&"@ A\
Vi . . \(; N
“‘\J United Nations ‘%‘y
. Distr.
Environment LIMITED
UNEP/COL/5/Background.?2
PFQQ rarnmme 12 October 1981

Original: English

Co-ordinating Committee
on the Ozone Layer
Fifth Session

Copenhagen 12-16 October 1981

THE CHLOROFLOUROCARBON OZONE THEORY
ASSESSMENT OF NEW SCIENCE - 1981

Submitted by

Flourocarbon Program Panel
Chemical Manufacturers Association
Washington, DC



THE CHLOROFLUOROCARBON OZONE THEORY

ASSESSMENT OF NEW SCIENCE - 1981

Submitted by

FLUOROCARBON PROGRAM PANEL
CHEMICAL MANUFACTURERS ASSOCIATION
WASHINGTON, DC



SUMMARY

. Statistical trend analyses of Dobson total ozone measurements
indicate slight increases during the decade of the 70's, with
a trend detection threshold of 1 - 2%/decade. Trend analysis of
ozone measuremenis detects net overall change in ozone. It has
been structured to filter out natural variations and serve a:
a monitor for possible man-made changes.

. Ground-based observations of C10 illustrate its large variability

. and provide data which will be a critical check on the val ity ‘

of the theory.

. Ethane measurements in the lower stratospheré imply a much lower
concentration of chlorine atoms than that calculated by the models.

. The incorporation of new chemistry énto the models has improved
the comparison between the calculated concentrations of critical
species and actual atmospheric measurements. However, significant
discrepancies remain for several key NOx and ClX species. The new
chemistry has reduced the calculated steady state depletion from
about 10Z to about 6% in the last year.

. Concentration profiles of important temporary sink species,
such as ClONOy, HOCl and HOpNO,, have yet to be measured.
Uncertainties, such as pressure and temperature dependencies and
experimental identification of reaction products, remain.

. Two-dimensional models provide a more realistic basis for comparison
of theory with measurement, but, at present, a shortage of

latitudinal and seasonal measurement data limits such comparisons.



. Calculations of combined perturbations by COy, CFCs, and jet

aircraft indicate no significant ozone change until after the

year 2000. Other effects such as N,0 need to be taken into account.
. Two-dimensional galculations of ozone depletion show faster CFC

photolysis and hence lower steady-state depletion than comparable

1-D models.
OZONE TREND ANALYSIS
Statistical analysis of Dobson total column ozone measurements have been
continually refined during the past year with the object of both
understanding and reducing uncertainties related to the method. Three
independent groups at the University of Wisconsin,1 Princeton University,
and Du Pont3 have updated their results to include the 1979 measurements.
They find long-term trends (wifh 20 uncertainties) of +0.8+1.357,
+1.7+2.0%Z, and +1.0+1.27, respectively, for the period 1970-1979. The
results are in substantial agreement. The differencies in the results are
related to the specific data sets analyzed and variations in the method of
analysis.
The Wisconsin and Du Pont studies treat time series of the measurement
sets, and their estimates of uncertainties include all factors related to
individual stations and local geographic groupings of station. The
Princeton work involves a transform to the frequency domain by which
uncertainties of a global nature (ie common to all stations) can be
estimated. Hence, uncertainty estimates from Du Pont and Wisconsin are
similar, and they are somewhat smaller than that from Princeton, The
UnCEftainti@;quoted by the Wisconsin and Du Pont groups refer to the
detection threshold for a ten-year trend in the ozone data from any natural
or man-made cause. The Princeton value of *2.0Z is more broadly interpreted
as the threshold for a trend of man-made origin, or a trend not ascribable tc

natural causes,



All three groups have examined their work for the influence of
atmospheric nuclear testing during the 1960'85. Models indicate

some decrease in ozone due to testing in the early 1960's, followed

by a recovery during the remainder of the decade. It has been argued that
this known increasing trend in the data could bias statistical analyses
such that they over-estimate increasing ozone in the 70's. They fi  that
including this additional variable does not significantly change

either the accuracy of detecting a long-term ozone change or the observed

trends.

