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ABSTRACT

Distance-time autocorrelation  functions have been
fitted to zonal and meridional correlation coefficients
of wind from 51 station pairs over Australia for time
lags up to 24 hours, at 500 and 200 mb in summer and
winter. Functions based on geostrophic flow in a hori-
zontally homogeneous and isotropic atmosphere explain
about 85 per- cent of the data variance, although some
systematic discrepancies are apparent. The centres of
maximum correlation move at a velocity much less than
that predicted by frozen turbulence, and the meridional
maximum decreases more rapidly with increasing lag than
does the =zonal maximum. The functions indicate a
systematic variation of this velocity with season and
latitude, but not with level.

INTRODUCTION

The variability of wind with distance and time on an isobaric surface may be described
by correlation coefficients relating zonal and meridional components (u, v) and
(u', v') at pairs of points P and P' for various time lags. Buell (1971) has shown

that the correlation coefficients r , and r_, predominate over r , and r_,
_ uu vv uv vu
although the latter two are not negligible. Using Australian upper wind soundings

from 1962 to 1972, Seaman and Draudins (1975) computed T and T (subsequently
denoted ,as T, and rv) for 51 station pairs at seven time lags from -24 to +24 hours

in summer and winter, at levels approximating the 500 mb and 200 mb isobaric surfaces.
The purpose of this report is to describe the systematic behaviour of T, and T, by

means of autocorrelation functions (acfs) T, (x, vy, t) and T, (x, vy, t), where x, y

and t are the zonal and meridional separations and time lags between station pairs.
Some differences between components, seasons, levels and geographical areas will be
discussed.

FACTORS INFLUENCING CHOICE OF AUTOCORRELATION FUNCTION

The choice of an appropriate form for the acfs was dictated not only by the necessity
to fit the data, but also by the following a priori considerations:

(a) The restrictions upon and relations between the acfs of geopotential
and wind components at zero time lag have been discussed by
Buell (1972a) for geostrophic flow in a horizontally homogeneous
and isotropic atmosphere. To the extent that these conditions
apply over limited geographical areas in the real atmosphere,
T, and r  are constrained to forms which are consistent with
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"each other and a permissible form of geopotential acf. An
additional consequence of the above assumptions is that r
and T, at zero time lag depend strongly on the direction U

as well as the magnitude of separation, a feature which has
been confirmed by many. observational studies.

{b) At non-zero time lags, r (x, y, t) should be a maximum in
the x-y plane at a displacement from the origin in the usual
direction of movement of perturbations to the mean flow.
If the frozen turbulence hypothesis of Taylor (1938) were
applicable to the macroscale, the displacement should
correspond to the travel of the mean wind during the time
lag. Buell (1972b) found that frozen turbulence was not
verified at the 500 mb level over North America for time
lags from 1 to 3 days. Spillane (1969) has also cast
doubt on its validity at 200 and 300 mb over Australia
for lags up to 48 hours.

The maximum value in the x-y plane of r (x, y, t) should
decrease with increasing lag, due to the increasing effect
of evolutionary processes, and the increasing scatter in
the movement of perturbations.

(¢) Correlation coefficients obtained from observed winds will
underestimate the true value because of observational error
and small scale noise. For a random error variance of
Oe’ the true and observed correlation coefficients r and £
are related by

2
%
1‘=’I\‘(1+€2—)

where 02 is the true variance.

MANUALLY DRAWN CONTOURS

Correlation coefficients of each component for all station pairs (P and P') were
stratified by level, season and time lag. The lagging member (P} of each pair was
located at the origin- of a cartesian set of axes, and the values of T, and T, were

plotted at the location (x, y) of P'. Smooth manual contours of r (x, y) were drawn,
as in Figs 1(a) to 1(d)}. At zero lag, values of T, and T, were plotted twice, with

each member at the origin. The assumption implicit in this procedure is that the
values of T, and T, are dependent upon the space-time separation of a station pair

and not upon the space-time location of either member.
At zero lag, although there was qualitative agreement with homogeneous, isotropic,

geostrophic theory, there was considerable scatter in the observed data, and two
systematic discrepancies. Particularly at 200 mb, the values of T, decreased more

rapidly in the north-south direction than did the values of r, in an east-west

direction, although the theory predicts the same rate of decrease. Also, the elong-
ated contours of T, and T, were oriented not exactly in the east-west and north-

south directions as predicted by theory, but were slightly rotated towards a north-
west-southeast orientation. With increasing time lag, the maxima of T, and T, in the

x-y plane showed systematic movement from the origin, although the displacement was
much less than that predicted by frozen turbulence. There is obviously insufficient
data at large spatial separation to define adequately the negative lobes.
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FITTING OF AUTOCORRELATION FUNCTIONS

