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ABSTRACT

Between March and October 1979 eleven bal loon f l ights were conducted to

study the Lrace composition of the southern hemisphere stratosphere using

Iaunch s i tes at  Al ice spr ings 23os and Mi ldura 34os in Austra l ia.  Bal foon

bo rne  measu remen ts  o f  No ,  No^ ,  HNo . ,  o . '  N^o ,  cc l .F r  H .o ,  CH / ,  pa r t i c l es

(> o.15 1. t  and >o.25 p radiusf  and iar i3us f ieteoroiogicSl  par5meters a long wi th

ground based tota l  (column densi ty)  O? and NO? measurenents are presented in

th is report .

This work was performed under Memorandum of

Federal  Aviat ion Administrat ion,  Department

America and the Commonwealth Scientific and

Aus t ra l i a .

Understanding AIA/CA-17 between the

of  Transportat ion,  Uni ted States of
fndustr ia l  Research Orqanizat ion,



1 . Introduct ion

The purpose of these measurements was to obtain a comprehensive set of
data of  n i t rogen compounds and other t race gases in the southern hemisphere

stratosphere for  val- idat ion of  theoret ical  models of  the composi t ion and

chemistry of  the stratosphere,  for  use as part  of  the ground t ruth p lan for
the Stratospheric Aerosol and Gas Experiment SAGE on the AEM-B (NASA)

satel l i te,  and to remedy the lack of  data on ni t rogen compounds and other
t race gases in the southern hemisphere stratosphere.

The measurements were carr ied out  in autumn and spr ingf  these being the

t ime of  minima and maxima in stratospher ic ozone over Austra l ia (Pi t tock 1977a)

The bal loon launch. ings were conducted f rom Al ice Spr ings 23"20'S,  134o0'8,

5 4 5  m . a . s . 1 . ,  a n d  M i l d u r a  3 4 o 1 3 ' S t  L 4 2 o L 2 '  E ,  5 3  m . a . s . 1 .

Two di f ferent  bal loon borne sets of  measur j "ng equipment were used for

e l even  f l i qh t s  i n  1979 .  These  we re :

( I )  a " Iarge" gondola contain ing equipment measur ing NO, No?, HNO. '  O.. ,

s tandard radiosonde parameters and,  on thq tast  two f l i f ih ts '  
'

pa r t i c l es  f l own  w i t h  a  42 ,5oo  o t  57 ,OoO m-  ba l l oon ,  and

(2) a "sma1l"  gondola hold ing the grab sample spheres for  col lect ing

stratospher ic a i r  samples along wi th 03 and HrO instruments and

standard radiosonde equipment f lown wi th a 8500 mJ bal loon.

In 19'77 there were two other flights on which the NO instrument was

f lown alone (Roy,  Gafbal ly  and Ridley,  1980).  This data is  inc luded here for

completeness.

Each bal loon was t racked by a nearby Austra l - ian Bureau of  Meteorology

standard bal loon t racking radar ( type wF2 or wF44) and th is data was analysed

to deduce values of  bal- loon height ,  bat loon posi t ion,  wind speed and di rect ion

as funct ions of  t ime f rom faunch.

The large gondola also carr ied a Rosemount pressure sensor to measure

attitude and radio ranging equipment for l"ocation. In some cases these

measurements were used to suppfement the radar data.

Analyses of  these data were conducted by standard methods descr ibed in

the appendix.

Some addi t ionaf  ozonesonde,/ radiosonde f l ights were made using standard

meteorological  type bal loons.

Flask samples for  N"o and ccl .F were taken in the lower t roposphere

from l ight  a i rcraf t  on s6veral  occdsions to complement the bal loon borne

stratospher ic arab sampl ing.

Total (column density) ozone measurements were made from the ground

throughout each f ie ld expedi t ion.  Also ground baseal  tota l  (column densi ty)

NO. measurements were made on sui table occasions.

The data obtained on the di f ferent  f l ights is  summarised in Table 1.



TABI,E 1

DATA AVATLABLE FOR STRATOSPHERIC BALLOON FLfGHTS

DATA AVAILABILITY Y = Y E S

N = N O

LAUNCH SITES AS = ALICE SPRINGS

ML = MILDURA

DATE LAUNCH LAUNCH RADAR NO NOz HNO3 03 N2O CH4 HZO AEROSOL

TIME SITE TRACKING CFC13
(UT)

FLTGHT

CODE

ABLS688  11T2LL  1957OO

ABLS690  l 7 I2L3  195900

ABLST14 790323 205700

ozAS00I 190325 011500

ABLS715  19032A  213000

ABLST16 790403 214500

ABLST19  790409  174500

ABLS722 790509 212300

ABLS723  790515  I 74400

ABLS724 790517 220000

ABLS735  790918  205600

ozMLoo I  19 IOO4  035600

ABLS736  791013  2 I0900

ABLS737  791015  171900

ozMLoo2  79 IOL5  012000

ozMLO03 19LO20 011500

ozMLooL 79LO24 052200

ABLST3B 79IO25 050600

ozML005 19LO26 032330

ML
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Y Y
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2. MEASUREMENT TECHNIQUES

2 .L  N i t r i c  Ox ide  (NO)

The chemi luminescent technique for  measur ing NO is wel l  known. I t  is

based on detect ing the intensi ty of  the racl iat ion emit ted by exci ted NO.

moLecules fo l lowing the react ion No + O? + NO? + O? when an excess of  O; is

added to a f l -ow of  a i r  contain ing NO. l fhe emit ted-radiat ion is  a cont i iuum

with i ts  maximum intensi ty occurr ing near 1200 nm. As such the detect ion

method is not  ent i re ly speci f ic ,  in that  other atmospher ic const i tuents which

undergo chemi luminescent react ions wi th O. in the spectra l  region v iewed by the

instrument wi l l  contr ibute to the NO signdl .  other gases such as unsaturated

hydrocarbons are known to chemi luminesce wi th O. but  wi th nuch lower ef f ic iency

than that  of  NO in th is spectra l  region.  Since-these gases are not  expected to

be present in the stratosphere in concentrat ions as high as those of  NO' i t  is

unl ikely that  such inter ference wi f l  be s igni f icant ,  a l thougih to be str ic t ly

r igorous,  the present technique must be v j -ewed as provid ing an upper l imi t  to
the NO densi ty.

The bal loon instrument used is  descr ibed in Ridley et  a1.  (1975) and
Ridley (1978).  The weight  and s ize of  the instrument wi thout  the O" supply and

in l - e t  and  exhaus t  t ubes  a re  abou t  45  kg  and  O .4  by  0 .4  by  0 .25  m ,  r dspec t i ve l y .

The react ion vessel  is  a Pyrex cyl inder wi th a ref lect ive gold coat ing.  A PMT
coo led  hv  d rw  i ce  r r i ews  t he ]eno th  o f  t he  t r r be  t h rouoh  a  f i l t e r  t ha t  t r ansm i t s

wavelenglhs above about 600 nm. The PMT is insensitive to wavelengths above

about 9O0 nm. Therefore,  only a smal l  f ract ion of  the cont inuous emission may

be sampled.

Ambient  a i r  is  drawn through a 2 m length of  pyrex glass tube.  Af ter
he ind  hee ted  t ^  ^nn rox .  300oK  and  m ixed  w i t h  O  i n  t he  reac t i on  vesse l  and  t he' ' - - . .  - ?

I ight  emission measured,  the ai r  is  exhausted through a lO cm diameter tubingr

at  l -east  2 m in length at tached upwards to the support  cables.

As high an ai r f low as possib le is  desired,  therefore,  the instrument
pressure drop is  kept  low by the use of  large-diameter tubing throughout.  The

need for  l ight  baf f les to exclude sunl ight  is  obvious.  Proport ional  contro l led
heaters ra ise the ambient  gas temperature to about 300 K.  Ambient  a i r  is  drawn

through the instrument by a squirre l -cage fan that  is  approximately a constant
volume pump. Below an altitude of about 22 km a flow controller lirnits the

total  a i r f fow to about 275 sccs.  Near an al t i tude of  28 km the pumping

eff ic iencv drops to about L00 sccs '  The ai r f low, pressurer and temperature

r t .  * .u"r iua ln t f re in l -et  sect ion by appropr iate cal ibrated t ransducers.

