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MODELFORECASTS AND WORLD O B S E R V A T I O N S  O F  THE OZONE LAYER 

(1960-1980) 

The models c u r r e n t l y  f o r e c a s t  t h a t  a dec rease  o f  about  2% i n  &* 
t h e  g l o b a l  ozone w i l l  have t aken  p l a c e  b e f o r e  1978 (NAS r e p o r t ,  Nov. 
79, p.  176; NASA r e p o r t  Dec. 19, p. 342) from t h e  s i n g l e  cause  of 

t h e  chlorofluoromethanea F and F12 
11 

But t o  be p r e c i s e ,  we should add t h e  e f f e c t  o f  t h e  anthropogenic  
compounds which have developed i n  p a r a l l e l  wi th  t h e  t h e  ch lo ro f luoro-  
methanes (methylchloroform, c h l o r e t h y l e n e s ,  e t c . ) .  

A t  t h e  l e v e l  of  t h e  s t r a t o s p h e r e ,  t h i s  supply o f  supplementary 
c h l o r i n e  r e p r e s e n t s  about 50% o f  t h e  CFC c h l o r i n e  (NAS r e p o r t ,  Nov. 79, 
p .  158; NASA r e p o r t ,  Dec. 75, p.  87 ( c f .  appendix I ) ;  Penke t t ,  

Fabian, Schmidt, Nature,  1980).  

If the theory  i s  e x a c t ,  we should t h u s  observe  a  dec rease  i n  t h e  
t o t a l  ozone on t h e  o r d e r  of 3%. 

Exaninat ion of  t h e  t h e o r e t i c a l  d i s t r i b u t i o n  o f  t h i s  r e d u c t i o n  as 
a  func t ion  of  a l t i t u d e  shows t h a t  t h e  e f f e c t  on t h e  ozone l a y e r  between 

32 and 45  km is  2 t o  3  t imes  g r e a t e r  than  t h a t  p r e d i c t e d  f o r  t h e  t o t a l  
I 

i ozone, 

A reduc t ion  of 6 t o  9% i s  t h e r e f o r e  expected a'., t h i s  a l t i t u d e .  

Such f o r e c a s t s  can no longer  beneg lec ted ,and  we can hope t o  

1 demonstrate  t h i s ,  d e s p i t e  t h e  l a r g e  n a t u r a l  v a r i a b i l i t y  o f  t h e  ozone 
l a y e r .  

#Numbers in the  cargin i u d i c a t e  p&ginrition i n  t h e  for8eigtl t e x t .  
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I 
A r i g o r o u s  s tudy o f  t h i s  p o s s i b i l i t y  is  e s s e n t i a l ,  which i n  t h e  

f i n a l  a n a l y s i s  w i l l  c o n s t i t u t e  t h e  bea t  v e r i f i c a t i o n  of t h e  theory  on 
which t h e  models opera te .  

Despi te  t h e  a f f i r m a t i o n s  o f  two r e c e n t  r e p o r t 8  publ ished i n  
, t h e  USA i n  [ i l l e g i b l e  d a t e ] ,  it does  not  appear  t h a t  such a s t u d y  

has a c t u a l l y  been made. 
'\ 

I 
1. Measurement of  T o t a l  Ozone (Table  1) - /2 

The l e n g t h  of t h e  p e ~ i o d  of  p a s t  observal;ions, as well as t h e  
enormous e f f o r t  of  c o n t r o l  and sampling a t  t h e  s t a t i o n s ,  and a l s o  t h e  
l a r g e  number of s t a t i o n s ,  d i s t r i b u t e d  throughout  t h e  world, make t h e  
Dobson network p r e f e r a b l e  for such a s tudy.  The s a t e l l i t e  measurments 
which have been made up t o  now c o n s t i t u t e  a  second g l o b a l  moni tor ing  
which i n  t h e  r e c e n t  p a s t  has g iven q u i t e  s a t i s f a c t o r y  agreement. 

The NAS and N A S A  r e p o r t s  o f  1979, moreover, stress t h i s  c l e a r l y ,  
but  i n  o r d e r  t o  c r i t i c i z e  immediately t h e  corresponding r e s u l t s  and 
t o  r e f u t e  t h e  p o s s i b l e  d e t e c t i o n  o f  a  t r e n d  of  l e s s  than  5% f o r  
1 0  y e a r s  (NAS, p .  16;  NASA, p. [number i l l e g i b l e ] ) .  

For i t s  p a r t ,  t h e  U.K. DOE r e p o r t  of  Nov. 1979 (p .  76)  StreSSeS 

t h a t  a  t r e n d  of 2% i s  c e r t a i n l y  d e t e c t i b l e .  I 
Point  by p o i n t  examination o f  t h e  r e s e r v a t i c n s  expressed  by t h e  

NAS end NASA r e p o r t s  i s  perplexing:  

F i r s t ,  a general remark i s  a b s o l u t e l y  necessary:  a l though  t h e y  
a g r e e  on a t h r e s h o l d  of nea r  d e l : e c t a b i l i t y ,  t h e  two U.S. 

s t u d i e s  advance justifications and e r r o r  components t h a t  a r e  very  
d i f f e r e n t .  

Thls disagreement i s  s u r p r i s i n g ,  when we know t h a t  t h e  
NASA r e p o r t  was well known t o  t h e  NAS committee b e f o r e  t h e  month o f  
August, and t h a t  no exp lana t ion  i s  given f o r  t h e  d i f f e r e n c e s .  

In t h e  c a s e  of t h e  NAS r e p o r t ,  t h e  t r ea tment  of  sys temat ic  e r r o r s  

2 
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of p o s s i b l e  [ d r i f t ? ]  o r  b i a a  i n  a manner i d e n t i c a l  t o  t h a t  of 
random n o i s e  e r r o r s  is, however, d i f f i c u l t  t o  accep t .  

Appendix 2 sumnarizes t h e  obaerva t iona  which t h e  d i f f e r i n g  
r e p o r t s  have i n s p i r e d  on t h i s  s u b J e c t ,  Here, we w i l l  l i m i t  o u r s e l v e a  
t o  t h e  p o i n t s  which seem t o  us  most impor tant :  

I 

A )  Random E r r o r  

The d i f f e r e n t  s t u d i e s  undertaken,  n o t a b l y  by Parzen, Pagano and 
Watson w i t h i n  t h e  framework of  t h e  CMA s t u d i e s  l e d  t o  a d m i t t i n g  random 
u n c e r t a i n t i e s  ( 2  a )  on t h e  o r d e r  o f  0.9% f o r  s i x  y e a r s  and 0.8% for 
twelve y e a r s .  

The conclus ion  of  t h e  s tudy undertaken by t h e  last of the6e 
a u t h o r s  f o r  NAS and NASA r e s u l t e d  i n  r e t a i n i n g  an  e r r o r  ( 2  a )  on the 

o r d e r  of 0.8% (NASA r e p o r t ,  1979, p. 322) ,or  about  h a l f  t h a t  al lowed 
by NAS. 

B)  E r r o r  i n  t h e  Trend 

Four causes  of u n c e r t a i n t y  have been advanced by t h e  two r e p o r t s ,  
but  wi th  d i f f e r e n t  va lues  and types  of e r r o r s :  

- c o e f f i c i e n t s  f r o m t h e  equipment o r  measurement; 
- c o e f f i c i e n t s d u e t o  t h e  l o c ~ l i z a t i o n  of s t a t i o n s ;  
- long-term n a t u r a l  v a r i a t i o n s  i n  O1; - - var ious  a c t i o n s  on t h e  ozone by o t h e r  anthropogenic emiss ions .  

a )  The causes  of  t h e  c o e f f i c i e n t s  l i n k e d  t o  t h e  measurement 
i t se l f  a r e  es t imated  t o  correspond t o  a  r e s i d u a l  s t a n d a r d  
d e v i a t i o n  f o r  t h e  average  of  9 s t a t i o n s  on t he  o r d e r  of 0.8% 
by N A S A .  The g r e a t e r  c o n t r i b u t i o n  t o  t h i s  e r r o r  i s  admit ted  
t o  come from t h e  e f f e c t  o f  l o c a l  t r o p o s p h e r i c  p o l l u t i o n  
( a e r o s o l ,  O3' e t c . ;  p. 322 o f  t h e  r e p o r t ) ,  wi thout  which t h e  

mean ins t rument  s t andard  d e v i a t i o n  would be only  0.37%. 

