 

the effects of an ozone decrease. If a depletion in total atmospheric 

ozone occurs, solar LJV-B irradiarce will ircrease. This will have an 

effect on man, animals and plants. It is therefore necessary to identify 

the biological effects to be expected and to make quantitative 

assessments of these effects, especially with regard to agricultural 

production, fisheries and human health, and to determine the mechanisms 

by which US/-B radiation acts on biological molecules, cells, species and 

ecosystems. Most of the krcwn biological effects of US/-B are damaging 

effects, so that the possibility of ircreased US/-B irradiarce gives 

particular reason for corcern. It is also recognized that climatic 

changes may ocxur which may have biological consequerces. 

Coiputer cakulations of solar US/-B radiation reaching the 

earth' s surface have been made for a variety of ccinbinations of UV-B 

radiation wavelengths, latitude, season and time of the day, and for 

normal and depleted total ozone amounts. These data are useful for 

biologists in properly simulating enharced US/-B radiation conditions, 

both in the laboratory and in the field. New experiments using more 

exact simulations of natural and enharced UV-B radiation will provide 

better data for the evaluation of the US/-B effects on all biological 

systems. 

1. Effects of ircreased US/-B irradiarce on terrestrial plants 

Higher plants have obvious inportarce, both in agriculture and in 

natural terrestrial ecosystems such as forests. Plants have evolved to 

expose mucfl of their living tissue to sunlight in order to utilize its 

energy. Thus a reduction in total ozone, with its attendant ircrease in 

solar UV-B radiation, could be significant for them. 

Studies have been conducted in growth chambers adjusted to the 

natural daylight rhythm, in greenhouses and in the field under natural 
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corxlitions and with enhanced US/-B radiation. The researchers noted 

damaging effects to the growth parameters, leaf surfe structure, 

ccsiosition, physiological function, germination and productivity of a 

large variety of plant species irciuding many inportant crops, such as 

wheat, rice, maize and soya beans, barley, potatoes and beans. Although 

there are many uncertainties involved in the simulation of enhanced 

levels of solar US/-B radiation, the enhanced UV-B exposure levels at 

which the harmful effects began to occur deperded on the sensitivity of 

the plant species, and ranged from natural sunlight levels to a simulated 

50 per cent enhancement of US/-B radiation. Tests on more than 100 plant 

species and varieties in controlled environment growth chambers irdicate 

that approximately 20 per cent are already sensitive to present daily 

US/-B doses at latitudes of about 300N; 60 per cent showed intermediate 
sensitivity, while 20 per cent were more resistant. Although these data 

result from stork primarily simulating high US/-B radiation levels in the 

presence of relatively low white light, it has also been dionstrated 

that, in the presence of relatively high levels of white light, enhanced 

US/-B radiation simulating ozone depletion of 10-12 per cent also has 

deleterious effects in sensitive plants. Furthermore, these experiments 

have irdicated that plants are particularly sensitive during the early 

stages of seedling growth and development. However, the extent of damage 

at high levels of white light is less than at low levels. This 

relationship was also demonstrated for relatively US/-B insensitive soya 

bean seedlings. 

For wheat, maize, rice and soya beans, information to date 
suggests that the direct effects of US/-B radiation supplementation 

(simulating current ozone scenarios) will not result in sizeable 

reductions in the yield of crop plants in the field. However, following 

simulation of a US/-B increase associated with a 16 per cent ozone 

reduction, three of six soya beans cultivars tested did show changes in 

seed quality (e.g. reduced protein quantity). These results are relevant 

not only in relation to crop plants, but to natural plant populations as 

well, because alterations in seed reserves may substantially affect 

seedling supervisorship. The ultimate consequences of most inportance 

may involve more subtle changes in plant ailocat ion patterns and 
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interactions with other organisms. Charges in the coiipetitive balance of 

irradiated plant coninunities have been clearly deninstrated in a 

wheat/weed cannunity. Moreover, increased incidence of leaf rust in one 

cultivar of wheat has been shown. These subtle charges may have an 

indirect effect on crop yield. Furthermore, it has been shown that the 

effect on growth and photosynthesis of UV-B in combination with other 

coimnonly experierxed stresses, such as water and mineral deficiercy, is 

greater than the sum of the effects produced by the stresses 

independently. 

The action spectra for some of the effects of UV radiation on 

plants are similar to the DNA and erythemal action spectra. The action 

spectrum for damage to photosynthetic activity, however, differs markedly 

from these. ktion spectra taken by monochromatic radiation do not 

accurately reflect the biological responses in natural light. Data on 

both plants and animals indicate that monochromatic action spectra lead 

in some cases to an overestimation and in other cases to an 

underestimation of the deleterious responses to polychromatic radiation. 

Studies on the mechanism by which UV-B radiation acts on 

photosynthesis in chioroplasts showed that UV-B attacks the photosystem 

II reaction centres, which are essential for photosynthetic water 

oxidization. The reaction centres of ptotosystem I as well as of the 

photophosphorylation system are quite resistant to UV-B radiation. 

Field studies have demonstrated that some higher plants can show 

acclimatization to suç)lemental UV-B radiation under field conditions 

with increased UV-B exposure. These plants synthesize more UV-screening 

caounds (e.g., flavonoids) and the epidermal transmittance decreases. 

In some fungi, UV-B radiation photoinduces carotenoids that may also act 

as screeniog pigments. Ibwever, prolonged UV-B irradiation decreases the 

capacity for carotenoid biosynthesis. 

2. Effects on auatic organine 

Solar UV-B radiation inducing biological effects has been 

maasured to depths of more than 20 m in clear water and more than 5 m in 
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unclear water. *ich marine life sensitive to these UV radiation levels 

(fish, larvae, etc.), lives in the top 20 m of ocean waters. There are 

large uncertainties regarding the natural mortality of aquatic organisms 

and the role of current levels of UV-B exposure in the mortality rate. 

Various experiments using exposure levels of UV-B radiation sinulating 

ozone decreases rang ing from 5 to 25 per cent have sbown damajing effects 

on fish (larvae and juveniles), shrinp larvae, crab larvae, zooplankton 

and plants essential to the aquatic food web. These damaging effects 

include decreases in growth, survival and other furct ions of these 

organisms. Furthermore, experiments with marine diatoms have sbown high 

reductions in bioinass, protein and chlorophyll at UV-B irradiarces 

equivalent to ozone reductions ranging from 5 to 15 per cent. In 

addition, studies on chain-forming diatoms and other phytoplankton in the 

laboratory sbow that increased growth occurs when the UV-B radiation is 

filtered out of the incident solar radiation, irxhcating that existing 

levels of tN-B depress productivity. Furthermore, ixxlirect effects of 

anbient and enhanced UV-B erxlanger the survival of micro-organisms 

(Eulena, slime mould, some blue-green aigae) by decreasing their 

motility and by inhibiting phototactic and photcphobic responses. This 

reduces the ability of a population to move into favorable envirorinents 

to avoid damage which may inpair development. 

In simulated marine ecosystems enhanced TJV-B - simulating a 15 

per cent ozone decrease - results in shifts of the ccsriiunity colTposition 

and species diversity of phytoplankton and zooplankton camiunities. It 

açears as if, in natural marine plant cctiinunities, a change in species 

conposition rather than a decrease in net production might be a more 

likely result of an enhanced LW-B exposure. The decreased species 

diversity observed in simulated field studies usually is not acconpanied 

by deleterious effects on biomass and chlorophyll accumulation or by 

deleterious effects on coninunity primary productivity. However, the 

cAang in caniiuinity conposition may result in a more unstable ecosystem 

and may have an influence on higher trophic levels. 

Studies on over 60 species of aquatic micro-organisms, protozoa, 

algae and small invertebrates that form the base of the food web of 
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oceanic and estuarine ecosystems, irxlicate that most of these, too, are 

sensitive to current levels of LW-B radiation incident at the water 
surface. More quantitative dose-response Curves and action spectra for a 

variety of aquatic organins are being determined. 

Continued investigations concerning the range of natural 

ecological uncertainties, which are much larger than the uncertainties in 

the particular photobiological effects, will be required to permit 

assesnt of the possible consequences for the many conlex ecological 

interactions as well as for the productivity of fisheries. 

3. Effects on kunan health 

Human health is influenced by LW radiation in many ways, for 
exasple, by the formation of vitamin D3, by the occurrence of sunburn, 

by eye diseases, by iiumuxlogical changes and photo-allergic reactions, 

and by skin diseases including cancer of the skin. Skin cancer stands 

out as one problem that will increase with increased LW-B irradiance. 
The severity of health and other biological effects of radiation depend 

on its spectral conçosition, irradiance and exposure time. LW-B 

radiation has in many instances, been dnstrated to be more 

biologically effective than LW-A radiation by several orders of magnitude. 

idemiological studies have shown that the incidence of 

ncn-melarx*na skin cancer correlates with exposure to sunlight. While 

non-melana skin cancers occur in people of all skin types, the 

incidence is highest in light-skinned people. In patients with xeroderma 

pigmentosum, who have increased susceptibility to skin cancer, here is 

evidence of reduced repair of DNA damage caused by LW-B. Animal 

experiments have revealed that US/-B  is the most effective wavelength 

region for carcinogenesis by LW radiation. These data indicate that 

increased incidence of non-melaxuna skin cancer can be expected to result 

from increased LW-B irradiance. 

Non-melaiuna skin cancer is exceptional among the biological 

effects under discussion, in that statistics are available. This has 
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made it possible to make coffparatively develced quantitative 
extrapolations, which are still being refined and inproved. Studies 
indicate that, apart from the radiation anplification, biological 
anplifications exist for the particular biological effects. 
Specifically, with unohanged exposure habits, for every 1 per cent 
decrease in total ozone the ircidenoe of basal cell carcinomas will 
inorease by 2 to 4 per cent and the inoidenoe of squamous cell carcinomas 
by 3 to 8 per cent. Altbough the ircidenoe of squamous cell carcinoma is 
only about 20 per cent of the total, it is more invasive and lethal than 
basal cell carcinoma. While these conditions can usually be treated 
effectively, they still result in thousands of deaths per year. In the 
United States, there are approximately 500,000 new cases of non-melanoma 
skin canoer per year, and the total annual nuither of deaths, about 5,000, 
is conparable to the annual total for malignant melanoma. Recent 
experiments do not confirm earlier studies suggesting that tJV-A enhanoes 
the carcinogenic effect of UV-B. 

There are several indications that sunlight may also be one of 
the causative factors in the pathogenesis of malignant melancina, which 
affects people of all skin types. In some types of melanoma, such as 
lentigo maligna and melanoma arising in patients with Xeroderma 
pigmentosum, the relationship with sunlight is relatively clear. In 
other cases the eviderce is circumstantial. The epidemiological and 
clinical observations deal with exposure to total sunlight and do not, 
therefore, point to any particular wavelength rare in the solar 
spectrum. Animal experiments indicating the effective wavelength range 
are not available. In cases where UV-B is involved, a decrease in 
atmospheric ozone might be expected to inorease the irciderce of 
melanomas. The increased ircideire of maignant melanoma in patients with 
Xeroderma pigmentosum suggest that, at least in these cases, UV-B 
radiation is involved. 

UV-B radiation has been shown to alter several responses of the 
iriniunological system. UV radiation has been reported to depress delayed 
hypersensitivity responses in human and mouse skin; it causes reduction 
in the number of Langerhans cells in both human and mouse skin, and 
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induces alterations in the distribution and funotion of suopulations of 
circulating lymphocytes in man and mice. UV-B irradiation effects on the 

iimtunological system diminish the ability of a mouse to reject a 
transplanted tumour induced by UV-B radiation in another mouse. US/-B 

radiation also impedes the ability of a mouse to reject tumours initiated 
by UV radiation in its own skin. The doses of UV-B causing these 
iirinunological changes are much smaller than the doses which induce 
tumours. The extent of the ininunological perturbations caused by 
exposure of humans to sunlight is not yet known, and the implications of 
these perturbations for human health are not clear. A primary corxern is 
the possibility that these iniTunological changes may contribute to the 
develcnent of malignant melanoma, especially as the ilTinunological 
changes are caused mainly by the shortest wavelengths in sunlight. 

Increased US/-B irradianoe might also inorease the positive 
effects of US/-B radiation. Ircreased formation of vitamin D 3  in the 
skin of people living in countries with dark winters might help to 
alleviate vitamin D deficieries. Ircreased US/-B during dark winters 
might also help the human skin to maintain some of its tolerarce to 
US/-B. This would reduce the problems some pec1e have in regaining their 
adaptation in spring and would thus tend to reduce the number of 
photodermatoses. These positive effects of ircreased US/-B are of limited 
significarce, and are certainly less important than the negative effects. 

RBOOMMATIONS FOR FYIURE WORK REIENT '10 THE %RID PLAN OF 

ACTION ON THE OZONE LAYFR 

The Co-ordinating Coninittee made the following specific 
reconuendations for future ativities to proote the implementation of 
the World Plan of Action on the Ozone Layer: 

(i). 	Countries and institutions cçerating ozone measurements 
should contribute continuously to the Global Ozone 
Observing System (GJOS), based on integration of 
satellite and ground-based systems, and should help to 
make the system fully cerational; 
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r4grading and interconparisons of Dobson instruments 

should be intensified and testing of new instruments 

and techniques erxouraged; 

New observing techniques showing great potential, such 

as microwave and LIDAR systems, should be further 

developed and careful interccnçarison between new 

sensors and conventional instruments should be 

undertaken; 

There is a need for more accurate calculations and for 

additional laboratory measurements of molecular 

spectroscopic parameters in the wavelength range of 

inportarce for atmospheric sensors; 

Vertical ozone distribution measurements should be 

expanded by: 

Extending .kkehr observations; 

Continuing balloon-borne soundings, especially at 

locations which already have long records; 

Ercouraing further development of reliable cperational 

satellite sensors for accurate measurements over the 

couplete altitude range of the stratosphere, ircluding 

the continued development of in-flight calibrations; and 

Arranging for conar isons between balloon-borne sondes 

and other methods for ascertaining vertical ozone 

distribution; 

The determination of absolute ozone absorption 

coefficients should be completed, and recalculations of 

all previous vertical ozone distributions taken by 

lkflkehr and satellite arranged to ensure homogeneity of 

records; 
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(vii). 	Further interconparisons of methods and continuous 

cross-checks between data should be emoura3ed in order 

to make new techniques useful for trend analyses; 

A systematic review (using original calibration 

records) should be promoted to achieve homogeneity of 

long ozone records, and to give particular emphasis to 

their interpretation; 

The World Ozone Data Centre should be requested to 

collect all calibration and other relevant information 

needed for ozone data analyses, and the collaboration 

of the operating stations should be sought; 

Studies aimed at clarifying physical processes and 

phenomena having an imrpact on error detection of ozone 

records (i.e. voleanic eruptions, solar events, etc) 

should be promoted; 

Studies should be made to gain an understanding of 

sources, sinks and budgets of natural and anthrcçogenic 

source gases, such as carbon dioxide, methane, nitrous 

oxide and other oxides of nitrogen, which may affect 

ozone, irluding historical and future trends; 

The attention of all countries and economic 

organizations not yet reporting production figures for 

CFCs 11 and 12, as well as for other halocarbons, 

should be drawn to the need for reporting pertinent 

chemical production, release and usage data, irluding 

the more detailed data on production and uses needed 

for socio-econcsnic analyses; 

A call should be made for continued support to and 

expansion of the four-station Global Atmosphere Gas 
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Experiment (GAGE), formerly the Atnspheric Lifetime 

Experiment, which has already provided a five-year 

record of (s, chiorocarbons and nitrous oxide; 

The determination of rate coefficients over the 

pressure and tenperature rares found in the atnsphere 

should be exteried, and the prodicts identified; 

Efforts to identify and obtain quantitative data on any 

additional reactions which may affect stratospheric 

chemistry should be intensified, with the ençhasis 

placed on reations involving tenporary reservoir 

species; 

A continuing euphasis should be placed on the 

development and the interconparison of different 

sensors for the measurement of trace species 

corentrations in the stratosphere; 

An irreased enphasis should be placed on the 

sinultaneous insitu measurements of the absolute 

corentrat ions of photochemically related conpounds of 

the various families; 

Measurements of the radical species and tenporary 

reservoir species should be made in the stratosphere 

and uer troposphere, usin3 different techniques; 

There should be ircreased effort to understand the 

mechanisms responsible for the excharje of chemical 

constituents across the tropopause; 

3-D fields of inportant trace constituents and 

meteorological variables in the stratosphere should be 

obtained, usizj satellites; 
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UNEP should urge W14) and its member States to play an 

active role in studying tropospheric and stratospheric 

ozone, for the better understanding of climatic changes; 

Studies of the radiative effect of ozone and other 

minor species relevant to ozone photochemistry should 

be promoted for the purpose of detecting climatic 
inact; 

Ozone modification should be studied with realistic 

time-dependent multiple-perturbation scenarios; 

A reference set of scenarios describing past and future 

source gas trends for use in chemical and climate 

models should be established, and the interconparison 

of models based on such scenarios is strongly 

recounended; 

More enphasis should be placed on the coupling of 

chemistry with radiation and dynamics; it is thus 

reconinended that the further development of 

multidimensional models with radiative feedback be 

undertaken; 

1search on the appropriate representation of transport 
processes in 2-D models should be continued; 

tbdels should be continuously validated by means of 

field data, an inoreasing enphasis being placed on the 

use of satellite data; 

Simulation of events such as solar-proton events, 

volcanic eruptions and periodic solar-flux changes is 

reccxLlnended; 
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(xxix). The sensitivity of model predictions to urxertainties 

in the kinetic data, transport parameters, assumed 

source-gas scenarios and photochemical parameters, 

should be investigated; 

(xxx). 	Efforts should be made to inprove knowledge perthinir 

to: 

The relationship between exposure to UV-B radiation and  

human physiological, morphological and ininunological 

responses; 

The relationship between malignant melancina and UV 

radiation from both natural and artificial sources; 

C. The effects of UV-B on human cells in culture and on 

organ cultures of human skin; 

The action spectrum for the irK]uction of non-melanoma 

skin carcer by UV radiation; 

The derK]erce of the response on dose and dose rate 
for the various biological effects of IJV radiation; 

The possible interaction of wavelerth regions, mainly 

tN-B and UV-A, and the possible role of 

photoprotection, photoaugmentat ion and photorecovery in 

carcinogenesis by UV radiation; 

The possible interaction of chemicals, pharmaceuticals 

and pollutants with UV radiation; 

(xxxi). Improved irxlividual and biological dosimeters should be 

developed; 
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The biological effects of UV-B on agricultural crops 

for different geographical locations and urier 

different local growing coniitions should be studied. 

Because of the iiortance of the balance between UV-B 

and visible radiation in plant assessment studies, UV 

irradiation uuder field cor1itions should be carefully 

modulated so as to take account of changes in cloud 

cover and the time of day. 

Be search should be focussed on effects correlating to 
changes in the ozone layer in the range of 0-10 per 

cent, although work should also continue on effects of 

the larger decreases, sirce existing data for the lower 

ozone depletion scenario are sparse and uncertain; 

Studies on aquatic organisms should be exterx3ed to the 

natural water environment in order to gain a kncwledge 

of the effect of solar UV-B radiation on aquatic food 

prodtivity; 

Studies should be continued on biological action 

spectra and the spectral response, especially using 

polychrcmatic radiation in order to include possible 

interactions of the various wavelength regions; 

Photorepair, adaptation, protective mechanisms, and 

interaction between LJV-B stress and other envirorinental 

changes should be studied as part of the overall 

consideration of UV-B effects; 

(xxxviii) Studies should be continued and expanded to determine 

the influence of changes in the EN-B radiation on: 



The sensitivity and activities of insects inortant to 

the biospheric balarce (animal food chain, plant 

cross-fertilization etc.); 

Micro-organisms, such as those causing plant and animal 

diseases; 

C. Primary processes such as photosynthesis, biosynthesis, 

etc.; 

The photodegradation of herbicides, pesticides, 

fertilizers and similar agricultural chemicals; and 

The effects of other stress situations; 

Studies on the mechanisms by which US/-B radiation acts 

on biological molecules, cefls, species and ecosystems 

sFould continue; 

UNEP should orce again urge F1() and its member States 

to play an active role in studying the biological 

effects of UV-B radiation and climatic changes on food 

production; 

UNEP should orce again urge Wil) and its member States 

to play an active role in studying the effects of IN-B 

radiation and climatic change on human health; 

UNEP should initiate and ercourage the co-sponsorship 

by interested States and organizations of a major 

synosium at which member States would present detailed 

scientific reports covering all biological aspects of 

the ozone perturbation problem; 



Governments and organizations which are determined to 

protect man and the envirorinent a3ainst adverse effects 

resulting from modification of the ozone layer and 

which are also aware of the need for future research, 

should critically examine the adequacy of their current 

levels of furxiing, especially in the area of effects 

research, in view of the inportame of this issue. 