In view of the gross correspondence of the manual contours at zero lag to homogeneous,
isotropic, geostrophic flow, it was decided to constrain the forms of acfs accordingly,

and the following were selected:

r (xy,t) = ¢, (1-B2 (y-Vt)?) exp(-0.582 ((x-Ut)*+(y-vt)?))exp(-0.5at?)

r (x,y,t) = ¢ (1-B2(x-Ut) ) exp(-o.562((x-Ut)2+(y-\!t)2))exp(-o.Saf,tz)

where cur Sy O s B, U and V are constants to be determined by the data.

At zero time lag, these forms are consistent with a geopotential acf of the
traditional Gaussian form (see Buell 1972a, Table 1, Index 1).

T, = exp (-0.5 B2 p?)

where p? = x? + y*. The constants c, and ¢ account for random observational error,

and U and V are components of an advecting wind corresponding to the movement of the
maximum correlation centre with increasing time lag. o, and o, account for the

decrease with time lag of the central maxima. Conceptually, it is easy to associate
U and V with the movement of perturbations to the mean flow, and o Oy with evol-

utionary processes. However, for reasons suggested in the last sentence of (b) on
page 28 above, and elaborated in later discussion, the effects of movement and

evolution cannot be separated completely.

A surface fitting algorithm developed by Nelson (1969) was used to determine
the constants. This is an iterative technique combining the Gaussian (Taylor series)
method and the method of steepest descent at each iteration.

The use of constant advecting wind components U and V assumes that the maximum
correlation centre moves at uniform speed for time lags up to 24 hours. This was
verified by comparing error residuals corresponding to a uniform speed, with residuals
resulting from an individual fitting at each time lag. The error variance reductions
in the latter cases were non-significant on the basis of standard F tests,

RESULTS AND DISCUSSION

Functions were fitted to 16 subsets of the correlation coefficients (2 levels,

2 seasons, 4 parent stations) and to combinations of the subsets. Values of the
fitted constants, together with residual RMS errors, are shown in Table 1. Contours
of the fitted acf, comparable with Figs 1(a) to 1(d), are illustrated in Figs 2(a)

to 2(d).

The chosen form of acf explains approximately 85 per cent of the variance in the
basic correlation coefficient data, with a typical RMS residual of 0.12. Standard
F tests indicated that for many of the subsets, use of the acf for the particular
subset resulted in a significantly lower residual variance (95% confidence level)
than did the acf for combined seasons, levels or stations.

The functions naturally fail to account for the discrepancies from theory noted
above under 'manually drawn contours'. They also systematically underestimate the
observed values close to the origin for time lags up to 12 hours. A contributory
factor is probably the random error assumption (implicit in the constants ¢ and c )
which, among other things, fails to account for the bias and selectivity in¥roduced
by the mixture of radar and pilot balloon winds in the basic data. A choice of
component acfs based on a geopotential acf other than the simple Gaussian might also
ameliorate this deficiency. For 500 mb winter geopotential data over North America,
Julian and Thiebaux (1975) have shown that several functional forms fit the data
slightly better than the Gaussian acf.
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Fig 1(a) Manually drawn contours of ry (x, y, t) — full lines, and r (x, y, t) ~ dashed lines, at t=0 hours; all stations combined, 500 mb,

winter. Observed values of r,, (upper) and ry (lower) are shown. The preceding decimal point has been omitted from both the
contours and the observed values.
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Fig 1(b) Manually drawn contours of ry, (x, v, t} — full lines, and ry (x, y, t) - dashed lines, at t =6 hours; all stations combined, 300 mb,
winter. Observed values of r; (upper) and r, (lower) are shown. The preceding decimal point has been omitted from both the
contours and the observed values. Lag is relative to station at origin.
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Fig 1(c) Manually drawn contours of ry (x, y, t) — full lines, and ry (x, y, t) ~ dashed lines, at t=12 hours; all stations combined, 500 mb,

winter. Observed values of r, (upper) and r,, (lower) are shown. The preceding decimal point has been omitted from both the
contours and the observed values.
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Fig 1(d) Manually drawn contours of r, (x, y, t) — full lines, and ry (x, y, t} — dashed lines, at t=24 hours; all stations combined, 500 mb,
winter. Observed values of r, (upper) and r, (lower) are shown. The preceding decimal point has been omitted from both the

contours and the observed values.
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0 hours; all stations combined, 500 mb, winter. Observed values