3 



Among t h e  cauaes  o f  t r o p o s p h e r i c  p o l l u t i o n ,  t h e  e f f e c t 6  
of a e r o s o l s  can be neg lec ted  (< 0.25% aacord ing  t o  Shah, 
1976).  Only a p o r a i b l e  i n c r e a s e  i n  t h e  t r o p o a p h r r i o  
ozone could  mask t h e  e f f e c t  o f  r e d u c t i o n  by t h e  CPC. Thir 
va lue  seems hard ly  t o  be a b l e  t o  s u r p a s s  1%, accord ing  
t o  NASA i t s e l f ,  F i n a l l y ,  t h e s e  d i f f e r e n t  ei'fects can be 
f e l t  on ly  very weakly i n  t h e  Southern hemisphere where 
anthropogenic p o l l u t i o n  by u n s t a b l e  s p e c i e s  l a  very weak. 

Contrary t o  t h e  i n d i c a t i o n s  of  t h e  N A S ,  t h e  p a r a s i t i c  t r e n d  
l i n k e d  t o  a C a l i b r a t i o n  coefficient i s  s e r i o u s l y  reducea  when 
we c o n s i d e r  t h e  mean number f o r  a l l  t h e  s t a t i o n s ,  as t h e  
NASA r e p o r t  shows (p. 323).  

b) The imperfec t  l o c a l i z a t i o n  of  the Dobson s t a t i o n s  is 
considered  by NASA s u s c e p t i b l e  o f  b r i n g i n g  about  a 
d e c i s i v e  t r e n d  (1.51) . Ia f a c t ,  t ho  s t , ~ d y  done by M i l l e r  
(1979) ,  t o  which t h e  r e p o r t  r e f e r s ,  shows t h a t  f o r  t h e  
pe r iod  b e f o r e  1978, t h i s  t r e i ~ d  was nega t ive  and l e d  t o  a n  
apparent  r e d u c t i o n  i n  t h e  ozone l a y e r .  

The past e f f e c t  of t h e  CFC can t h u s  no t  be masked. 

C )  The unex?lained long-term n a t u r a l  v a r i a t i o n s  i n  t h e  O3 
remain, a long  wi th  t h e  o t h e r  p o s s i b l e  anthropogenic  
e f f e c t s  on t h e  s t r a t o s p h e r i c  C,, 3 t h e  only  causes  o f  a 
p a r a s i t i c  t r e n d  f o r  t h e  f u t u r e .  

I t  should be noted t h a t  no important  anthropogenlc e f f e c t  
can be seen f o r  t h e  p r s t ,  a p a r t  from t h a t  of  C H 3 C C l  3 and 
o t h e r  c h l o r i n e  components which must be t aken  i n t o  account  
wi th  t h e  CFC. 

d )  The e f ' f ec t  of. emission of  COZ,  CO, and H2 l i n k e d  t o  t h e  
use  o f  f o s s i l  f u e l s  t h u s  can have only a  r e l a t i v e l y  long- 
term Important  e f f e c t .  



Among the natural variations, the probability of a 
relatively high [trend?], at the level of 5 to 6 yearr, 
becomes weak, when we ~0n8idtr the longer, 11-year 

durations of the solar cycle. 

If, extraordinarily, it existed, it would correspond to 

a phenomenon with very great inertia which woulo not be 

rapidly reversed, thus leaving the time largely for ozone 

monitoring of [illegible] to the future, the possible 

usefulness of regulatory reasures. 

In conclusion, it thus seems that the data from the Dobson /4 
network for the period 1960/1978 should allow detecting an effect 

of the anthropogenic chlorine compounds as soon as they attain a level 

near 3% in the Northern hemisphere and much less in the Southern 
hemisphere. 

C) Comparison with the Models 

Graph 1 includes the latest preliminary data collected in the 

latest ODW (ozone data for the world) publications in 1979. It shows 

no negative trends in the total ozone ic the Northern and Southern 

hemispheres. 

This conclusion is in agreement with most of the recent publications 

( [illegible date] and 1979) which have studied the total O3 

trends according to the Dobson measurements (Miller, Angell/Korshover) 

or the ozone [illegible] measurments (Angell/Korshover). 

We can thus conclude that the maximum reduction in ozone caused 

by all the emissions of anthropogenic chlorine compounds emitted since 

1955 is clearly less than 1%. The conclusions ofthe theoretical models 

which forecast a reduction of 3% are thus clearly denied. 



2. Measurement o f  Ozono i n  Upper Stratosphere (Table 2 )  

A c e r t a i n  number of t h e  b e t t e r  Dobuon network 8tations have 
undertaken more o r  l e s a  sy8 te raa t i ca l ly  f o r  more than  15 year8  meas- 
urements of t h e  v e r t i c a l .  0 p r o f i l e ,  by measuring t h e  Umkehr e f f e c t ,  3 

Regular launching of  ba l loon sondes equipped f o r  meaauremcnt I n  
a i t u  o f  t h e  O j  have a i u o  allowed t h e  p r e p a r a t i o n  o l  p r o f i l e 8  up to 
32 km s i n c e  1968. 

F i n a l l y ,  many s a t e l l i t e s  have been launched s i n c e  1967 wi th  
equipment t h a t  a l lows  f i n d i n g  t h e  same p r o f i l e s .  The d a t a  have not 
y e t  been publ ished,  bu t  they  should f u r n i s h  very p r e c i s e  indications, 
i n  p a r t i c u l a r  f o r  t h e  upper ozone l a y e r ,  where t h e i r  p r e c i s i o n  18 
t h e  b e s t .  

I n  c o n t r a s t  t o  t h e  N A S A  r e p o r t ,  t h e  N A S  does not  t h i n k  I t  u s e f u l  t o  
s tudy t h e  d a t a  from t h e s e  v a r i o u s  measurements, a l though  t h e i r  
importance has  f r e q u e n t l y  been no ted ,  

Appendix 3 d e t a i l s  t h e  remarks which can be made about  t h e  
N A S A  r e p o r t .  

The conclus ions  o f  o u r  s tudy  on t h e  p o s s i b i l i t y  o f  u s i n g  t h e  
Umkehr d a t a  t o  a c e r t a i n  a  p o s s i b l e  t r e n d  i n  t h e  upper 0 l a y e r  are 3 
t h e  fol lowing.  

A )  Random E r r o r  

For t h e  32-46 kzr l a y e r s ,  De Lu i s1  (1979) g i v e s  a s t a n d a r d  
d e v i a t i o n  on t h e  o r d e r  o f  9% ( t a k e n  from t h e  N A S A  r e p o r t )  f o r  one 
s t a t i o n  and one i s o l a t e d  measurement. 

For a t o t a l  of  10 s t a t i o n s  and 4 measurement8 p e r  month on 
average ,  we must t h u s  f l g u r e  s t a t i s t i c a l l y  on a s t a n d a r d  d e v i a t i o n  
on t h e  o r d e r  o f  1.4s a s  t h e  monthly mean, and 0.85% f o r  t h e  s e a s o n a l  
mean. 



Angel1 and Korshover (1979) n a t e  a n  exper imenta l  s e a r o n a l  rturdud 
d e v i a t i o n  o f  1.51, which is i n  good agreement wi th  t h i s  f o r e c a s t  if we 
n o t e  t h a t  t h e  lat ter  i n c l u d e s  v a r i a b i l i t y  i n  t h e  03. 

The 5% f i g u r e  r e t a i n e d  by t h e  NASA r e p o r t  i s  t h u s  q u i t e  exaggemted. 
If we cons ide r  t h e  g e n e r a l  development o v e r  a s u f f i c i e n t  number o f  y e a r s  
(at least 10,  f o r  example),  we can e s t i m a t e  t h e  t r e n d  by averag ing  the 
measurements over  p e r i o d s  on t he  o r d e r  o f  2 year8 ,  Basing o u r  r e s u l t s  
on Angel l ' s  f i g u r e s ,  we t h u s  f i n d  a s t a n d a r d  d e v i a t i o n  on t h e  o r d e r  o f  
0.5%, and t h e r e f o r e  a  random e r r o r  i n  the  t r e n d  on t h e  o r d e r  o f  1%. 