At  presentf  Oi  is  stored and f lown in sta infess steel  or  a luminiurn

cyl inders as a soldt ion of  5- l -0% O? in CF"CI at  the temperature of  dry ice.  The

vapor ized f low of  th is mixture to fhe inst . rument is .contro l led at  about lO sccs.
T h i  c  n  / . 8  a 1  n ;  v + , r r ^  r . ? . c  n r a n : r a A  i  n  ^ r ' c + r - 1  i  -  ^ v i  ^ e  + ^  + h ^  f l i g h t S .r r r f -  v ? /  v r  

2 e r  
. " ! ^ u q  P r v Y s l v v

t i .  i i "a.n ent  cycles through three modes by t imer contro l  of  sta in less

steel  solenoid valves.  In the f i rs t ,  zero mode, ozone is added through a valve

wel l  upstream of  the react ion vessel .  The purge volume of  the instrument is

about s ix t imes larger than that  of  the react ion vessel ,  and the residence t ime

for the o,  f low used is suf f ic ient  to remove ambient  NO from the ai r  sample

pr ior  ho i ts  reaching the react ion vessel .  At  the same t ime, the change in

the O. concentrat ion is  negl ig ib le;  recorded counts are due to the background

o- emission.  rn the measure mode, o.  is  added by way of  a valve 2 through a
J J



mixing f lange at  the PMI end of  the react ion vessel .  Thus,  the di f ference
in s ignal  counts between these two operat ional  modes is  proport ional  to the
ambient NO mixing ratio. The instrument is calibrated between every purge
and measure mode by adding known amounts of NO from a high-pressure tank
contain ing a few ppm (volume) of  NO in N" through the in let  tube whi le in the
measured mode. The di f ference in counts-between the in let  tube cal ibrat ion
and measure modes is  thus at t r ibutabLe to the addi t ion of  the known NO f low.

The cal ibrat j -on tanks are evacuated to low pressure wi th a d i f fus ion
pump and f i l led f rom a larger gas cyl inder whose mix ing rat io is  checked
per iodical ly  by the suppl ier ,  is  cross-checked wi th a standard f rom another
suppl ier ,  and is  checked per iodical ly  wi th the use of  a mass spectrometer.
At  present the f l ight  tanks are analysed against  the standard before and
after  each f l ight ,  The error  in the mix ing rat io determined in th is way is
r r q r r a l I r r  

' l A c e  
] - h ^ n  + 1  5 %  A n \ /  c t r ^ r  ' i e  d i r o n t l r z  j . r : n c f a r r a d  t . n  l - h o  c + r a + n c n h a r i  n4 u ^ f  v r ! v !  _ u l q u v _ y r r s r l v

measuremenc.

The accuracy of  the measurement is  determined by errors in the cal ibrat ion
gas  ana l ys i s ,  t he  a i r f l ow  measu remen t  ( 17%) ,  and  t he  ca l i b ra t i on  gas  f f ows  (+4%)
i f  the ambient  NO concentrat ion is  not  perturbed by the measurement technigue.

The ni t r ic  oxide data is  col lected as measurements over a short  t ime
in te r va l  ( t 8  sec )  -  nh i c  A^ i r  i c  vaa , r ] . - l v  i n t e r r r r n ted  1 - r r r  ^  ze to  and  Ca l i b ra t i on+ r r e v ! ! s y e v v  v f  q

sequence and th is accounts for  the regular  gaps in the data between extended
per iods of  regular  data gather ing.  Dur ing some f l ightsf  s iqnal  averaging over
longer per iods has been used to reduce noise in the data.

2 .2  N i t r ogen  D iox i de  (NO^ )

Gaseous ni t rogen dioxide has a spectrum which is  st rongly structured in
the region 430 to 450 nm. (Johnson et  aI  1976, Hal l_ et  a l  L952).  The rapid
var iat ions in the absorpt ion coef f ic ient  permit  the appl icat ion of  d i f ferent ia l
spectrophotometry to the measurement of  NO, in the Earth 's atmosphere.  The
di f ferent ia l  absorpt ion coef f ic ient  is  suf f ic ient ly  large that  the technique
is sensi t ive to the smalL quant i t ies of  No, that  are found in the atmosphere.

The Fraunhofer st ructure of  the solar  spectrum, the presence of
stratospher ic ozone in the atmosphere and the ef fects of  part iculate and
Rayleigh scat ter ing make the measurement of  NO. d i f f icul t .  The appl icat ion
of  d i f ferent ia l  spectrophotometry to the problSm overcomes these di f f icul t ies
and afLows the dependable determination of the column amount and vertical
d ist r ibut ion of  th is important  st ratospher ic const i tuent .

I f  one considers the t ransi t  of  a
from a distant  source (usual ly  the sun)
intensi ty is  measured;  the j -ntensi ty of
w r i t t e n  a s  ( B e e r r s  l a w ) :

ray of light through the atmosphere
to the instrument,  where i ts  spectra l
l ight  at  some wavelength l .  may be

r ( l i )  :  r o ( l i )  , o - ( o ' x  
+  B ' M  +  6 ' q  +  Y ' Y ) u ( 1 )



Where the

cr .
l-

B .
l-

6 .
l_

Y .
I

X

M

q

Y

c . ' m l - . n l  c  r r c o z l  r r a . -

-  absorpt ion coef f ic ient  at  t r .  for  ozone (cm-l)
I

-  Rayl-e igh scat ter ing coef f ic ient  (atm-f)

-  coef f ic ient  for  at tenuat ion by part iculate scat ter ing

i h d  i h c ^ r n + i ^ -  ' - -  
- 1 '

*_ . .  ( cm  )

-  : h c a r n . . i ^ n  ^ ^ a 1 l ; ^ i 6 n +  r +  f  f n v  \ I n  , - - 1 tv v s l r l c t e r l r  a L  A .  T o T  t \ u 2  t c m  )

- column amount of ozone (atm-cm)

- total amount of air in column (atm)

- column amount of haze (atm-cm)

- tota l  amount of  NO^ (atm-cm)
2

U - geometr ic  ampl i f icat ion factor  of  the vert icaf  colunn amounts

f F ^ r  + h a  n ^ t h  I a n a f h  + n  r  c n o a i # i n  n ^ i n +uv  s  Jyvv r r r v  yv r r r u ,  U  i s  t he  Chapman  f unc t i on  Ch (X ,X )
and  reduces  t o  sec  1  f o r  h i gh  sun  ang les ) .

This re l -at ion,  by v i r tue of  the use of  the conmon factor  U to represent
the geometr ical  ampl i f icat ion of  absorpt ion,  assumes that  the absorbers are
al l -  d ist r ibuted wi th the same vert ical  and lateral  var iat ions,  so that  the
common factor u may be extracted.

In pract ice,  the intensi ty at  var ious wavelengths is  measured and th is
informat ion is  used to calculate the amount of  some absorber.  The eouat ion
( I )  mav  be  rewr i t t en  as :

L o g ( I . )  -  l o g ( I o . )  =  [ - c r a x  -  B . M  - 6 . g  -  y i y ] u ( 2 )

T h e  c o n s t a n t  l o o ( T  . )  i s  f h e  e x t r a f e r r e s t r i a l  i n t e n q i f \ /  o f  t h e  s o u r c e ., . - O i ,

This is  the intensi ty that  the instrument would measure i f  no absorpt ion were
taking pl -ace in the incident  path.  I t  is  the value which would be measured i f
u  =  0  i n  t he  equa t i on  (2 ) .

Tradi t ional ly ,  in d i rect  sun observat ions,  the value 1og ( I .  )  in  e-q-uat ion
(2) was plot ted as a funct ion of  U to der ive the intercept ,  whicfr  was
interpreted as the extraterrestr ia l  constant .

t\

!  =  L  a .  r o g  ( f . )
r - a

where F,  the absorpt ion funct ion is  sensi t ive to the absorpt ion of
species in the atmosphere and the a.  are the weight ing constants.

F r n m  a a r r : t - i n n  / 2 )  r ^ r a  m a v  u r r i + a .
w  v  r , ! q /

'  I f  measurements at  a number of  wavefengths are made, a l inear combinat ion
of  their  logar i thms may be created.  For example;

( 3 )



F-F
o

u

L\

-  X  I  a . c r ,
l _ r

N
-  q  I  a . 6 .

