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ABSTRACT

Data from the Mast ozone sonde are subjected to 3. power
spectrum analysis. The resulting power spectra are then used
to suggest an optimum sampling frequency for use in the pre­
paration of profiles of the vertical distribution of ozone.

/ /

ANALYSE DES BESOINS ~N ECHANTILLONNAGE DE DO~NEES POUR
LA VERSION MAST DE LA SONDE D ' OZONE BREWER BUBBLER

par

E. G. Morrissey

/ /
RESUME

Les donnees provenant de 1a sonde d' ozone Mast sont sou­
mises a une analyse du spectre de puissance. Les spectres de
pui ssance obtenus sont ensuite utilise s pour etablir une frequence
d' echantillonnage optimale qui sert a la preparation de profils
de la repartition de I' ozone.
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AN ANALYSIS OF THE DA TA SAMPLING REQUIREMENTS FOR
THE MAST VERSION OF THE BREWER BUBBLER OZONESONDE

by

E., G. Morrissey

. (Manuscript Received June 7, 1967)

1. Introduction

The Mast version of the Brewer Bubbler Ozonesonde used by
the Meteorological Service of Canada uses an ink on paper trac e
for output. Each output trace consists of a series of frequency
observations taken at 15 second intervals, the partial pressure of
ozone being linearly proportional to the frequency. Since the av­
erage ozonesonde flight lasts about 100 mins" about 400 observa­
tions of ozone are made during each ascent. Because of the large
number of measurements and computations ,itis preferable to use
machine methods to obtain the ozone profile from this rec ord.

The purpose of this study was to examine the time series of
frequency measurements using power spectrum a'nalysis to find an
optimum sampling frequency (interval between reading s) both for
archiving and for computation of ozone which would keep the amount
of data transferred to a computer compatible mediumat a minimum,
without los s of information.

2. Data

The data selected for this study were taken from six asc ents
of the Mast sonde made at Resolute Bay on a daily basis between
th~' 9 March and 14 March 1966. These ascents were made at a
time of the high total ozone amount. The individual observations
were made at 15 second intervals and this allowed an average of
460 observations to be obtained for each of the six time series.

Forty ascents made 'at Goose Bay using Regener Sonde were
used for comparison. These observations were available at 30
second intervals and each series contained an average of 175 ob­
servations.

3. Theory

Muller (1966), ' has given a detailed account of the application
,of power sp~ctrum analysis to meteorological problems. Asa re­
sult, the discussion of the theory below is limited to a statement
of the formulae used together with references to the above paper.
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The procedures 'Used were as follows:

(a) The autocor relation coefficients, C( 1), for
lag s. 1. from 0 to 10 minutes were C ompu­

" ted for all the ascents used in this ,studyo

(b) The resulting autocorrelation ,curve was

subjected to a Fourier transform· of the
form (Muller 1966 po 7-8)

when, m = maximum lag in units of obser­
, vation interval, 40 for Resolute Bay data
and 20 for Goos e data, and f ~ n/2m.

n

, (c) The resulting power spectru,m series was
then smoothed by 'Hanning' (Muller 1966

, po 13 -16) so that the resulting spectral esti­
. mates would have greater statistical sta­
bilityo The smoothing .function was of the
form:

• P (f) - 00 25 P( £ } + 00 5 0 P( £ ) + 00 25 'F(f .)
H n . n-l n n+l

P (£f) ~ ,0; Z5 (P( f ) + P(f, »
H 0 ' 0 1

P ( f ) = 00 25 (P( i ) + P( f ) }
, H m m m-l

(d) In addition. the data series were subjected
. to a high pass trianguJ,ar filtero The res-
, ponse curve (Muller 1966 p. 54-72) of this
filter is ' shown in,figure (1)0 The purpose
ofthis filter was to subdue the power in the
low frequencies while allowing the power in'
the higher frequenCies to' pas s with little
modification 0 The£Htered se,riesw/as then
subjected to a similar power spectrum anal­
ysi s to thatdesc ribed aboveo By increasing
the' proportion of the normalized spectra

,contained in high frequencies, the high pass,
filter removed,most of the ~f£ects due to the
spreading of spectral power.
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4~ Instrumental Modification of the Time Series

The Mast Sonde has a time constant of approximately 20 sec­
onds, and, therefore, has the effect of applying' an exponential fil­
ter upon the data, (Muller, 1966, p. 57-63). The effect of the
time constantis shown in figure 2. R 2 (£)is the effect of the filter
on the squared amplitude and fJ (f) the effect on the' phase. Figure
2 was obtained from the equations:

R 2 (f) ::: (1 + 4 TT 2 A2 f2) - 1

. fJ (f) = arctan (- 2 1T fA)

where 1\ is the time constant of the instrument, assumed here to
be 20 seconds.