Thé Wisconsin group has examined data obtained with the Nimbus 4 ‘ ‘
satellite to determine how well the locations of their chosen 36 Dobson
stations represent a truly "global" ozone sample. They examined satellite
data for the immediate geograpbical region. of their 36 Dobson stations for
a trend. They then compared that trend with the trend determined from the
entire set of satellite data. Since the results do not differ
significantly, the smaller set is found to be representative of global

data for purposes of determining long-term trend. Since the comparison

is made between a small set of satellite data and the entire satellite set,
but not directly with ground-based daté, the known degradation in the
satellite itself is not relevant to this comparison.

At the May 1981 NASA/WMO stratospheric Workshop, fruitful discussions

took place between the statisticians and the meteorologists who are
familiar with the Dobson measurements. Continued collaboration should
allow the statisticians to identify additional explanatory variables

and thus lead to further refinements to the statistical models. The
accuracy of the trend models improves with time as additional measurements
are added to the data set. Given the continuing uncertainties associated
with the model calculations, ozone trend analysis serves as an

important independent constraint on both the structure and the data base

used in the models, as well as an increasingly accurate monitoring tool.



The key conclusion, however, is that the trend detection threshold
is already quite small -- 1 to 2% -- so that ozone trend analysis
provides an early warning system for monitoring changes in
atmospheric ozone.l’ %’ 3 This capability allows regulatory decisions

to be delayed until either the theory of atmospheric processes is well
enough established to permit confident predictions of man-made influences,
or a measured significant negative trend in ozone is identified.
TROPOSPHERIC PROCESSES

It'is obviously of great importance to understand how much of the CFC-11
and CFC-12 released into the troposphere reaches the stratosphere and

hence could potentially affect stratospheric ozone. The Atmospheric
Lifetim_e}\ilxperiment28 is designed to answer this question by accurately
monitoring the tropospheric cohcentrations as a function of time. By
comparing changes in concentration with changes in emissions, the total
lifetime for restrictive loss processes can be determined. Preliminary
analysis of the initial two years' data suggests that the lifetime of
CFC-11 may be only half that (75 years) calculated in the current models,
which assume that stratospheric photolysis is the only sink. This result
would mean that only about half of the CFC-11 reaches the stratosphere and,
therefore, that its calculated ozone-depleting potential would be half

that currently calculated. The error limits on the lifetimes, however,

are currently very large. At least 3 years' data will be necessary to reduce
the uncertainties and establish any firm conclusions.

Information is also accumulating about a possible removal process

for CFC~11 in the troposphere. Considerably elevated conecentrations



of CFC-21 have been observed in air which has passed over

arid or desert areas.z It is well known that CFC-11 is susceptible

to attack by electrons. An expected product of such attack on a sand
surface in the presence of a source of protons, such as water, would
be CFC-21.-It is also known that silica is a source of electrons wh~n
exposed to UV, so the existence of a desert sand sink mechanism

is chemically possible. -12 Experiments are under way to quantify the

importance of this sink mechanism in the Sahara Desert.

ATP.'IOSPHERIC MEASUREMENTS ‘ \
As observations of stratospheric trace species accumulate, intercalibration
of measurements made with different techniques becomesan important goal.
Variation among various measurements may be related to measurement error,
methods of data analysis, local variability in the atmosphere, or

seasonal and latitudinal variations.13 Separation of these effects can

be a difficult process.

Technique-related differences can be investigated by intercomparison
flightscanddata analysis workshops, both of which are being pursued

by such funding organizations as NASA and CMA. Subsequently, greater
latitudinal and seasonal coverage with individual techniques can provide
information on the associated variations.

Ground-based techniques are best suited to record frequent
measurements and to examine the temporal variability of
atmospheric species, Accordingly, CMA is placing special

emphasis on the ground-based millimeter wave measurements of



ClO.14 This important species has exhibited considerable day-to-day

variability in both total colummn and altitudinal distribution. Neither

effect can be duplicated in current models, which implicitly assume averaged
transport in the atmosphere. Another aim of the ground-based effort is to

extend the technique‘to other important species, including simultaneous
measurements of ClO and O3, to look for correlations in their changing concentrations.
This is needed to provide an answer to the critical question "When Cl is added

to the real stratosphere, does it increase, decrease or not affect the net
concentration of ozone?",

Several independent measurements of ClO in the stratosphere

(14, 31, 32, 33) lead to the conclusion that the mixing ratio for this key
intermediate to ozone depletion is significantly reduced in the lower stratosphere
(at 25 Km) relative to model calculations the same Qeasurements indicate that the
mixing ratio for ClO is substantially greater above 40 Km than that of the model
calculations.