L r

N
-  M  I  A . B .

1 l

N
-  Y  L  a . y .

1 ' , 1

( 4 )

! ' r r r thormnra  r^7p  ̂ an  renr r i  rc  th^ f  fhe  ins t rgment  be  inSenSi t iVe  tO the
,  

Y v e  v s r r

absolute intensi ty of  the source and the absolute sensi t iv i ty  of  the spectro-
photometer.  This means that  the der ivat ion of  absorpt ion amounts is  based

only on the re lat ive absorpt ions between di f ferent  wavelengths.

The condi t ion of  no absol-ute sensi t iv i ty  may be wr i t ten as fo l lows:

w h e r e  K i
I

.1 f

re lat ive intensi ty between wavelengths.  Arbi t rar i ly  any
coufd be one,  and the rest  set  accordingly.

a

I  -  represents the absolute intensi ty as measured by bhe instrument

at  some wavelength l .

The independence of  the funct ion f rom intensi ty var iat ions requires that
I  drop out  of  the equat ion for  F.

N
F  =  I  a . t o q ( K . r )

1 - l -

The second term, in f ,  wi l l

N

N
K .  +  I  a . l o g l

I . . I _

d i sappea r  on l y  i f :

L  q .  -  v

.l

The maintenance of  stable re lat ive sensi t iv i ty  is  i tsel f  d i f f icul t .  i f
h j -gh accuracy is  required.  This is  so because the structure of  the solar
spectrrm translates any wavelength shi f ts  into large intensi ty changes.  The

requirement on wavelength stabi l i ty  may be reduced, however,  i f  the war ious
wavelengths measured are combined in such a way that a shift of the

cal ibrat ion point ,  which af fects a1t  wavelengths,  causes cancel l ing changes
on di f ferent  wavelengths.  The requirement may be expressed mathemat ical ly  as

O  

( 7 )

whi le observing the sky or  solar  spectrum. Any change associated wi th a smal- I
d isplacement in cal ibrat ion 6l  wi l l  then show a minimal  ef fect  on the

absorpt ion funct ion F.

( s )

N
=  I  a . I o q

I -

( 6 )



This equat ion t ranslates to:

N

.  -  1 - -  ( . L o g I . )  =  U
r = I d A - r

fn pract ice,  the lack of  informat ion concerning the character is t ics of

haze  (6 . ,  g )  have  l ed  t o  t he i r  neg lec t .  Th i s  i s  no t  a  se r i ous  om iss i on  as

w i I I  be - seen  l a t e r .

( 8 )

The f inal  absorpt ion

a )  I u i  = 0

b )  I a . a .  = O  -

c )  I B . a . = O  -
I I

.l
d )  I a . i - ( l o q T . )  =  0

A O A - I

e )  I a . Y .  =  I  -
] ' l

funct ion should meet the fo l lowing cr i ter ia:

independence f rom absolute sensi t iv i ty  and intensi ty.

no response to atmospher ic ozone.

no response to Rayleigh scat ter ing.

smal l  sensi t iv i ty  to smaLf errors in wavelength

cal ibrat ion.

r r n i f  q e n s i f i \ r ' i t v  t o  N O ^ .
z

T h e  o n e r a t i o n a l  r ^ r a r r e l c n d t h s  f n r  t h e  m a a q r r r a m a h l -  ^ f  I { n  a r e  4 3 7 . 6  n m ,f r r s  v y s ! 4 u f

439 .3  nm,  442 .0  nm,  444 .9  rm  and  450 .1  nm,  w i t h  s l i t  w id thS  equ i va len t  t o

approximately 0.4 nm. The absorpt ion coef f ic ients for  these wavelengths are

taken f rom Johnson et  a l .  (1976) and are smoothed to the appropr iate resolut ion.

They are assumed to be independent of  temperature (Bass et  a l ,  19 '76).  The

pressure dependence of  the NO, absorpt ion cross sect ion has been invest igated'

and the ef fect  was found to b6 negl ig ib ly sna1l  in th is appl icat ion.  The value

of  the coef f ic ients appropr iate for  the measurements of  NO, are:

t 1  =  o ' L 2 6

u 2  =  - o ' 1 6 1

- 3  =  o ' r 2 2

u 4  =  - o ' 1 6 2

t 5  =  o '  0 7 5

For th is choice of  coef f ic ients Rayleigh scat ter ing is  completely suppressed.

Since i t  has a wavefength dependence of . l  +,  we expect  that  any inter ference

from part iculate scat ter ing wi t l  be smal l  over th is wavelength range.

'  
Dur ing the program of  bal loon f l ights in Austra l iaf  two types of

measurements were made. One type was a solar occultation measurement from

the bal loon plat form, and the other was a ground based method using l ight

scat tered f rom the zeni th sky.  unfor tunately,  instrumental  problems wi th

the solar  t racking system on the NOI spectrometer permit ted the acquiSi t ion

of  data dur ing the October f l ights 5n1y (sunr ise October 16 and sunset

October 25).  However,  an extensive program of  ground based rneasurements was

undertaken and these provide ground-based NO? data for  the ear l ier  f l ights.



8

fn both measurement techniques the same instrument was used. For
observat ions of  the sky a 10 cm focal  length f /5 lens images the sky on the
entrance s l i t  of  the spectrometer.  The solar  point ing observat ions are made
with a d i f fuser made of  ground glass,  which is  kept  i l luminated by a motor ized
pr ism point ing system.

The spectrophotometer has been descr ibed elsewhere by Brewer (1973) and
Ke r r  e t  aL  (1976 ) .  f t  i s  a . l 5  cm  foca l  l eng th  Ebe r t  des ign ,  wh i ch  images  a
spectmm dispersed by a Bausch and Lomb 1200 l ine per mi l l imeter repl ica
grat ing onto a focal  p lane,  where a chopper system operated by a microcomputer-
contro l led stepper motor sequent ia l ly  samples l ight  f rom each of  the f ive
operat ional  wavel-engths.  The l ight  is  col lected by a Fabry lens which images
the grat ing surface on the phoLocathode of  a low noise photomult ip l ier .  The
discr iminated photon count pulses are accumulated by the microprocessor which
relays the resul ts v ia te lemetTy,  ot  a hard wired connect ion,  to a recording
terminal  or  processing conputer.

The instrument controf  computer a lso operates the solar  point ing system
which is  capable of  acquir ingr as wel l  as t racking the sun.

2.2. I  Bal loon- l rorne Measurements

The method of  solar  occul- tat ion measurements has been extensively reported
in the l i terature,  and wi l l  not  be considered i -n detai l  here,  (Chapnan, I93L,
Kerr  et  a l - ,  1977).  Suf f ice i t  to say that  for  an incident  ray as shown in
Figure l - ,  the major i ty  of  the absorpt ion exper ienced by the l ight  wi I l  occur
in the region near the tangent height .  Many analyt ical  expressions and
approximations have been developed for this case, but the simplifying
assumpt ions embodied in them preclude their  use in accurate prof i le determin-
at ions.  (See Smith et  a l ,  1973 for  approximat ions to the Chapman funct ion
under var ious c i rcumstances).  rn addi t ion,  the ef fects of  refract ion must be
al- lowed for .  Because of  the changing mix ing rat io wi th height  of  NO^ in the
stratosphere and because of  the vert ical  temperature structure,  the Snarysis
method used to extract  the NO" prof i le is  a layer by layer approach,  developed
by  one  o f  us  ( J .B ,  Ke r r ) .  Th6  f i gu re  demons t ra tes  t he  p r i nc i p l e .  The  f i r s t
layer below the bal foon heighL is  calculated using the di f ference in the
instrument 's  absorpt ion funct ion between angles just  before and just  af ter  a
sol-ar  zeni th angle of  90o,  The amount of  NO. calculated to be in th is layer
is then used to make a correction for the pait of the next lo\,rer tangent
rayrs passage through the top layer.  This process is  then appl ied to layers
corresponding to angles far ther removed f rom 90o.