B)  E r r o r s  i n  t h e  Trend 

The fo l lowing  are t h e  f o u r  major causes  o f  e r r o r  noted w i t h  r e g a r d  
t o  the  t o t a l  03: 

a )  The e r r o r  l i n k e d  t o  the  measurement i t se l f  depends r6 
p a r t i c u l a r l y  on p o s s i b l e  i n t e r f e r e n c e  of  s t r a t o s p h e r i c  
o r  t r o p o s p h e r i c  a e r o s o l s  and on t h e  p o s ~ i b i l i t y  o f  c a l i -  
b r a t i o n  d r i f t ,  P o s s i b l e  c a l i b r a t i o n  d r i f t  i s  similar t o  
t h a t  f o r e s e e a b l e i n t h e  c a s e  o f  t o t a l  ozone; t h e  number of 
s t a t i o n s  i s  smal le r ,  and it can be admit ted  t h a t  it could  
be s l i g h t l y  mcre impor tant :  0.55, f o r  example ( t o  a l low 
l a ,  a s  t h e  KASA r e p o r t  i n d i c a t e s ,  seems excess ive  f o r  10  
of t h e  b e s t  Dobson s t a t i o n s .  

The e r r o r  l inked  t o  development of t r o p o s p h e r i c  a e r o s o l s  
wculd g e n e r a l l y  be  weak, in t he  d i r e c t i o n  o f  a r e d u c t i o n  

That due t o  s t r a t o s p h e r i c  vo lcan ic  e r r o r s  i s  c e r t a i n l y  
impor tant ,  but  a s  De Luis1  (1979) haa ahown, It is  of  
very s h o r t  d u r a t i o n  ( 2  t o  3 y e a r s ) .  Thus i t  cannot i n f l u e n c e  
t h e  t r e ~ d  over  a  pe r iod  on t h e  o r d e r  of  10  y e a r s .  

I 

b )  The e f f e c t s  o f a  b iased  geograph ica l  d i b t r i b u t i o n  a r e  
cons idered  very important  by N A S A .  A f i g u r e  of  5% is  



proposed, but with no exact  J u r t i f l c a t i o n .  If ruch a 
b i a s  i s  conceivable, we do not ree how ru2h an error 
could contaminate a prolonged t rend  over 10 year@, when 
we consider  that t h e  a t a t i o n s  i n  t h e  temperate tone of  
t h e  Northern hemisphere cover a l l  t h e  l a t i t u d e s  from 
20 t o  550D end t h r e e  eoner o f  longi tude cen te red  
approximately a t  5, 75 and 135' East. 

c )  The n a t u r a l  e f f e c t s  t h a t  can in f luence  t h e  ozone content  
a r e  e s s e n t i a l l y  a poss ib l e  t rend  i n  temperatr~re  and/ o r  
a continued v a r i a t i o n  i n  s o ? a r  f lux .  

The v a r i a t i o n  i n  temperature of  t h e  upper s t r a toaphs re  
is thought t o  b r ing  about a r i s k  of e r r o r  on t h e  o rde r  of 
25,  according t o  NASA. Like s o l a r  f l u x ,  t h i s  seems not 
very probable, i f  we cons ider  per iods  of observat ion a t  
least equivalent  t o  t h e  s o l a r  cycle.  

C )  Comparison w i t h  t h e  Models 

The examination of t h e  d i f f e r e n t  reasons f o r  e r r o r s  shows t h a t  
we should be a b l e  t o  d e t e c t  a v a r i a t i o n  i n  t h e  upper O3 l a y e r  on t h e  
order  c f  2 1 ,  i f  t h e  examination period is long enough t o  e l imina te  
p a r a s i t i c  t r ends  l inked t o  t h e  s o l a r  cyc l e  and geographical  sampling 
e r r o r s  l inked t o  temperature d i s t r i b u t i o n  i n  t h e  upper s t r a to sphe re .  

The use of s a t e l l i t e  da t a  now being gather& should soon add 
e s s e n t i a l  i n f o m a t i o n  t o  t he  sub jec t .  

In any case ,  Graph 2 c l e a r l y  shows that no reduct ion i n  t h e  upper 
ozone l a y e r  has been v e r l f i e d  even i f  t h e  moOels fo recas t  a reduct ion 
on t h e  order  of 6 t o  9%. In  s p i t e  of  t h e  v a r i a t i o n s  observed, on the  
s c a l e  of  per iods  of s eve ra l  years ,  on t h e  o rde r  of 8 t o  105 i n  r e l a t i o n  
t o  t h e  causes of e r r o r s  noted by N A S A ,  we can formally conclude t h a t  
t h e r e  is  disagreement between t h e  observat ions  and the  theory of  t he  
models i n  t he  period 1960-1978, 



----- __ ___ , , 
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LTL 

Both the  rnearurementr of t o t a l  O3 and thore  of t h e  upper 8 t ra torpht r :o  
l aye r  contradict  the  theore t i ca l  forecar t8  of t h e  Isodela when one 
examiner the  p a r t  15 yearr.  

Thir coincidence of conclurionr i r  even more convincing lnaraauch 
a8 the causer of e r r o r r  capable of influencing t h e m  two type8 of 
mearuremant~ a r e  f o r  the  moat pa r t  of different tYpe8. 

9 

d .  - 
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Key t o  Table 1 0  

a. f i e u r e a  propoead f o r  t h e  per lod 1960-1979 
br random e r r o r  
c .  measurement d r i f t  
d .  d r i f t  connected w i t h  geographical r m p l l n g  
e. n a t u r a l  and anthrop,aenic  va r i a t i on8  i n  03 
f. o r  e r r o r  
g. maximum e r r o r  on t h e  o rde r  o f :  
h. Northern hemirphare 
1. Southern hemisphere 
3 . CFFOF 
k. poss ib le  explainable  e r r o r  on the  order  of O.j4% 
I. d r i f t  e r r o r  of :  
m .  i n  t h e  Southern hemirphere 
n. i n  t h e  Northern hemisphere 

TABLE 2.  SUMMARY OF EVALUATIONS OF 2RROR 

[Key to t a b l e  on following page. 1 

EII I FFRES PROPOSCS 
P W R  LA PE4100E 1960/i97 - 004 X 
~ U R  U WYENNE ANNUILLE 

ERREUR ( 9 % 

h 
ERREUR NEGtl GABLE POUR 

15 ANS 

I 
ERREUR DE 1 A 2 % 

EXPLI CABLE 

3 - 0.4 X 
SUR LA NOYENNE ANNUELLE 

+ OR1 FT A AS IT € EVEfiTUE 
D E I A  5 ! EXPLICULE 

ERREUR ALEATOIRE 

D R I F T  SUR LA /%SURE 

D R I F T  LIE A L'ECHANTIL- d 

OKNAGE GE06FAPt1 I CUE . - 

\,'ARIAT IONS NATURELLES t 
:!;TH2O?OCENI QUES DE' 03 . -- - 
T ; i f  AL 

NASA 

- 5 %  

9 2.3 % 

r ' - 5 X  

2,s % 

7,8 X 
SOIT ERREUR 2 Q ' 

U,6 2 



Key t o  Table 2. 

a.  f i gu re s  proposed f o r  t h e  per iod 1960-0979 
b. random e r r o r  
c.  measurement d r i f t  
d. d r i f t  connected with geographical  sampling 
e. n a t u r a l  and anthropogenic va r i a t i on8  i n  0 
f .  o r  e r r o r  3 
g. f o r  mean annual e r r o r  
h. e r r o r  neg l ig ib l e  f o r  1 5  years  
i. explainable  e r r o r  of 1 t o  2% 
j. f o r  annual mean + poss ib le  p a r a s i t i c  d r i f t  of 1 t o  2% explainable  





Key: 

a, WOD data (preliminary) 
b. seasonal mean of observations 
c . theoretical forecast 
d. variation in total ozone column 
e,  corrected as a function of altitude of the stations 
fa NAS data 



h .... . , . 
8*APfiC$ 1. r .  ANOELI .  AND 1. K O R S M O V E R  ((976) 

.. .. . . 
i. 

[Keys on following pace.] 

-. . 



a. with solar cycle 
b. without colar cycle 
c. theoretical forecast 
d ,  seasonal means of obaervatlons 
e. Important volcanic eruptions 
f, WOD data (preliminary) 
g. uncertainty llnked to large volcanic eruptions 
h. from J.K. Angell and J. Korahover (1978) 

and W.Q.D,C. 
I. from J, K. Angell and J. Korshover (1979) 



I Appendix 1 

Contribution to the St~at08pheric C& 

Key 

a. Other anthropogenic compounds 

The curve of development of global production of CH CC1 and other 3 3 
anthropopenic compounds (except CC14) is practically parallel to that 

of the CFC 11 and 12. 