Figure 2 shows that the effect of the time constant is to re­
duce the amplitude as well as to alter the phase. Although the
effect appears to be rather large, it was found that most of the
variance of the time series occurred at frequencies much lower

, -1
than (I/A) sec Hence, no attempt was made to restore the
series by refiltering. However, this could have been done for

, -1
frequencies below (1/./\) sec .

, The 'time constant of the Regener Sonde is approximately 1
milli second, hence, it effects only frequencies 15,000 times higher
than those which can. be detected by the sampring frequency. It
should be noted. however. that the time constant and sampling
frequency.used in th,i s method of measuring the variation of o~one

with height could have given rise to severe aliasing (Muller. 1966,
p. 24-41) if the power spectrum of atmospheric ozone did not de­
crease rapidly with inc~easing frequency.

5. Results

Figure 3 shows the average of the normalized power spectra
(I) of the six ascents made at Resolute Bay,with the Mast Sonde.
95% of the power occurred in frequencies of less than 0.1 cycles
per minute. The application of the high pass filter (II) reduced'

. the power of zero frequency to zero, that of 0.05 cycles per minute
by 63% and 0.10 cycle per minute by 15%. This meant\hat it re­
moved approximately 98% of the varianc e. Although the removal
of the power,in,this frequency range was done to amplify the power
in the higher frequencies. 95% of the power of the remaining ser­
ies occurred at frequencies of les\s than O. 8,0 cyclesper min.
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Figure 4 shows the average results from the 40 Goose Bay
. Ascents. The results a're similar to those obtained from the
Resolute Bay data:

. The application of the high pas s' filter to the Goose Bay data
reduced the power at 0.1 and 0.2 cycles per min. by 60 and 11 %
respectively. This together with ,the complete removal of the
power at zero}requency accounted for 92% of the total variance.
Of the remaining power, 90% occurred at frequencies below 0.6
cycles per min.

A comparison of the Resolute Bay 0 and Goose Bay results
shows that the differing time constants had little effect upon the
final spectrum. Most of the powe r occurred in the lower £re­
qu,encies and 'these were only slightly m.odified by the 'long. time
constant of the Mast Sonde. Again, sine e the six Resolute Bay
ascents produced a spectrum whiq:h was similar to ,the one ob- ,
tained from the Goose Bay da,ta, it is r~asonable to assume that
a larger sample of Resolute data would not have greatly altered
the shape of the spectrum.

Usually, the' vertical profile of ozone shows most variation
in the region between the tropopause and the ozone maximum. The
region is cha.racterized by an increase in the partial pressure of
ozone with height and by rapid fluctuations in the ozoiJ.'e content.
In order to investigate the variance in this portion, the Resolute
Bay data was subjected to the high pass filter, then the autocor~

relation coefficients were computed using only the data whi.ch was
obtained£rom this region. \ The e:;x::tent o£this subset, which varied
from ascent to ascent, was determined subjectively. An )"verage
of 1.54 observations were 'used£or each ascent, and the maximum
lag used to calculate the spectrum was 3 minutes or 12 observa-,'
tional intervals.

The average power spectru,m which resl:uted from this data
subs et is shown in figure 5. It can be seen that the power is
spread into higher frequencies more than in the cases given above.
However, anav'erage of 93% of the variance occurred at £re-

o quencies below 0.5 ,cycles per minute.

The results discussed above refer to average values of the
power spectra:. Figure 6 gives the, spectra for each ascent at
Resolute and figure 7 shows the spectra for 0 a selection of. the
Goose Bay,ascents. It must be remembered that the ,differenc es
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between the average and the individual spectra occur only in re­
spect to a sm.all fraction of the total variance since the spectra
shown in figures 6 and 7 are those of the series after they have
been subjected to the high pass filtering ..

Figure 8 shows som.e of the spectra obtained from. the part of
the Resolute Bay ascents which lay between the m.axim.um. values
of the partial pressure of ozone. The spectra for the 11, 12 and
14 March were sim.ilar to those of the 9 and 10 March and were
not included in the diagram.. The only ascent that was not sim.ilar
was that of 13'March which shows a relative shift pf power to the
higher frequencies. In this case;, 84~o of the variance occurred
in frequencies below O. 5 cycles per m.inute as opposed to an av~