The ef fect  of  refract ion is  inc luded in th is analysis by al lowing the
rays to change direct ion in crossing between layers in accordance wi th
Snel l rs Law, and the vert ical  densi ty gradient  of  the atmosphere.  The point
conjugate to the instrument posi t ion on the opposi te s ide of  9Oo solar  zeni th
angle is  the one which corresponds to the same refracted ray.

There is  a correct ion to the prof i re which is  required i f  the reported
prof i le is  to ref lect  accurately the amount of  No^ in the stratosphere at  90o
solar  zeni th angIe.  The amount of  NOa in any lay6r changes wi th t ime due to
the shi f t  in  photochemical  equi l ibr iuf i  between NO and NO..  As the sun sets
or r ises the photodissociat ion rate for  NO^, J. .^  chanqe6 and th is causes the

Z I \U-

ambunt of  NO, in any layer to a l ter  due to the r6act ion:
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F i o l l r e  I  -  c e o m c t r \ /  o f  t h e  o n t i c a ]  N O  m e a s u f e m e n t

N O 2 + h v + N O + 0 rate = J
Noz

Therefore the correct ion appl ied to tangent heights wel l  below the bal loon
height  due to NO" higher up,  wi l l  be in error  because of  the change in the
amount of  NO, in- the layers above.  Thj-s correct ion has been reported
(Kerr  et  at , ' tg l l )  and amounts to a maximum of  N2O% at 22 km. The resul ts
reno r t ed  he re  have  no t  been  co r rec ted .  A  s im i l a r  s t r r d r r  f ^ r  NO and  C IO
was done by Boughner et  a]  (1980).

The uncorrected prof i les s l ight ly  overest imate the amount of  NO" at
aLl levels between l-4 and 28 km, over the true amount corresponding' €o
90o  so la r  zen i t h  ang le  a t  each  l aye r .

The errors in the NO" mix ing rat ios were der ived f rorn Lhe stat is t ics of
the photon count ing method used to measure the scat tered 1ight .  intensi ty,  and
are presented wi th the der ived values of  NO, mix ing raLio and molecular  column
amount for  the var ious layer th icknesses in- the data tables.  The uncerta inty
in h igher layers is  ref lected in the calculat ion of  the errors for  lower
layers because of  the i terat ive correct ions in the invers ion alqor i thm.

2 .2 .2  G round  Based  Measu remen ts

The technique used to malce measurements of  st ratospher ic n i t rogen
dioxide f rom the ground has also been reported in the l i terature
(B rewer  e t  a l ,  1973 ,  1974 ,  Noxon  e t  aL ,  L979 ,  Seyd  e t  a l ,  1980 ) .  I n  b r i e f ,
the technique ut i l izes the tangent ray enhancement of  absorpt ion at  h igh
Ievel-s by observing the zenith sky with the spectrophotometer. As the sun
sets (or  r ises) the long path absorpt ion of  the incoming.  solar  radiat ion at

( e )
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angles near or  greater  than 90o,  is  forced to occur at  h igher levels in the
stratosphere because of  the deplet ion of  l -ow level  l ight  by Rayleigh
sca t t e r i no -  Th i s  hag  t he  e f f ec t  t ha t  t he  l a t e r  n^ r t  o f  t hc  aL rso rn f i nnu v u v r v  L r v r r

curve is  inf l -uenced most by NO^ at  h igher leveIs.
z

The amount of NO. in the atmosphere is estj-mated by comparing the
response of  a synthet ic  absorpt ion curve f rom a mul t ip le scat ter ing model  wi th
NO. inserted in var ious l -ayersf  to that  of  the exper imental  data f rom the
a. t f rosphere.  The model  has been descr ibed by Dave et  a l .  (1967) and.
H e a t h  e t  a I .  ( 1 9 7 3 ) .

The appl icat ion of  th is technique al lows the separat ion of  NO. which is
very low in the atmosphere f rom that  which is  in the stratosphere 1actua11y
that  NO, above l -3.6 km).  Therefore,  an est imate of  the stratospher ic column
amount 6an be made, in the presence of  low Ieve1,  t ropospher ic No^.  The amounts
reported here are uncertain by approximately 50e", and the effect 5f the night.-
day conversion of  NO, to NO has not  been di rect ly  calculated as yet .  The inter-
comparison of balloofl measurements and ground measurements made during the same
per iod provides conf idence in the resul ts of  th is method (see later  table) .

There are some missing entr ies in the tabl-e.  I t  was impossib le to der ive
any distributional information about the NOa amount on those days because the
f i t  of  the calculated curves to the observa€ions was very poor.  This was
probably due to the temporal  var iat ion of  t ropospher ic No. dur ing the sunr ise
per iod.
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Figure 2. NO2 absorption function for Mildura October 1979



The graph in Figure 2 is  the data set  for  October 1979. The indiv idual

curves were normal ized to the funct ion value of  85o,  and then the curves.  were

averaged (Mateer,  L964).  The error  bars represent the standard deviat ion of

the mean est imated for  each curve.  This procedure removes var iat ions in the

observed data due to low level  NO.,  or  due to sma1l  var iat ions in the instrument

extraterrestr ia l  constant ,  F^.  U6inq th is procedure,  curves representat ive of

October were constructed for"both sunr ise and sunset .  These curves were then

analysed to der ive the NO2 amounts reported in the fo l lowing tab1e, sect ion 3.7.

2 .3  N i t r i c  Ac id  (HNO3)

2 .3 .L  Me thod  o f  De tec t i on

,The  n i t r i c  ac i d  r ad iome te r  has  been  desc r i bed  by  Evans  e t  a l .  ( 1976 ) .  The

theory of  th is measurement is  descr ibed below.

p i , T i , r i , U i , R i , K i

R . , h .
1 a

D h

r+ l  a+ r

No ta t i on :

f

A h .
+ I

A h .
l-

A R .
a

U .
t_

]-

- a

T .
1

T .
L

K
I

] - h i  n k n a e q  n f  I  e r z o r  i

change in radiance across layer i

mean pressure of  layer i

mean temperature of layer i

mean t ransmission of  layer i

mean absorpt ion coef f ic ient  for  layer i

n i t r ic  acid column amount in layer i

mean bfack-body radiance in layer i

The equat ion of  radiat ive t ransfer  for  a ray passing through layer i  at

an angle 0 to the vertical is given for any wavenumber v by

where

T .  =  e x p  ( - K .  U .  s e c  0 )
a , V  -  a , V  r

( t \

I f  we  assume  tha t  T i , u  =  1 ,  * i , u . .  
" i , u  

and  t ha t  u r , u  t ^ r t . "  s l ow l y

wi th wavenumber by compar ison wi th K.  . ,  then we can integrate (1)  wi th respect
to wavenumber to give the result 

L I w

A R .  =  B .  U .  K .  s e e  0
I I 1 1

r ?  l
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The measurements of  Goldman et  aI .  (1981) indicate that  K.  does not

vary significantly with temperature over the range of temperatilJ" .r,.olr.rt"r.a
in the stratosphere so we have taken K.  to be independent of  temperature.

a

r i lha rhcarn+i  ^h coef f ic ient  K.  is  calculated f rom the formula

i r<. F dv'  a r v  V

AV

I I  r a v
i r v

where F is  the measured f i r ter  t ransmission at  wave-number v,  Av is  the
pass-baXd of  the f i l ter ,  and K- . ,  

j -s  the absorpt ion coef f ic ient  of  the
11 .3  pm band ,  as  g i ven  by  co ld f iA r i  e t  a l - .  ( 1991 ) .

.  Equat ion (3)  can be used to calculate the mix ing rat io U, ,  as at l  the
other quant i t ies are known or can be measured dur ing f l ight .  

-

The value used for  secQ was 3.2.  This value was found by measur j -ng
the zeni th angl-e of  the axis of  the radiometer,  and then ar lowing for  the
f ie ld of  v iew of  the radiometer by integrat ing the path rength over the
f in i te angular  aperture of  the instrument.

rt was assumed that the voltage output of the radiometer could be
computed from the formu]a

V = c.,  c^ (R^ - R^)
V E J U

a q  \

where

V = output voltage

Gr,  = vof tage gain (pressure independent)

( :  =  r r ^ 1 f ^ d a  ^ . i h  f n r a c c r l r 6  / l 6 h 6 h ^ ^ h + )-P

R^ = source radiance)

% 
= chopper radiance (chopper assumed to be at 77 K)

The radiometer was cal ibrated in two ways.  The pressure independent
sensi t iv i ty  (G-r)  was measured using a source whose temperature could be var ied
to produce a range of  radiance values s imiLar to those encountered in the
atmosphere.  The var iat ion of  sensi t iv i ty  wi th pressure (G-)  was measured using
a high ar t i tude s imul-at ion chamber and a constant  temperat f i re source.