The resolution of the International Couriil of 

Scientific Unions corcerning the proposed work on 

global charge should be strongly supported. 

': •. 
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SECTION III 

PROGRPt4MES AND ACTIVITIES RELEVANT 10 THE WORlD PLAN 

OF ?CTION ON THE OZONE lAYER 

In Australia, atmospheric monitoring and research progranines are 

conducted jointly by the Bureau of Meteorology and the Division of 

Atmospheric Physics of the Conmnwealth Scientific and Industrial 

Research Organisation (CSfl)). 

A netrk of 5 Dobson ozone stations is operated by the Bureau of 

Meteorology. These are located beten latitudes of 27 0S and 540S, 
at Brisbane, Perth, Melbourne, Hobart and Macquarie IslarK3.. All stations 

make total ozone and Umkehr observations with the Melbourne station also 

conducting mast ozone sonde measurements. During 1985 it is planned to 

re-open a tropical total-ozone and Umkehr station at Darwin (latitude 

120S) and another station at Ai.ice Springs (latitude 23 0S). 

Also planned for mid-1985 is a project on stratospheric aerosols 

involving the automatic Dobson at Perth supported by a nearby LIDAR and 

possibly ozone sonde measurements. 

At the Buseline Air Pollution Monitoring Station at Cape Grim in 

Tasmania, the Bureau of Meteorology and the CSIID Division of Atmospheric 

Physics jointly conduct several research prograrrines relevant to the World 

Plan of Iction on the Ozone Layer. 

Surface ozone (03) measurements have been made at Cape Grim 

sirce 1976 in a progranine designed to detect any long-term changes in 

03  corcentrations in the lower atmosphere. An annual cycle has been 
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identified with a winter miriixmim and a sinaner maxinum. Long-term trends 

have yet to be detected. Analysis is underway to determine the 

meteorological influences on 03  at Cape Grim. It is planned for late 

195 to install a sensitive chemiluminescent nitrogen oxides 

detector at Cape Grim to study the reactive gas chemistry of background 

air. 

Studies are underway to determine the influence of biological 

sources of NO x (denitrification and nitrification) on the NO budget 

of the remote continental atmosphere. To this end, measurements of MDX 
fluxes, at atmospheric NO x concentrations, have been made over various 

untert iii zed/f ert ilized areas. Halocarbons (CC13F, (X12F2 , 

CLi3CL13, Cd 4) and nitrous oxide (N20) observational progrannes 

Iiave also been conducted at Cape Grim since 1976. Long-term trends have 

been detected and modelled using global release data to deduce 

atnDspneric residence times. Conversely halocarbon growth rates at Cape 

Grim have been used either to calibrate the transport component of a 

2-dimensional tracer transport model or, given the known transport fields 

and atmospheric residerxe times, to deduce global releases. Since 1978 

this progranine has formed an integral part of the Atmospheric Lifetime 

Experiment (ALE), involving scientists from CSflO, the Oregon Graduate 

Center, the Massachusetts and (orgia Institutes of ¶Ichnology and from 

the UK. 

Methane (CH4) and carbon monoxide (CD) have been studied at 
Cape Grim and over the south-eastern part of Australia since 1978. A 

long-term increase has been measured for CH 4  (Ca. 1% per year) and 

significant seasonal cycles in Cl!4  and CD quantified. Madelling 

experiments suggest that the trend in Cl!4  is due to expanding 

industrial and agricultural activities, and the seasonal cycles arcear  to 

be responding to calculated seasonal changes in hydroxyl (OH) radical 

levels. 

Carbon dioxide (U)2) observations coninenced at Cape Grim in 

1976 and complement a CSIRO prograiane of (1)2  measurement over South 
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East Australia that conmenced in 1972. Trends, seasonal cycles and 

vertical gradients have been measured. The data have been used in 

conjurction with global data from the Scripps Institute of (eanography 

and the National Ckeanographic and Atmospheric l¼3ministration (USA), in a 

2-dimensional model, to refine the magnitudes of the known sources and 

sinks of (X)2, especially the biosphere, that are part of the global 

carbon cycle. 

The (IRO Division of Atmospheric Physics also conducts research 

into other areas that are relevant to the World Plan of Action on the 

Ozone Layer: 

Theoretical studies of the dynamics of the stratosphere; 

Measurements of stratospheric constituents over Australia. 

Measurements of NO, NO2, IN031 02, N20, (X13F, 

H20, Cl4  and aerosols have been made at 230S and 
340S during the Australian autumn and spring, 
corresponding with the times of 03  mininum and maximum in 

the stratosphere. Such measurements provide inportant tests 

of the chemical and dynamical theories of the stratosphere; 

(iii)Tropospheric 03  removal processes. The loss of 0 3  from 

the atmospheric over a variety of natural surfes has been 

investigated and 03  destruction rates deduced; 

(iv) Modelling of atmospheric halocarbon distribution. 

In conjunction with US scientists, erythemally effective 

ultraviolet radiation (UV-B) has been measured at Aspeniale (Victoria) 

and Brisbane (Queensland) since 1975. To-date, the data show no 

significant change in LW-B, the radiation responsible for skin damage, 

consistent with the observation that no significant change has been 

observed in total ozone. 
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CANIWA 

Participation in the NASA sponsored BIC (Balloon Interconparison 

Canpaign) was continued in 1984. Participation in the NASA BOIC (Balloon 

Ozone-sonde Intercoirparison Cairpaign) was continued with BOIC III flights 

in March, 1984 and data analysis, with results from both cançaigns 

reported at the 1984 Quadrennial Ozone Syirposium (Halkidiki, Greece, 3-6 

September 1984). Umkehr profiles derived from Brewer ozone 

spectrootometer measurements were ccxrparable with the ozone-sorde 

profiles at BOIC in Texas. 

A SRF (SME rocket flights) rocket was flown in May, 1984 from 

Churchill for correlative measurements with the SME (Solar Mesospheric 

Explorer) satellite. Excellent measurements of the molecular oxygen 

singledelta profile, which gives high altitude ozone from 50 to 100 km, 

were obtained in conjunction with a close overpass of the SME satellite. 

The tunable diode laser project at York University has been 

dormant for the last year. A successful engineering flight to measure 

nitrogen dioxide was conducted in Aust 1983 at Gimli, Manitoba. A 

scientific flight to measure nitrogen dioxide is tentatively planned for 

1985, if technical difficulties can be resolved. 

Studies of the volcanic cloud from El Chichón were continued, 

with grourd-based measurements of ozone, sulphur dioxide and aerosol from 

Mauna Loa observatory using a Brewer ozone spectrophotometer and an AES 

4-channel SOYEK sunphutometer. 

Operation of the World Ozone Data Centre was continued with the 

publication of Ozone Data for the World and the provision upon request of 

ozone data on magnetic tapes. Operation of the Can&lian ozone monitoring 

network was continued with daily measurements using Dobsons of total 

ozone at Ekimonton, thurchill, Resolute Bay, Goose Bay and ¶lbronto, and 

weekly ozone-sorde measurements at the first four of these stations. 
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Brewer measurements of ozone and sulphur dioxide continued to 

take place at Toronto, and a Brewer was installed at Edmonton, to replace 

the Ibson, in February, 1984. The prine Brewer ozone calibration 

staniard, consisting of 3 Brewer spectrcphotcxneters each iniependently 

calibrated at Hawaii, has been established. This should provide a good 

staniard for total-ozone measurements sirce it irciudes Dobson 77, also 

calibrated independently at Hawaii, as a fourth instrument. This 

staniard, which is ir ependent of any single physical instrument, should 

be maintained on a permanent basis in contrast to the United States (and 

%M)) standard world Dobson which is based on a single physical 

instrument:Dobson 83. The travelling Brewer standard, instrument 17, 

visited Australia, New Zealand, Federal Republic of Germany, Greece and 

Belgium in 1984 to check the calibration of instruments at several world 

ozone monitoring network stations. SCI TEC Ltd. of Saskatoon assisted in 

this activity, as well as manufacturing the Brewer spectrophotcineters. 

In the ozone trends area, a considerable depletion of the ozone 

layer was detected at all stations of the Canadian network. The 

depletion exceeded 10 per cent in some months and lasted from December, 

1982 to the sumner of 1983, inclusive. It was also present at Mauna ta 

and many other world ozone stations. The Canadian ozone-sonde profiles 

indicated that the depletion ourred in the 40 to 70 mb region (24 to 18 

kin). UrQublished studies sugest that the lower ozone values may be due 

to the combined effects of the El Chich6n volcanic injection (especially 

chlorine) and the El Ni?o atmospheric warming event in 1982-83. It is 

believed that understanding of this major natural ozone depletion is 

essential to the realistic prediction of anthrcçogenic depletions of the 

ozone layer. 

A new super surphotoineter has been developed and was flown with 

the Canadian astronaut on the Space Shittle in early Ctober. It was 

used to make solar-radiation measurements which will be interpreted in 

terms of high-altitude ozone, aerosol, water vapour and nitrogen dioxide 

profiles in the stratosphere, in a fashion similar to the SACE 

(Stratospheric Aerosol Gas Experiment) on the ERBS satellite launched on 

the same shuttle flight. 
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Risoe National Laboratory has, under a contract from the Nordic 

Council of Ministers, conleted and reported studies of the kinetics of 

hjdroxyl radicals with ethane and a series of chlorine -and fluorine-
substituted methanes. 

The Dobson station at the University of Aarhus is continuing the 

measurements of total column ozone, reporting regularly to the World 

Ozone Data Centre. 
1 

& 

FFDERAL REBJBLIC OF GE1*IANY 

Ongoing and planned activities 

The research activities have continued with special enphasis on 

field measurements of tre constituents of the atnosphere, 

intercocparison of measurement methods and devices and increasing the 

cury of the results. 

The Federal Republic of Germany took part in the international 

MAP/GLDBUS canpaign of 1983, which cofiprised ground-based, airplane, 

ozone-sorwie, balloon-borne, rocket and satellite measurements focusing on 

ozone and related conponents. In the period from 1 September to 12 

tober 1983, about 200 experiments and soundings were carried out. Part 

of the results to be reported at this meeting are based on that 

caupaign. The general data evaluation, however, is still under way. 

In June 1984, the Federal Minister for Research and Technology 

organized, in conjunction with N1SA, Wt") and FAA, a workshop "Current 

issues in our uixierstarrling of the stratosphere and the future of the 

ozone layer" at Fieldafing near Munich. The aim was to evaluate the 

current state of knowledge in stratospheric chemistry and dynamics, to 

present new research results and to discuss deficiencies and research 

needs. The results ortained will be useful for the tcpic of this 

i Iletin. 
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Ozone observations 

The general pattern of changes in the ozone profile during the 

long-term balloon borne ozone soundings of the Hobenpeissenberg 

?teorological Observatory can be seen from figure 5. It is evident that 

tbere is an increase in trospberic and a decrease in stratospheric 

ozone. The irxrease in tropospheric ozone is in good agreement with 

otk'r long-term monitoring results in central Eurcpe, for example, from 

Belgium or from the (èrman Democratic Republic. 
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Figure 5 Mean ozone profiles 

MGIp for 1983 and for 1970-1980 

Although the ozone profiles are of only limited spatial representativity, 

the measurement results tend to support, at least qualitatively, those of 

the model calculations. 
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Irnperature in the middle stratosphere 

Idel calculations predict a temperature decrease in the 

stratosphere as a consequence of CD 2  increase. The evaluation of 

satellite measurements by the Free University of Berlin indicates such a 

trend for the 30 - 90 N Latitude region during the 1970s. This trend can 

be interpreted as a tentative first result supporting model predictions. 

Since the early 1980s, a warming has been spreading from the equatorial 

region towards the north and can be attributed to volcanic eruptions. 

Vertical profiles of source gases 

The frIPI for Peronomy has recorded vertical profiles of a variety 

of halogenated hydrocarbons by balloon-borne grab sampling and subsequent 

laboratory analysis. As can be seen from figure 6, the fall-off 

behaviour of the concentration with increasing altitude is largely 

determined by the chlorine content of the different molecules. 

Figure 6 Averaed measured profiles of fully halogenated methanes (a) 

and ethanes (b) in relative units with respect to the tropospheric 

abundance 
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This is due to the fact that the absorption cross-section 

increases with the number of chlorine atoms attached to a particular 

carbon atom and consequently, there is a decrease in the altitude at 

which pbotolysis occurs. The contribution of different halocarbons to 

the total anount of odd chlorine thus formed varies with the altitude. 

The result of a model caleulation on these contributions is given in 

figure 7. 
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Figure 7 Formation rates of odd-chlorine species (C14C1O) from various 

coiion halocarbons as a function of altitude caleulated by means of a l-D 

model using steady-state corxlitions 
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It should be pointed out that CFC 22 obviously plays a very 
iirportant role in altitudes above 40 km, especially with respect to the 
accelerated irrease of global CFC 22 release in recent years. 

KFA JUlich continued to investigate the vertical distribution of 
various source gases including halocarbons. Similar to the results 
obtained by the MPI for Aeroncziiy, the observed vertical profiles show a 
faster fall off with altitude than the calculated ones, as can be seen 
from figure 8 for CH3  (X 3  as an exairle. These discrepaixies may be 
caused by unierestimates of the photochemical destruction rates arx/or an 
inaccuracy in the vertical transport parametrization. 
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Figure 8 
Vertical distribution of CH 3CC13  in the stratosphere 
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The sanpling of these measurements is carried out by cryogenic 

collection so that, together with the conpounis unier consideration, 
large quantities of ozone are saupled. 

With respect to the accuracy of the result, it is inportant to 

know which alterations of the sanpies can occur during storage peniing 

analysis. A laboratory test urder stratospheric corditions shewed that 
the analysis results of Qi4, N20, 00 21  C13 and CF2C12  were 
not influerxed by ozone. In contrast, C 2H6, C2H21  C3H8 and 
cuci3  were significantly affected in the ppt corcentration range. In 
order to obtain results that are correct within a factor of 2, it is 

necessary to carry out the analysis within a period of 4 weeks. 

The relative variarces in stratospheric observations of the 

long-lived trace gases CH4, N20, CF2C12, Cl3  sbow large 

differerces. These differerces are greatly redxed when the local mean 

starriard deviation is normalized to the local vertical gradient. This 

ratio, called "equivalent displacement height" exhibits a characteristic 

vertical profile which is very similar for all the long-lived trace 

gases, as well as for 03. With the help of this ratio, it is 

denonstrated that the variarces are essentially due to natural causes, 

i.e., transport. If careful measurements are made, the contribution of 

experimental urcertainties, is of minor inportarce. 

A new and very promising technique for measuring free radicals 

has also been developed at the KFA JQlich. The measurements are based on 

sanpling by matrix isolation using a balloon-borne cryosanpler, the 

ana.Lysis being subsequently carried out by ESR. Values of stratospheric 
corcentrations of NO2  I12  and NO3  have been obtained. 

Budgets of atnospheric trace gases 

Trace gases relevant for stratospheric ozone loss and 

tropospheric build-up of ozone were nonitored in the troposphere. Mixing 

ratios of UI4, N20, 0) and various CFCs were measured as a furction 
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of season and latitude. In the case of CH 4, N20 arx 

production and depositing on the ground were studied for different 

seasons and soil properties. It was found that methane is deposited with 

a maximum rate in sumner, whereas N 20 is prodied with a maximum rate 

in spring. No secular trend in (D could be seen. Odd nitrogen is 

emitted from the soil and deposited on plants. The deposition rate for 

NO2  was found to be between 0.5 and 1.0 cm s. 

Rate constants and absorption cross-sections 

The absorption cross-section for NO2  has been measured in the 

wavelength rare 200-550 run. Our values are higher than tlxse measured 

by Bass et al. in the range 200-280 nm and slightly lower at longer 

wavelengths. The resulting pboto-dissociation coefficients are about 4 

per cent lower than the ones calculated from the cross sections tabulated 

in JPL83. It sbould, kowever, be mentioned that correctly 

wavelength-averaged values from Bass et al. also lead to 2 per cent lower 

J-values than the single wavelength values given in JPL83. This finding 

could irrease the effectiveness of NO2  as an ozone sink in 

photoctemical models. 

Several kinetic parameters relevant for odd-nitrogen chemistry 

have been reineasured. Good agreement with previous results has been 

found for: 

k (HD2+NO3) 

k (NO2.NO3/N205)  

NO3  does not ret with S021  CD or CH4  but there is some 

evidence for reaction with Cl. 
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Construction of a high resolution Michelson interferometer 

The University of Munich has in the past, gained experieixe with 

balloon-borne infra-red measurements of atmospheric trace constituents. 

For exanpie, vertical profiles of H 20 and HNO3  were measured by solar 

occultation measurements, while profiles of H 20 and CH4  were deduced 
from nadir to limb radiare profiles. 

A feasibility study has been carried out for the design and 

operation of a &nall He-cooled, high-resolution Michelson interferometer 
(MIP1S). 

The measurement requirements, whereby more than 20 trace 

conponents are to be observed simultaneously, were deduced from 

ca.Lculated emission spectra. 

The spectral range for the emission measurements is 4, 5, to 15 

Urn, the resolution 0, 1 cmL,  scannirj time 1 s, height resolution 

approximately 3 km. 

MIPIS is now under construction; the first measurements will be 

balloon borne. Later ones will possibly be irluded in a Space Shuttle 

mission. 

Ozone scenarios 

A fully interactive radiative-convective model, iix1uding the 

radiative 0.81 effect of 00 2, H20, 0, CH4, N20, M)2  
CFC13, CF2C12  and steady-state chemistry, has been used to 

calculate changes in ozone and tperature due to an ircrease of (s, 
N20, CH4, ND x and CD2. Our most probable scenario for a time 

span of 100 years assumes irxreases of N 20 x 1.25, CH4  x 3, (1)2  x 2 
and tropospheric NO x 2 and constant 1977 CFC emission rates. Sane 

high - chlorine scenarios with irreased CR emission rates have also 

been calculated. We find a change of -0.6 per cent in total ozone for 
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the case with constant CFC emission and of -5.8 per cent for doubled CFC 

emission. Including the feedback between tropical tropopause temperature 

and stratospheric water vapour adds another 1.3 per cent decrease. The 

numbers for various coupled scenarios are given below. 

Table 3 The perturbation scenarios, a "*" means the unperturbed value of base 

case Case C1X at N 2 0 at C114 at C 
0 

 2 1120  at NO injec- Change in 

Surface 

50km al- Surface Surface 16km al- tion at 03 column temperature 

titude titude surface above sur- re change 

(ppb) (ppm) (ppm) (ppm) (ppm) (mol/cm s) face (Z) (K) 

Base 2.3 0.30 1.7 330. 3.5 5.65E 9 0.0 0.00 

1 8.6 * * * * * -5.0 0.46 

2 8.8 * 5.1 * * * 4•7 0.99 

3 8.8 * 5.1 660. * * -3.9 2.97 

4 8.8 0.375 5.1 660. * 1.13E10 -0.6 3.15 

5 15.3 0.375 5.1 660. * 1.13E10 -5.8 3.60 

6 * * 5.1 * * * +0.6 0.50 

7 15.3 0.375 5.1 660. 6.3 1.13E10 -7.1 3.80 

8 14.8 * * * * * -12.7 0.81 

Validation of photochemical models 

The budget of stratospheric odd oxygen has been used to validate 

the model description of stratospheric chemistry with data from satellite 

and balloon measurements. This evaluation points to a discrepancy with 

extra odd-oxygen production below and extra odd-oxygen loss above 30 km. 