Ground-based measurements of the stratospheric profiles of HCl have shown

greater concentrations of this compound at high altitude than the models predict.30

Several of the critical temporary sink species, such as HOZ’ NOZ’ ClONOz,

. 1 . .
and HOCl have not been measured in the stratosphere. 3 Given the very uncertain
chemistry of these chemical compounds, their measurement is critical in assessing

the validity of current models.15

One of the chemicals controlling the concentration of ethane in the lower
stratosphere is active chlorine since these species react at a rapid rate. However,
the measured concentration of ethane in this region implies that the ambient
chlorine concentration is actually lower by a factor of three than the model~

calculated value.16



A further test of the theory is the reel-down technique of

Anderson, which will allow repeated sampling of the same air

mass by raising and lowering a set of instruments from a balloon

platform at high altitpde.17 Correlations among the varying concentrations
of several. species, in the region above 30 Km where chemistry domir-tes,
will provide a direct and essentially model-independent test of the
stratospheric chemistry scheme.

ATMOSPHERIC CHEMISTRY

The most significant recent development in atmospheric chemistr: “as ‘ N
been increased awareness of the uncertainty associated with the

chemical scheme in current atmospheric models. The rates of several
important chemical reactions have been remeasured and are considerably
different from the previously recommended. values (NASA 1049). These
important changes in several recommended reaction rates have increased

the models' sensitivity to those rates. Several new values represent
major adjustments to the reaction rates and fall well outisde the

range of errors estimated in the NAS 1979 report leading to a

substantial reduction in calculated ozone depletion.

Last year, revisions in odd hydrogen chemistry were anticipated based

on preliminary work., The recommended rates of the reactions

OH + HNOB,-OH + HOZNOZ’ and OH + H02 have now all been increased.18

The effect was to reduce calculated OH and H02 concentrations, especially
in the lower stratosphere. This leads to smaller calculated depletion
from chlorofluorocarbons, through both direct effects and indirect coupling

of HOx with C10, and NO, chemistry.



ClNO3 remains a very important species whose formation and destruction
have not been conclusively identified.1§
Several research projeets in progress are directed to the pressure
dependence and product identification for important atmospheric
reactions. The sensitivity of perturbation calculations to minor
product "branches'" is a matter of concern since in most studies to
date the products of the reactions are assumed rather than measured.
ATMOSPHERIC MODELS
1 ) Comparison with Observations

The continued development of two-dimensional (2-D) models

provides the ability for comparing model calculatiouns

to actual atmospheric measurements for a particular latitude

and season.zo’ 21

The agreement between model and measurement
for odd nitrogen species has been significantly improved by
recent revisions in chemistry. The overall features of the
vertical profiles and the latitudinal and seasonal variations
for the major NOx speclies are now fairly well modeled.
However, major discrepancies remiin, including the models'
overestimate of total odd nitrogen (and particularly HNO3)

at high altitudes.21



Chemistry changes have also improved the comparison between

calculated and measured ClO profiles in the lower stratosphere, but

models still appear to underestimate ClO at high altitudes (~ 40 Km).

The effect of these changes has been to shift the region of calculated ozone

depletion to higher altitudes and to reduce overall ozone depletion. Above 40 Km the
complexities of coupied chemistry and transport are not present. Thiscould wplify
the model calculations by removing a source of ambiguity and lead to a more meaningful
comparison between measured and theoretical values. Models appear to overestimate

HCl below ~20 Km, especially at high latitudes, leading to speculation that there

may be a lower stratospheric chemical sink for chlorine not included in the ‘

20, 21

models, In the upper stratosphere, the models calculate n 2 ppb total

chlorine, while the observations indicate a higher value (v 3 ppb).22
The calculated atmospheric 1lifetime of CFC—ll is somwehat shorter (20-30%)
in 2-D than in 1-D models. The 2-D models calculate‘a faster rate of photolysis

because the CFC-11 concentration in the tropics and the incident UV flux are both

largest near the equator.23’ 24

Although the use of 2-D models to analyze these
latitudinal covariance effects has just recently begun, such claculations are expected

to provide new insight into the seasonal and latitudinal influences on

stratospheric chemistry.