The relat ive errors in the two car ibrat ion terms, as indicated bv
reproducib i l i ty  of  the cal ibrat ions (standard deviat ions of  indiv iduat  measure-
ments)  are +l -5% in a radiance measurement and 11.5% in the pressure correct ion.

The f i l ter  t ransmj_ssions were measured using an infra_red
spectrophotometer and a specia l  f iL ter  holder which al lowed the f i l ter  to be
held in thermal  contact  wi th a reservoir  of  r iquid n i t rogen. The re lat ive
transmission of  the f i r ters (at  l iquid N, temperature)  is  shown in Figure 3.
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Figure 3.  HNO? absorpt ion coef f ic ient  and instrument

f i f ter  t ransmission funct ions

2 .3 .2  Ana l ys i s  o f  F l - i gh t  Da ta

In f l ight ,  dur ing bal loon ascent and descent,  the output  vol tage of  the
radiometer was measured for  each f i l ter  as a funct ion of  t ime. The voLtage/
time data were then cornlcined with the height/time data, the pressure/time
data and the resul ts of  the laboratory cal- ibrat ions to produce values of
radiance versus height  for  each f i l ter .  The data f rom the two f i l - ters were
then combined in the followinq wav.

I f  the t ransmission curves of  the two f i l ters are centered on
waVenumbers V--  and V ?ac^adt i t 'd1. '  +hah we def ine

r D

- l

v  =  i ( v - + v ^ )  ( 6 )
Z B D

Using the measured values of  vR and vn,  i t  can be shown that ,  over the
range of  temperatures encountered i f r  the sEratosphere,  Lhe fo l lowing re lat ions
hold to a very good approximat ion (wi th in 2.5%)
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, . , h ^ ^  €  ^ - r  Gwnen  tB  and .  tD  a re  cons tan l ,  
? i  

=  
" i . (Y ) ,  

and - l r ( x )_ i s  t he  b l ack -body  rad iance
aL wav6number-x.  I f  we subst iEute Ehis resul t - in Equat ion (3)  we have

A R ,  =  K .  f B . U . s e c 0
l - I a a

J

o r  R - , .  =  I  f K .  B ,  U ,  s e c 0 + R '
.J+l t l- I

where  R '  i s  the  cont r ibu t ion  f rom a  source  ou ts ide

i m n l i c i f l w  a s s r r m e d  t h a t  r a d i a t i o n  f r o m  t h i s  s o u r c e
:  t m a  c n h a  r a

( B )

/ o \

h h e  a f m o s n h e r e  a n d  i  t  i s

i s  no t  absorbed w i th in  the

Def i n i ng  R*  =  R / ( fK . )  =  no rma l i zed  rad iance  (10 )

we see that the quantity R* is independent (to the degree of approximation
assumed  i n  equa t i on  (7 ) )  o f  t he  f i l t e r ,  so  t he  rad iance /he igh t  p ro f i l e s  f r om
each f i l ter  can be combined to form a s ingle prof i le of  R* versus height .

The R*/height  data were smoothed using a least-squares cubic spl ine
f i t t ing method. The or ig inal  data and the f i t ted curves are shown in Figures
4 to B.  The value of  the f i t ted curve was taken at  the boundary of  each
atmospher ic layer and the change in R* across each layer was then calculated.
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Equat ions (8)  and (10) show that

A R . *  =  B .  U .  s e c  0
I I I

( 1 r )

so the amount U- ( in atm.cm, at  STP) can be calculated for  each layer.  This

amount U.  is  th6n converted to volume mixing rat io.using the fact  that  the

total  nu*ber of  n i t r ic  acid molecufes in layer i  ( /  ndh) is  re lated to U. by
Ahi

'  
I  ndh = r ,u.  (12)
ln,- I

t (  - ?

where L is  l ,oschmidt 's  number (= 2.687 x l0 ' "  mol .  m "  at  STP) and n is  the

number densi ty of  n i t r ic  acid molecules at  height  h,  whi le the tota l  number

of  a i r  molecufes in layer i  is  g iven by ( i f  N is  the number densi ty of  a i r

molecules at  height  h)

.  A h  , o  l r n n )  D  / h ^ l - t ^ m ) .
I N I A h ! . . . j " ' i . " " - - - . . . , I

Ah .  2k  IT .  ( t op )  T .  ( bo t t om)  I. l  ' r  -  r  '
/ 1 " \
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where  k  =  Bo l t zmann rs  cons tan t  (=  1 .3808  x  10

rat io is  then given by

j ou le  r The mixing

l ,  n o nr n

( )  =- i I r\rdh*  
J  

^ ' * "

A h ,
1

A n a l v s i s  o f  t h e  € r i - L !  i - + -  - L ^ " ^  * . h a t  t h e  s c a t t e r  i n  t h e  r a d i a n c e! r r 9 r r u  u a L a  J r r u w D  L

vafues is  t15e",  in keeping wi th the var iat ions observed dur ing the laboratory

ca l i b ra t i ons .  S ta t i s t i ca l -  t heo ry  p red i c t s ,  g i ven  t h i s  sca t t e r ,  t he  t o ta l

change in radiance through the depth of  the stratosphere sampled ( tu15-32 km)

and the numlcer of radiance measurements made, that the information content

f rom a f l ight  prof i le a l lows independent values of  n i t r ic  acid content  for

approximately twelve layers to be determined, each concentrat ion having an

r ,m .s .  e r ro r  o f  50e " ,  o r  f i ve  l aye rs  t o  be  de te rm ined ,  each  concen t ra t i on

h a v i n g  a  r . m , s .  e r r o r  o f  2 5 2 .
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The major  source of  absolute error  in th is method comes f rom the ni t r ic
acid absorpt ion coef f ic ient  and we have no est imate of  th is error .

The ni t r ic  acid data y ie lded f rom the data processing are 1 km averages
and therefore no detai led data apart  f rom the radiance, /height  f igures are
p resen ted .  Fo r  f l - i gh t s  ABLS ,  715 ,  1 I9 ,  123 ,  737  bo th  ascen t  and  descen t
data are used to der ive the HNOa prof i les.  On f l ight  ABLS 738 there was a
sws tema t i e  sh i f t  i n  f hc  r ed i : nc6  n rn f i l e  be tween  ascen t  and  descen t  wh i ch
^^, ,1n ha a- , ,can L. ,  ^ i ther a change in HNO. above the bal loon al t i tude or  av  

f  
e +  e r r v !

shi f t  in  the cal ibrat ion of  the measuremeit  system. Due to th is systemat ic
di f ference the data for  the ascent only were used to der ive the HNO. prof i le.
Note the descent radiance prof i le would give approximately the same'HNO"
concentrat ion prof i le in the height  range t raversed as the measurement 6f
HNO2 is dependent on the rate of  change of  radiance wi th a l t i tude,  n6t  the
abs6lute value.
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2 . 4  O z o n e

Total  (ground based) ozone measurements were made wi th Dobson instrument
No. 1 l -1.  This instrument was intercal ibrated wi th the WMO Region V standard
instnmenL No. l -05 at  Aspendale.  Regular  mercury lamp (wavelength)  standard
lamp (sensi t iv i ty)  and L^ (extraterrestr iar  constant)  tests were performed
during the field measurefients and the data was reduced bv the standard methods.

-9
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Mast-Brewer Model  730-5 ozone sondes were used to obtain the vert icaf

ozone dist r ibut ions.  Standard preparat ion and cal ibrat ion procedures were

used for  these ozone sondes.  Some di f f icul t ies were encountered on ear ly

f l ights due to contaminat ion of  the bubbl-ers by the exhaust  gases f rom the

launch vehicfe.  (This is  normal ly  not  a problem when meteorological  baf loons
are used as the lat ter  are hand- launched.)  On later  f l ights pressure swi tches
were fitted so that the bubbler pump conmenced working only after the balloon
was above .u900 mb. The ozone prof i les measured by the ozone sondes were
corrected to the total ozone amount measured by the Dobson spectrophotometer
us i ng  t he  D i i t s ch  me thod  as  d i scussed  by  P i t t ock  ( 1977b ) .