Appendix 2 

[first page missing] 

individual and n the number of independent stations. CJ can be /13 ... 
estimated with enough precision from measurements made during a 
reference period with all the stations considered 



xi is the individual measurements and xm the mean measurement. 

The distribution of errors 18 Oaussian and it 1s known that the 

error for the mean at 95% oonfidence is less than 2 9  . 
n 

This treatment is exactly that uaed by NAS and NASA for evaluating 

mean noise, but it should be noted that the reference time interval 

was not detailed, which brings about a serious confusion in the 
discussion of error values. 

2 ) Errors Connected to the Possibility of a Local Trend Specific - 
to Each Station 

This is, for example, the case of calibration drift, local 

tropospheric pollution (0 aerosols, various pollutants), etc. 3' 

The measurement drift at each point from the beginning of the 

long period of observation of the trend will correspond to an e value 

for each of these causes and for each station considered independently. 

If the number of statlons is very large, the total of the e values will 

not necessarily be distributed according to a Gauss curve. In particular, 

in the case of drift due to local pollution, there is a risk that it 

will approach much closer to a log normal distribution, that is a 

Poisson distribution. The mean em of the measurement will thus be 

distributed according to a Gaussian law, but centered on a value 

different from that most frsquently observed at the end of a refet'cnce 

period (cf. figure) which is long enough to be representative of the 

period of study of the 0 trend. 3 

On the global level, each case 

of drift is expressed by a mean drift 

cm to which is added a standard 

deviation error a/Vn. The values of 

em and of this standard deviation will 

0 €-b umr' 
be difficult to estimate because they 

a should be determined taking into 
Key: a. error account observations separated by a 



t * 

period c lose  t o  t h a t  i n  which we wish t o  determine t h e  O j  trend. 

It i s  not c l e a r  i n  the N A S  and NASA report8 i f  the  standard 

1 deviat ions i n  q u e ~ t i o n  correspond well  t o  t h a t  defined above 

and the  presence of a non-random cm component aeems not t o  be 
taken i n t o  account. This is added a8 an algebraic  value and not i n  
the  form of i t s  square, l i k e  t h e  standard deviaticna.  

Effects  of Dr i f t  on the  Global Level 

I n  pr inc ip le ,  t h i s  i s  t h e  case of effects  on the  etratosphere o r  1 
1 

coming from space. I 

1 

For example: mean d r i f t  i n  O3 l inked t o  anthropogenic 
s t ratosphereic  e f f e c t ;  long-term natura l  variations i n  mean 
s t ra tospher ic  03; various long-term s t ra tospher ic  pol lut ions;  
var ia t ion  i n  s o l a r  f lux;  change i n  cha rac te r i s t i c s  of the  
resosphere and ionosphere, e t c .  

The parasLtic d r i f t s  cannot be t r ea ted  a s  random e r ro r s .  They 
a r e  manifested a t  each s t a t i o n  by a  f ixed,  long-term trend,  masked 
by the v a r i a b i l i t y  ( e r r o r s  of type 1) and possible individual  t rends 
( e r r o r s  o f  type 2 ) .  

Any ca lcula t ion  of standard deviat ion can only show e r r o r s  
already taken i n t o  account, and i n  no way the e r r o r s  foreseen here. 

A p rac t i ca l  consequence Is t h a t  we can never add these e r r o r s  by 

t h e i r  squares l i k e  random e r ro r s .  Ei ther  they e x i s t  and a re  added 
a lgebra ica l ly ,  o r  they do not e x i s t .  

Nevertheless , i t  seems t h a t  the  N A S  and N A S A  repor ts  t r e a t  these 
e r r o r s  w i t h  t h e i r  standard deviations! 



l Such e r r o r s  cannot  e x i a t  unle88 we admit t h a t  t h e r e  e x i 8 t  

I g l o b a l l y  wide zones w i t h  8 p e c l f i c  c h a r a c t e r i 8 t i c 8  that  are r e l a t i v e l y  
, I 8 t a b l e  on t h e  s c a l e  of s e v e r a l  yea r8  and t h a t  d r i f t  o r  develop 

s lowly  over  more t h a n  1 0  yea r s .  
: i 

I 
I : 

S t a t i s t i c a l l y  t h i s  i s  shown by a s l i p p a g e  o f  t h e  mean ob ta ined  
w i t h  t h e  o b s e r v a t i o n  network i n  r e l a t i o n  t o  t h e  g l o b a l  mean. T h i s  
s l i p p a g e  i s  brought about  without  changing t h e  o t h e r  causes  o f  e r r o r  
i f  t h e  p o s s i b l l i t y  o f  i n t e r a c t i o n  between second-order e r r o r 8  18 

neg lec ted .  

Th i s  s l i p p a g e  can i n  no way b e  t r e a t e d  l i k e  a  random e r r o r  wi th  

s t andard  d e v i a t i o n ,  c o n t r a r y  t o  what NAS and NASA seem t o  have done. 

2.  Es t imat ion  of Causes o f  E r r s  /15 
d 

Observat ions 

NASA 

u = 0.6% 

* 

Random 
E r r o r s  

(Res idual  
n o i s e  on 

I 

t h e  mean 
measurments) I 

I 

; ! 

It is a c t u a l l y  probable  ( c f .  r e p o r t  of U.E. Department o f  

NAS 

u = 0.75% 

I I 
1 -  + 

Environment, p.  [ i l l e g i b l e ] )  t h a t  t h e  n o i s e  can s c a r c e l y  be  improved 

Kean between t h e  e s t i m a t e s  made 
by H i l l  and t h o s e  made by 
Watson f o r  9 s t a t i o n s  and 
moni tor ing  p e r i o d s  of between 
6 and 15  yea r s .  

I by i n c r e a s i n g  t h e  number o f  s t a t i o n s  t o  z o r e  than  a dozen. 

Mean between t h e  
e v a l u a t i o n  made by H i l l  ' 
and Watson f o r  9 s t a t i o n s  
and a pe r iod  on t h e  o r d e r  
o f  10 years. 

I It i s  more v a l u a b l e  t o  r e t a i n  t h e  u va lue  c a l c u l a t e d  by Watson on 
t h e  b a s i s  of  t h e  more c o ~ p l e t e  s t u d i e s  o f  Parzen Pagano 

a - 0.4% f o r  one decade 



b 
Dlrive de l a  
cte solrire 

C 
Dirive de l a  
to rttrtospb 

d 
D& r ive 
d ' & trloanrge 

e Derive du 
f a i t  de "Hat 
and rCrosols 
r t  pollution 
troposphiri- 
v"' 

f 
rirque de dirive 
car pas de r i l u -  
lrrit i  piriodique 
der i t a 1 o a ~ g . r  ? 

-- 

g 
turbidit& du ciel  
erreur possible 
de 0.2 8 0.5 2 
pour 10 i 20 r r  
(pas de j us t i f  i- 
cation donnie) 

h 
A&rosolr volcmi- 
ques e t  non vol- 
uaiquer ? 
erreur possible 
de 0.3 i 0,s 2 
pour 10 i 20 .ns 
(pas de jurtif i-  
cation donnie) 

J 

errwr dm ?: 0,) z dt& 
F 1 0.2 pour law- 
ble d u  rtatioru m t  
10 an? dtobrervation 

erreur dr - 0.5 Z d 
k P  1 0.3 pout 1 8t8 

-on e t  10 anr 
dtobs8tvatioa 

+ ezreur de - 1 2 dao 
~m 0.9 pour 1 -8 

1 t ioa  at 10 uu 
d tobseneat&oa 

m 
darngemsot des a&- 
rosolr rur 10 rar 
rt 1 r t a t i p  
erreur de - 1 2 

n cbaagement 0 tro- 
p08ph. 8 U t  1 a 
et 1 .+.tip 

a 
u r e u r  de - 1 X 
c h a r y q n t  aurrrr  

O polluants (SO2.. .) 
mur 10 .ru it 1 ctr 
t ion + r r reut  de - 2 2 

Key: a. 
b. 