2 Perturbation Calculations
The most striking development during the last two years is
the dramatic reduction in calculated ozone depletion due to
CFCs. For constant mid-1970's CFC releases indefinitely into the
future, with no other perturbations included, both 1-D and 2-D
del _ . . 24, 25, 26
models now calculate 5 7% depletion in ozone at steady state.

Depletion through 1980, based on historical CFC release, 1is

calculated to be 0.5 - 0.8%. For comparison, the



1979 NAS report27 found 16.5% at steady state and 2.1% to date,
respectively, for these two calculations. Significant uncertainties

in the chemical data base remain, and further changes in either

direction cén be expected.

Two-dimensional models provide additional information on the distribution
of the calculated depletion over latitude, altitude, and season.

Except near the winter pole, the entire lower stratosphere now

shows a net increase in calculated ozone as a result of CFC release.za’ 25
This contrasts with the large lower stratospheric depletion characteristic
of models in 1979.13 The calculated annual average depletion in total
column ozone is relatively constant with latitude, but seasonal

variations increase with increasing 1atit§&e such that polar winter is the
time and location of maximum depletion.

It is now recognized that, if model calculations of stratospheric ozone
change are to describe the real environment, they must take into

account the coupled effects of all sources of chlorine, nitrogen and
hydrogen trace constituents, as well as the CO2 effect. This has not yet
been accomplished although individual calculations have been made including
the simultaneous effect of (1) CFC's,NOx'from subsonic aircraft and the
documented buildup of atmospheric C024’ 26 as well as (2) c1x,N20 and
NOx.30

In these publications the calculated effects on total ozone column

through 1980 result in a decrease of less than 0.5Z. In the former
calculation essentially no net change in ozone results through the

year 2000. Although error limits have not been assigned in the model
calculations, it is evident that this range of values overlaps that

of the measured trend in ozone concentration. The latter is an observational

constraint against which the perturbation calculations can be tested.



A calculated present day ozone depletion greater than 1% would conflict
with current measurements.

BIOLOGICAL EFFECTS OF OZONE DEPLETION

Concern over calculated future depletion of stratospheric ozone develops
from concefn over the terrestrial effects of the anticipated incre

in UV-B should ozone depletion actually occur. The concerns involve

human skin cancer incidence, possible effects on crops and on marine life
forms important to the marine food chain, and climatic effects. A
commentary on the biological concerns has been prepared for a CMA-partic!~\

pating member company by a panel of independent authorities in the fields

of plant, aquatic = and radiation biology, as well as human skin cancer.

POTENTIAL HUMAN SKIN CANCER EFFECTS

.

Concern has been expressed that the incidence of the two types of skin
cancer (melanoma and nommelanoma) might increase as a result of a
substantial increase in UV-B,

On malignant melanoma, a rare but often fatal type, the review shows
that, for most forms, medical data do not support a cause and effect
relationship between incidence of melanoma and accumulated damage from
repeated overexposure to sunlight. A real worldwide increase in melanoma
incidence has occurred in the absence of any ozone depletion. It

occurs primarily in males and females who are not habitually or
occupationally exposed to sunlight.

The review acknowledges that most nommelanoma skin cancers (the most
treatable form of cancer) do show a relationship to solar UV exposure.
However, the present methods of estimating effects clearly overestimate
them and need considerable refinement before realistic estimates of
changes in nonmelanoma incidence can be made for hypothesized depletions

of ozone.