The errors in the der ived values of  ozone f rom the sonde instruments
are assumed to be of  the order of  !9e",  made of  up +5? due to pump correct ions
and +7% due to random errors (Hudson and Reed, L919).

As discussed in the data analysis appendix some of  the f l ights do not
have radar t racking for  aLt i tude.  On these f l ights the height  is  der ived
from the pressure and temperature data.  This is  indicated on the data
heading.  The ozone data is  presented in two uni ts,  the part ia l  pressure of

- o
ozone as nb = LO 

-  
bar and as mix ing rat io.

t q  r

Grab Samples

The Sampling System

The grab sample system was or ig inal ly
Boulder and has been br ief ly  descr ibed by

built at the NOAA laboratorv in
S c h m e l t e k o p f  e t  a f .  ( 1 9 7 5 ) .

A sample sphere is  shown schemat j -caLly in Figure 9.  The grab sample
system consists of  f ive evacuated spheres and their  associated electronics,

Nupro votve

Sompte sphere
{ 7 5  t i t e r s )

6 o l d  t u b e _Squrb  oc t ivo ted
c  Iose f

_  Squ ib  o r t i vo ted
0pener

Sompte
Intet rovel

9  Grab sample  sphere  assemblyFigure



spr ing-mounted in the spher ical  gondola.  A1I  foam plast ics in the other
packages were vacuum degassed pr ior  to f l ight  so as to avoi i l  contaminat ion
due to outgassing at  h igh al t i tude ( low pressure).

Tha  e :mn i i n ^  ca611pn4e  i c  i n i J - . i a ] - ed  a f t e r  con f i rma t i on  i s  r ece i ved  t ha t
the bal loon has reached i ts  f loat  a l t i tude,  The terminat ion command sent  at
th is t ime also serves to energize the electronic package and the f i rs t  sample
sphere is  opened by a squib-act ivated opener approximately 15 Seconds af ter
the parachute descent commences.

A t ime delay re lay then f i res a second squib to seal-  the sphere some
20 seconds 1ater .  The remainder of  the sequence is contro l led by pre-set
pressure swi tches and cal- ibrated t ime delays.

To accurately maintain the set-point  of  the pressure swi tches,  the
electronics were kept  at  2O-25oC. Since the pressure/al t i tude re lat ion was
determined dur ing ascent of  the main gondola i t  was easy to determine the
average sampl ing al t i tude for  each sphere.  A check of  the sampl ing al t i tude
was also provided by measur j -ng the sphere pressure pr ior  to analyses and of
course correct ing for  the di f ference in temperature.

It has been shown that air sample integrity for N"O and the CFMS was
preserved wi th th is procedure wi th in the standard deviSt ion of  the analyses
for  at  least  a one-month per iod.

Pr ior  to the bal loon f l ight  the spheres \^rere prepared as fo l lows:
Tho  c^ha rac  n ' a r6  i r +ached  t o  an  a l l -me ta l  vacuum man i f o l d  i ns i de  a  t a r ce  n r ren -q  r q r Y U  v v L r r ,

Ieak-tested and then purged several  t imes wi th h igh pur i ty  n i t rogen. The oven
was then heated to "u2OOoC and the spheres evacuated for  at  least  24 hours unt i l

- 1
the mani fo ld pressure was <5 x 10 torr ;  af ter  cool ing,  the spheres were
exposed  t o  1 ,1 ,1 ,3 ,3 ,3  -  hexame thy ld i s i l a zane  vapou rs  f o r  t 24  hou rs ;  t he
spheres were then pumped and purged several more times with high purity

ni t rogen and f inal ly  re-pumped to a mani fo ld pressure of  <5 x lO- '  torr .  The
spheres were then sealed for shipment to the launch site.

Fol lowing the f l ight  the spheres were returned to the laboratory,  the
gas pressures determined and the samples t ransferred to smal- I  vblume ( . , ,50 cm.) ,
t reated meta]  tubes (wi th metal  bel lows valves) using a l iquid hel ium transfer
technigue.  Pr ior  to the t ransfer  the interconnect ing tee-piece was evacuated
to <I0 '  toru.

Tests of  the t ransfer  system using smal l  samples of  background air  showed
that  the t ransfer  process did not  ar ter  the integr i ty  of  the sample.  upon
complet ion of  the t ransfer  the compression tubes were ar lowed to s i t  for
approximatery 24 hours wi th d i f ferent ia l -  heat ing (hot  water at  one end) to

n n m n l a # a  r a - m '- _ , , , a x a n g .

2 .5 .2  Samp ]e  Ana l yses

Nit rous oxide (N^O)

Analysis was carr ied out  using a perk in-Elmer F17 gas chromatograph (cc)
f i t ted wi th a pulsed electron-capture detector  (Ni-63) maintained at  35OoC.
T h a  5  m l  l n n n  n f  + h e4vvy v!  - , ,J  gas sample valve was normal ly  f lushed wi th at  least  75 cmJ
of sample pr ior  to in ject ion (noy,  1979).  For the two highest  samples,  only
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3O-40 cmJ were used for  analysis.  Gas separat ion was achieved wi th 2.4 m x 3 mm
OD columns of Porapak Q and Porapak R with 95e" arqon/S% methane carrier gas at
a f l -ow rate of  25 cmr/min.  The precis ion of  the technique was bet ter  than 1?.
Gas standards (cryogenical ly  t rapped basel j .ne ai r )  were regular ly  intercal ibrated
with standards prepared by R.A. Rasmussen (Oregon Graduate Center) .

Tr ichlorof luoromethane (CC1^F )
J

The stratospher ic a i r  samples were connected di rect ly  to the sample loop
(5 ml)  of  a coulometr ic  e lectron capture detector  gas chromatograph (Lovelock,
1974).  The detector  was f i t ted wi th a t r i t ium source (0.4 mci)  and operated
in the constant  f requency mode. The detector  was cal ibrated using reference
gases of  compressed ambient  a i r  (Fraser,  f980) which,  in turn,  were cal_ ibrated
against  standards prepared by R.A. Rasmussen. Approximately 20 to 1OO ml (at
STP) of  st ratospher ic a i r  was used for  the anal-yses,  depending on the s ize of
the stratospher ic a i r  sample.  Both stratospher ic a i r  samples and cal ibrat ion
gases were passed through Naf ian dr ier  (Foulger and Sirnnonds,  1979) just
prior to the sample loop of the gas chromatograph.

Methane (CHn)

The methane analysi-s was conducted on a Hewl-ett Packard 5730A gas chromato-
graph wi th f lame ionizat ion detector  using a I  mI sample loop.  Reproducibi l i ty
was t l -? or  bet ter .  The car ibrat ion standard was provided by R.A. Rasmussen.

2 .6  Wa te r  Vapou r

The csIRo stratbspher ic water vapour instrument is  a radiometer operat ing
in the far  inf rared (40-200 p)  which measures the emission of  radiat ion by
water vapour f rom two zeni th angles (nominal ly  45o and 70.)  by compar ison
with the emission f rom an angl-e at  16o below the hor izon.  The lat ter  serves
as a reference black body emission at  ambient  temperature.  The processed
signal  is  recorded in s i tu on both a Rustrak chart  recorder and a casset te
+ i ^ a  r 6 ^ ^ r ^ a r

The data is used to compute a parameter e, where

" 45 " '1C}

" A q  
'  

" - A

where S is  proport ional-  to the di f ference between the below hor izon emission
and that  at  e i ther one of  the zeni th angles.  A computat ion of  emissions at
these angles from a model stratosphere with a range of assumed water vapour
values and temperature character is t ics serves as compar ison f rom which the
actual  water  vapour content  is  deduced. A detai led descr ipt ion of  Lhe
instrument and method of  data reduct ion may be found in Hyson and Plat t  (1974)

and Hyson (L978).  The random errors in the H.O measurements are +30% at  15 km
r i s i ng  t o  +100% a t  27  km.