Pchangement dr la 
e o m r t u r e  n~.1.0.e 
8ur 10 .nr et 1 
.tat108 + 

erreur de - 1 X 

Measurement errors he 
Drift of solar cte 
[expansion unknown] 
Drift of stratos~heric 

. 

tC [expansion unknown] 
Calibration drift 
Drift due to haze and 
aerosols and tropospheric J 
pollution 
risk of drift due to lackof k e  
periodic regularity of 
calibration ? 
turbidity of sky: possible 1. 
error of 0.2 to 0.5% for 
10 to 20 years (no :usti- 
fication given) 

Key contlnued on following page 
.--- 

Volcanic and nonvolcanic 
aerosols? Possible error of 
0.3 to 085% for 10 to 20 years 
(no justification given) 
Subj ec t ive evaluation (mean 
between 0 , 5 and I%?) 
error of * 0.3% when u - 0.2 for 
all steticns and 10 years of 
observation 
error of d 0.5% when u = 0,3 for 
all stations and 10 years of 
observation 
error of d 1% L~hen u = 0 . 9  for 
all stations . ~d 10 years of 
observation 



Key t o  Table on page 19  continued I 
m e  change i n  ae roso l s  over o. change i n  o the r  p 0 l l ~ t ~ 1 t 8  

10 years  and 1 s t a t i o n ,  (SO %... ) over 10  y e w 8  and 
e r r o r  of  2 1% 1 s a t i o n ,  e r r o r  of t 2s 

n o  change i n  tropospheric p. change i n  cloud cover over 
03 over 10 yea r s  and 10 years  and 1 r t r t l o n ,  
1 s t a t i o n ,  e r r o r  of e r r o r  of 2 1% 
9 1% 

1. The e f f e c t  of va r i a t i ons  i n  t h e  equipment constants  seem 
c l e a r l y  overestimated and is not J u s t i f i e d  I n  t h e  N A 3  r e p o r t .  NASA's 
evaluat ions  seem t o  be more thorough. However, t h e  eva lua t ion  remains 
8ubJective and s i n c e  a t  t h i s  s t age  some confusion e x i s t s  between 
random e r r o r  and mean d r i f t  a t  t h e  g loba l  l e v e l ,  i t  hardly seems 
poss ib le  t o  guarantee t h e  v a l i d i t y  of  t h e  f i g u r e r  prop08ed. Among 
o ther  th ings ,  it seems d i f f i c u l t  t o  al low t h a t  f o r  c a l i b r a t i o n  e r r o r  
t h e  nunber of independent [ s t a t i ons  ? ]  could be l imi t ed  t o  9. Under 
t hese  conditions, t h e  u f o r  t he  corresponding mean i s  p r a c t i c a l l y  
neg l ig ib l e  and is  not equal  t o  C.9/3 - 0.3. I n  edd i t i on ,  as NASA 

admits, i n  t h i s  case  no p o s s i b i l i t y  of non-random d r i f t  is  granted 
( E  from Par. 1). 

/:: - 
I 

NAS I NASA 
I 

r epresen ta t iveness  p o s s i b i l i t y  of  e f f e c t  on a 1.5% 
t h e  t rend  corresponding ex t rapola ted  from localization stations t o  0 , 0.5% (evaluat ion t h e  ~ t u d y  published 
not J u s t i f i e d  i n  t he  by Mi l l e r  i n  1979 
t e x t )  f o r  t h e  zone SO0 N 

and t h e  per iod 1965- 
76 ( e r r o r  due t o  
absence of  po la r  
s t a t i o n s  is  
neg l ln lb l e ,  o 0.3) 

Miller ' s  s tudy concludcswlth a maximurr. dev ia t ion  between t h e  ends 
of t h e  period forecas ted  t o  be on t h e  o rde r  of 2 2% ( o r  2 times weaker 



than t h a t  c i t e d  by NASA). I n  f a c t ,  t h e  curve glven by t h i s  au thor  
ahowa in8teaC a dev ia t ion  of  t 1, i f  t h e  punctuation marks a r e  
excluded. Moreover, t h i u  d e v l r t i o n  runs  i n  t h e  d i r e c t i o n  of  8 

d e c r ~ a s e  i n  t h e  t rend.  I n  no c a m ,  there fore ,  a t  leart for t h e  
Northern hemisphere where t he  study was done, can t h e  reduct ion o f  
Og by t h e  CFC be marked, but ,  on t h e  contrary ,  i t  is re in toreed .  

e r r o r  f o r  t h e  t rend  6 0 

C s. 3.1 X 
&valuation diduite de 
l'observrt ion d'uae rug- 
mentation de 1'0' myen 
h a s  1 ' h l  r imphlrI Nord de 
6 2 eatre 1962 e t  1973 

18 W n'ose cepmdaat pa8 
1 ' introduire f ormellemeat 
drar son crlcul d'erreur 
de tread ! 

-0 2 z f 
On calcule d'aprar ler 
vrriatioor des dona&er g 1 ;  phyoAqwr at m&t&orologAlrr 
pus688 w trend natural d 
0 pomible de 1 i 3 2 sut 
la .me 
on note cepeudmt que la 
pCriodo du cycle rolaire  es 
pr@pond&rmte drru 18s v e  
r i r t ioac obson&u. 

b effets  C02 --+ 2-%daar 100.0. Q- = 1 I  
ront Lnclw drns c u  effetr 

parrsite8. r u r  0 3 
co, - r20 - Q cci - co - 

soit eaviroa 
3 3 

0.2 et 0.5 % pour 10 am '2' *"  

Key : 
a .  long-term n a t u r a l  v a r i a t i o n s  i n  0 
b.  p a r a s i t i c  and anthropogenic e f  fee$ 
c.  eva lua t ion  deduced from obacrvation On of  O, n increase  i n  mean 

0 i n  t h e  Northern hemisphere of 6% between 1962 and 1973. The 1 hi S does not venture t o  in t roduce t h i s  formally i n  i t s  
ca l cu l a t i on  of e r r o r  i n  t h e  trend! 

d. i n  I 0 0  yea r s  
e. o r  about 0.2% and 0.5% f o r  10 years  
f .  T h i s  i s  ca l cu l a t ed  according t o  v a r i a t i o n s  i n  geophysical  and 

meteorological  da ta  from t h e  pas t  a n a t u r a l  t rend  i n  t h e  
poss ib le  03 of 1 t o  3% over 10 years .  It is  noted, however, 
t h a t  t he  period of t h e  s o l e r  cyc le  is  heavi ly  weighted i n  
t he  v a r i a t i o n s  observed. 

g. are included i n  these  e f f e c t s  



Observat ions 

I-, 

1, The e f f e c t  of anthropogenic chlor ine  compound8 much 88 

CH3CC13 should be t rea ted  w i t h  the  CPC. It maker c l e a m r  the  lack o f  
ver i f i ca t ion  of the  s e r l e r  and rhould not be attenuated &r intended 
by t h e  t e x t  of the  NASA report .  

2 .  The e f f e c t  of ag r i cu l tu ra l  N20 18 appreciable only i n  t h e  care  
o f  a ~ d n s l d e r a b l e  increare i n  the  r t r a t s r p h e r i c  Clx. Koreover, it 
could b e  a kind of "ant idoteaN In  any case,  it has played a minor 
r o l e  i n  the  past  period, 

3 .  The e f f e c t  of CO2, CO and H2 from comburtion gares w i l l  begin 
t o  be appreciable only i n  the fu ture ,  becaure it i r  not l i n e a r  a8 
a function of time. The s t u d y  of J. Logan (1978) shows t h a t ,  i n  fact ,  
t he  e f fec t  up t o  1978 should not surpasu 0.1 t o  0.281 f o r  CO and Hz, 
and 0.15% f o r  C 0 2 a  

4. The long-term variation8 i n  O3 a r e  probably weak when the  
observation of t h e  trend i s  followed over a period much loager than 
ha l f  a solar period. 

porsible  explainable e r r o r  
on the  order of 0.45 maximum 

Appendix 3. Ozone In Hiah Stratospheric  Laver8 

1. General Remark8 

Cr. Appendix 2; the zame cono;derationr remain va l id  f o r  t h i r  

ozone layer.  

2 ,  Estimate of Causes of Error8 



Key: a. Random measurement (noise) error 
b.  for 1 staticn 
c. at 
d .  based on the works of De Luisi, aCmitting an error 

of 5% for optical measurement 
e. when 
f. 5 independent stations 

A measurement error on the order of 1.5 to 2% seems  ore 
reanonable on the basis of the ntatiutical study of this error carried 
out on 8 Dobson devices in 1974 by Belsk (h'alshcw, La m6t6orologie V I / l Z ,  - 
March 19761, with a a of 7% at 40 k~ and 4% at 30 km. According to 
Dt Luiai (1 measurement), fcr the mean figure for 1 year, cne should 
not use 5 independent measurements, but at least 200 for the Northern 
temperate zone (10 stations, 4 measurements per month). A low 
statistical error thus results. 