NONHUMAN EFFECTS
The commentary emphasizes that the research on crops and marine effects
is preliminary and necessarily of a scouting and exploratory nature and
is not adequate to predict in any quantitative manner what the effects of
ozone depletion would be. Further research is needed, and there is no
reason to anticipate any imminent serious problem.
- NATURAL VARIATIONS IN UV-B
There is already a natural variation in UV-B with latitude that
greatly exceeds the change which would occur due to calculated
steady state ozone depletion. Thus, meaningful comparisons could
be made under controlled-environment conditions at different
latitudes.
Such facilities, using greenhouses and natural sunlightwould
avoid the experimental difficulties encountered in the simulatior
of sunlight. ¢
POTENTIAL CROP EFFECTS
Growth chamber studies at the present time cannot be used to
predict yields under field conditions, There is no data base to
predict that catastrophes would result from depletion calculated
to occur from continued CFC release.
A basic problem in research designed to study UV effects on crops
is the effective simulation of sunlight. Growth chambers are
unreliable as a means to estimate effects quantitatively.
Plants grown under growth chamber conditions are typically
much more sensitive to changes in UV than is the case for the sar
plant under field conditions.
The differences between reéults from growth chambers and
field experiments can be at least partly explained. Plants
have natural mechanisms to minimize and repair damage from UV-B.

The conditions in the growth chambers retard natural repair

processes and thus exaggerate the effects of an increase in UV-B



While growth chambers are valuable for field study design and
for adticipating the type of damage, reliance must be placed

on the field studies themselves for estimates of real world
effects.

. POTENTIAL MARINE LIFE EFFECTS

Close analogies exist between studies of the effect of increased
UV on marine larvae and the corresponding studies on crops.
Experimentation in the ocean itself is extremely dif“icult, and
studies under simulated ocean conditions in aquaria face
problems in terms of realistic simulation of sunlight. Additiona.
concerns over the '"naturalness" of the conditions in a
laboratory aquarium stem from the limitations on the depth

to which the organisms can move, temperature control, and the
control, measurement, and calculation of the actual UV-B

doses used in experiments,

The concerns over retarding natural repair mechanisms in
aquarium experiments also apply to marine organisms.

The natural variability in aquatic ecosystems, particularly
large natural mortalities, make it very difficult to measure
fluctuations caused by UV-B. Much more research would be n.:. ?

before the extent of these effects can be determined.

RLMcC:1b
9/29/81



REFERENCES ~ ATMOSPHERIC EFFECTS

1

10

11

12

13

G Reinsel, G C Tiao, M N Wang, R Lewis and D Nychka,

Statistical Analysis of Stratospheric Ozone Data for the

Detection of Trend, Atmos. Environm. 13, 1569-1578 (1981).

P Bloomfield, M L Thomspon, G S Watson and S Zeger,

Freqdency Domain Estimation of Trends in Stratospheric Ozone,

Technical Report 182, Series 2, Department of Statistics,

Princeton Univ. (submitted to J Geophys. Res.) (1981)

D S St John, S P Bailey, W H Fellner, J M Minor and R N Snee,

Time Series Search for Trend in Total Ozone Measurements, J Geophys.

Res 86, 7299-7311 (1981).

" E Penner, Trend Prediction for 03: An Analysis of Model Uncertainty
smparison to Detection Thresholds, Atmos. Environ., in

press (1981) ‘

J S Chang, W H Duewer and D J Wuebbles, the Atmospheric Nuclear Tests

of the 1950's and 1960's: A Possible Test of Ozone Depletion

Theories, J Geophys. Res. 84, 1755-1765 (1979).

Private communications to CMA by D S St John, G Reinsel and

P Bloomfield (1981).

G Crescentini and F Bruner, Occurrence of F-21 (CHCle) in the

Troposphere, Annali di Chimica 1981, 631-636 (1981).

W G Fiby, M Mintas and H Gusten, Ber Bunsenges, Phys. Chem., 85,

189-192 (1981).

J L Roberts Jr., D T Sawyer, J Am. Chem. Soc. 103, 712-714 (1981).

K R Wilson and D R Hersbach, Molecular Beam Kinetics, 2682-3.

W E Wentworth, R George and H Keith, J Phys. Chem., 51, 1791-1801

(1969).

W E Wentworth, R S Becker and R Tung, J Phys. Chem., 71, 1652-1665

(1967).

R D Hudson and E I Reed, eds. The Stratosphere: Present and



14

15

16

17

18

19

20

21

22

Future, NASA RP-1049, Washington, DC, December (1979).