The distribution of odd nitrogen, which supplies the main odd-oxygen sink 

between 25 and 40 km, can be derived from measured N 2 
 0 distributions 

independently of any parameterization of transport. This approach gives 

us odd-nitrogen concentrations in reasonable agreement with the field 

data below 30 km, but much higher values above. These results point to 
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major deficiencies in our understarxling of stratospheric odd-nitrogen and 
odd-oxygen chemistry, if we accept the uncertainties proposed for current 
ptiotochemical parameters and trace-gas measurements. 

Effects 

Some results of research on biological effects of increased UV 
radiation in the Federal Republic of Germany: 

1. Aquatic organisms and micro-organisms 

Variable tJV tolerance has been shown for different aquatic 
organisms, depending on their environment. Ttose organisms exposed to 
less tJV in their environment (planktonic daphnia, the stone coral Favia 
pallida) have less tolerance than organisms environmentally exposed to 
tiigher UV levels (daphnia in mountain pools, the coral Platygyra 
sinensis). With the exception of two copepods, all cladoceres which have 
been investigated have shown the phenomenon of photoreactivation. This 
could explain why UV-B tolerance is considerably greater with the 
addition of light of 400-430 nni than with the irradiation using UV-B 
alone. 

In marine diatoms, UV-B doses equivalent to aithient solar UV-B 
levels during sumer reduce biomass production, protein and pigment 
content, wi-iereas free amino-acid pools increase. The pattern of 
amino-acids varied under UV-B conditions. Biosynthesis of ptxtosynthetic 
products and amino-acids nonitored as 14 C and 15N incorporation was 
significantly affected by tN-B stress. Impact of TJV-B radiation on 

marine diatoms was found to be species-dependent (12 species were tested). 

Indirect effects of UV may drastically endanger the survival of 
populations of micro-organisms. Studies done with Euglena, the slime 
n.uld Dictyostelium, and the blue-green algae Phormidium indicate that 
tN-B decreases both the number of motile organisms in a population and 
the average speed of individuals, thus reducing the ability of a 
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population to move into favourable environments, inpairs development and 

inhibits phototaxic and photoplobic responses. 

The kinetics of liquid-holding recovery in yeast after UV exposure 

were shown to be wavelength-dependent. Recovery was absent with 303 and 

313 nm radiation. Studies on budding and division delay showed that 254 

nm radiation induces division delays which are considerably greater than 

those for budding. This differerxe was not found with 313 nm budding, 

suggesting a general distortion in the sequerce of cellular events. 

Irradiation of the mycelia of the fungi Fusarium aquaeductum and 

Neurospora crassa with UV-B as well as with UV-A/blue light caused 

ptlotoirKluction of carotenogenesis. However prolonged UV-B irradiation 

reduces biosynthetic capacity of carotenoid synthesis, monitored as 

35 -methionine uptake. These reductions were restored during 

subsequent darkness. 

Studies on the archaebacterium Halobacterium Halobium have shown 

that the photophosphorylation furctions with 280 run radiation as well as 

under white light, although at a greatly reduced quantum efficiercy. 

2. Higher Plants 

Growth in both cucumber and radish seedlings was shown to be 

successively reduced by a gradual ircrease in UV-B. In the cucumber 

seedlings, the reduced growth was due to lower absolute growth rates at 

higher UV-B levels. Cell division in cotyledons decreased in relation to 

UV-B intensity. Even moderate enharcements of tN-B radiation, such as 

would follow a 12 per cent depletion of ozone in the stratosphere, caused 

significant reductions in the growth of UV-B-sensitive cucumber seedlings. 

Furthermore, it has been shown that UV-B in combination with other 

stresses, for example water stress, produces an effect greater than the 

sum of the effects produced by the stresses independently. 
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Ocumber and radish seedlings grown under water stress and enhanced 

LJV-B (approximating to a 12 per cent reduction in ozone) showed increased 

deleterious effects on growth parameters coared with plants under water 

or UV stress alone. Cucumber seedlings were more sensitive to UV-B than 

radish seedlings, perhaps due to the lower levels of screening pigments. 

UV-B-depeixlent formation of UV-B-screening pigments (flavonoids and 

anthocyanins) has been shown to occur in the leaf epidermis of various 

plants. 

Furthermore, enhanced UV-B radiation caused an increase of about 25 

per cent in total cuticular wax on barley, bean, and cucumber leaves. 

Aldehydes, a minor wax class of cucumber and barley, increased tfold 

with enhanced UV-B. Within each wax class, IN-B shifted the coiposition 

towards a greater proportion with shorter acyl chain lengths, especially 

in cucumber wax. It was concluded that increased amounts of epicuticular 

waxes might function in attenuating enhanced TN-B radiation via 

reflectance and scattering. 

The inortance of photorepair of UV-B damage has been demonstrated 

in bean leaves and mustard cotyledons. These photorepair phenomena have 

been further characterized and their iaportarce for adaptation to an 

increased UV-B enviromient pointed out. 

In hyoscyalnus plants, photoperiodic flower induction was inhibited 

by additional UV-B influence rates not causing visible damage to the 

plants. Translation activity of mRNA isolated from leaves was lower 

after TN-B irradiation. 

3. Photosynthesis 

Photosynthetic activity in radish seedlings was shown to be reduced 

by TN-B, whereas TN-A had no effect. Concentrations of photosynthetic 

pigments were unaffected, suggesting that TN-B influenced the primary 

photochemistry of the chioroplasts. 
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The effects of UV-B irradiation on the primary processes of 

photosynthesis have been analyzed in isolated spinach chioroplasts by 

fluorometric, flash polarographic, and spectroscopic methods. It was 

found that UV-B attacks predominantly the reaction centers of photosystem 

II, which are essential for photosynthetic water oxidization. The 

reaction centers of photosystem I, as well as the ATP synthesize complex, 

are practically insensitive to UV-B radiation. 

4. Animal cells 

Action spectra of inactivation and mutation induction from UV 

radiation in Chinese hamster fibroblasts were compared with data obtained 

using polychromatic radiation. The action spectrum for a given effect 

had to be multiplied by the emission spectrum of the radiation source in 

question. Dimer formation could be well predicted, but the lethal and 

mutagenic effects had been considerably underestimated. It may be that 

the different components of polychromatic radiation act independently 

with respect to dimer formation, but synergistically with respect to 

cellular effects. 

ITALY 

1. Atmospheric measurement 

(i) Ground-based measurements 

Italy continues to operate a network of four Dobson 

spectrophotometers at Vigna di Valle (Roma), Sestola (Modena), 

Cagliari-Elmas and Brindisi. 

Weekly ozonesonde flights started in 1985 at Cagliari-Elmas station 

to measure the ozone profile with the new Vaisala RS80 ozonesondes. 
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The group at the Rome Physics Department, in collaboration with the 

Institute of Atiispheric Physics, has been operating a high sensitivity 
laser radar system (LJDAR) and has obtained high resolution stratospheric 
aerosol profiles for the period 1982-1984, which covers the various 

phases following the eruption of the El Chich6n volcano (28 March - 4 

April 1982). Two-wavelength observations were also carried out in order 

to obtain information on aerosol sizes. The set of data is currently 

being used to establish correlations with fluctations in 0 3  levels. 

LIDAR measurements at present of teiperatures are being iupleinented in 

the uçer stratosphere and mesosphere. 

(ii) Stratospheric measurements from a balloon borne platform 

A high-resolution Fourier Transform spectrometer was used to 

measure the stratospheric emission in the far infrared region. 

The measurements were carried out in connection with the Balloon 

Intercoirparison Cairaign (BIC). The vertical corentration profiles of 

JiF, CH1, H20 and 03  derived from these measurement are being 

criticafly carpared with the results obtained by the other groups 

participating in this international venture. 

Results obtained from previous balloon flights have recently been 

published. 

2. 	Laboratory measurements 

The pure rotational spectrum of several nxlecules of atmospheric 

interest were measured in the infra-red region (10-100 cm) with a 

resolution of 0.003 cm 1. Results have been published on 0 3  SO2 , 

NO2 , HNW, and CH3OH. The spectra of H202  and H2S are now 

being analysed. 

The construction of a second interferometer that will make it 

possible to obtain spectra in the 10-200 cm region with a resolution 

of about 0.001 cm 1  is in progress. 
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3. 	iidemiological studies 

An epidemiological study was conducted in the city of Rome and the 

rate of ircidenoe of malignant melanoma determined retrospectively for 

the years 1970-1979. 

The municipal health structures of the city were involved; the 

cases were all those of patients who were legally resident in Rome and 

received a histological diagnosis of melanoma during the period in 

question; the cases referred only to malignant melanoma of the skin (lCD 

172, eighth revision). 

The analyses of inoidenoe were based on 500 cases, 237 males and 

263 females, collected during the period 1970-1979. The data indicate a 

positive temporal trend in ircidere; the average annual increase being 

0.27 cases/year per 100,000. 

The data show that, in a Mediterranean country like Italy, the 

inciderre of melanoma presents the same ascending trend as in the case of 

the other Caucasian countries, whether European or not, the slope of the 

curves being similar in the two sexes. 

The distribution of the primary site of insurgence in the two sexes 

is closely parallel to that described for all the Caucasian populations, 

the lower limbs being more affected in females and the trunk in males. 
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1. 	In the human health section, the main issue is still the fact that 

UV-B can induce skin cancer. 

An investigation into the relationship between the dose and the 

effect of LJV-carcinogenesis in hairless mice was conipleted. This 
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provided a more solid basis for calculating how much the incidence of 

non-melanoma skin carcer would increase in the event of ozone layer 

depletion. The results to all interests and purposes confirmed the 

earlier calculations. The results of this study were used to formulate a 

new progranme, on the wavelength-dependence of UV-carcinogenesis. A 

preliminary result of this study sFows that UV-A, UV-B and tN-C are all 

carcinogenic, but UV-B is more so than tJV-A and UV-C.. An experiment 

with UV-A and UV-B administered at the same time did not sndw any 

enhancement by UV-A of the carcinogenic effect of UV-B. 

A review is presented on recent scientific investigations on 

UV-carcinogenesis in many countries, including the Netherlands. 

2. 	A multi-year investigation has been completed on the suitability of 

diniethylether as a propellant in spray cans (as an alternative to 

chlorofluorocarbons). 

No toxic properties or influences on the environment have been 

detected that might result in objections to the use of dimethylether. 

FAY 

Studies related to atmospheric ozone are being continued in the 

Institutes of Physics and Geophysics of the University of Oslo. Studies 

have also begun at the University of Tromso, through a joint ozone 

measurement programe with the University of Oslo, and at the Norwegian 
Institute of Air Research (NIL[J). 

Ozone observations with Dobson instruments, wtiich had previously 

been made only in Oslo, are now being supplemented by observations at 

Tromso (700  N latitude) and Svalbard (79 0  N). The instruments at 
Tromso and Svalbard became operational in the sunmer of 1983. These 

measurements are organized by the Institute of Physics of the University 

of Oslo. It is also proposed that an optical ozone instrument (DISIBI) 
be brought to Svalbard this winter for surface-ozone measurements. 
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The Norwegian Institute of Air Research (NILU) has, over the last 

two to three years, been engaed in nasuring long-lived tre species 

like chlorinated hydrocarbons (C-ll, C-12, Q1 30l3, CX14) and 

other hydrocarbons in the Arctic region. Model studies of the transport 

of such species are carried out in collaboration with the Institute of 

Geophysics of the University of Oslo. 

Two-dinensional model studies of atmospheric ozone chemistry and 

ozone-perturbation studies are continuing at the Institute of Geophysics 

of the University of Oslo. 

A diabatic model with rather ccnplete ozone chemistry for the 

stratosphere has been coir1eted and is used for ozone perturbation 

studies. The model gives strong latitudinal gradients in ozone depletion 

due to c'C and N20 increases with the strongest depletion at high 

latitudes, particularly in spring. Iitreased releases of methane, on the 

other haiti, which increase total ozone, have the strongest effect at low 

latitudes. A combined scenario with ircreased fluxes of (, N2, and 

cH4  amplifies, therefore, the latitudinal variation in ozone depletion 

fouiti in studies with single scenarios. 

No-dimensional studies of tropospheric ozone changes due to the 

release of pollutants, give ozone iixreases of the order of 0.5-1.0 per 

cent per year at mid and high latitudes in the troposphere of the 

Northern Hemisphere. If such an irrease continues into the next 

century, it will be of inportazxe for the total ozone at these latitudes. 

1. 	Research 

The Swedish Meteorological and Hydrological Institute in Norrköping 

is using a Brewer spectropbotometer to measure IN-B and is continuing to 

operate a long-term programme to measure variations in the intensity of 

IN- radiation. 
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At the Institute of Physiological Botanics of the University of 

Lund, studies are being conducted on the influences of UV-B on biological 

and chemical processes in plants. 

2. 	Publications 

Since 1978, the Nordic "ozone-contact group", in its progranine of 

nonitoring international research related to ozone, has published reports 

aimed at disseminating scientific knowledge to be used for the guidance 

of Nordic measures, both national and international, for the protection 

of the ozone layer. The latest report from this group was published in 

June 1984 (Rort til Embetsmannskomiteren fra Kontaktgrupen for 

Forskning om beskyttelse av ozonelagret; EK-M 13/84). 

SWITZERLAND 

Influence of El Chichón on the ozone layer 

In 1983, the lowest annual mean values of total ozone were observed 

at Arosa, Switzerland (Laboratory of Atmospheric Physics, ETH, tA1rH, 

Zurich) where aiitost 60 years of such measurements are now available 

(this is in agreement with observations in many other parts of the 

Northern Hemisphere). The siniiltaneous soundings at Payerne (Swiss 

Meteorological Institute and LAPETH) showed that the main deficit 

occurred just at and below the level of the ozone maximum, at an altitude 

where the Quasi-Biennial Oscillation is best shown by the ozone data, and 
this means that the ozone transport from the tropical source region goes 

predominantly into that layer. Conarisons with the LIDAR data from 

Garmisch-Partenkirchen showed that the dust veil produced by the El 

Chict5n eruption reacted its peak intensity over Central Europe at the 

time of the maximum ozone deficiency (winter 1982/83) and was at 

practically the same height. There is little doubt that the all-time 

ozone minimum of 1983 is connected with that volcanic eruption, and a 

number of possible links have been stgested. 
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Ozone transport 

Further research carried out at LAPETH on the January 1979 extreme 
ozone maxima in the middle stratosphere over Payerne, Switzer1ar1, using 
LIMS ozone data from the Nimbus 7 satellite, showed that the maximum can 
be explained by the trajectory method when isentrcpic analysis using the 
IJI!IS geopotential height field, was used. This confirms the internal 
consistercy of the LIMS products. The corresporling results were less 
satisfactory at lower levels, where observational errors became larger. 

Intercomparison between the Umkehr and microwave techniques 

The agreement between the lknkehr measurements at Arosa (LAPrH) and 
the microwave measurements of the vertical ozone distribution carried out 
at Berne (Institute for Applied Physics) in the winter of 1981/82, was 
quite satisfactory, orce a new text of laboratory measurements corcerning 
the microwave ozone line had been applied in the data reduction. A 
second cclTparison, which is planned to last a full year, started in 1984. 

Microwave measurements 

In connection with the WINE-Progranme, the Institute for Applied 
Physics of the University of Berne, in collaboration with the Max-Planck 
Institute for Aeronomy at Lirxau, Federal Republic of Germany, performed 
an aeroplane experiment for measuring ozone and water vapour in the 

middle stratosphere during the polar night north of the Arctic Circle. 

The same group at Bern is organizing, in collaboration with the 
Max-Plaick Institute at Liniau, Federal Republic of Germany, and the 
Naval Research Laboratories at Washington, D.C., a microwave 
limb-souring experiment for measuring P, T, 0 31  H2  and ClO at 
altitudes between 15 and 90 km to be flown on the spacelab in the NASA 
Earth Observation Mission (DS). 
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Trosphere ozone 

The further elaboration of the field experiment data obtained in 
1982 by IAPEfli and the group for Energy and Enviroment of the Swiss 
Institute for Iactor 1search, sbowed that, below the crest level of the 
hills surroundiri the Reuss valley to the south-west of Zurich, the 
surprisingly high night-time ozone destruction was due to an extent of 
about 80 per cent to dry deposition on the ground because circulation 
patterns characteristic of the hilly terrain strongly irrease this loss 
as conared with tbose associated with flat terrain. It was also found 
that the ground influerxe on ozone, teierature and humidity reached at 
least twice the crest level. A second field progranme was run in suxiiner 
1984 in order to obtain inproved information on these night interactions, 
and also on the extent of the borizontal spread of ozone smog. The data 
is now being processed. 

UN flED STATES OF PZ4ERICA 

The United States of America has a ccsprehensive progranine of 
research, monitoring and technology development for the study of 
atmospheric ozone. The goals of the progranine are: 

'lb lirprove our scientific understanding of the physical and 
chemical processes which control the corcentration of atmospheric ozone; 

To assess quantitatively possible perturbations to the ozone 
layer caused by natural phenomena and by man' s activities; and 

lb assess the consequerces of a change in either the total column 
content or the vertical distribution of ozone on weather and climate, 
kunan health, and terrestrial and aquatic ecosystems. 

Panels of expert scientists in each of the scientific disciplines 
related to stratospheric ozone modification and potential biological and 
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climatic effects have cor1ucted an assesnent of the state of knowledge 

on this cdfiplex subject. The report, Causes and Effects of Changes in 

Stratospheric Ozone: 4x1ate 1983, published March 1984, is available from 

the United States National Academy Press, Washington, D.C. 

AThOSPflIC SCIEtE REARQi AND MONIMRING 

I. 	current prograzwe 	 : 

The atmospheric research programme is a conprehensive balared programme 

of field measurements (insitu and remote-sensing techniques using 

grourv-based platforms, aircraft, and balloon and rocket platforms), 

laboratory studies (kinetics, photoc1nistry, spectroscopy and the 

development of calibration starards), theory l-D, 2-D and 3-I) models), 

data analysis (irmluding large satellite data sets), Space SIiittle 

experiments, satellite systems, technology development and advarced 

satellite definition studies addressing the key areas of atmospheric 

research. 

The programme has the following specific objectives: 

'lb unierstarid and quantify the flux strengths and mechanians for 

the transport of source gases in the ID, (H 20), t1 (N20) ClOg 

(CFC13), CF2C121  CC14 , C113C1, 0i39xa3, etc), carbon (Cl!4 , 

W2,W, IIIHC) and sulphnr (SO2,CS21  (DS, ISIS, etc) families from 

the troposphere to the stratosphere; 

'lb urmierstani the formation and destruction processes of 

tropospheric ozone; 

To unierstani the chemical transformation processes within the 

ozone layer, i.e. the coupling between the different clnical families 

and the partitioning between radical, reservoir and sink species within 

each family; 
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lb understand upper atmospheric dynamics and transport; 

lb obtain global climatologies and trervs of ozone (column 

content and vertical distribution) and key hydrogen, nitrogen and 

chlorine species in the upper atlw.)sphere; 

lb acquire a quantitative urxerstarKhng of the seasonal and 

long-term changes in quantities such as inooming solar flux (wavelength 

resolved) and atmospheric tenperature; 

To determine the intertion mechani&ns among the radiation, 

chemistry and dynamics of the upper atmosphere; 

lb develop inproved ptxtochemical models; and 

lb develop a fully interactive general circulation model (GQ4). 