Key: a. 
b.  
C .  
d. 
e .  
f .  
g 
h. 
1. 
j 
k .  

~. 

I U A  1 
a Mrlve b f lfie 1 1'4talonnqe du rr&reau Dobron 

Z d '&talonruge 1 Z pour 10 .lu ' 
a + 
f 

D€rive de la c h comparable au car de Os total - 0.5 Z 
to stratosph. I 
chgtduflur , n-t , 

solaire d * 

+ -g  ate et r= - 2 i mopeant de la fourehttte o i 4 z 
Mrosols donn&e sans just i f  icatioo 

Y 
(Y 
4 k 1 'ef f et des rbrosols tropospb€riquts rppareit . 
k telativement nbgligeable (3 concentration €pale 

10 fois mino d'effet) . 
D r i f t  due t o  Keasurement 
C a l i b r a t i o n  d r i f t  
S t r a t o s p h e r i c  to [expansion unknown] d r i f t  
Change in s o l a r  f lux-  
Haze and a e r o s o l s  
l inked  t o  c a l i b r s t i o n  o f  Dobson network 
1% f o r  10 yea r s  
comparable t o  t h e  case  o f  t o t a l  O2 
not  hirlg d 

mean of t h e  f o r k  0  t o  4% given wi thout  j u s t i f i c a t i o n  
t h e  e f f e c t  o f  t ropospher ic  a e r o s o l s  appears  r e l a t i v e l y  
n e g l i g i b l e  ( a t  equa l  concen t ra t ion ,  10 t imes  less e f f e c t )  

Observations 

I 
t ! !  I 

C a l i b r a t i o n :  a  cause of  d r i f t  e q u i v a l e n t  t o  t h a t  admit ted  f o r  
t o t a l  0 should be r e t a i n e d ;  0.3% f o r  9 independent s t a t i o n s  (approxi-  

3 
c a t e l y  t h e  c a s e  he re  f o r  t h e  tempers te  Northern hemisphere) .  

Aerosols:  t h e  e r r o r  Is nega t ive ,  s i n c e  i t  i n t e r v e n e s  i n  i n c r e a s i n g  
t h e  l i g h t  f l u x  by  diffusior . .  Also, t h e  d u r a t i o n  o f  t h e  e f f e c t  of 

volcanic  a e r o s o l s  i s  weak over  t h e  pe r iod  o f  obse rva t ion  o f  t h e  t r e n d .  

1 e r r o r  f o r  t h e  t r e n d  < 0 



Key: a. Error linked to geographic sampling 1 

b e  for the bias of o stratospheric temperature distribution that 
'1 

may be non-homogeneous. Na exact justification. Effect of 
1 

I 

absence of polar stations is weak. : 

1 

trterrr lib a li 
1 @ &chrntillonnrge 
8608taphSque 

3 

Observations 

We lack long-term stratospheric data for temperature, but there 
i j 

1 

WU 

b u m S X  
par 18 birir d'uar rSprrtitioa de 1. t.llpirrrtun 
stratorph&rique 4 v m t u e l l ~ a t  aoa b0.08- 
?u de ju8tification prici. .  
Effrt de l'abrenca de rtatioru powre8 frib1.r - 0.3 X 

are some series that are long enough (since 1960). The trend has 
4 

never been observed for longer than half the 11-year solar period. 

One can thus allow a negligible error detected in the trend over 

a 15-year period. --- .- 

I 
-.-- 

N A S A  .. ... . .. .. .. . . . .  

a 
VARIATIONS PRO- 
LONGEES NATURELLES 

CHANGEMENT POSS lBLE DU SPECTRE SOLA1 RE 0- 1 2 

d 
(AUCUNE JUSTI FI CATION) 

CHANGEMENT DE TEMPERATURE 
(REDACT] ON NASA PEU CLAI RE 

LAISSANT CROIRE A UNE CONFUSION AVEC L'EFFET SUR LA 
MESURE) 

Key: a. prolonged natural variations in 03 
b. prolonged anthropogenic variations in 0 a C. possible cnange in solar spectrum (no j stificiation) 

1. V A ~ ~ A T I  ONS PRO- 
LOEGEES DE 1'03 - 
ANTHROPOGENI QUES 

I Key to this table continued on following page 

e 
LES EFFETS DUS A CO2 SONT PLUS GRANDS. QUE DANS LE 

DE L903 TOTAL 



Key t o  Table  on page 25 

d .  t empera tu re  change ( N A S A  p u b l i c a t i o n  less c l e a r ,  l e t t i n g  one 
b e l i e v e  i n  c o n f ~ 8 1 0 n  w i t h  t h e  effect on t h e  
measurement ) 

e .  e f f e c t s  due t o  C02 are  greater t h a n  I n  t h e  case of to t a l  P3 

Obse rva t ions  

1. The n a t u r a l  v a r i a t i o n s  o u t s i d e  t h e  p e r i o d  o f  t h e  s o l a r  c y c l e  
cannot  be exc luded ,  b u t  if t h e y  e x i s t ,  t h e y  a r e  small and  have great 
i n e r t i a .  No r e v e r s i n g  o f  t h e  t r e n d ,  i f  oce  e x i s t e d  anyway, s h o u l d  be  
s e r i o u s l y  f e a r e d .  The CFC e f f e c t  shou ld  be  examined i n  t h i s  c o n t e x t ,  
and  fro^ t h i s  f a c t ,  t h e s e  p o s s i b l e  phenomena b r i n g  abou t  no supplemen- 
t a r y  r i s k .  

2 .  The p a s t  e f f e c t  of C02 on t h e  h i g h  O3 l a y e r  i s  pe rhaps  n o t  
n e g l i g i b l e ;  bu t  i t  seems d i f f i c u l t  t o  e n v i s a g e  a n  e f f e c t  much n r e a t e r  
t h a n  1%, a c c o r d i n g  t o  t h e  s t u d y  o f  Luther-Chang (J .  o f  Geo. Research ,  
Oct.  1977) f o r  t h e  p a s t  p e r i o d .  

D r i f t  E r r o r s  Tor t h e  Dobson Network 

I. E f f e c t  o f  to Trend on Absorp t ion  C o e f f i c i e n t  

According t o  Powell ,  1971, k 5 %  + i  0.5% e r r o r  on t h e  O c o n t e n t  3 
i n  t h e  v i c i n i t y  o f  t h e  maximum a tmosphe r i c  0 3'  

According t o  t h e  measurements o f  to from 1957 t o  1976 ( r a d i o s o n d e  
and r o c k e t  p robe )  r e c o u n t e d  by Angel1 and Korshover f o r  16-24 km, 

we n o t e  a  v a r i a t i o n  on t h e  o r d e r  o f  l o  o v e r  20 y e a r s  and 1.5' o v e r  
10 y e a r s .  A mean e r r o r  t h u s  r e s u l t s  o f  -0.1% e v e r  20 y e a r s  and 
2 0.15% o v e r  10  y e a r s .  

11. C a l i b r a t i o n  Dr i f t  

The e r r o r  a d m i t t e d  by NASA i n  1979 is  on t h e  o r d e r  o f  i 3% f o r  
10% of  t h e  s t a t i o ~ d ,  and it  i s  n e g l i g i b l e  f o r  90% of  t h e  s t a t i o n s .  
T h i s  l e a d s  t o  a  s t a n d a r d  d e v i a t i o n  on t h e  o r d e r  o f  0.9 f o r  one s t a t i o n .  



For a l l  t h e  s t a t i o n s  of  t h e  network (about  50), t h e  a tandard  d e v i a t i o n  
i s  only  0.917 = 0.13. I 

NASA mis takenly  h a s  chosen a  d i v i s i o n  by 4g ( 9  s t a t i o n s ) ,  and I t , 
I 

it is  not j u s t i f i e d  t o  c o n s i d e r  t h a t  t h e  c a l i b r a t i o n  e r r o r s  a r e  I /  
c o r r e l a t e d  beyond 9 s t a t i o n s .  I 

1 ,  
111, S p e c t r a l  V a r i a t i o n  o f  t h e  Sun 

0.3% e r r o r  c i t e d  by NASA i n  t h e  c a s e  of  s o l a r  c y c l e s .  For 
longer  d u r a t i o n s ,  t h i s  v a r i a t i o n  can be neg lec ted .  