2 - 7  P a r t i c l e s

Aerosol  concentrat ions were measured.  wi th an in s i tu opt ical  counter
which gave the concentrat ion of  part ic les of  radius > 0.15 pm and of  part ic les
of  radius > 0.25 um. The counter is  the same construct ion as those used
extensively by the Univers i ty  of  Wyoming atmospher ic physics group.  The
methods of  operat ion and cal ibrat ion and the analysis techniques have been
desc r i bed  by  Ho fmann  e t  a ] .  ( 1975 ) .



Each data point  inc ludes 5OO part ic les for  the smal l  part ic le measurement
and l -00 part ic les for  the large part ic le measurement,  g iv ing an uncerta inty of
+4% and +10% respect ively in calculated concentrat ion and a separat ion of  data
points which is  dependent on the concentrat ion but  is  typical ly  between 300 m

and 2 km.

The aerosof  data is  measured as a funct ion of  pressure not  e lapsed t ime
sj-nce launch,  so the heights presented in the fo l lowing tables have been
der ived f rom the calcul-ated pressure/height  d ist r ibut ion f rom the radar height
and temperature prof i les,

? DATA TABLES

The data f rom the bal loon f l ights and ground based observat ions are pres-

ented in the fo l - Iowing tables.  In sect ion 3. I  sunrrnary data are presented and
then in the fo l lowing sect ions more detai led observat ions are presented where
ob ta i ned .  Fo r  HNO_  an r l  H  o  no  dc ta i l ed  i n f o rma f i on  i s  n resen ted  aS  t he  da ta- - - - - - - ? * ^ * " ? "

reduct ion process l ie lds Ehe I  km interval  data presented in the summary tables.
The date is  presented as a s j -x character  number,  wi th the sequence year,  month,
d : r z  The  l a r rneh  f ime  i s  n resen ted  as  a  f i ve  o r  s j - x  cha rac te r  number  w i t h  t he
fol lowing sequence, L or  2 characters for  the hour,2 characters for  the
minutes and 2 characters for  the seconds.  The launch t imes are in Universal-
Time, U.T. .  A1l  heights are in geometr ic  a l t i tude above mean sea level .

The const i tuent  data,  averaged over I  km intervals centred on the
c n a n i  f  i  e ^  r l  l - i  t r r d a q  r r o  n r a c a n l - a d  i  n  f h a  f n l  l  n r r i  n a  { - : l - ' 1  a q  T h  + L ^  + ^ h  r - no y u e r l r u s  u l u  P l v J e r r u  u u l ,  d r r u

bottom layers the average data represents that  f rom the near.est  hal f  k i lometre
interval  to the height  speci f ied ( i .e,  the heights speci f ied are the rnaximum
bal loon height  and the height  of  the launch stat ion respect ively.  The
pressure and temperature data are the point  data at  the speci f ied al . t i tude
(not  height  averaged).  The ai r  tota l -  molecular  nr .mber densi ty is  the t rue
average oyer the height  interval .  Uni ts are^ppbv = I0-9 vol-ume mixing rat io,
pptv = IO v volume nix ing rat io,  ppmn = 1O o mass mix ing rat io.

The bal loon f l iqht  prof i le and meteorological  data give point  data
col lected dur ing the bal loon ascent at  the speci f ied al - t i tudes.  Note the
constituent data \,tere often collected on descent and/or ascent so that to know
the synchrony between varj-ous measurements the detailed data which are
n v a c a n l a z r  i n  r  

' l r f a r  
S e c t i o n  m u S t  b e  e x a m i n e d .

These tables,  inc luding the ground based tota l  (column densi ty)  O, and
NO. data,  are presented on the enclosed microf iche.

TABLE CAPTIONS

3. la Sununary of  I  km height  averaged const i tuent  data
3.J-b Summary of  bal loon f l ight  prof i le

3.  l -c  Summary of  meteorological  data

3 .2  N i t r i c  ox i de  da ta

3 .3  N i t r ogen  d i ox i de  da ta

3.4 Radiosonde-ozone sonde data

3.5 crab sample data

3 .6  Pa r t i c l - e  da ta

3.7 Total  ozone and tota l -  n i t roqen dioxide data

http://www.cmar.csiro.au/e-print/open/galbally_1983b.pdf
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APPENDIX

5. ANALYSIS OF PHYSICAL DATA

5 .  I  Gene ra l

A meteorological  bal loon t racking (wind f inding) radar was used at  AI ice
Spr ings and at  Mi ldura,  to measure the s lant  range, azimuth and elevat ion of
f  h e  b . l  I  o o n  -  w i  t h  r e q n e . t  f  n  t h e  I  a r r n n h  q i  ] - a  a q  r  f r r n n l - i  n n  n €  a l  ^ n c 6 A  + i  m a

f rom Launch. Al- ternat ively when the bal loon passed out  of  radar range (160 km)
a Raven Tracking Uni t  was used along wi th a baLloon borne Rosemount pressure
probe to provide s l -ant  range, azimuth and bal- l -oon pressure height .

DeLai l -ed bal- foon f l ight  prof i le and meteorological  data for  each f l ight
are presented in the fo l lowing tables.  The bal foon ascent rate,  wind speed
and direct ion are calculated using the posi t ion and height  data for  the two
radar readj-ngs adjacent  (above and below) the speci f ied height .  This
ef fect ively smoothes the data,  wi th the ascent rate,  wind speed and di rect ion
commonfy being I  minute averages on most of  the f l ights.  When the bal loon

a r r f  a f  r a r l e r  r : n n a  i h ^  + h ^  ^ r d c c l r r e  h c i c h t / r a d i a  l n c e l i 6 n  d a h a  a r e

using,  the heading descr ipt ion speci f ies t ime of  commencement of  th is
"Rosemount data" and the f l - ight  data sequence is interrupted at  the appropr iate
l ine speci fy ing "Star t  of  Rosemount/Radio ranging data".

Winds were of ten not  determined dur ing the Eirst  few minutes of  f l ight  as
the exact  posi t ion of  the bal loon wi th respect  to the radar on launch was not
determined.

The wind speed and di rect j -on determined by the radio ranging equipment
are very inaccurate as th is equipment had a resoLut ion of  +Io in Azimuth and
+l  naut icaf  mi le in ranqe.

5.2 Radar measurements

5  . 2 .L  Ba l l - oon  he igh t

The altitude of the bal]oon \4ras determined from the radar data via the
formula

h =  i lRe +  ho l  2  +  s2  +  2s  [Re +  ho ]  s in  e ] /2 $  " o = r l / 2  
( r )-  ^e -  

92oo

where Re

h
o

h

S

= radius of  ea.r th

= al t i tude of  launch stat ion

= al t i tude of  bal- loon

= s lant  range

e = elevat ion

The f i rs t  two terms on the r ight-hand s ide of  ( t )  contain the correct ions
for  the curvature of  the earth 's surface,  whi le the last  term is the correct ion
due to atmospher ic refract ion.  At  Al j -ce Spr ings the RMS height  error  f rom
radar determinat ion is  probably 50 metres at  maximum range and 30 km al t i tude,
and at  Mi1dura the corresponding error  is  200 metres (Spi l1ane and Brook,  1968).