II. 	Icent accomplishments 

¶Lbtal-ozone monitoring. Grourx-based and satellite measurements iricate 

a 5-7 per cent decrease in total ozone (Angell-Korsbover technique) in 

North America, &ircpe and Asia in late 1982, resulting in record low 

(since 1958) total-ozone value in North America and the north terrperate 

zone in early 1983. For the Northern Hemisphere, the decrease seems to 

be about 3 per cent. Ibtal-ozone value appeared to be returning to 

normal later in 1983. Unkehr and owne-sore--derived estimates of 

layer-mean ozone in the north tenperate zone iixlicate that this decrease 

in total ozone was mostly due to large (10-15 per cent) ozone decreases 

in the low stratosphere, tbough the contribution of the high stratosphere 

thereto is not easily determined, because of the bias, introded into 

Unkehr observations by the stratospheric dust from El ChiclxSn. It is 

concluded that the decrease in total ozone in late 1982 was more likely 

due to anomalies in atmospheric circulation than to anomalies in the 

photocnemistry of the high stratosphere. 
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A. Field measurements 

The major recent accomplishments irclude: 

Continued expansion of the atmospheric data base for the 

corcentrations of key stratospheric species in all chemical families; 

Successful demonstration of several balloon-borne techniques, 

irciuding: LIDAR measurements of OH and 0 3 ; far-infra-red FPIR 

measurements of 011; inroved resonarce fluorescerce measurements of atoms 

and radicals; the reel up/reel down mechanin for repeated insitu 

measurements from a single flight; an insitu laser-indixed fluorescerce 

system for OH and ID 2; and an insitu infra-red sanpling system for NO, 

NO2 and H.0 and 1120  species; 

Conpietion of the design, fabrication and laboratory testing of 

several balloon-borne instruments, irciuding: a high-speed interferometer 

(2-16 microns, 0.005 cm' 1  resolution); an inproved microwave 

limb-sounder for ClO and 0 3 ; and an inproved total chlorine/bromine 

sanpling system; 

The caipletion of three series of international trace constituents 

balloon interconparison flights, the results of which are being evaluated; 

Two canpaigns each were used with four insitu and three 

remote sensing instruments, to measure water vapour; 

In two separate canpaigns, 13 and 17 remote sensing 

instruments (ircluding grating spectrometers, radiometers, and 

Fourier Transform interferometers) were used to measure a wide 

variety of atmospheric constituents (HC1, HF, I*0 3  NO2, NO, 

03,1120, CM4, OH, etc.). These sensors utilized the 

visible, infrared, far infra-red and microwave regions of the 

electromagnetic spectrum in both the absorption and emission 

mode; and 
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(iii) In three campaigns several research instruments and sondes 

were used to measure 0 3 . 

Microwave measurements of ClO (including diurnal behaviour) and 

HO2  using ground-based microwave techniques; 

Continued monitoring of the increases in the tropospheric 

concentrations of CR4 , CO, N 20, CFC-ll, CFC-12, Cd 4  and 

CH3CC1 3  (see also Figures 9-14, pages 122-127); 

Continued collection of global data sets of 0 3  (column content and 

vertical distribution), H20, CR4 , N 2  0 and temperature, through the 

continued operation of the SBUV/TOMS and SANS instruments on the Nimbus 7 

satellite; 

Redesigning and testing of the R0OZ (rocket ozone) system, 

resulting in improved precision and reliability; 

Carrying out a mid-latitude stratosphere-troposphere multi-aircraft 

experiment to observe a major folding event; 

Undertaking Automated Umkehr Ozone Profiling. Work that began in 

1982 to automate six Dobson spectrophotometers for Umkehr observations 

was completed in 1984. This project was funded by the EPA, the Chemical 

Manufacturers Association, NOAA, and WMO. Five automated Dobson sites 

were operational in 1984; Perth, Australia; Haute Provence, France; and 

Boulder, Poker Flat and Mauna Loa, United States of America; and 

Continued monitoring of the global stratospheric temperatures via 

the NOAA operational satellite system and the ground-based balloon-sondes 

and rocket-sondes. 
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B. Laboratory studies 

The major recent acconplishuents irvlude: 

Continued overall inrovement in the kinetics and *iotochemical data 
base; 

Obtaining key new ID, rate constant data (i.e. for the }fl+10 21' 
O+kD2, H 2, H12+II)2 , OH4+1NO3, OH+II)NO2, and 

FNO24M reactions), which inprove our understanding of the ler 

stratosphere; 

Mirx)r modifications to the 0+C10 and (11+111 rate constants to 

represent their values more accurately; 

Obtaining new data on 02 and 03  absorption cross-sections; 

Improved understanding of the reactivity of C1 2  and of the 
pboto-dissociation mechanism of 

Obtaining refined spectroscic data for the interpretation of 

atnospheric field-measurements data; and 

Develint of new instruments, namely: a rid response dual-beam 

UV-absorpt ion instrument for balloon-borne measurements of atnospheric 
ozone. 

C. Theoretical studies 

The major recent accofiplishments irclude: 

(a) The utilization of one- and ts- dimensional *otochemical models so 

that there is now an increased awareness of the non-linear coupling in 

the ctiem.ical system, i.e. multiple solutions, 0 3  loss as a furction of 

Clx (both at low and high levels of Clx), the response of 0 3  to the 
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simultaneous increase in the atmospheric concentrations of CFCs, CH 4 , 

N 2 , and CO 2  (multiple-scenario perturbations); and 

(b) Significant inital progress in coupling chemistry in a 

non-interactive manner into a 3-D model. Progress has also been made in 

the development of general circulation models (GCM) which include 

detailed treatment of radiative-dynamical -chemical coupling. (See also 

Figure 15, page 128). 

D. Satellite data analysis 

The major recent accomplishments include: 

Completion of the final processing of Nimbus-7 (LIMS and SAGE and 

DMSP satellite data) and archiving of the data at the NSSDC. This 

provides global data sets for temperature, 03 1120, HNO 3 , N 20, 

NO2 , CH4  and aerosols; 

Selection of a large number of research groups to interpret upper 

atmospheric data from the Nimbus-4, 6, 7, SAGE and DMSP satellites; 

Detection and tracking by SME and SBUV/TOMS and Nimbus-i of aerosol 

and sulphur dioxide clouds emitted by El Chichon; 

Continued analysis of Nimbus-4 BUV and Nimbus-7 SBUV/TOMS data for 

possible trends in 0 3 ; 

Using SME, which is providing excellent data on solar flux and 0 3 ; 

Using satellite data to study stratospheric warming and its 

consequent effects on ozone distributions; and 

Using SME and Nimbus-7 data to determine the time-dependence of 

NO2  increases as air parcels emerge from the polar night. This work 

supports the explanation that the polar NO reservoir responsible for 

the Noxon cliff is N 205 . 
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E. UV-B radiation simulation 

A solar TJV-B radiation computer-developed almanac was completed. 

The almanac contains data on solar LJV-B radiation fluxes at the earth' s 

surface for combinations of radiation wavelengths, total-column ozone, 

latitude, season, and time of day. The almanac's intenled users are 

researchers, such as biologists studying health, terrestrial or aquatic 

effects of UV-B radiation, who need to simulate the solar UV-B radiation 

fluxes as they correlate to various amounts of total-column ozone change 

at their laboratory locations. 

III. Future progranu 

The balared research progranune of field measurements, laboratory 

studies, theoretical studies and data interpretation will continue at the 

same level in the near future. Specific thrusts will irciude: 

Continuation of the balarced prograiwne of insitu and remote 

measurements of atmospheric constituents from balloon-borne platforms 

with an increased emphasis on using multi-sensor platforms so as to 

perform intercomparisons and to obtain comprehensive data sets; 

Studies of the chemical composition of the lower stratosphere, with 

ircreased efforts to measure the reservoir species (C1CNJ 21  1D2021  
etc); 

1curate assessment of the budget and partitioning of 

An erthamed grouri-based progranine to measure tropospheric source 

gas corcentrations; 

Flux studies of source-gases from key ecosystems; 

Application of LIDAR to stratospheric ozone determination; 
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(g) A series of experiments in the tropics and extra-tropics with 

multiple instrumented aircraft to gain an understanding of 

stratospher ic/tropospheric exchange mechanisms; 

(ri) Utilization of MST radar systems to study the dynamical processes in 

the stratosphere; 

A second SAGE, to measure global distribution of aerosols, 03  and 

will be launched in 1984; 

The high resolution infra-red interferometer (MMOS) will be flown 

in the Space Shuttle in 1984/1985; 

Passive and active remote sensor development for future satellite 

(e.g. the proposed Upper Atmosphere Research Satellite programme) and 

Space Shuttle applications; 

(I) Development of a Solar Back-Scattered Ultraviolet Radiation (SBUV) 

instrument for flight on a Space Shuttle to calibrate satellite SBtJV 

instruments; 

Increased euphasis on analysis and interpretation of existing 

satellite data sets; 

&thanced development of 2-D models for assessment studies; 

Pursuit of multiple approaches to the interactive 3-dimensional 

modelling of coupled chemical, radiative, and dynamic processes; 

Improved data interpretation and comparison with model results for 

data from major balloon and aircraft measurement campaigns; 

The Solar Back-Scattered Ultraviolet Ozone r.knitor (SBUV) 

operational progranme will instrument the next United States polar 

orbiter in an afternoon polar orbit. This will provide near-global 

coverage; and 
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(r) A ground-based programe of regular Dobson and automated tnkehr 

Dobson measurements, together with a three-station balloon-based sampling 

prograirine, will be operated for a satellite ground truth progranine. 

HEALTH EFFECIS RESEARCH 

The United States Government supports and conducts laboratory and 

clinical research into the effects of UV light on health. These effects 

inolude sunburn, eye diseases, skin diseases, and skin canoer. Ialth 

effects and their severity depend upon radiation wavelength and 

intensity, exposure tnne, and host and environmental factors. 

This report describes research activities leading to ircreased 

uixierstariding of the predisposing conditions and molecular events that 

lead to LJV light-iridxed irritations and diseases. 

kesearch highlights irxlude the following items: 

Eidemiological studies are providing new estimates of skin 

canoer risks which are adjusted for ethnicity, skin ccqlexion, exposure 

to ionizing radiation, coal tar, and pre-existing skin conditions. 

Beta-carotene modifies the effects of UV-radiation which is a 

possible risk factor for melanoma, and tcpical retinoids can cause 

regression on melanoma metastases. Administration of certain carotenoid 

pigments causes a delay in the development of tumours irid.xed by UV-B 

animal models. 

Diet may play a role in modifying UV-induced canoer. Qirrent 

studies hope to determine if dietary fat enharces photocarcinogenesis and 

to ascertain whether Liv and diet may predispose the host to other 

environmental carcinogens. 

Studies of UV-iriduced DNA damage are focusing on mechanins 

associated with excision and repair of such lesions. Such mechanisms, or 
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the lack thereof, will influeixe the integrity of the DNA and the 

resulting ability of treated cells to survive. 

UV-induced tunours express multiple tumour-associated antigens 

which can selectively activate the regulatory or effector pathways of 

inituine response. ttnoclonal antibodies are being develced to identify 

the different tumour antigens on individual UV-irxiuced tumours. 

Primary neoplans that have been induced experimentally by UV 

light are irrinunologically rejected when transplanted to normal syngenetic 

recipients but are capable of progressive growth when transplanted in 

animals exposed to UV light. These results are presumably due to effects 

on the inuunologic system which is mediated by UV light. 

The action spectrum of UV-B is being studied as an aetiologic 

factor that causes antigen-specific unresponsiveness in mouse skin. 

1ntigen presentation to T-lymphocytes may be inpaired following exposure 

to LW-B doses similar to those experienoed by humans during recreational 

activities. 

Normal human melanocytes are being maintained in tissue culture 

to investigate the role of the UV action spectrum in causing 

melanogenesis and mutagenesis. In vivo studies focus on the effects of 

UV plus a photosensitizer (KJVA) to study the effects on the melanogenic 

process sire RIVA is used to treat a variety of skin disorders such as 

psoriasis and vitiligo. In addition, UV plus a carcinogen is a system 

used to study the origin of melanomas. 

Toxic oxygen metabolites irluding superoxide anion, hydrogen 

peroxide (H202) 1-rjdroxyl radical and singlet oxygen are triggering 

agents in cataractogenesis. Protection is afforded by various enzyme 

systems (catalase, superoxide dinutase (SOD), glutathione peraxidase) of 

lens and other eye tissues. &perimentally induced cataractogenesis has 

shown a rise in the H202  levels and decreases in catalase and SOD. 
Antioxidants will be used to prevent or arrest cataracts in animal models. 
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Changes in the three dimensional structure of lens protein can 

cause a disruption of the molecular organization of the lens causing 

opacity (cataract). During aging and cataractogenesis, the lens protein 

undergoes various changes including aggregation and pigmentation. Such 

modifications of proteins are being investigated using tJV as a possible 

factor in causing changes of lens protein and the formation of senile 

cataract. 

I Current progranine 

Studies continued on the effects of enhanced UV-B radiation both 

in the laboratory and in the field under otherwise natural growing 

conditions on crops, and on aquatic organisms. 

The effects of enhared UV-B radiation on the growth and 

productivity of six field-grown soya bean cultivars were studied. 

Control plants received ambient levels of UV-B radiation while 

experimental plants received daily doses equivalent to that expected on 

the sunmer solstice under clear sky conditions with a 16 per cent and 25 

per cent ozone depletion at the site of the experiment (390N 
latitude). Plants were harvested at several reproductive growth stages. 

The effects of IJV-B radiation on soya bean growth were dependent 

upon the developmental stage of the plant. This developmental change in 

response to LJV-B radiation may be attributed to acclimatization. 

A major corxern are the potential effects of UV-8 radiation on 

seed yield. The data indicated that seed yield on a quantitative basis 

was relatively unaffected by UV-B radiation in all six cultivars tested. 

However, three of the cultivars did sbuw changes in seed quality (e.g. 

reduced protein content). These results are relevant not only in 

relation to crop plants, but to natural plant populations as well, for 

alterations in seed reserves may substantially affect seedling 

supervisorship. 
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Host-pathogen interaction(s) (plant diseases) was a parameter 

that first affected wheat under enhaixed UV-B conditions. The 

interaction was host-pathogen specific. Thus, though wheat yield was not 

directly affected by UV-B radiation, the wheat rust ircrease had the 

effect of decreasiri the effective yield. 

Recent research has also centered on: (1) the development of 

action spectra for damage to photosynthesis of higher plant leaves, (2) 

field experiments to determine the capacity of higher plants to 

acclimatize to more intense tJV-B radiation, and (3) to determine the 

char,es in conetitive balarce between plants subjected to higher UV 

irradiarce in the field. The action spectrum for broad bean Vicia faba 

aears to be similar to that of the model plant Rumex patientia. TI*is, 

this indicates a steep action spectrum which would result in a 

significant radiation anplification factor if ozone reduction ensues. 

Field studies during the sunmer of 1983 demonstrated that higher plants 

could stxw acclimatization to supplemented IN radiation under field 

conditions. With modest UV sulements (corresponding to a 9 per cent 

ozone rediction) the plants synthesized more UV screening coiTpounds and 

the epidermal transmittance decreased. The inortarce of a balance 

between UV-B and visible radiation in plant assessment studies is 

generally recognized. Therefore, carefully modulated UV-irradiation 

under field conditions (to account for changes in cloud cover and time of 

day) is particularly ixportant for realistic simulations of ozone 

reductions. 

Information to date does not suggest that UV radiation 

supplementation (simulating current ozone scenarios) can result in 

sizeable reductions in plant productivity. The ultimate consequences of 

most inportarce may include more subtle changes in plant allocation 

patterns and interactions with other organisms. Changes in the 

conetitive balance of species have been clearly demonstrated. 

Numerous investigators have measured a depression in marine 

phytoplankton coxr.nunity structure following exposure to enhanced levels 
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of LJV-B radiation, There is a decrease in species diversity following 

exposure to enharced levels of UV-B radiation. It aears as if, in 

natural plant cauinities, a change in species ccalposition rather than a 

decrease in net production might be a more likely result of a decreased 

ozone layer. There are several inplications of an alteration in the 

cofilnunity structure of diatom assemblages. Marine diatoms are an 

inportant carbon source for invertebrate grazers and detritus feeders. 

The decreased species diversity observed in studies simulating natural 

coixiitions is usually not aocoq)anied by deleterious effects on bioinass 

and chlorophyll accumulation or by deleterious effects on comiunity 

primary productivity. 

Experiments have been performed with marine animals (larval 

shrinp and adult euphausids) coiparing survival at various UV-B doses and  

dose-rates combined with different levels of near-UV and visible 

irradiarce. Results suggest that ptitorepair to UV damae does occur in 

larval shrirEp and adult euphausids and that this photorepair reaches a 

maximum at relatively low visible light intensities. Thereof ore, 

previous experimental results, using much less visible irradiarce than is 

naturally present, are likely valid with respect to pbotorepair 

potentials. Research confirmed previously determined tolerarce limits 

for shrirrp larvae and adult euphausids. Additional experiments 

demonstrated the aarent inability of euphausids directly to detect and 

avoid harmful levels of UV-B irradiarce. Experiments will continue to 

determine the IJV-B dose/dose-rate response of a large marine ccipepod. 

This work conpiements earlier studies on very iirportant smaller 

copepods. The smaller copepods tolerated considerably less UV-B 

radiation, with thresbolds, depending on species, close to tbose 

currently experierced in the uer one metre, where these copepods are 

very abundant. 

The dye laser is currently being used to produce tJV-B action 

spectra for four eukaryotic micro-organisms, a yeast, an a]J3a, and two 

protozoans. Repair through photoreactivation has been tested in the two 

protozoans. Genetic inhibition of repair appeared iriportant througbout 
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the range tested, but thotoreactivation seemed to have a much reduced 

significarxe at 310 and 315 nm. It was noted that efficierxy of 

inactivation at 310 rim and longer wavelengths was less than would be 

predicted from the shape of the DN1 absorption curve, sgesting that 

repair at those wavelengths might be more efficient than for shorter 

coirponents. With this system, sunlight lethality is not subject to post 

irradiation photoreversal. It is possible that other repair systems also 

work better following long-wave tN-B exposure, or the anomaly could imply 

that the quantum yield for lesions may decrease at wavelengths greater 

than 310 rim. One possible implication of these results is that ozone 

depletion could produce biological effects greater than those predicted 

on the basis of the assumption that action spectra precisely parallel DN1 

absorption spectra. 

II Future research 

The photobiological research programme will corcentrate on 

effects correlating to ozone decreases of about 5 per cent. Existing 

data in this ozone depletion region are sparse and ui-certain. The 

phetorepair mechanisms and effects, as well as amelioration and 

adaptability capabilities, will also be studied in this region. The 

interaction between tN-B stress and other environmental changes (e.g. 

ircreased atmospheric (1)2,  water stress) will be investigated. 
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Changing composition of world CFC use 
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UNITED KINDC14 OF GRE/ST BRITAIN AND NDRTHERN IRELAND 

Introduction 

Sire tne sixth session of (XOL, the United Kingdom has continued 

its research programme into the ozone layer and the effects of man-made 

perturbations. The work is funded by government departments, the Sciere 

and Engineering Research Couzril and the Chemical Manufacturers 

Pssociation. Some activities are carried out in collaboration with 

NASA. The programme can be conveniently reported under three headings: 

atmospheric measurements, laboratory kinetic studies, and stratospheric 

modelling. 

1. 	Atmospheric measurements 

Ground-based measurements 

The Meteorological Office has continued the measurement of 

columnar ozone abundarce by tkbson instruments at several stations. 

The British Antarctic Survey has continued ozone observations at 

Faraday and Halley stations using Dobson spectrophotometers. At Faraday, 

a detailed calparison of Instrument No.73 with its replacement, No. 31, 

will take place during the austral summer of 1984/85. At Halley, 

Instrument No. 123 is now operating satisfactorily at the new station. 

Instrument No.103 has been recovered from Grytviken where it was 

abandoned during the Falkland Islands war. Damage awears  to be only 

slight, but the instrument will be thoroughly cleaned and overhauled 

before reuse. The reduction to a caiuwn standard of ozone data for the 

decade 1973-1983, is well advarced. 

Aircraft measurements 

Aircraft measurements were made by the Meteorological Office 

around polar front jet streams near the British Isles in April 1983; the 
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calculation of ozone fluxes associated with a developing jet is in hand, 

with spectral analysis to examine characteristic length .scales. Large 

horizontal variations in ozone were found above the jet core, on its 

cyclonic side and below it. There was little variability on scales less 

than 10 km. 