A Parrish, R L DeZafra, P M Solomon, J W Barrett, and

E R Carlson, Chlorine Oxide in the Stratospheric Ozone

Layer: Ground-Based Detection and Measurement, Science 211
1158-1161 (1981).

RJ éicerone, Photochemistry of the Stratosphere, invited talk
at Fall Meeting of American Geophysical Union, San Francisco,

CA December 8-12 (1980).

J Randolph, D H Ehhalt, A Tonnissen, Vertical Profiles of

Ethane and Propane in the Stratosphere, J Geophys. Res. 86, '
7267-7272 (1981).

J G Anderson, Testimony before SenateASubcommittee on Toxic
Substances and Environmental Oversight, July 23 (1981)
NASA/CODATA Panel for Data Evaluatién, March, 1981
recommendations, submitted to modelers by private communication
(1981).

M J Molina, L T Molina,and T Ishiwata, Kinetics of the ClO + NO2
Reaction, J Phys. Chem. 84, 3100f3104 (1980).

C Miller, J M Steed, D L Filkin, and J P Jesson,

Two-Dimensional Model Calculations of Stratospheric HCl and

Cl0, Nature 288, 461-464 (1980).

C Miller, D L Filkin, A J Owens, J M Steed and J P Jesson,

A Two-Diménsional Model of Stratospheric Chemistry and Transport,
J Geophys. Res., in press (1981)

W W Berg, P J Crutzen, F E Grabek and S N Gitlin, First Measurements
of Total Chlorine and Bromine in the Lower Stratosphere, Geophys.

Res. Lett. 7, 937-940 (1980).



23

24

25

26

27

28

29

30

31

32

33

N D Sze, private communication to CMA (1981).

A J Owens, J M Steed, D L Filkin, C Miller and J P Jesson,

Modeling Exercise for the OECD Report on Chlorofluorocarbons,

August (1981).

D J Quebbles, Chlorocarbon Emission Scenarios: Potential

Impact on Stratospheric Ozone, submitted to OECD for Report

on Chlorofluorocarbons, August (1981).

J M Steed and J S Chang, Analysis of Global, Latitudinal and

Seasonal Averaged Trace Species Distributions in the Stratosphere,
invited talk at American Chemical Society National Meeting, New York,
August 23-28 (1981).

National Academy of Sciences , (US)‘Stratospheric Ozone Depletion by
Halocarbons: Chemistry and Transport, _ecember (1979).

Alyea, F D, D M Cunnold and R Prinn, A Methodology for Determining
the Atmospheric Lifetimes of Fluorocarbons, J of Geophysical Res.,
November (1978).

Modeling Exercise for OECD Report of Fluorocarbons, prepared

for EPA, J M Steed et al.

P Marché, Al Barbe, C Secroun, J Coor and P Jouve, Ground Based
Spectroscopic Measurements of HCl Geophysical Research Letters

7, No 11, 869 - 872 (November 1980).

Anderson, J G Grassl, H J Shelter, R E and Margitau, J J, Stratospheric
Free Chlorine Measured by Balloon Borne 'in situ' Resonance
Fluorescence, Journal of Geophysical Research Volume 85, 2869 (1980).
Menzies R T, Remote Measurement of Cl0 in the stratosphere,
Geophysical Research Letters 6, 151 (1979).

Waters, J W et al, Aircraft Search for Millimeter Wavelength Emission

by Stratospheric Cl0, J of Geophysical Research Volume 84, 7034 (1979)



-
~~

REFERENCES — BIOLOGICAL EFFECTS

Reports submitted to EPA on January 5, 1981 by E I Du Pont de Nemours

and Company as a part of the comments on the Advance Notice of Proposed
Rulemaking (ANPR), "Ozone Depleting CFC's: ProposedProduction Restricted".
Human Effects

F Urbach, M D School of Medicine, Temple U

Nonhuman Effects

Klein, W H,Radiation Biology Lab, Smithsonian Institution.

Bigés, R H,Institute of Food and Agricultural Sciences, U of Florida "\.

Dankaer, D M,Department of Oceanography, U of Washington

9/29/81



	Main Menu