(The last two height determinations on Flight ABLS688 most likely have a
Iarger error  than th is as the instrument package at  th is t ime was rapid ly
descending by parachute.  )

5 .2 .2  Ba l l oon  pos i t i on

The latitude and lonqitude of the balloon were determined from the
formul-ae

s i n l =

s in  (0

a n d  n n <  A  =  / I P a

w h e r e R e , h , h ,'  o '

' o

sin I cos 0 + cos I sin 0 cos Ao o

- 0 )  =  s i n 0 s i n A , / c o s ) ,' o

+  h  1 2  +  [ R e  +  h ] 2  -  c 2 \  / t ) t o ^  t  h  I  r D ^  +  h l )' . . o r v t / \ -

S are as d.ef ined before and

lat i tude of  bal loon

latitude of launch station

longi tude of  bal loon

longitude of launch station

true azimuth of balloon from launch station

E T
240  lBO

the r ight  ascension of  the sun ( in radians)

T r  , .  E  _= 
jn ( to + 

6b- 
+ 72o -  4Q)

= local  hour angle ( in radians)

= t ime of  day ( in minutes)

1 ? \

( 4 )

5 .2 .3  So la r  Zen i t h  Anq le

The sol-ar zeniLh angle Z at any time and balloon position was
cal-culated using the fo l lowing equat ions

B  =  Q 7 9 . 4 5 7 4  +  0 . 9 8 5 6 4 7 t )  - J -
t-80

where  t  =  t ime in  days  f rom 00.00 .00  hrs  U.T . ,  Jan .  l - ,  1965

r  =  L /365.2422

E  =  ( 0 . 0 3 3 r  -  4 2 9 . 8 )  c o s  B  -  ( r 0 2 . 5  +  0 . I 4 2 t )  s i n

+  5 9 6 . 5  s i n  2 9  -  2  c o s  2 9  +  4 . 2  s i n  3 8  +  1 9 . 3

-  L 2 . B  s i n  4 B

where  E i  s  the  eor r .a t ion  o f  t ime in  seconds

B

cos 39

('7 )

' d

where  d  i s

= B

TI

t
o

where

/ q )



cos z

Computations of
w i t h i n  0 . 0 5 o .

sin 6 s in ) ,  + cos 6 cos I  cos H

Z agreed with values derived from a

(  r0 )

nautica] almanac to

5 .2 .4  W ind  D i rec t i on  and  Speed

The wind direction and \^tind speed
be tween  t imes  t _  and  t  we re  c : l n r r l a t ed- - - " - -  - 1 - - - - -  " 2
1 9 6 5 )

tan  (0  -  r )
S2cose2s inA2  -  S l cose l s i nA l

as recorded by the motion of the balloon
from the formulae (der ived f rom Craig,

c  ^ ^ c .  ^ ^ c a  -  c  ^ ^ c e a C O S A r- 2 " " - " 2 - " " ' 2  " I ' " "  r  r

5O  I  S r cose rs i nA ,  -  S r  cose r  s i nA ,  I
t l

3  I  ( t " - t . ) s i n  0  |' z r

wind di rect ion at  t i  
Ime 7( t r+t r )

1 . .  - 1
wfno speed au Erme 

t( t2+t l l  
l -n ms

slant  range in knr at  t ime t r , t ,  in  minutes

eLeva t i on  o f  ba l l oon ' a t  t ime  t f , t 2

reciprocal  azimuth of  bal loon at  t ime t l , t2

(  1 1 )

(r2)

where 0

" I , " 2

" L  - 2

A . , A ^
L Z

Analysis of  Rosemount Data

The Rosemount Raven Trak Pack system used for these flights gave readings
of  pressure,  azimuth and s lant  range as a funct ion of  e lapsed t ime.

q ? t Bal loon Height

The pressure readings were converted to height usingi the pressure/height
re l -at ionships der ived f rom the radiosonde carr ied wi th each payload (see later) .

For those flights for which simultaneous radar arrd Rosemount data were
availabl-e the quantity (Rosemount height-radar height) was plotted against
radar height. The results are shown in Figure I0. The quantity Rosemount
height  -  radar height  var ies f rom -0.6 km to +1.14km, wi th some indicat ion of
systematic as well as random behaviour. Using this pfot the Rosemount heights
were "correctedrr to make the two sets of data more compatible. Other
informat ion f rom a pressure sensor wi th in the ni t r ic  oxide detector  was used
to aid the interpretat ion of  these di f ferences.  The correct ions appl ied to
the Rosemount data are sho\^rn in Table 5.1.
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5 . 3 . 2  B a l l o o n  p o s i t i o n

The fat i tude and longi tude of  the bal loon were calculated in the same wav
as for  the radar data.

Correct ions ( in km)

Height Range

Tab le  5 .1

Added to the Measured Rosemount Height

(km)

o - 2 3

2 3 - 2 6

26-35

ABLS 723

-n  1  1

- 0 .  1 5

- o . 5 4

Fl ight  No.
ABLS 737

- 0 .  1 l

- 0 .  1 5

- 0 .  5 4

ABLS 738

- 0 .  I l

- 0 . 1 5

- o . 5 4
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Wind Dlrection and Speed

In the absence of  any elevat ion values the wind di rect ion

determined f rom

. A6cos ) ,
r : n  t G t  -  f l

A A

5 0
- 3

and speed were

( 1 3  )

( 1 4  )

where

q A

R = radius of  earth (assumed to  be  6371 .0  km)

Analysis of  Radiosonde Data

The radiosondes used were Phi l l ips type RS4 MkII .

The sondes, which were flown on both large and small gondolas and

independent ly using meteorological  bal loons,  provided measurements of  temper-

ature,  pressure and ( in the lower atmosphere) humidi ty as funct ions of  e lapsed

time from launch. The telemetered data were record.ed in real time on a chart

Most ,  but  not  aI I ,  of  these f l ights were t racked by radar so the method

of data analysis for  the pressure/height  data was adapted to cope wi th both
poss ib i l i t i e s .

^ L 1 Temperature and humidity

The signal-s corresponding to temperature and'/or humidity were read from

the chart  record at  "s igni f icant  points" ,  i .e.  when a change was observed in

the l inear rate of  change of  the appropr iate s ignal .  The s ignals were

converted to temperature and humidity using the measured calibration factors

for the particular sonde being used. At those times when only one of the two

quant i t ies was read.  f rom the chart  record the "missing" s igrnal  was calculated

by l inear interpolat ion.

The R.M.S. error  in the f inal  temperature values was assumed. to be 0.7oC
(Sp i l 1ane  and  B rook ,  1968 ) .

5 . 4 . 2 Pressure/height

The pressure signal- was read from the chart record wherever temperature

and/or numiaity was iead.

For the flights for which radar data was available the altitude was taken

to be that derived from the radar data. Given the time at which each sonde

ms4surgment was made the corresponding altitude Z was calculated from the radar

al t i tude/ t ime data by l inear interpolat ion.  The geopotent ia l  a l t i tude was then

calculated from the equation



' R Z
6  =  I t l

where  .6  =  deonoten t ia l  a l t i tudeY  Y - V T

R = radius of  earth

. i  r ? a h  f l - i a  h r 6 - c r 1 r a  n  { - a m n a r a l - r r r a  T  5 +  d a ^ n ^ f  a h f  i  : 1  A .  a n d  t e m p e l . a t u f ev f t  e " - ' Y " " * - " - "  * 1  s e  Y v v s v e v ' r

T a t  ceonoten t i : l  / f i  the-nressr r re  n  was- then Ca lcu l_a ted  f rom. 2 " ' 1 " " y - , 2 - . . -

I  t 9 o  T t  * T 2  .  r lp2 = P, exp 
l- lE 

_:E {.s2 - olJ l

where m = gram-molecular weight of air

02 = o, . -t (r1 + 12) lose 
e)

9o = gravi tat ionaf  accelerat ion at  sea-1evel

The calculat ion of  the pressure prof i le was star ted by using the ground- level
pressure and temperature val-ues at  the launch s i te.

For those f l ights for  which radar data was not  avai lable the pressure
values and temperature values were used to deduce the a]titude corresponding
to each pair  of  (p,  T)  values f rom the formul-ae

R - Q

where the notat j -on is  exact ly  the same as in (1)  and (2) .

fn th is case the sol-ut ion was star ted by using the ground- level  values of
pressure, temperature and geopotential a]titude. Comparison of radar and
n r e s s r r r e  d e r i r r e d  h F i ^ h f F  t n r  n i n a  + l i ^ h + q  ( t h c  l a l ' t e r  h e i c h l g  f f O m  t h e

radiosonde baroswitch pressure) g ive a radar-radiosonde height  d i f ference of
0 .0  t  0 . 1  km  a t  15  km and  -0 .4  +  0 .7  km  a t  27  km.  I t  i s  assumed  t ha t  t he  rada r
heights are more accurate (particularly at Iower pressures where temperature
and pressure sensor errots ampl i fy  the pressure height  errors)  and radar
heights are used whenever avai lable.

The R.M.S. error  in baroswitch pressures is  typical ly  1 mb in the interval-
f rom Lhe surface to 20 mb (Spi l lane and Brook,  1968).