Further aircraft profiles of trace gases in a cut-off low near 

the British Isles in April 1983 have been analysed, in collaboration with 

Harwell. The data have been combined with meteorological analyses and 

interpreted to sbow that extrusion of stratospheric air into the 

troposptiere accelerates the oxidization of light hydrocarbons, via 

erthanoed OH conoentration. 

Balloon-borne measurements 

The major effort of the Upper Atmosphere Group of the National 

Physical Laboratory (NPL) has been in its continued in'cx)lvement in the 

Balloon Intercomparison Caiaign (BIC). This international campaign was 

coreived to: 

Determine the accuracy and precision of measurements of 

minor stratospheric constituents using remote sensing techniques; and 

Provide a validated data set with which to test 

ptotochemical models of the stratosphere. 

The measurement phases of the campaign took place during autumn 

1982 (BIC I) and spring 1983 (BIC II). NPL monitored 0 3  H!$D3 , 

NO 2'  H20, CH4, N20, CHC-ll and CFC-12 using a cooled grating 

spectrometer which measured atmospheric thermal emission spectra; the 

data reduction was carried out during the last 18 months. 

Suninarized below are some of the preliminary conolusions from 

BIC, as presented at the Quadrennial Ozone Symposium, Greece, in 

September 1984. 
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Ozone 

In general, agreement between all techniques 

(absorption/emission, mid IR - microwave) is within the quoted errors. 

¶L'pical differences are of the order of 15 per cent below 37 kin. 

Agreement between the insitu techniques (Atiicspheric Environment 

Service Ozone Sohoes and NASA-JSC UV phtcineter) is between 5 - 10 per 

cent below 36 km. 

go 
The H&)3  profiles obtained using emission spectroscopy in the 

11.33 micron baho agree within the quoted errors. The occultation 

measurements of ONERA, France, made using the Q-branch of the 7.5 micron 

barxi, diverge from the others below 27 kin, though other occultation 

measurements of the column anount are generally in agreement with the 

column anount measured by the emission techniques. The BIC I and II 

H7J3  profiles are very similar. 

The BIC occultation measurements in the visible and IR are in 

good agreement. Although the intercomparison is somewhat limited, the 

emission measurements of NPL support the occultation measurements, 

whereas the emission measurements of the Oxford !4R irxlicate much lower 

concentration. 

FICJ. 

The concentrations of HC1 measured using near IR absorption 

spectroscopy are in good agreement with those measured using IR emission 

spectroscopy, however the concentrations obtained from observations in 

the far infra-red spectral region are lower. 

The final BIC results and conclusions are likely to be published 

during 1985. 
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For the future, NPL is planning to develop a balloon borne diode 

laser spectrometer to make measurements of stratospheric coirposition. It 

Popes shortly to buy a ccirmercial laboratory diode laser spectrometer to 

assess the problems associated with flying such a system from a balloon, 

and also to carry out some laboratory spectroscopy in support of 

stratospheric measurements. The group will investigate the feasibility 

of using diode laser spectroscopy to measure species such as N205  and 

C1ONO2  which have eluded positive identification by conventional 

spectroscopic techniques. 

NPL is also collaborating with the University of Oregon to make 

fiprovements to its existing cooled grating spectrometer with the aim of 

significantly irxreasing its sensitivity, especially to the NO family 

of gases. 

Mr. Julian Nott is planning a round-the-srld flight in a 

helium-filled balloon flying in the Southern sub-equatorial jet stream. 

The Meteorological Office is preparing instruments to measure ozone, 

water vapour, temperature and pressure from an instrument packa3e which 

can be lowered down to 1 km below the balloon. This will provide 

valuable information on gaseous exchange between the stratosphere and 

troposphere in the region of the jet. 

(iv) 	Satellite measurements 

Analysis of satellite data from the LiNS and S4S experiments 

carried out by Rutherford Appleton Laboratory (RAL) has been used to 

derive global fields of important radicals and to make modes checks on 

present pbotochemical theory. Two independent derivations have been 

carried out. Assuming 1W 3  and NO 2'  which are measured by L]NS, to 

te in photochemical steady state, Cli can be derived. This is called the 

ratio metbod. OH can also be cakulated from its sources (H 20, CH4 ) 

and sinks (ID2, HNO3, H434). Measurements for some of these 

species exist; for the others photochemical steady-state arguments can be 

made. 
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These two methods produce Ci fields which are in excellent 

agreement in low latitudes. In higher latitudes, where the satellite 

observations are made at high zenith angles, present photochemical theory 

suggests that the two mettxxis should diverge with the ratio method 

predicting much less ai. This is precisely what is found in the 

derivations. The ercouraging results indicate no obvious problems with 

present photochemical theory. 

At Oxford University, development continues of the Improved 

Stratospheric and Mesospheric Sounder (ISMS) for the Uçer Atmosphere 

Research Satellite. This instrument measures tenerature and abundarces 

of minor constituents (CD, CH4 , H20, N20, NO, NO2, N205 , 

HNO3, CF2C121  03) from 15 km upwards to an altitude of from 60 to 

120 km depending on species. The laurch is scheduled for 1989. 

A small instrument dedicated to the measurement of water vapour 

in the region of the mesopause (60 to 100 km of altitude) is also being 

developed for the first flight of the European Retrievable Carrier in 

1987. 

Oxford University is participating in the NASA 'AIMOS' project, 

which involves p1ing a high resolution interferometer on the Spe 

Shuttle for the transmission spectroscopy of trace constituents during 

solar occultation. The first flight is on Spae1ab 3 in January 1985. 

In 1977, NPL, in collaboration with RAL and Oxford University, 

carried out a feasibility study on a cooled infra-red radiometer (CIR) 

for Spacelab. The project was not developed beyond that stage due to 

escalating launch costs. However, with the possible oortunity of 

flying such an instrument on EUREKA (a reusable ESA space platform) the 

groups are re-evaluating the dR instrument to see if it can, in its 

present form or with some redesign, still provide a valuable contribution 

to the study of stratospheric conposition and dynamics. 
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2. 	Laboratory measurements 

Spectroscopy 

Work on spectroscopy in support of stratospheric measurements has 
continued at Rutherford Appleton Laboratory using a high-resolution 
interfercinenter. 031 (021  NO2 , HC1 and Cl-I4  have all been 
studied. A long-path White Cell, allowing study of the weak spectral 
features typically seen in atn*spheric limb paths, has been successfully 
developed for use in conjurxtion with the high-resolution 
interferometer. Paths of up to 256m are currently being used, and will 
be extended in the near future to about 1 km. 

At Cambridge University, the measurement and analysis of the 
infra-red spectra of inportant atmospheric species such as S0 and 
CH3C1 are being carried out at very high resolution (0.005cm ). 
Preliminary results were published in Chem. Phys. Letters 102, 135 (1983). 

Chemical kinetics 

Cambridge University has developed a laboratory method for 
studying reaztions of 11)2  which avoids interfereire by hydrates of 

11)2 and is used at total pressures corresponding to those in the lower 
stratosphere. It is based on flash photolysis ccxnbined with infra-red 

diode-laser spectroscopy. Measurements of the rate of recombination of 
102 radicals have been published (J.C.S. Faraday II, 78, 1469 (1982); 
Chem. Phys. Letters 103, 167 (1983)). This work is inportant and 
constitutes an attenpt to verify our understanding of hydrogen radical 
cnem.istry by measurements of 102  and H202  in the stratosphere. 

Because of the ixrportarxe of the pressure deperxlezres formed for 
retions of hydrogen radicals, this work is being extended by applying 
the highly sensitive but difficult technique of mid-infra-red laser 
magnetic resonarce spectrosccçy to study atmospheric reations of 102 
with NO, NO2  etc. in the pressure rane 10-50 ¶Irr. 
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At Harwell, the kinetics of the reaction of ClO with NO have 

been studied using Ultraviolet and Infra-Red Diode Laser Spectro)y 

coupled to a photochemical modulation technique, and using chlorine 

dioxide as a precursor for ClO radicals. The overall reaction 

stoichiometry has been shown to be represented by: 

	

JClO +2 	 42C10N2 + 02 

over a wide range of conditions. The rate coefficient k for the reaction 

C10+ 2 +M 	4C1OND2 +M 

has been determined and the value at low adO corxentration agrees well 

with the data given in the body of literature for this reaction. At high 

0db, k açarently declines. Possible causes for this have been 

snggested. 

The reaction of Cl with ED has also been studied at Harwell, 

using modulated photolysis of mixtures of C1 2-H2-02-N2  at 350 tim 

in a quartz reaction cell. Measurements of hI)2  and ClO were made using 

(iv absorption at 220 tim and 277.3 tim respectively. Analysis of the 
results using catputer simulation has provided provisional values for the 

rate constants for the two reaction channels: 

Cl + 2 -, HCl + 02 

k2  

—Cl0 + OH 

3. 	Stratospheric modelling 

The Harwell l-D model has been updated to irlude revised 

photolysis rate coefficients for a number of species following recent 

changes in calculated solar irradiance in the range 195 tim to 220 tim. 

Calculated profiles for halocarbon species, including minor CFCs and 
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chiorocarbons such as methyl chloroform and carbon tetrachioride, have 
been conpared with experimental data obtained in joint Lindau/flarwell 
stratospheric balloon cairaigns reported previously. The eddy diffusion 
coefficients were adjusted to fit the observed and predicted 
concentration profiles for CC-fl. These same coefficients then enabled 
excellent agreement to be obtained between measured and calculated 
concentration profiles for the other five species considered, without 
further adjustment. The new eddy diffusion coefficients profile 
resembles that of Froidevaux and Jung but differs in respect of the 
elevation and magnitude of the minimum value, which is placed at 22 km 
rather than 16 km and has a value (1 x 10 3cm2s 1) only half that of 
Froidevaux and Jung's minimum. The ability to represent well the profile 
of six separate species gives high credibility to the use of this new 
profile in l-D model calculations. The agreement of the model value with 
observed CFC 11 and CFC 12 profiles resolves a long standing 
discrepancy. The calculated atmospheric lifetimes for CFC 11 and Cd 4  
(74 and 59 years respectively) agree well with tlxse calculated from AlE 
data, though there is disagreement in the case of CFC 12 and to a lesser 
extent as regards CH3CC13 . The magnitude of calculated ozone 
depletion at steady state is not much affected by the new profile, though 
the time required to reach steady state is increased and there would be a 
corresponding increase in the time required for response to reduction in 
releases of CFCs and other halocarbons. 

The British Antarctic Survey has analysed the results from a new 
stratospheric ozone conputer model. Particular attention is being paid 
to the accurate silTuilation of photolysis rates, taking due account of the 
effects of multiple scattering and ground reflection, together with the 
spiericity of the Earth's atmosphere. This is iuportant at high 
latitudes, where twilight illumination is of long duration. A full 
revision of rate constants and photolysis cross-sections has been 
undertaken, in line with the latest recontnendations by the tThSA Panel for 
Data Evaluation. Jcamination of the boundary conditions used in the 
earlier work has slx)wn that, altmbugh appropriate enough for the period 
then studied, they would give misleading results for a simulation of the 
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polar night. A new algorithm for these boundary conditions has been 

formulated and is being tested. 

Work has continued at Ritherford Appleton Laboratory, in 

collaboration with the Department of Atmospheric Physics of Oxford 

University, using a hierarchy of numerical models. Detailed studies of 

SMS satellite data for CH4  and N2  have been carried out using a two 

dimensional model. Many of the observed features are reproduced. An 

interesting feature of the data is the "double peak" in low latitudes 

when, on a given pressure surface, maxima of N 20 and CH4  are found in 

the subtropics with a local minimum at the equator. Recent model 

experiments suggest that this feature is related to the semi annual 

oscillation of trE equatorial winds. 

A diurnal photochemical model has been used to investigate data 

from a variety of balloon experiments, including the Balloon 

Interconparison Campaign (BIC). The diurnal variation of NO and NO 2  

appears to be well reproduced. There was some extremely interesting 

benaviour in the low stratosphere, following the eruption of the El 

Chicbon volcano. 

At Oxford University, the current focus is on extension of an 

existing modelling scheme from two to three dimensions, including an 

advanced treatment of radiation and photochemistry. In addition, 

atmospheric modelling is being undertaken to provide the theoretical 

complement to the experimental prograitme, and to provide a framework 

within which planning and analysis of the experiments can be carried out. 

A new system for comparing photochemical calculations of 

stratospheric composition with observations, free of the global scale 

averaging assumptions inherent in l-D and 2-D models, has been developed 

at the Meteorological Office. Trajectories are calculated on isentric 

surfaces, with a radiative transfer scheme included so that air parcel 

motion across these surfes may be calculated via the radiative heating 

rate and the thermodynamic equation. A typical parcel size is 5 great 
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circle degrees longitude x 5 great circle degrees latitude x 2 km 

vertical, and it may be tracked for 4 to 10 days depending upon 

meteorological conditions. A full photochemical scheme has been 

integrated along a selection of trajectories during periods of disturbed 

and zonal flow in February and March 1979, in collaboration with 

iutherford 1ppleton Laboratory. Good agreement has been obtained with 

temporal variations in ozone and nitrogen dioxide observations made by 

the LIMS instrument on Nimbus 7, when tne model calculation is 

initialized with L]NS 03 	2' H03  and H20 and SPEIS CH4  

observations. 

Ixchange of air between the stratosphere and troposphere has been 

investigated by three-dimensional trajectory analysis of general 

circulation model data. The results highlight the role of the 

subtropical jet stream systems as mixing ageixies for stratospheric and 

tropospheric air in the model. 

A numerical model of the stratosphere and mesosphere, based on 

the primitive equations, has been adapted to run on the Meteorological 

Office Cyber computer and has variable resolution both in the horizontal 

and in the vertical. Simulations of observed stratospheric sudden 

warnings have been conducted using observed fields of geopotential height 

as a forcing applied at the lower boundary of the model, and the 

prirxipal aspects of the observed events have been successfully 

reproduced. Idealised experiments have also been carried out to study 

the effect on the stratosphere of localized developments in the 

troposphere, such as the growth of blocking anticyclones. Downstream 

iossby wave-trains are produced extending well up into the stratosphere, 

where charies in the circulation occur which resentle tbose seen 

during sudden warmings. In particular, the phenomenon of planetary wave 

breaking has been simulated. Studies to improve the representation of 

radiative processes in the model and to parametrize the effect of gravity 

wave breaking in the mesosphere are being made in collaboration with the 

Department of Atmospheric Physics of Oxford University. 
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Analyses of the stratospheric circulation up to 1 nib are being 

made routinely at the Meteorological Office using data from Stratospheric 

Sounding Units (SSUs) on board NOAA satellites. The data are used for 

diagnostic studies and a climatology based on the six years of available 

data is being prepared. Ephasis is being placed on interhemispheric and 

seasonal differerces and connections with the tropospheric circulation 

and its seasonal cycle. The data are also used to intialize integrations 

with the stratosphere-mesosphere model. Over twenty institutions in the 

United Kingdom and elsewhere are sent SSU data both for research purposes 

and to support scientific campaigns. 

As a prelude to the UARS project at the end of the decade, 

preliminary experiments have been made to feed SSU data into the 

numerical model during the course of an integration in order to improve 

the quality of the analytical data, e.g. by obtaining winds not dependent 

on the geostrophic aroxirnation. The aim is to develop an assimilation 

scheme to ircorporate into an analysis of the circulation the data 

obtained from the UARS and from SSU in contemporaneous orbit. 

UNION OF SOVIET SOCIALIST REEJBLICS 

The M-124 filter ozone meter has been designed in the USSR to 

determine the total ozone content of the Earth's atmosphere, in direct 

sunlight or diffused light, from a section of the sky at the zenith, at a 

network of ozone-measurement stations (figure 16). 

When the angular altitude of the sun is more than 100, the 

M-124 ozone meter measures in relative units the stream of aggregate 

ultraviolet radiation from the sun or from a section of the sky at the 

zenith in three spectral ranges, isolated by three light filters, with 

subsequent recalculation of the values of the streams in the first two 

ranges of the total ozone content of the atmosphere. 

The total ozone content is determined on an ozone nomogram on the 

basis of the ratio of ultraviolet radiation isolated by the first and 

second light filters and of the sun's altitude. 
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Figure 16 

The M-124 filter ozone meter designed in the USSR 

A Soviet-made apparatus similar to the M-124 ozone meter has the 

M-83 universal ozone meter, which is no longer being produced. In 

contrast to the M-83, the new M-124 uses one light receiver, sealed light 

filters and a direct current amplifier with a 140UD8 microcircuit; an 

electrothermometer replaces the mercury thermometer, the 

altitude/azimuthal device has been considerably simplified, and the 

overall dimensions and weight of the apparatus have been substantially 

reduced. 

There are no foreign equivalents to this apparatus. 

Certificate of copyright No. 892395 has been issued for the M-124 

ozone meter. 
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The economic effect of the introduction of the apparatus is 1.46 

thousand roubles a year. 

Principle of operation and brief description of the M-124 ozone meter 

The design of the ozone meter is shown in the diagram. (Fig.17) 

Figure 17 

The design of the M-124 ozone meter 

The direct light from the sun is directed by the reflector 1 into 

the viewing tube 2. The viewing tube, together with the diaphragms 3, 

limits the direct-light flow within a critical angle of entry of 3.5 + 

0.5
0 
 and prevent diffused light from falling on the light filters 4 and 

the light receiver 5. 
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When the total ozone content is being determined in diffused 

lignt from a section of the sky at the zenith, the reflector 1 is not 

used, and another viewing tube with a critical angle of entry of 6.5 ± 

0.5 0  is used. 

In either case, the light falls on to one of the light filters 4 

mounted in its path, which display the required spectral characteristics 

of a photometer, and then on to the light receiver 5 which, in the M-124 

ozone meter, is the F-14 (DST 20338-74 photoelectric cell. 

From the light receiver, an electrical signal proportional to the 

quantity of light passes to the amplifier 6, and then to the 

microanperemeter 7. 

In order to reduce outside interfererce and irxrease the accuracy 

of measurement, the light filters, the light receiver and the amplifier 

are located within the passive thermostat 8, in which the temperature is 

measured by the elec trothermometer. 

Specifications 

Range of determination of total ozone content from ozone noograms 

0.16 - o.60 atm-cm 

Error in determination of total ozone content 	not more than 8 per cent 

Time in which apparatus is ready for operation 	not more than 5 mm 

Time required to switch light filters 	not more than 1 s 

Number of ranges of sensitivity of the amplifier 11 

Independent and separate power supplies: 

For the photoelectric cell 	Battery 10OR4T3-U-50 ch 

TrJ16-529. 297-75 
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For the airplifier 	6 dry cells 

type 3336 QDST 2583-79 

Maxirmiin power requirement of the ozone meter 	not more than 1W 

Overall dimensions: 

With the viewing tube and reflector 	275 x 270 x 300 nun 

Without the viewing tube and reflector 	275 x 270 x 160 mm 

Weigflt 	 5.5 kg 

Full set supplied 

Imae converter 	 1 

Reflector 	 1 

Viewing tube for measurements 

from direct sunlight 	1 

Viewing tube for measurements 

from diffused light 	1 

Cover 	 1 

Case 	 1 

)eveloped by: A. I. Voeikova Priripal Geophysical Observatory, 194018, 

Leningrad, Ui. Karbysheva, 7, Central Design Office for Construction of 

klydrometeorological Ipparatus, 249020, Obninsk, Kaluzhaskoy Oblast, Ui. 

Koroleva, 6. 