Fig 2(a) Fitted autocorrelation functions r (x, v, tyand ry (x, y, ) at t

of r, (upper) and ry (lower) are shown. The preceding decimal point has been omitted from both the contours and the observed

values.
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Fig 2(b) Fitted autocorrelation functions ry(x, v, t) and fv (x, y, 1).at t=6 hours; all stations combined, 500 mb; winter. Observed values
of r, (upper) and r,, (lower) are shown. The preceding decimal point has been omitted from both the contours and the observed

values. Lag is relative to station at origin.
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Fig 2(c) Fitted autocorrelation functions ry (x, y, t) and ry (x, y, t) at t=12 hours; all stations combined, 500 mb, winter. Observed values
of 1y (upper) qnd ry (lower)are shown. The preceding decimal point has been omitted from both the contours and the observed .
values.
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Fig 2(d) Fitted autocorrefation functions 1, (x, y, t}and ry (x, y, ) at t=24 hours; all stations combined, 500 mb, winter. Observed values
of 1, (upper) and 1, (lower) are shown. The preceding decimal point has been omitted from both the contours and the observed
values. :
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Nevertheless, Table 1 still -yields some apparently significant information.
For all the subsets, o, is greater than o reflecting the fact that the maximum of r,

in the x-y plane decreases more rapidly with increasing time lag than does the
maximum of T Because of the association of U and V with perturbation movement,

and a , & with evolution, it might be tempting to conclude that, in a quasi-
Lagrangian system following a perturbation, the meridional component undergoes more
rapid evolution than does the zonal. However, the relative magnitudes of o, and o

can be explained without postulating different evolutionary properties for the two
components. The values of U and V, and independent synoptic experience, indicate
that the usual direction of perturbation movement is approximately west to east,

and the location of the point of maximum correlation is close to the zonal axis. Let

the location M of the correlation' maximum at lag T be (xT, yT), with PSS In

a specific synoptic situation, the end point of the displacement of a perturbation
during lag T will probably be either to the east or to the west of M. Overall, the

value of T, (or rv) at M will therefore result from an ensemble of situations in

which M is located in an approximately zonal direction from the perturbation centre.
The respective contours of T, and r, at zero lag indicate that T, decreases more

rapidly in the zonal direction than does T, At all lags T, r, (xT, yT) will there-
fore be less than T, Consequently o, will be greater than o While the relative
magnitudes of o, and o, can be explained in this way, the possibility remains that

a similar effect could also have been caused by a systematic bias in the basic wind
data differently affecting T, and T, It is interesting that Buell's (1972b) North

American data at 24 hour lag 1nd1cate the reverse situation to ours, with r, (xT, yT)
slightly greater than T

The constant B defines a scale parameter L=R~! which is the distance at which
the transverse correlation coefficient first becomes zero. For zonal and meridional
coefficients, it is the distance to the first zero of T, in the north-south direction

and of r, in the west-east direction. The range of B for the different subsets

corresponds to a range of L from 1000 to 1300 km. As implied under 'manually drawn
contours' above, discrepancies from theory indicate a somewhat larger value of L for
the meridional component and smaller value for the zonal. Julian and Thiebaux (1975)
have noted similar behaviour in 500 mb winter wind data over North America.

There is a pronounced contrast between seasons in respect of the constants U
and V, at both levels and at all stations, particularly at Giles and Carnarvon. In
both seaspns but partlcularly in summer, and at both levels, the resultant speed
(U2 + VZ)2 at Laverton is greater than at the other statlons. These are not unexpected
results, in view of the association of U and V with the velocity of perturbations to
the mean flow. The values of U and V at Laverton for 500 mb, averaged over seasons,
correspond to a 24 hour displacement of about 700 km, which agrees closely with
Buell's (1972b) data at similar latitudes. There appears to be no systematic differ-
ence in the values of U and V at the two levels.

For certain applications (eg, objective analyses, space-time data assimilation,
multiple linear regression predictions) it may be desirable to reduce the number of
different constants for the various seasons, levels, and geographical areas. A
reasonable approximation would be to allow U and V to vary with latitude and season,
and to use invariant values of the other constants. In any case, the acfs should
not be applied at lags much beyond 24 hours. If the application does not necessitate
a homogeneous, isotropic and geostrophic constraint, an attempt could also be made
to account for the systematic discrepancies from theory mentioned above.
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