erage of 94% for the other five ascents. \,

6. The Selection of a Suitable Sam.pling Frequency

The above discussion gave an indication ofthe partitioning of
the spectral power in the tim.e series. The problem. now is to
decide how m.uch of the variance should be r'etained when the data
are digitized and converted to com.puter com.patible form., and how
m.uchaliasing can be allowed to accom.pany the digitizing. If the
data'-were sam.pled at 5 ~m.inute intervals, it would be possible to
describe the variailce due to frequencies fr~m. zero to 0.1 cycles
per m.inute. This would account for an average 98% of the ob­
served variance in the case of Resolute Bay data. The rem.~inder
would be folded into the lower frequencies. However, the rem.oval
of m.ost of the power in the lowes,t frequencies revealed that the
rem.aining power was still red, that is biased toward low fre­
quencies. In order to retain 95% of this rem.aining power, a
folding frequency of 0.8 cycle per m.inute would be required. ,. This
would require a sam.pling frequency of 1.6 observations per m.inutE;
that is, using every third observation of the present series. How­
ever, at this stage there would bea need to correct for the tim.e

. constant effects shown in figure '1. If the observation frequency
was· one per m.inute, the folding frequency would be 0.5 cycles.
per m.iriute. In,the Mast Sonde, cases considered above this wou\~d

have accounted for an average of 99.94% of the total varianc e with
individual values varying between 99. 87 and 99.,98%. This sam.­
pling frequency would reduce the num.ber of pie~:es of data trans­
ferred to a com.puter com.patible m.edium. by a factor of 4 while
folding in less than 1% of the'total power. The folding frequ.ency
of 0.5 cycles per m.inute is approxim.ately equivalent to a vertical
space 'period' of 2000 ft, since the balloon rises at about 1000 ft

m.in -1. In addition, the sam.pling woulci be m.ore than adequate for

us e in the c om.putation of the vertical pr6file of ozone which is car­
ried out to convert the' raw' data into a form. suitable for public-

, ation.
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There remains the possibility that this sampling frequency
could remove some of the details of the vertical variation of 0zone ..
Thiswas demonstrated by the investigation of the power spectrum
obtained from those parts of the Resolute Bay ascents which ,oc­
curred between the ozone maximum and ozone minimum. Toen­
sure that at least 90% of this power is contained infrequencies
below the folding frequency it would be necessary to increase the
sampling frequency to 2.0 observations per minute. \,If thisis\
done, it would be desirable to restore the amplitude and phase of'
the higher frequencies as suggested in section 4.

From the results obtained in this study, it would seem un­
likely that an instrument with a shorter time constant than. the

.Mast Sonde is desirable, since there appears to be little spectral
power'athigh frequencies. Indeed, it is probable that shortening
th\time constant would do little but increase the aliasing if the
lower time constant was not accompanied by a higher sampling
frequency.

7. Conclusions

It appears that a sampling frequency of two observations per
minute'is suitable for archiving purposes~' ' The data should be
filtered to remove the effects of the asymetric response of the
time c'onstant. This restoration should be used in respect to fre­
quencies below one cycle per minute whichisthe:folding frequency

. fora sampling rate of two observations per minute.
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Figure 1
The Response of the High Pass Filter in the Frequency Domain.
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Figure 3
The Average of the Normalized Power Spectra for Six Ascents Made at Resolute Bay.

Curve I Shows the Average Spectrum Obtained From the Unfiltered Data and
Curve II Shows That Obtained From the Data After the Application of the High Pass Filter.
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Which Resulted After the Application of the High Pass Filter.
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Data from the Mast ozone- sonde are sub-'
jected to a power spectrum analysis-. The
resulting power spectra are then used to
suggest an optimum sampling frequency
for use in the preparation of profiles of
the vertical distribution of. ozone.
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ABSTRACT: Data from the Mast ozone-sonde are slib- :ABSTRACT:
jected toa power spectrum analysis; The
resulting power spectra are then used to
suggest an optimum sampling frequency
for use in the preparation of profiles of
the vertical distribution of ozone.
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Data from the Mast ozone-sonde are sub­
jected toa power spectrum analysis. The
resulting power spectra are then used to
'suggest an optimum sampling frequen.cy
for use in the preparation of profiles of
the vertical distribution of ozone.

Data from the Mast ozone-sonde are sub­
jected to a power spectrum analysis. The
resulting power spectra are then used to
suggest an optimum sampling frequency
for use in the preparation of profiles of
the vertical distribution of ozone.
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Amendment to Circular -4530, TEC-637 -

SEA ICE GROWTH IN ARCTIC CANADA

by

D. M. Leahey

1. The following changes are to be made to the above mentioned
circular:

( ) P 2 Th t ' K (B. e )'a age: e eq.ua Ion S 1 - S =, cr
should be identified as equation (1)

- Q

(b) The legend on Figure III, should be re­
versed so that °-calculated values of
Q and X - climatic values of Q.

APPROVED.

c...~ ,t2,__....__,'~.~e.r--W. R. H. Noble,
Director,
Meteorological Branch.

UDC: 551.311.18