Prepared by : Central Design Office for Construction of 

kydrometeorolog ical Apparatus 

EUIJPEAN EXD4IC ODUNITY 

Tne Commission of the Eiropean Communities (CEX) has continued to 

carry out its activities in supporting Ozone research in the framework of 

its Research programmes, Environmental Protection and Climatology. 
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Numerous research contracts dealing with the observational and 

ifodelling aspects of the stratosphere and, in particular its influerce on 

climate, will terminate with the end of the above mentioned programmes on 

.31 December 1985. Based upon the research work of these contracts, a 

working party "S11AIDSPHRE" was established which met for the first time 

in May 1984 (CEC Rept. "S'1W1OSPHERE" Ed. A. Ghazi, DG XII/G). With the 

new research and development programme, Eivironnent and Climatology, 

foreseen to begin in January 1986, the support for stratospheric research 

will be continued (subject to their approval by the Courcil). CC has 

also co-sponsored the Quadrennial Ozone Symposium held in Greece in 

September 1984 and has undertaken the publication of proceedings. 

WORLD MrEXJIOLDGICIL ORG1NIZATION 

Sirce its lead designation for parts of the UNEP World Plan of 

1tion on the Ozone Layer, WHO, in the Global Ozone Research and 

nitoring Project adopted by the %*R4) &ecutive Courcil at its 

twenty-eighth session (EC-XXVIII), has pursued the following broad 

programme: 

Ozone measurements: 

Ground total ozone measurements 

Vertical-ozone profiles observations 

Ozone trend studies 

Ozone photocheniistry and anthropogenic influerces thereof 

Ozone as a radiatively active gas and its possible 

contributions to climate change 

This is consistent with 410 Ececutive Courcil decisions of EC-XXX and 

iC-XXXII, which were, inter alia, to: 

(a) Improve measurements of total and vertical distributions of 

ozone as well as of the relevant trace species; 
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rJst the chemical and dynamical performance of different 
ozone models; 

Detect trends in the ozone concentration within the 
so-called photochemical precursor region and in the column; 
Study the physical processes and phenomena which would 

corxeivably affect data to be used in assessing ozone trends; 

Study the radiative effects of ozone and other minor species 

(relevant to ozone photocheniistry) on stratospheric dynamics 

and hence on the general circulation. 

1. 	Ozone measurements 

Ground-based total ozone measurements: 

Dobson instrument No.83 at Boulder, Colorado, USA, has been 

designated by the *L) Executive Conmittee as the international primary 
standard for total ozone measurements. Secondary standards have likewise 

been designated for the *) Regional Groupings. This was achieved as a 

result of Dobson intercomparisons organized by the *10 at Belsk, Arosa, 

Potsdani and Boulder. 

Recalibration of almost one half of the operating Dobson 
instruments has been accomplished by comparison aainst the standards. 

Several instruments have been relocated more favourably and upgraded. In 
order to increase the precision of the measurements, six selected 

instruments are being automated (to form an 1utomated Dobson Network) as 

a co-operative effort between *10, and EPA and NDAA in the United States 

of America. This procedure is also expected to reduce the time currently 
needed for each observation. 

Another type of instrument, a readily portable Brewer 

spectrophotometer, has been developed by Canada and is being used for 
quick, diagnostic travelling cciparisons. Standard lamps, purchased by 

*), are also being provided to the *10 Regional Associations as an 

inexpensive means of identifying instruments in need of additional or 

frequent recalibrat ion. 
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A new Operations Handbook for ozone observations with a Dobson 

spec troptr.tometer has been developed and issued to replace the one 

published during the International Geophysical Year. An assessment of 

the performance characteristics of various ozone-observing systems, and a 

review of the Dobson total-ozone measurements accuracy have been made and 

the results published. 

Both in±r a-red and ultraviolet rad iances have been and are being 

measured from satellite platforms such as Nimbus 4, Nimbus 6, Nimbus 7, 

the Tiros N series and the Block 5D series. These can be inverted to 

yield total-ozone values and some of the data have been archived in 

centres such as the National Space Science Data Center (N1SA) and the 

National Climate Data Center (tL)AA). WHO has arranged for a review of 

tfle use of satellites in ozone measurements and this review will include 

a report on data availability. 

Vertical-ozone profile observations: 

Realizing that an important aspect of any good observational data 

set is to have instruments which have been interconpared and wbose 

precisions and accuracies relative to each other are known, WMO has 

encouraged and actively participated in four intercomparisons of 
profile-measuring instruments. 

There were two intercomparisons of balloon-borne ozone-sondes. 

Countries using various kinds of sondes, except for India, participated 

in a campaign at Ithenpeissenberg, Fderal Republic of Germany (FRG), in 

1978. The Indian sonde was intercompared against the one used by FRG in 

a second campaign in 1980. Another campaign was conducted in Gap, 
France, where chemical and optical instruments of both insitu and 

remote-sensing types (e.g., Unkehr, ECC, Brewer-Mast, LIDAR, Dasibi) were 

intercompared in 1981. 

An intercoiparison of rocket-borne ozone-sondes was conducted in 

1979 at Wallops IslanI, Virginia, United States. Chemiluminescent and 
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optical sondes from Australia, Canada, India, Japan and the United States 
were intercoirpared. The results are expected to be helpful in 

delineating possible ozone concentration changes in the precursor region 
(around 42 cm). *O has also encouraged other campaigns, both national 

and international, in the context of the Middle Atmosphere Prograirne. 

Two new prograilmes, at Prague and Sofia, have been initiated for 
weekly balloon ozone-sonde observations. 

With regard to Umkehr observations with Dobson instruments, 

member countries have been encouraged, in accordance with Executive 

Council wishes, to increase the frequency and the quality of such 

observations. In addition, a new multi-wavelength technique, the 

so-called "Short" (Jmkehr, which redes by two thirds the time that had 

hitherto been required for observations, is being encouraged. 

2. 	Absorption cross sections, stratospheric dust 

The difficulties encountered in ozone trend detection have given 

rise to the realization that the ozone absorption cross-sections adopted 

in 1968, on the basis of the data then available by the International 

Ozone Cojrrnission (IOC) of IAM1iP could be off by a few percentage points. 

New laboratory measurements, three in the United States and one in 

France, have recently been performed. With WHO encouragement, the four 

experimental groups met as an IOC Working Group on Ozone Absorption 

Cross-Sections and have been comparing their results. 

Dr. Robert Hudson (United States) is the Chairman of the Working 
Group which net just before the recent Quadrennial Ozone Symposium 

(rialkidiki, Greece, 3-7 September 1984) to finalize discussions on the 
measured values and their temperature dependences. The relative 

accuracies of the measurements are the best achievable in a laboratory; 

but the absolute accuracies show some inexplicable discrepancies. Dr. 

Hudson had recommended that one set of measurements, that of the National 

Bureau of Standards in the United States should be adopted for use in 

satellite ozone-retrieval algorithms. The Ozone Conunission has endorsed 
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this reconundation. The question of cross-section values for use in 
Dobson ozone retrievals is as yet unsettled. 

There are other contaminating influences in ozone retrieval: 

stratospheric aerosols, atitospheric sulphur dioxide (both forming part of 

volcanic eruptive matter). Corcurrent LIDAR aerosol observations, to 

determine the particulate contribution to observed radiarces, will form 

part of the Automated Dobson Network. 

3. 	Trend analysis 

Detection of clearly discernible trends in existing ozone records 

is still a matter of much ongoing statistical research. This is 

primarily because ozone exhibits variations of different periodicities, 

ranging from seasonal to solar-cyclical irciuding the quasi-biennial, and 

tne quality of extant data is inadequate to determine unambiguous secular 

trends attributable to a given cause. That is the reason why the 

1xecutive Courcil has placed so much emphasis on inproving the 

data-gathering network. 

Further, contaminating influerces such as volcanic dust and 

sulphur dioxide impose inaccuracies and it is not clear whether 

extraterrestrial solar ultraviolet irradiarces which exhibit short-term 

variabilities (although they are assumed to be invariant in Dobson 

measurements, for example), do not contribute to Dobson data 

variabilities. 

Not only are trends needed in total ozone and ozone densities in 

the precursor region but also in the upper trcospheric/lower 

stratospheric corcentrations because changes (ircreases) are possible 

there as a result of human activities. 

Taking all this into account, WW has conpleted a review on the 

sources of errors in the detection of ozone trends. 
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4. 	Ozone photochemistry and the anthropogenic influences thereof 

In a continuing effort, as reqj.iested by the the WMO Executive 

couri1 at its thirty-second Session, WM) has participated in a variety 

of international scientific-evaluation activities with regard to possible 

numan-idduced changes to the ozone layer. Basically, this has consisted 

of Expert Assessment Meetings/Workshops on ozone modelling and 

stratospheric/tropospheric exchange processes (1977), measurements of 

rare species relevant to the ozone budget (1977), ozone and stratospheric 

circulation (1977), two-dinensional ozone models (1980) and rare 

atmospheric consituents of importare to the ozone layer (1980). In 

addition, a canprehensive review of the stratospheric properties was 

carried out, in co-operation with N1SA, FAA and NDAA, in the United 

States in 1981. 

It is the current understanding that both anthropogenic NO and 

C1O can affect the ozone balarce in the atmosphere. The former can 

contribute to both loss and generation (depending upon the altitude of 

introdution) while the latter is a loss mechanism. There are still many 

urcertain factors in calculating the ozone changes that will result from 

NO x and ClOg  releases. For assessment purposes, model calculations 

will have to consider siirultaneously all potential perturbations (NO, 

ClOg and W2-ind.ced temperature changes because of the feedback link 

between temperature and chemistry). 

5. 	Potential climatic impacts 

Any alteration to the natural vertical ozone distribution, by 

redistributing the heat sources and sinks in the atmosphere, can be 

expected, in prirciple, to have an effect on the general circulation. 

Existing studies have sddwn that, on a per molecule basis, tropospheric 

reclistr ibution has a potentially greater impact on surface temperature 

than stratospheric redistribution. 
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In addition, many source gases such as the chiorofluorocarbons 
and nitrous oxide have absorption bands in the atmospheric window region, 

leaairi to a potential enharxement of the greenhouse effect, if their 
corcentrations in the atmosphere increase. 

An exhaustive review of the potential climatic effects of ozone 
and other minor tre gases has been published by WMO. In addition, in 

co-operation with the IMAP Radiation Corrmission, *J has planned a 

series of intercomparisons of radiative codes used in climate prediction 
models. 

(. 	Eccharge or information 

Member countries have been urged to supply their ozone data 

promptly to Atmospheric Environment Service, Toronto, Canada for tinly 

publication in Ozone Data for the World (the "red book"). 

Publications 

A list of W4) publications under its Global Ozone Research 

nitoring Project is appended (appendix I). 

Ations caiipleted sirce the sixth session of (XDL 

A set of ozone absorption cross sections, along with their 
tenperature dependerce, for the Hartley and Huggins bands has been 

reconunended by the International Ozone Conmission for use in satellite 
ozone retrievals (Halkidiki, September 1984) 

The first intercomparison of radiation codes used in climate 

prediction models, when carparison against line-by-line calculations was 

made, has been completed (Frascati, August 1984). 

Review of 1bson Spectrootometer and its Iccuracy, by Reid E. 

Basher of the New Zealand Meteorological Service, has been published as 
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Report No.13 in the WMO Global Ozone Research and Monitoring Project 

series. 

A workshop on Data Requirements for Ozone Modelling and Trends 

was held at Oxford, United Kingdom, from 10 to 14 October 1983. 

WMO Expert Meeting on Tropospheric Ozone, Its Changes and 

Possible Effect on Climate, was held at Shanghai, China, 22-27 October 

1984. 

Recalibration of Australian Dobson instruments, with 

participation (1) of Secondary Standards from Australia, India and Japan 

and (2) of other Dobsons from Australia and New Zealand, was carried out 

at Melbourne, Australia, 18 November - 8 December 1984. 

Appendix I 

PREVIOUS REPORTS PUBLISHED IN CONNECTION 

WITH THE WMO OZONE PROJECT 

WHO Report on Atmospheric Ozone, submitted to the UNEP Meeting of 

Experts designated by Governments, Intergovernmental and 

Non-governmental Organizations on the Ozone Layer, Washington, 

D.C. 1-9 March 1977. 

Report of the WMO Meeting of Experts on Ozone Modelling and 

Stratospheric/Tropospheric Exchange Processes, Geneva, 25-29 

April 1977. 

Report of the WHO Meeting of Experts on UV-B Monitoring and 

Research, Geneva, 16-20 May 1977. 
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Report of the W) Meeting of Experts on Measurements of Rare 

Species Relevant to the Ozone Budget, Seattle, 18-21 August 1977. 

Report of the WIlD Meeting of Experts on Stratospheric Circulation 

Analysis and Ozone, Washington, D.C., 9-13 July 1979. 

Operations Handbook. Ozone Observations with a Dobson 

Spectrophotometer, June 1980. 

Report of the WIlD Meeting of Experts on 2-D Ozone Models, 

Toronto, January 1980. 

Report of the WIlD Meeting of Experts on Rare Atmospheric 

Constituents of Inportare to the Ozone Layer, Washington, D.C., 

March 1980. 

Report of the WIlD Meeting of Experts on Assessment of Performarxe 

Charteristics of Various Ozone Observing Systems, Boulder, July 

1980. 

Review of the (Xntribution of Ozone and Other Minor Gases to 

Atnosptieric Radiation Régime and Their Possible Effect on Global 

Ciimate Change, December 1981. 

Report of 	AA/FAA/!OAA Meeting of Experts on the 

stratosphere 1981 - Theory and Measurement, Hanpton, Virginia, 

May 1981. 

Report of the WIlD Meeting of Experts on Sources of Errors in 

Detection of Ozone Trends, Toronto, 26-30 April 1982. 

Review of Dobson Spectrophotometer Total Ozone Measurement 

Accuracy, December, 1982. 
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14. 	Report of the WMJ Meeting of Ecperts on Potential Climatic 

kftects of Ozone and Other Minor Trace Gases, Boulder, Colorado, 

13-17 September 1982. 

Puolications pending: 

1. 	Review of Stratospfleric Circulation, by Bojkov, Finger and 

Murgatroyd. 

Lb. 	WM) Meeting of iperts on Data Requirements for Ozone Modelling 

and Trends, Oxford, 10-15 Cktober 1983. 

Review of Concentrations of Rare Species of Importance to Ozone, 

by Rainanathan, Singh and Cicerone. 

Report of Meeting of Experts to Consider the Introduction of New 

Ozone Absorption Coefficients, Washington, D.C., 14-17 November 

1983. 

CHM1CAL MANUFACTURERS ASSOCIATION ((IVIA) - FLW1)CARBON PROGRIM PANEL 

1. 	Modelling 

The 2-D model supported in the United States of America by the 

Fluorocarbon Program Panel (FPP), of the Chemical Manufacturers 

Association, whicri is based on Pyle's treatment of wind fields, has been 

further refined to include radiative-convective and diurnal codes. It 

can now be used for coupled perturbation calculations on scenarios that 

include (1)2  growth. An explicit methane oxidization scheme has also 

oeen incorporated into the 2-D model to permit study of the effects of 

increasing methane concentrations on tropospheric ozone. Transport is 

stiLi. nighly parametrized, as in other 2-D models, and cannot yet 

properly simulate the interactions among dynamics, radiation, and 

chemistry in a perturbed environment. 
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The advective transport code based on the isentropic formalism of 
Thng has been cleveJ.oped and siccessfully tested. Compared to other 2-D 

mociels, ic a.LLows a sinpier parametrization of transport since it 

involves only the observed temperature field and one small eddy diffusion 

terni (K). The transport in the model has been tested with long lived yy 
species involving simple chemistry, such as the uard diffusing species 

NJ) and (YC 11, and tne downward diffusing species, HNO ,3 , with 
excellent results. Coupling of the complete photochemical code to the 
advective code is in progress, to permit testing of chemistry and 
dynamics. 

The major improvement to the l-D photochemical-radiative 

convective model during the past year is the incorporation of the 

solar-flux variability model developed by Lean. This semi-empirical 

model has been shown to simulate well the short-term variability of solar 
ultraviolet (UV) flux, possibly providing a more realistic method of 

modelling the long-term ozone trend associated with the 11-year solar 

cycle. in its first application, the extent to which the variation of 

solar UV flux can affect the interpretation of the trend in ozone at 40 

m was investigated for the period 1962-1982, encompassing two 11-year 

solar cycles. A series of time-dependent model runs was performed to 

define the effect on ozone levels of including solar flux variability 

with and without the inclusion of historic CFC/03 2  release data. The 

magnitude of the calculated response of ozone to solar variability over 

the il-year cycle is about 5 per cent in the upper stratosphere and is 
similar to the calculated response of ozone to CFC release in a decade. 

in the aosence of solar modulation, the calculated concentration of ozone 
shows a monotonically decreasing trend in the modelled stratosphere, due 
to an increase in total chlorine. Variations in the 10.7 cm solar radio 
emission nave been used as a proxy for solar UV flux. With this proxy, 

studies suggest that the ozone response to solar variability may affect 

the interpretation of the ozone trend analyses at 40 km on a decadal time 

scale. University of Wisconsin statisticians and AER modellers will 

assess this effect. 
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Model calculations have been performed to investigate the 
differerce between the observed and calculated column density of NO 2  at 
high latitudes in winter. Some of the differerce may be due to 

air-parcel transport through the polar vortex as discussed by Solomon and 

Garcia. The model calculations have assessed the inportaixe of 
heterogeneous chemistry in the conversion of active odd nitrogen (NO and 

NO2) to the more stable reservoir species HNO 3 . Given the 

urcertainties in current krxwledge of heterogeneous chemistry in the 

stratosphere, these reactions warrant further attention. 

Lb enhaire the understanding of the relative importarce of 

dynamics and chemistry on the spatial and temporal distribution of ozone, 

a two-part budget study of model-calculated atmospheric ozone is in 

progress. The first part is to ciplete an annual budget analysis 

(spatial) and the second to complete a seasonal budget analysis (spatial 

and temporal). Initial results show that most of the ozone is 

photochemically produced in the tropical lower stratosphere and then 

transported to high latitudes. The budget analysis shows that the 

mechanins by which much of the stratospheric ozone is removed at high 

latitudes are photochemical processes rather than the downward transport 

of ozone into the troposphere. This result underscores the importarce of 

NO chemistry on stratospheric ozone distribution at high latitudes. 
Future plans irciude the study of the seasonal ozone budget in an attempt 

to understand the processes responsible for the occurrerce of the 
springtime maximum at high latitudes. 

The calculated diurnal behaviour of ClO, based on the 2-D model, 
agrees rather well with the ground-based observations of Soloman, et al., 

although the model overestimates dO. Dominant processes responsible for 
the calculated diurnal variation of ClO at each altitude have been 

assigned through detailed budget analyses. The large calculated diurnal 
variation of diM in the mid-stratosphere (30-40 kin) is due mainly to 

rapid exchange between C10 (Cl + CO) and C10NO 2 , whereas the 

calculated diurnal variation in the upper stratosphere (40-50 kin) is due 

to exchange between Cl0 and IDCI. In addition, the gradual rise in 
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ClO observed during the early morning hours appears to rule out the 

possibility of the formation of isomers of C1ONO2  in the three-body 

reaction of ClO with NO 2 . 

Calculated profiles of '2  appear to be in reasonable agreement 

with the measurements of de Zatra, et al. No significant conclusion can 

be drawn, Iwever, because the variability of stratospheric 1120 could 

affect the interpretation of the ID2  measurement. The upper limits set 

by de Zafra, et al., and Chance and Traub, for 11202  are about at the 
levels calculated with current models. 

The most recent N1SA evaluation of kinetic and photocheinical data 
contains revised values that affect ozone calculations. The faster rate 
now recommeried for 0 + rD 2 results in an increase in the calculated 

concentration of CE in the upper stratosphere. This higher CE 

concentration leads to a higher calculated ClO concentration in the 40 kin 

region, resulting in better agreement with observation. However, with 

the new rates, the calculated ozone concentration in the upper 

stratosphere is smaller than observed. Smaller values of the 02  cross 

section are now incorporated into models and lead to smaller calculated 

scale rieigflts for the trace gases N20, HNO 3 , and the CFs in the 

stratosphere. This smaller 02  cross section and a faster rate for 
CiONO2  formation are responsible for the downward revision of the 

calculatea CYC-induced steady state ozone depletion estimates from 6.1 

per cent in 1982 to about 3.3 per cent in 1984. 