I V .  Change i n  Opservat ion Condit ions (Clouds) 

NASA admits  + 1% f o r  each s t a t i o n .  A s  w i t h  t h e  c a l i b r a t i o n ,  
t h e r e  i s  no reason  t o  l i m i t  t h e  number of  s t a t i o n s  t o  9. The uni formi ty  

c~f d i s t r i b u t i o n  of t h e  e r r o r  a t  1% g i v e s  a  a pe r  s t a t i o n  o f  0 ,6  w i t h  
-! 

niean = 0 ,6 /7  = 0.09. 

V. Tropospheric  F o l l u t i o n  Trend 

Tropospheric  0 Komhyr (1980) n o t e s  t h a t  t h e  mean c o n t e n t  of 3 : 
t ropospher ic  0 i n  t h e  r e g i o n  of  Delft i s  on t h e  o r d e r  o f  0.5% o f  t h e  3 
t o t a l  03. I t  seems t h a t  t h i s  f i g u r e  g i v e s  an upper l i m i t  t o  t h e  p o s s i b l e  
mean e r r o r .  

NO:, SC2: t h e  same a r t i c l e  of  Komhyr l e a d s  one t o  a l low an annual  
mean of 0.5% f o r  some s t a t i o n s  both f o r  SO2 and f o r  N O Z .  Allowing t h a t  

10% o f  t h e  s t a t i o n s  have t h i s  s i t u a t i o n ,  and t h a t  t h e  o t h e r s  show 
n e g l i g i b l e  p o l l u t i o n  because of  t h e  nea rness  t o  t h e  t r o p o s p h e r i c  base,  
we o b t a i n  a = 0.16 f o r  a n  i s o l a t e d  s t a t i o n  o r  a #  0.02% f o r  t h e  
average o f  50 s t a t i o n 6  [next l i n e  missing] .  

-Aerosol: Shah's  a r t i c l e  i n  1976 i n d i c a t e s  an  e r r o r  on t h e  o r d e r  & 
of 0.5% is  p o s s i b l e  f o r  one s t a t i o n .  If we a l low t h a t  a l l  t h e  s t a t i o n s  
a r e  p o l l u t e d  and t h a t  they  have a l l  developed i n  te rms of  q u a n t i t y  and 



I type  of a e r o s o l s ,  one f i n d s  a n e g l i g i b l e  error over  t h e  average  o f  
50 s t a t i o n s  0.5/7 - 0.07. 

I 

i Global e r r o r  i s  t h u s  i n  t h e  end p r a c t i c a l l y  l i m i t e d  t o  t h e  e r r o r  I i 

I p o s s i b l y  in t roduced by t h e  0 It should be noted t h a t  t h i s  e r r o r ,  3 ' 
I on t h e  ordez~ o f  O . 5 % ,  does no t  e x i s t  i n  t h e  Southern hemisphere, t a k i n g  

i 

I n t o  account t h e  t r o p o s p h e r i c  l i f e  spans  o f  0 and t h e  exchange time8 3 
f o r  t h e  two hemispheres.  

V I .  Geographic S a m l i n g  

Miller's p u b l i c a t i o n ,  t o  which N A S A  refers, shows t h a t  i n  t h e  
i 

temperate zone of  t h e  Northern hemisphere, t h e  maximum p o s s i b l e  e r r o r  I 
$ 

f o r  t h e  p a s t  pe r iod  was on t h e  o r d e r  of  -1.5%. I n  f a c t ,  t h i s  e r r o r  '1 
2 

i n  t h i s  pe r iod  does no t  r i s k  masking a r e d u c t i o n  i n  0 but ,  on t h e  
3' 

c o n t r a r y ,  making one appear .  

On t h e  g l o b a l  l e v e l ,  t a k i n g  i n t o  account  t h e  s m a l l e r  v a r i a b i l i t y  
I n  p r e s s u r e  zones i n  t h e  o t h e r  g l o b a l  zones,  we can count  on a maximum 
p o s s i b i l i t y  of e r r c r  I n  both d i r e c t i o n s  i n  a n  undefined pe r iod  on t h e  

o r d e r  of  0.55% ( a c c e p t i n g  t h e  f a c t o r  chosen by N A S A  ) .  

Umkehr E r r o r s  f o r  C 

S t a t i s t i c a l  Er.ror8 

The o given  by Angel1 and Korshover a r e , r e s p e c t i v e l y ,  on t h e  
o r d e r  o f  0.85 and 1 .65  f o r  t h e  t o t a l  Dobaon 0 and t h e  32-46 km Umkehr Og. 3  

On t h e  b a s i s  o f  t h i s  r e p o r t ,  we can a l low a  s t a t i s t i c a l  e r r o r  t r e n d  
f o r t h e  Umkehr l a y e r s  about 2 t imes  g r e a t e r  than  f o r  t h e  Dobson 0 3' 
corresponding t o  a  a # 2%.  I n  f a c t ,  t h i s  should be weaker, i f  we t a k e  
i n t o  account t h e  weaker s p a t i a l  and temporal  v a r i a b i l i t y  a t  t h i s  

a l t i t u d e  zone. 



Inetrument E r r o r s  

S t r a t o s p h e r i c  to Drift 

This  v a r i a t i o n  has  been on t h e  o r d e r  of 4 t o  5'. On t h e  basis 
of  Fowell 's  1971 c o e f f i c i e n t  of e r r o r ,  we o b t a i n  a n  e r r o r  on t h e  o r d e r  
of  5 0.5%. 

Aerosol 

The vo lcan ic  a e r o s o l s  only  have a  n e g l i g i b l e  e f f e c t  a f t e r  3 y e a r s  
( c f .  De L u i s i ) ,  The t o t a l  t r o p o s p h e r i c  and s t r a t o s p h e r i c  a e r o s o l s  
can moreover only g i v e  dec reases  i n  t h e  h igh  Umkehr O3 l a y e r .  It i s  

s c a r c e l y  probable  t h a t  one could observe a p o s i t l v e  d r i f t  which would 
presuppose a  dec rease  i n  p a r t i c u l a t e  p o l l u t i o n .  

C a l i b r a t i o n  E r r o r s  

An e r r o r  nea r  t h a t  o f  Dobson, &0.5%, should be  observed. 

Spatial Errcr (Oeogrephic s a ~ p l i n g )  

This  should be nea r  t h a t  of  t h e  t o t a l  Q 3 ,  s i n c e  t h e  smaller 
spatial variability a t  t h e s e  a l t i t u d e s  cornpersates f o r  t h e  smaller number 
of s t a b i o n s .  

E r r o r s  Due t o  Anthropogenic E f f e c t  

P r imar i ly  CQ2 should g i v e  a d r i f t  of about  I%. 



DRIFT AND PARASITIC TREND 

OBSERVAT I ONS 1960/1979 



Key to Table on page 32-Drift atrd Parasitic Trend 

a, instrument error (random drift) 
be calibration 
c. solar spectrum 
d. change in ob8ervation condition 
e . geogFaphic sampling 
f. ~ossible causes of anthropogenic increase in stratospheric O2 
g, haximum poaaible drift d 

h e  negligible 
1. (especial1y)in Horthern hemisphere (neg1ig:ble in Southern 

hemisphere) 
j. in Northern temperate zone 
k, global 
1. Southern hemispher*e 
m. negligible (or negative) 
n, on the order of that of Dobson 
o. essentially 

Key to Table following on page 34 

Limitation in Possible Reduction of O3 by World Monitoring (After 
10 Years of Cbservation) 

a. limits of observation error 
b e  random statistical error 
c. possible coefficient or bias 
d. possible total error = detection threshold for 10 years 
e. risk of maximum reduction of mean total 0 (detection threshold 

+ overshoot) 3 
f.(l% without representative geographic control) 
g.(C to 2% without geographic control) 
h.(possibility of suppressing sampling error) 

Key to Table following on page 35 

Contradicticn Between Theory and Trend , 03, 1960-1979 
limits of observation error 
decrease 
statistical 
derivatives and possible parasitic trend 
total possible error for trend 
theoretically otservable (model theoretical reduction = total error) 
actually observed 
on the order of 
Northern hemisphere 
Southern hemisphere 
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Chanter 1: Scientific wevidence" 

i ,  

I First of all, it is necessary to request a change in the title 
and to speak of wsummary of scientific data." 