The calculated effect of the slower rate constant for 0 + C10 
suggested by Birks' measurements is to decrease prortionately the 

steady-state ozone depletion estimates but increase the ClO concentration 
in the 40 km region. A calculation using the values of the 

priotoabsorption cross-section of fOCi reported by Birks gives photolysis 

rate values for IDC1 about 50 per cent higher at 70 kin but 10 per cent 

lower at jU kin. Because LDC1 could be an iiTortant reservoir species in 

modulating the behavior of ClO in the 45 km region, a determination of 

the fOCI cross-section teierature dependence should have high priority. 
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Time dependent 2-D calculations to the year 2050, based on 

continuous emission of CFCs at the 1979 release rate have been completed 

ana give a stratospheric concentration for total chlorine above 50 km of 

about 6 ppbv. The largest calculated ozone depletion (5 per cent) occurs 

at i-iign latitudes in the winter with a lower value of about 2 per cent in 

the suiwier. The calculated ozone depletion in the equatorial region is 

aoout Z per cent throughout the year. Results of calculations for N 20 

or cH4  emission scenarios also stow significant latitudinal gradients 
with tne largest perturbation occurring at the high latitudes. These 

results indicate the irrportance of utilizing a 2-D model to analyse the 

spatial and teirporal inhomogeneity of the perturbation estimates. Fully 

coupled 2-D perturbation calculations are planned. 

A study is under way to assess the non-linear response of ozone 

to high concentrations of stratospheric total chlorine. l-D and 2-D 

calculations considering only changing chlorine corpourx1 emissions, 

indicate that at high chlorine values (>12  ppbv) the concentrations of 

tX), HNO3 , and HD 2NO2  below 32 km are suppressed, but those 

of Qi and HD are elevated. This creates a perturbed environment in 

which cnlorine becomes a more efficient catalyst for the recombination of 

odd oxygen. A more detailed assessment of this non-linear effect is in 

progress to define the role of increased concentrations of CH 4  and 

N20 as well as the consideration of changes in stratospheric 

circulation. Preliminary findings based on coupled perturbation 

calculations show that the occurrence and magnitude of this effect are 

highly dependent on the total NO 
X 
concentration assumed for the 

present-day atmosphere and the growth rates for atmospheric 

concentrations of N20 and CH4 . The results support earlier findings 

that the calculated effect of CFCs on stratospheric ozone is highly 
dependent on the future growth rates for the concentrations of other 

trace species. 

FPP is also supporting atmospheric modelling projects in Belgium 

and Japan. The Belgian group has completed a fully diurnal l-D model and 

further developed its coupled radiative-convective-chemical model. These 
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models have been used to conduct studies, the results of which support 

the above conclusions. The Japanese group has developed a l-D 

cnemistry-transport. moael. 

2. 	Atmospheric chemistry 

The goal of the FPP chemistry progranine is to sponsor research 

that reduces uncertainties in the kinetic and photochemical data base 

needed to calculate the possible alteration of stratospheric ozone 

concentrations by CFCs. However, due to advances in understanding the 

processes that control stratospheric ozone, the emphasis -- but not the 

goal -- of this programme is changing. Only a few years ago, calculated 

protiles for species such as On and do were significantly different from 
the measured profiles. At the same time, significant ozone depletions 

were calculated at steady state in scenarios assuming constant (PC 

emissions. Laboratory kineticists then emphasized the need to reduce the 

uncertainties in reaction rate and photochemical parameters that were 

important to the understanding of the atmosphere at that time. 

Improvements in the values of these parameters have reduced the 

difference between measured and calculated profiles for most species and 

concurrently decreased the calculatea effect of CFCs on ozone. A major 

exception to this is the ozone profile itself, for which models 

urxierestirnate concentrations in the upper stratosphere and overestimate 

concentrations in the lower stratosphere. Although significant 

discrepancies remain, the former obvious deficiencies in laboratory 

kinetic data for the most part are no longer apparent. However, 

additional reactions with relatively slow rates have not been adequately 

studied in the laboratory and may need to be incorporated in the models. 

Such reactions could be significant for model calculations of the 

atmosphere at steady state for constant CFC production at current rates 

(i.e., at stratospheric chlorine concentrations four to five fold greater 

than present levels) but would have little effect on model calculations 

of the present day atmosphere. The FPP chemistry progranme is changing 

to give more emphasis to the reactions and photochemistry that will be 
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iriportant at chlorine concentrations substantially higher than present 

day levels. 

This cnange in efiphasis is demonstrated by several projects to 

determine the products of reactions previously studied. In such cases, 

it a small traction of the overall reaction leads to alternative products 

(i.e., a slow rate constant for the reaction leading to the alternative 

product), there could be a significant difference in model calculations 

at steady state CFC levels. A recently completed project ir*flcated that 

as mucn as 14 per cent of the products of the reaction OH + ClO could be 

kid + 02• Currently,  '2 + Cl are assumed to be the only products. 

the products for the OH + do reaction will be redetermined using 

cryogenic matrix isolation followed by infra-red analysis as part of a 

separate FPP-fur1ed project. Matrix isolation will also be used to study 

the product distribution of the HD + ClO reaction. As part of another 

project, the products of NO3  photolysis will be determined using laser 

photolysis of the NO3  and detection of the products by resonance 

fluore&ence. 

Recent studies have shown certain reactions are sensitive to the 

presence of oxygen, indicating the need to investigate the effect of 

oxygen on stratospheric kinetics. Studies are planned or underway to 

investigate the possible effects of oxygen on the reaction rates of ClO 

with other trace species. To date virtually all stratospheric reaction 

studies have been conducted in inert gas buffers. 

t'k)dellng results, referred to in the 1983 CWL Report indicate 

that sodium-chlorine interactions could oe important in the 35 to 45 km 

altituae region of the stratosphere. Consequently, the FPP has funded 

projects to study three of the key reactions: 

NaOi-i + HCl -  NaCl + H20, 

Na02  + HC1-4  NaCl + NO2, and 

NaCI+hv 	0Na+C1. 
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The results of these studies will help irthcate what additional studies 

of sodium chemistry are needed. 

FPP continues to support research to reduce uncertainties in the 

kinetic and ptochemical data base that is already incorporated into the 

models. The ability to reduce urcertainties results from inprovements in 

laboratory equipment and the experience gained in harxilirg the highly 

reactive stratospheric species. In scme cases, the inprovements are the 

result of more accurate measurements of the tenperature and pressure 
depenclences of the reaction rate constants. 

The 0 + do reaction is being studied by two FPP-funded research 

groups. In one of the studies, the oxygen atom corcentration is 

monitored by chemiluminescerce (0 + EU); in the other, the oxygen atom 

concentration is measured by resonance fluorescence and dO is 

simultaneously monitored by tJV absorption. As a result of these and 

other studies, it is likely that the reconinended value for the 0 + dO 

reaction-rate constant will be redix,ed, resulting in lowered ozone 

depletion estimates and higher calculated ClO concentrations in the 40 km 

region, as mentioned in the preceding section. 

Recent results from balloon-borne experiments indicate that 
previous laboratory measurements overestimated the 02  cross-sections in 

the Herzberg continuum. A laboratory experiment, using a 6.65 m 
photoelectric scanning spectrometer to resolve the lines of the 
Schumann-Runge bands that are superimposed on the Herzberg continuum, 

contirined the balloon results in the 193 to 204 nm region. This project 
will continue, using a 130 m optical path length multiple reflection cell 

ari a 0.3 m scanning monochrometer to measure the cross sections in the 

204 to 240 region. 

Reactions with (ii and 102 are inportant to the partitioning 

uetween the active and reservoir species for both chlorine and nitrogen 

coupourxis. Consequently, improving the understanding of HO chemistry 

continues to be a major effort within the FPP programe. The pressure 
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and temperature dependences of the OH + HD 2NO2  reaction are being 
studied using a 420 - litre reaction chamber and N 2  and air as diluent 
gases. The OH + IDC1 reaction rate constant is being measured using 

laser-inauced resonance fluorescence detection for Cli and a newly 

developed IDC1 source. In a flash photolysis-LJV absorption experiment, 

the rate constants for 11)2 + 	and 	+ NO2  + M are being 

remeasured. A study of the '°2 + k2 reaction using laser magnetic 

resonance detection has recently been completed. 

The kinetic data for NO reactions are generally considered 

reliable; however, there are still some discrepancies between atmospheric 

measurements and model calculations that indicate a need for further 

investigations. Although the chemical data base permits calculations of 

the atmospheric concentrations of the temporary reservoir species 

containing NOR,  atmospheric measurements to confirm these calculations 

are lacking. This is of concern since the calculations could be in 

serious error. The possibility that isomers of HNO 3  may be formed in 

the OH + NO2  + M reaction is being investigated. Formation of an 

isomer with a snorter photolytic lifetime than nitric acid would decrease 

the model-calculated concentration of HNO 3 . 

The first direct measurement at low pressure of the rate constant 

for the reaction: 

NO3 +NO2 +M 	> N 2  0  5  + M 

has been cciiipleted. Previously, the rate constant had to be calculated 

from thermodynamic data and the rate constant for the reverse reaction. 

The major destruction mechanin for }0 2NO2  in the 

stratosphere is assumed to be pndtolysis by solar radiation in the 300 nm 

region. A laser absorption experiment with simultaneous infra-red (IR) 

detection of the HD 2  NO concentration designed to measure the 

cross-sections in the 300 run region has begun. Results of this 

experiment are expected to decrease the uncertainty in the 
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nodel-ca.Lcuiated 1L) 2NO2  concentration (and, hence, C*1 concentration) 

in the lower stratosphere. 

A workshop on stratospheric chemistry has been organized by FPP 

in Oztober, 1984, in Goettingen, Federal Republic of Germany, to provide 

a forum for FPP-funded investigators to exchange recent results and 

discuss future research needs with many other internationally recognized 

scientists. A report on this workshop will be available from Q4A. 

3. 	Atmospheric measurements 

The atmospheric measurements progranme sponsors research to 

obtain observational data that test and extend knowledge of atmospheric 

processes as they relate to the stratospheric ozone layer. The last few 

years have seen steady progress in atmospheric measurements, and the next 

few years promise significantly greater advances. The results of major 

interconparison campaigns are becoming available, and newly develced or 

improved instruments are being deployed. There is still a dearth of 

crucial observations, e.g., of the temporary reservoir species (C1ONO 2 , 

IOC1, kD2NO2), and uncertainty as to the quality of key observations, 

e.g. Qf in the lower stratosphere. The FPP progranme has concentrated on 

the develcpment and improvement of instruments for ground-based 

measurements of trace species, co-funding of major balloon campaigns, 

tropospheric monitoring of halocarbons, and supporting laboratory work. 

A high.Light of the FPP activities since the 1983 OJDL Report has 

been continued observations by a ground-based microwave instrument at 

Mauna Kea, Hawaii. The diurnal variation of dO has been measured with a 

high degree of confidence. vkde1 caiculations relate this diurnal change 

in dO to the pnotochemistry of C1O)2  and other chlorine-containing 

temporary reservoir species. Observations with the same instrument have 

been made of the altittxle profile of }02  and model calculations agree 

well with these observations. Good-quality data have also been obtained 

for £420  and 03 . 
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A latitudinal survey of trace species is planned using a 

ground-based IR spectroscopic technique which offers a good prospect of 

measurements of C1O.)2. The record of solar spectra at Kitt Peak 

National (bservatory is being analysed for historical trends in trace 

gases. 

The results from the Atmospheric Lifetime Experiment (ALE) have 

proved to be more far-reaching than the initial prograirine objective of 

establishing the atmospheric lifetimes of (YC 11 arid 12. The ALE data 

base from monitoring sites around the world provides a wealth of 

information on atmospheric processes, e.g., global circulation, 
tropospheric chemistry, and local pollution. Consequently FPP funding 

has been continued beyond 1983. The ALE network will be succeeded by the 
Global Atmospheric Gases Experiment (G1), which will add a number of 

key molecules such as CH4  and U). FPP plans to participate in the 

funding of G1GE, theretij permitting the Barbados station to continue as 

part of the network. 

Another highlight of FPP activities has been the international 

Balloon Interconiparison Caiipaign (BIC), a project co-funded with NASA, 

the Conniission of the E.iropean Coniunities, and organizations from seven 

countries. The ca1Taign is meeting its objective to improve knowledge of 

tne accuracy of irKlividual experimental techniques by permitting 

measurements of the same trace species in an air mass at a given time. 

The balloon observations were caiiplemented by ground-based and 
aircraft-borne measurements, significantly i rcreasing the atmospheric 

measurements data base. The campaign took place in two phases: 

September/Cktober, 1982 and June, 1983. Many questions are being 

answered about the accuracy of instruments and the reality of the 

variability in the atmospheric measurements. Unfortunately many of the 

instruments were destroyed in accidents at the end of phase II. FPP is 

assisting in the funding for instrument reconstruction. Meanwhile, 

analysis of data from the key far-JR Fourier Transform emission 

instruments, which offer the best prospect for the measurement of species 

such as ClO and (Ii, is being funded. Theoretical work that combines 
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field data and numerical modelling is being supported. The field data 

include BIC and other balloon data and data from the LIMS and SPMS 

sateLLites. This theoretical work is providing valuable insights into 

the photochemistry of the atmosphere. 

Other FPP co-funding of balloon experiments includes flights of 

the newly-developed reel-down technique, which ircorporates an inproved 

instrument for in situ detection of C.LO, of an in situ laser instrument 

for Cli and other species, and of a LIDAR OH instrument. 

In support of the far-IR Fourier Transform emission instruments 

that can detect ClOg  and FI) x species, FPP is funding work in several 

laboratories to measure pressure-broadening coefficients, line positions, 

and interferences from weak lines of other atmospheric constituents. 

çuantitative line strength measurements on a feature of the U) 2  

spectrum have been funded to assist in the development of a suitable 

observational method for this key species. A similar project involving 

}DCI has recently been funded. 

Eccurate measurements of the tenerature dependence of the JR 

band strengths for CFC 11 and CFC 12 are being funded. These data are 

needed to assess the significance of the Cts for the radiative balance 

of the atmosphere. 

In November, 1983, FPP held a workshop on atmospheric spectra in 

conjunction with the United States National Bureau of Standards. The 

presentations addressed three areas: atmospheric monitoring, laboratory 

measurements, and data collection and retrieval. 

4. 	Ozone trend analysis 

The FPP-funded groups at Princeton University, the University of 

Wisconsin, and the University of Chicago have continued their studies of 

atmospheric ozone measurements for evidence of changes. Based on total 

column ozone measurements recorded at 36 ground-based Dobson stations, 
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current trend estimates for the period sir*e 1970, with their 95 per cent 
confiderce limits, are (+0.02 + 0.94) per cent/decade 
(WisconsirVChicago) and (-0.59 ± 1.16) per cent/decade (Prirceton). 

justments have been made for solar variation and shifts from instrument 
recalibrations. Neither trend is significantly different from a zero 
trend based on the 95 per cent confiderce limits of urcertainty. The 
urcertainty limits of the observed trend irclude the current model 
estimate of about +0.35 per cent/decade during the period 1970-1980 for 
the coupled effect of ctüorocarbons (irciuding (s), N20, 1I), 

and CH4 . However, this trend, with its urcertainty limits, does 
not validate the current model. 

Joint studies by FPP-sponsored investigators from the 
Universities of Wisconsin and Chicago and investigators from NASA, NOAA, 
and the Canadian AES have focused on Unkehr ozone profile data for 24-48 
1cm (Unkenr layers 5-9). The 1958-80 data from 13 Umkehr stations showed 
no statistically significant trend near 40 km as indicated in the 1983 
CWL Iport. However, an atteupt to correct for volcanic aerosol effects 
has been made using atmospheric transmission data from Mauna ba, 
Hawaii. With that correction, the trend result was (-3.0 ± 1.6) %/decade 
near 40 km. As noted by the National ?cademy of Scierces in 1984, "These 
analyses show that the Uiikehr network is approaching the ability to 
detect trends in the upper stratosphere of the magnitude caleulated by 
atmospheric models. However, significant questions regarding the global 
representation of the network (heavily corcentrated in the Northern 
Hemisphere) and the accuracy of basing the aerosol correction on 
trannission observations from a single station need to be resolved". 
The statistically calculated thresholds of ozone trend detection for the 
Dobson network are ± 1 %/decade for total ozone and ± 1.6 %/decade for 
ozone at 40 km. 

Analyses of Nimbus 4 BUV satellite total ozone data for the 
period 1970-1977 suggest an instrument drift of -0.5 per cent/year. A 
ccsrparison of satellite and ground-based measurements supports the 
corciusion that the ground-based Dobson network provides globally 
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representative trend estimates in the period of the 1970s for both total 

ozone and Umkehr ozone vertical profiles. 

Under joint FPP and NISA support, WisconsirVChicago, N1SA, NOA1, 

and AES investigators are studying Nimbus 7 SBUV profile ozone data 

(tvember, 1978, to september, 1982). The Wisconsin/Chicago team is also 

studying balloon ozone soixie profile data from 13 geographical locations. 

5. 	Ozone measurements 

FPP is keenly interested in work that will lead to improved 

observation and monitoring of atmospheric ozone. It has provided travel 

funds to enable Japanese and Indian scientists to take their instruments 

to an interconparison of Dobson ozone instruments to be held in 

Australia. A project jointly funded by EPA, NOAA, and FPP is under way 

to automate Unkehr ozone monitoring stations in strategic locations 

around the world. To date, four Unkehr stations in the tbrthern 

Hemisphere have been upgraded to take automated, high quality ozone 

profile measurements at regular intervals (i.e., daily, weather 

permitting). When the project is completed, there will also be three 

stations with similar instrumentation in the Southern Hemisphere. 

In the Unkehr ozone profile trend analysis, an aerosol correction 

has been based on the only available observations which are from a single 

measuring station and may not be globally representative. FPP is 

providing partial funding for a project to gather and analyse atmospheric 

transmission data from a number of geographically different sites, in 

order to study the aerosol effects on stratospheric ozone measurements. 

Because the correction of the timkehr technique to compensate for aerosol 

scattering is very significant and is least aocurate in the critical 

40-45 km and 15-20 km regions of the atmosphere, the FPP is also 

ercouraging exploratory work which could lead to a new ozone monitoring 

instrument, e.g. LIDAR. 
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Iaperature trend analysis 

Calculations of the radiative effect of several trace gases, 
priripally CD2  but iixluding CFCs, sgest that the techniques of 

treril analysis could also be applied to historical data of the 

atmospheric tenerature profile. TO this end Princeton investigators, 

with FPP furxiing, have analysed 1964-1979 weather balloon radiosonde 

temperature data from 128 stations world-wide at altitude levels ranging 

beten the surf ace and 24 km. With or without an approximate correction 

for the temperature change that may have resulted from the Mount )ung 

volcanic eruption in 1963, a statistically significant cooling pattern of 

approximately 0. 50C/decade was detected at 24 km. A slight warming 
(not statistically significant) was seen at or below 11 km. The observed 

trends are qualitatively in accord with the calculated temperature 

cflanges for the fully coupled case in which 0D2, chlorocarbons, N20, 
and Cl4  are considered jointly. 

Production and release of CFC 11 and CFC 12 

FPP has continued to collect and report production, sales, and 

release data for CFC 11 and CFC 12. The latest report, covering 

production, sales, and releases up to the end of 1983, is expected to be 

issued in October, 1984, and will be supplied to CQDL. This latest 

report is confined to data from reporting companies only, estimated as 

approximately 80-85 per cent of the world total. In previous reports, 

FPP had attempted to estimate production in the rest of the world by 

extrapolation from data published for the Union of Soviet Socialist 

Republics covering the period 1968-1975. The data sugested an 18 

percent per annum growth for that period. Use of this 18 percent 

extrapolation in the absence, of more recent production figures for the 

USSR, iastern &irope, or the Peoples Republic of China, hosver, 

progressively introduces a large error into estimates of global 

releases. Since the data base is incomplete, accurate estimates of 

world-wide releases cannot be made. A description of the changes in the 

report and the justification for the changes will be incorporated with 

the most recent calculations. 
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8. 	Climate and biological effects 

The FPP has funded research with the objective of addressing the 

effects of (YCs and other atmospheric trace gases on the teuperature of 

the earth's surface. A sensitivity study using a l-D 

vertical-radiative-convective model showed that the calculated combined 

surface warming caused by increases of CFC 11 and (PC 12 from 0 to 2 ppbv 

eacn lies in the range of 0.3 - 0.9 K, ccitpared to the 2-4 K range 

calculated for a doubling of 

F?? is funding a statistical analysis of the various models that 

are available of the relationship between changes in solar tJV-B and 

cnanges in the incidence of non-melanoma skin cancer. 

INTERNATIONAL (DUNCIL OF SCIENTIFIC UNIONS 

ie solution 

k'uture action by the International Council of Scientific Unions 

(ICSU) relevant to the World Plan of 1tion of the Ozone Layer is 

contained in the following resolution adcçted by the twentieth General 

Assembly of the International Courcil of Scientific Unions (ICSU), 

meeting at Ottawa, Canada (September 23 - 28), which reads: The General 

Assembly of the International Courcil of Scientific Unions, Taking into 

consideration the discussions that have occurred over the past year 

relating to global change in the interaction between the physical and 

living worla and the ICSU synposium held in Ottawa on 25 September 1984 

and expressing its continued support for existing related progranines; 

invites the Executive Board to establish an ad hoc planning group on 

global change to review the relevant ongoing activities of bodies in the 

ILSU family and other organizations, to identify priority subjects for 

early action and to develop a coherent progranine, after analysis of the 

possible contribution of ICSU Scientific Unions, National Members and 

specialist bodies, and requests I(SU to provide the necessary resources 
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to enable the planning group to urxlertake this task; invites National 

Members of I(U to support the develnent of the global change progranine 

and to consider their possible contributions to the progranule; and  

reqiests the planning group to report to the twenty-first General 

Assaubly in 1986. 
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SECTION IV 

PRODUION AND SALES DATA FOR CHLOROFLUOROCARBONS 11 AND 12 UP TO AND 

INCLUDING 1983 - PROVIDED BY PARTICIPATING COMPANIES REPORTING TO THE 

CHEMICAL MANUFACTURERS ASSOCIATION 

Schedule 1 	- Listing of reporting companies 

Schedule 2 	- A tabulation of the total production of CFC 11 on an 

annual basis for the period 1931 to 1983 inclusive, from 

reporting companies 

Schedule 3 	- A tabulation of the total production of 1FC 12 on an 

annual basis for the period 1931 to 1983 includive, from 

reporting companies 

Schedule 4 	- A tabulation of the deviation estimate of total 

production of GFC 11 and CFC 12 applying the submitted 

estimate of probable error from reporting companies 

Schedule 5 	- A tabulation of the total CFC 11 sales by category for 

years 1976 to 1983 inclusive, from reporting companies 

Schedule 6 	- A tabulation of the total CFC 12 sales by category for 

years 1976 to 1983 inclusive, from reporting companies 

Schedule 7 	- A tabulation of the total CFC 11 and CYC 12 sales by 

hemisphere for the period 1931 to 1983 inclusive, from 

reporting companies 

Schedule 8 	- A tabulation of the total production of CFC 11 and CFC 

12 on an annual basis from companies in India and 

Argentina up to and including 1982 

- 	170 - 



The following schedules of production and consumption have been compiled 

from the article cited in note 5 (see list of notes given after the 

schedules); 

Schedule 9 	- A tabulation of USSR production of CFC 11 and CFC 12 for 

the years 1968 to 1975 inclusive 

Schedule 10 - A tabulation of the total consumption of CFC 11 and CFC 

12 in the USSR for the years 1968 to 1975 inclusive 
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Schedule 1 

LIST OF REPORTING COMPANIES 

The following is a list of the reporting companies, including any 

related subsidiaries and/or joint ventures that reported production and 

release data; 

	

1. 	Akzo Chemie B.V. (Netherlands) 

	

2. 	Allied Corporation (United States) 

Allied Canada Inc. (Canada) 

Quimobasicos, S.A. (Mexico) 

	

3. 	Asahi Glass Co., Ltd. (Japan) 

	

4. 	ATOCHEM, S.A. 

New parent company of the Produits Chimiques Ugine Kuhlmann 

((a) Pacific Chemical Industries Pty. Ltd (Australia), (b) 

Ugimica S.A. (Spain), (c) Produven (Venezuela), CHLOE Chimie 

(France) and S.I.C.N.G. Thessalonica (Greece) 

	

5. 	Australian Fluorine Chemical Pty. Ltd. (Australia) 

	

6. 	Daikin Kogyo Co. Ltd. (Japan) 

	

7. 	Du Pont Canada, Inc. (Canada) 

	

8. 	E.I. du Pont de Nemours and Company, Inc. (United States) 

Du Pont de Nemours (Nederland) N.V. 

Ducilo S.A. (Argentina) 
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Du Pont do Brasil S.A. (Brazil) 

Halocarburos S.A. (Mexico) 

	

9. 	Essex Chemical Corporation (Racon) (United States) 

	

10. 	Hoechst AG (Federal Republic of Germany) 

Hoechst Iberica (Spain) 

Hoechst do Brasil Quimica e Farmaceutica S.A. 

	

11. 	Imperial Chemical Industries PLC (United Kingdom) 

(a) 	African Explosives and Chemical Industries, Ltd. 

	

12. 	I.S.C. Chemicals Ltd. (United Kingdom) 

 Kaiser Aluminium and Chemical Corporation (United States) 

 Kali-Chemie Aktiengesellschaft (Federal Republic of Germany) 

(a) 	Kali-Chemie Iberia SA (Spain) 

Mitsui Fluorochemicals Co., Ltd. (Japan) 

Montefluos S.p.A. (formerly Montedison S.p.A.) (Italy) 

Navin Fluorine Industries (India) 

Pennwalt Corporation (United States) 

Showa Denko, K.K. (Japan) 

Union Carbide Corporation (United States) (Union Carbide ceased 

production in 1977; sales by Union Carbide have been included by 

category in this report) 
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Schedule 2 

A tabulation of the total production of CFC 11 on an annual basis 

for the period 1931 to 1983 inclusive, from reporting companies!" 

Year 	Productio ' 	Year 	Production"1  n  

(Metric tons) 
	

(Metric tons) 

1931 - 1957 33,929 
1932 - 1958 29,529 
1933 - 1959 35,562 
1934 45 1960 49,714 
1935 45 1961 60,464 
1936 91 1962 78,106 
1937 136 1963 93,304 
1938 91 1964 111,085 
1939 91 1965 122,833 
1940 181 1966 141,022 
1941 272 1967 159,756 
1942 318 1968 183,116 
1943 408 1969 217,271 
1944 363 1970 238,136 
1945 363 1971 263,175 
1946 726 1972 306,856 
1947 1,315 1973 349,085 
1948 2,994 1974 369,724 
1949 4,491 1975 314,068 
1950 6,623 1976 339,832 
1951 9,072 1977 320,464 
1952 13,562 1978 308,852 
1953 17,282 1979 289,483 
1954 20,911 1980 289,619 
1955 26,263 1981 286,943 
1956 32,477 1982 271,443EJ 

1983 290.804 
Total production 5,692,298 

!' 
See note  

b/ See note  
Cl See note 6. 
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A tabulation of the total production of CFC 12 on an annual basis 

for the period 1931 to 1983 inclusive from reporting companies!" 

Year 	Production 	Year 	Production 

(Metric tons) 	 (Metric tons) 

1931 544 1957 74,163 
1932 136 1958 73,437 
1933 318 1959 87,589 
1934 680 1960 99,428 
1935 998 1961 108,499 
1936 1,724 1962 128,095 
1937 3,084 1963 146,420 
1938 2,812 1964 170,097 
1939 3,946 1965 190,056 
1940 4,536 1966 216,182 
1941 6,260 1967 242,763 
1942 5,942 1968 267,484 
1943 8,210 1969 297,285 
1944 16,738 1970 321,099 
1945 20,094 1971 341,556 
1946 16,647 1972 379,884 
1947 20,140 1973 423,338 
1948 24,766 1974 442,798 
1949 26,127 1975 380,973 
1950 34,564 1976 410,729 
1951 36,242 1977 382 3,833 
1952 37,240 1978 372,082 
1953 46,493 1979 357,159 
1954 49,124 1980 350,219 
1955 57,606 1981 351,308 
1956 68,674 1982 328,039 

1983 353.359 
Total production 7,790,519 

!' See note 1. 
b/ See note 2. 
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Schedule 4 

A tabulation of the deviation estimate of total production of 

CFC 11 and CFC 12 applying the submitted estimate of probable 

error from reporting companies 1  

(Metric tons) 

Chemical 	Total Production 	Deviation 

cFC-ll 	5,692,298 	60,823 

CFC-12 	7,790,519 	77,013 

a/ See note 3. 

b/ See note 2. 
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Schedule 7 

A tabulation of the total CFC 11 and CFC 12 sales by hemisphere 

for the period 1931 to 1983 inclusive from reporting companies' 

(Metric tons) 

Northern Hemisphere 	Southern Hemisphere Total sales 

CFC 11 	5,451,220 	241,078 	5,692,298 

cFc 12 	7,380,881 	409,638 	7,790,519 

a/ See note 1. 
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A tabulation of the total production of CFC 11 and CFC 12 on an annual 

basis reported from companies in India and Argentina up to and 

including 1982 1  

(Metric tons) 

Year 	 Production of CFC 11 	Production of CFC 12 

1968 45 272 
1969 45 318 
1970 45 454 
1971 91 635 
1972 136 862 
1973 590 1,270 
1974 771 1,678 
1975 817 1,678 
1976 817 2,540 
1977 544 2,177 
1978 499 2,132 
1979 544 2,087 
1980 227 1,089 
1981 227 1,089 
1982 408 1,406 

5,806 19,687 

a! See notes 1 and 4 
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S.hi1,l1D 0 

A tabulation of USSR production of CFC 11 and CFC 12 for the years 

1968 to 1975 inclusive' 

(Metric tons) 

Year 	 Production of CFC 11 	Production of CFC 12 

1968 1,400 9,800 
1969 2,200 12,200 
1970 2,500 13,500 
1971 2,900 16,200 
1972 3,700 18,500 
1973 4,100 20,100 
1974 6,200 25,900 
1975 7,500 31,700 

Total 30,500 147,900 

See note 5 
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in 

A tabulation of the total consumption of CFC 11 and CFC 12 in the USSR 

for the years 1968 to 1975 inclusive!" 

(Metric tons) 

Year 	Refrigeration Foam for 	Aerosol 	Other 

Refrigerators Propellants 

1968 7,240 - 3,590 300 
1969 8,090 - 5,780 500 
1970 8,640 - 6,640 850 
1971 10,200 20 7,970 930 
1972 11,710 30 4,620 1,000 
1973 12,390 100 4,950 1,100 
1974 16,000 200 13,360 1,480 
1975 18,290 300 18,240 1,680 

Total 92,560 650 65,150 7,840 

See note 5 
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Notes to 1983 production and sales data for chiorofluorocarbons 

FC 11 and CFC 12 

Note 1 - new participant 

Beginning in 1983, the production and sales data from Navin Fluorine 

Industries are included in the report. 

Note 2 - production amounts 

These amounts exclude any production of a product used as an 

intermediate for chemical or plastic production. 

Note 3 - calculation of deviation 

The deviation presented in schedule 4 was computed by the square 

root of the sum of the squares method. A 95 per cent confidence 

level was used for this calculation. 

Note 4 - Production amounts for India and Argentina 

The amounts recorded up to and including 1982 were compiled for the 

following companies: 

Tool Research S.A. 

I.R.A., S.A. 

Aegis Chemical Industries, Ltd. 

Navin Fluroine Industries 

Tool Research S.A. and I.R.A., S.A., both located in Argentina, 

ceased manufacturing in 1979. From 1980 to 1982, therefore, 

estimates are for India only. Moreover, in 1981, Everest 
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Refrigerants Ltd. came under new ownership and is now known as Aegis 

Chemical Industries Ltd. Its production for 1983 has not been 

estimated. 

Note 5 - USSR production anunts 

These figures were calculated on the basis of the data in tons given 

by E.P. Borisenkov and Y.E. Kazakoc, Tr. Gl. Geofiz. Obs. 1980, no. 

438, pp. 62-74. 

Note 6 - Correction of error 

The reported production and sales figures for 1982 have been reduced 

by 11,191 metric tons to correct an overreporting error. 
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ABBREVIATIONS 

ABS - 	 Atmospheric Environment Service of the 
Department of the Environment (Canada) 

ALE - 	 Atmospheric Lifetime Experiment 

AThOS - 	 Atmospheric trace molecules by spectroscopy 

BIG - 	 Balloon Intercomparison Campaign 

BOIC - 	 Balloon Ozone Sonde Intercomparison Campaign 

Brx - 	 Bromine species 

BUV - 	 Back-scattered ultraviolet radiation 

CCOL - 	 Co-ordinating Committee on the Ozone Layer 

CCSS - 	 Comparative and Complementary Stratosphere 
Study 

CFCs - 	 Chiorofluorocarbons 

CFC 11 - 	 CFC13 

CFC 12 - 	 CF2C12 

cFC 13 - 	 CF3C1 

GFC 21 - 	 CHFC12 

CFC 22 - 	 CIIF2C1 

CFC 113 - 	 C2F3C13 

GFC 114 - 	 C2F4C12 

CFC 115 - 	 C2F5C1 

CR4 - 	 Methane 

Clx - 	 Chlorine species 

C1O, - 	 Oxides of chlorine 

CIR - 	 Cooled infra-red radiometer 

CMA - 	Chemical Manufacturers Association 

cm3mo1ecule 1S - 	 Cubic centimetres per molecule per second 
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CNRS/SA - 	 Centre National de la Recherche 
Scientifique/Service d'Aéronomie 

002 - 	 Carbon dioxide 

CRCCHT - 	 Centre de Recherche sur la Chimie de la 
Combustion et des Rautes Temperatures (France) 

DGRST - 	 Délégation G6nra1e a la Recherche 
Scientifique et Technique (France) 

DMS - 	 Dimethyl sulphide 

DMSP - 	 Defense Meteorological Satellite Program 
(United States) 

ECL - 	 Economic Commission for Europe 

EEC - 	 European Economic Community 

SERM - 	 Etablissement d'Etudes et de Recherche 
Mt4orologiques (France) 

EOS - 	 Earth Observation Mission (NASA Spacelab) 

ESA - 	 European Space Agency 

EPA - 	 Environmental Protection Agency (United 
States) 

FAA - 	 Federal Aviation Administration (United 
States) 

FC - 	 Fluorocarbons 

FC14 - 	 CF4 

FC116 - 	 C2F6 

FPP - 	 Fluorocarbon Program Panel (United States) 

FTIR - 	 Fourier transformation infra—red 

GAGE - 	 Global Atmospheric Gases Experiment 

GC/MS - 	 Gas chromatograph/mass spectrometer 

GRz - 	 Gigahertz 

GOOS - 	 Global Ozone Observing System 

GSFC - 	 Goddard Space Flight Center (United States) 
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HALOE - 	 Halogen occultation experiment 

HIRS - 	 High-resolution infra-red sounder 

HO - 	 Oxides of hydrogen 

2NO2 - 	 Pernitric acid 

HNO3 - 	 Nitric acid 

IAGA - 	 International Association of Geomagnetism 
and Aeronomy 

IAI4AP - 	 International Association of Meteorology and 
Atmospheric Physics 

ICSU - 	 International Council of Scientific Unions 

IFA/CNR - 	 Institute for Physics of the Atmosphere 
(Rome) 

ICY - 	 International Geophysical Year 

lOG - 	 Intergovernment Oceanographic Commission 

IR - 	 Infra-red 

IRIS - 	 Infra-red interferometer spectrometer 

ISAMS - 	 Improved stratospheric and mesospheric sounder 

IUGG - 	 International Union of Geodesy and Geophysics 

JPL - 	 Jet Propulsion Laboratory 

k - 	 rate constant 

K - 	 Degree Kelvin 

KFA - 	 Institut für Chemie der Kernforschungsanlage 
(JUlich, Federal Republic of Germany) 

km - 	Kilometre 

kt - 	 kiloton (1,000 metric tons) 

LAPETH - 	 Laboratory of Atmospheric Physics, 
Eidgenossische Technische Hochschule (Zurich) 

LIDAR - 	 Light detection and ranging laser radar system 

LI14S - 	 Limb infra-red monitor of the stratosphere 
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LIPSP - 	 Laboratoire de Physique Stellaire et 
P1antaire (France) 

LRIR - 	 Limb radiance inversion radiometer 

MAP - 	 Middle Atmospheric Programme 

MAS - 	 Microwave Atmospheric Sounder 

mb - 	 Millibar 

uf 2h - 	 Per square metre per hour 

mj - 	 Millijoule 

MNS - 	 Molecular modulation spectroscopy 

MO - 	 Meteorological Office (United Kingdom) 

molecule cm 2  - 	 Molecules per square centimetre 

molecule cm 3  - 	 Molecules per cubic centimetre 

MPI - 	 Max Planck Institute for Aeronoiny 

MST - 	 Mesosphere stratosphere explorer 

ug - 	 10 6  gram 

urn - 	 10 -6 metre 

NASA - 	 National Aeronautics and Space Administration 
(United States) 

NILU - 	 Norwegian Institute of Air Research 

nm - 	 lO 	metre 

NO - 	 Total odd-nitrogen 

NO - 	 Nitric oxide 

N20 - 	 Nitrous oxide 

NO2 - 	 Nitrogen dioxide 

N205 - 	 Nitrogen pentoxide 

NO - 	 Oxides of nitrogen 

NOAA - 	 National Oceanic and Atmospheric 
Administration (United States) 
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NOBLE - 	 Nitrogen Oxides Balance Experiment 

NPL - 	 National Physical Laboratory (United Kingdom) 

OECD - 	 Organisation for Economic Co-operation and 
Deve lopnient 

OHP - 	 Observatoire de Haute-Provence (France) 

ONERA - 	 Office National d'Etudes et de Recherche 
Aérospatiales (France) 

PMR - 	 Pressure-modulated radiometer 

ppb - 	 Parts per billion 

ppbv - 	 Parts per billion by volume 

ppmv - 	 Parts per million by volume 

ppt - 	 Parts per trillion 

RAF - 	 Radiation amplification factor 

RAL - 	 Rutherford Appleton Laboratory (United 
Kingdom) 

SAGE - 	 Stratospheric Aerosol and Gas Experiment 

SAMS - 	 Stratospheric and mesospheric sounder 

SBUV - 	 Solar back-scattered ultraviolet radiation 

SSBUV - 	 Shuttle solar back-scattered ultraviolet 
radiation 

SCOPE - 	 Scientific Committee on Problems of the 
Environment 

SCOSTEP - 	 Scientific Committee on Solar Terrestrial 
Physics 

SIBEX - 	 Submillimetre Infra-red Balloon Experiment 

SME - 	 Solar Mesosphere Explorer Satellite 

SMERF - 	 Solar Mesosphere Explorer Rocket Flights 

SOD - 	 Superoxide dismutase 

SO - 	 Oxides of sulphur 
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SSU - 	 Stratospheric Sounding Unit 

STP - 	 Standard temperature and pressure 

STRATOL - 	 Radiometric monitoring of stratospheric ozone 
experiment 

t/a - 	 Tons per annum 

TOG - 	 Total ozone content 

TOMS - 	 Total Ozone Monitoring System 

TOyS - 	 Tiros operational vertical sounder 

UNEP - 	 United Nations Environment Programme 

1W - 	 Ultraviolet radiation 

UV-A - 	 Ultraviolet radiation between 320 and 400 nm 

UV-B - 	 Ultraviolet radiation between 280 and 320 nm 

UV-C - 	 Ultraviolet radiation between 100 and 280 nm 

WHO - 	 World Health Organization 

WMO - 	 World Meteorological Organization 

WODC - 	 World Ozone Data Centre 

l-D - 	 One-dimensional 

2-D - 	 Two-dimensional 

3-D - 	 Three-dimensional 
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