3 

Part B should no longer be presented a8 an affirmation of the 
validity of the theory, extenuated by some wuncertainties." The 

title should thus be less orieated [in this direction]. I would 
propose "Findings including uncertainties and discrepan~ies.~ 

The details of' these "Findings" are open to critlcisa, and porsibly 

should be completed as a function of the first text project. 

They should be sent to Messrs, Eggleton, Watson, Ehhalt for the first 

draft of the survey of the chemistry, modeling and measumnents. 

Cn the other hand, it is advisable to go forward with the subject 

of the subchapter treating ozone monitoring, the limits, possibilities 

and consequences for the validity of Rowland's theory and the limitation8 

in each hypothesis of future risks. I attach two documents of reflections 

which should at least serve as a basis for a discussion that can be 

treated by the publication in an appropriate paragraph in the definitive 

report. 

Chapter 11: Effect on health and on the environment 

It would be advisable to have a detailed criticism of the project 
that Wiser of the EPA has established, since it has a strong chance of 

being biaeed. 

The important points to note at present and which might be 

included formally in the final report are chiefly the following: 

1) The correlation between UVB increase and melano~a ha8 not been 

proven in a significant manner, 



2 )  The c o r r e l a t i o n  between WB i n c r e a r e  and non-melanoma s k i n  cancer  & 
( g e n e r a l l y  not  f a t a l )  i r  breed on ep idemio log ica l  r t u d i e r  whore almort 
only  important  v a r i a b l e  i 8  l a t i t u d e .  Under t h e s e  c o n d i t i o n r ,  it 18 

d i f f i c u l t  t o  confirm t h a t  t h i r  c o r r e l a t i o n  can be l i n k e d  d i r e c t l y  or 
i n d i r e c t l y  t o  o t h e r  f a c t o r 8  which are themrelve8 c o r r e l a t e d  t o  l a t i t u d e s  
( tempera ture ,  humidity,  c o n c e n t r a t i o n  o f  ca rc inogen ic  t r a c e r ,  l i a r  
l e v e l  o f  UVA and v i s i b l e  l i g h t ,  e t c .  . . ) . 
3) Thdre are no o t h e r  f o r n a l  test8 o f  a p p r e c i a b l e  ea rc lnogen ic  e f f e c t  
on man a t  t h e  f o r e s e e a b l e  rates. The s p e c i f i c  t e s t s  o f  UVB On 
animals  a r e  q u i t e  small i n  nuaber i n  term8 o f  c o n d i t i o n s  a p p r 0 ~ 1 t M t i n g  
n a t u r a l  c o n d i t i o n s  ( p r a c t i c a l l y ,  on ly  1 s tudy  on mice publ ished i n  1978).  
The e x t r a p o l a t i o n  t o  man o f  such a s t u d y  would be a t  l e a s t  deba tab le .  

4) No demonstrat ion of  a  s e r i o u ~  e f f e c t  on p l a n t s  o r  ecorystems of  t h e  
i n c r e a s e  i n  UVB w i t h i n  f o r e s e e a b l e  limits has  been made t o  t h i s  d a t e .  
A f u l l  range of  tests has  not  been c a r r i e d  o u t ;  tests have been done 
only  on some s p e c i e s ,  i n  c o n d i t i o n s  which cannot be  e x t r d p o l ~ t e d  t o  
n a t u r a l  c o n d i t i o n s ,  and they a r e  o f t e n  c o n t r a d i c t o r y .  If t h e  r i s k  

were r e a l l y  impor tant ,  more cohes iveness  would have emerged i n  t h e  
conclus2ons of t h e  s t u d i e s  e l r e a d y  pub l i shed .  

5 )  The p o e s i b l c  c l i m a t i c  e f f e c t s o f t h e  CFC a r e  r e l a t i v e l y  n e g l i g i b l e  
i n  comparisor~ wi th  o t h e r  anthropogenic chemicals  (C02  f o r  example). 
There is a n  a lmcs t  g e n e r a l  consensus among t h e  v a r i o u s  a u t h o r s  who 
have done such comparat ive s t u d i e s b  

6 )  F i n a l l y ,  and above a l l ,  it i s  a d v i s a b l e  t o  s t r e s s  t h e  d i s t r i b u t i o n  
o f  t h e  p o s s i b l e  r e d u c t i o n  of 0 a s  a  f u n c t i o n  of l a t i t u d e .  A l l  t h e  + 

* -  
3 

2U rilcdels ag ree  on t h i s  s u b j e c t .  The reduct lor ,  i s  n e g l i g i b l e  i n  t h e  
t r o p i c s  and rr.aximum i n  t h e  borea l  r e g i o n s .  The r e s u l t  i s  a very weak 
i n c r e a s e  i n  UV i n  t h e  r e g i o n s  which are a l ready  r e c e i v i n g  most o f  i t ,  

and, on the c o n t r a r y ,  & more s e r i o u s  i n c r e a s e  i n  t h e  r e g i o n s  thaS a r c  
weakly i r r a d i a t e d b  

Even if we admit t h a t  t h e  corresponCing p o s i t i v e  e f f e c t  (dec rease  i n  



v i t ~ l n  D d e f i c i e n c y  i n  the Northern region8)18 n e g l i g i b l e ,  t h e r e  
r e 8 u l t 8 .  in any caac ,  a new caure  which 8 e r i o u r l y  d i m l n i r h e r  t h e  p o r r i b l a  
r i 8 k ,  c f .  f i g .  4 ,  r e c e n t l y  publ ished by Derwent, who 8how8 t h a t  t h e  
mean r i 8 k  c f  v a r i a t i o n 8  i n  t h e  WB d u r i n g  1 y e a r  18 a t  wor r t  on t h e  a 
o r d e r  of  5 %  o f  the  a c t u a l  WB at t h e  e q u a t o r ,  a l though  t h e  EPA h.8 

announced an i n c r e a s e  10  time8 g r e a t e r  (44%) t o  j u a t i l y  t h e  n e c e r a i t y  o f  
r e g u l a t i n g  t h e  CFC. 

Chapter 3:  CFC I n d u s t r y  

For t h ? s  s u b j e c t ,  i t  would be a d v i s a b l e  t o  pay a t t e n t i o n ,  independent 
of t h e  p r e s s  r e l e a s e  aecom~anying s i g n a t u r e  t o  t h e  convent ions ,  t h e  
document prepared by M e  Parenteau f o r  Flunich and t o  add t h e  fo l lowing  



The Prelch aero801 industry barlr 8 COmm!!Pcial power errentially 
I on acme particular chrracteristicr of thl8 product which are 

developed than in other countrier, thank8 to the CPC: 

a) nonflrr~.ole and nonexplosive product8 with high rafety; & 
b: products uuing very light perfume (whlch forbid8 u r m g  

any ccRponent with a slight odor or reacting in the slighteat 

with the perfuner); 

c) very finely powdered product8 which are not wetted (a very 

small amount of nonvolatile 8olvent); 

d )  a high percentage of product8 for non-water bawd come8tic use 

(laquers [hair sprays?], perfumer, e t c . ) .  

These charactcrictic8 allow satisfying a large range of clientr, 
and thiu industry would be more affected than it8 ccunterpart in other I 

countrle~ if it had to lower It8 "qualityw l e v ~ l  becauue of abandoning I 

CFC, I 

Xa in most other European countries and Japac, prevention of 

accide~ts by fire in France 18 much more r:gorour than in the United 

States (cf. Table below). 

Key: 

a. number of deaths by fire (ali ca~ses) 
b. Cnjted Etstes 
c . Japan 
d. per 

r 

a Nombre de morts per l e  feu ( touter  causes! 

The aub~tituticn of 1nflam.akle or exp lca ivc  products for CFC 
is thus proportior.ally m ~ c h  more serious lri Europe and Japan than in 

the USA. 

........ '- ~ t a t s - ~ n i s  

- CWOPI ....o*ooe.o. 

............ - trance 

............. C- Jape4 

d 
4 p o w  10.0n3 

f POUT I e093.033 

5 pour 1.00C.OOE) 

1 pout I.lKlG.000 



Finally, it should be stressed that, in the same context, the 
regulations concerning industrial installations and sales would cause 

in France closing many businesses if CFC is replaced by an inflammable 
poduct . 

Taking these constraints into account limits to 30% the possible 

reductlcn wSthout completely disorganizing the aerosol industry in 

Frznce. 
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