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ABSTRACT

Stability parameters for standard atmospheric
layers between 500 and 100wmb, are statistically relat-
ed with 500 mb temperature and latitude in the
Australian sector of the Southern Hemisphere. Methods
are described whereby these relations are used to
generate guess fields of temperature and geopotential
thickness above 500 mb for hemispheric and limited
area objective analyses. Over areas wherethe only
input data are 1000 to 500 mb thicknesses based on
"satellite cloud picture interpretation, analyses above
500 mb using the above methods usually appear syn-
optically reasonable, and overcome typical defects of
other methods previously used. :

"INTRODUCTION

The observational data available to a three-dimensional analysis system
are usually non-uniformly distributed in both the horizontal and vertical. The
horizontal influence of such data may be controlled b'y a variety of empirical.
statistical, polynomial fitting or dynamic methods (¢g Cressman, 1959 Gandin,
1963; Kruger, 1969; Corby, 1961; Sasaki, 1958). Although in principle, each of
these methods could be applied three-dimensionally, practical considerations often
necessitate a 'succession of two-dimensional analyses. Under this constraint, the
vertical influence of data is commonly controlled either by generation of '""bogus"
data at levels close to a data-rich level (Bedient et al,1967), or more commonly
(eg McDonell, 1967) by derivation of "guess fields'" at data-sparse levels, using
previously analysed fields at data-rich levels.

An additional requirement, when analyses at successive times are
coordinated by a prediction model, is that grid points over geographical areas which
are devoid of data at all levels should retain their predicted values, This is im-
portant when a dynamically sophisticated prediction model is being used, in order
to avoid unnecessarily disturbing dynamic balance.
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The data base over the bulk of the Southern Hemisphere, at the time
of writing, consists of video or infrared cloud patterns observed from earth sate-
llites, The major parameter of the atmospheric mass field which can currently
be estimated from cloud mosaics, under operational conditions at WMC Melbourne,
is the 1000 to 500 mb thickness (Guymer, 1969). In an objective analysis system
using this data base, special attention must be given to the vertical influence,
above 500 mb, of the gross tropospheric mass structure available from cloud
mosaic interpretation. Remotely sensed temperature profiles, which should be
available in the near future, will remove the need for vertical inferences of this
type. In the meantime, however, a requirement exists for a method of extra-
polation above 500 mb which will consistently produce analyses which at least
appear synoptically realistic.

Del Beato and Langford (1969) used linear regressmn methods to
estimate 200 mb geopotential from’ 500tnb and surface data, ‘and additional-un-
published work on the vertical extrapolation problem for the Southern Hemisphere
has been performed by several others (see Acknowledgments). As a further
contribution, Part I of this paper presents statistical relations between the mid-
tropospheric (500 mb) temperature and certain atmospheric stability parameters
between 500 and 100 mb. PartIl describes the application of these relations in
hemispheric and limited-area objective analysis systems.

PART | STATISTICAL RELATIONS BETWEEN 500 mb TEMPERATURE AND
STABILITY PARAMETERS BETWEEN 500 mb AND 100 mb

Basic Data

The basic developmental data used in the following statistical study
were temperature soundings for the stations and periods tabulated in Table 1, with
the exception of those stations marked (*), which were saved for use in an in-
dependernt test. Any non-homogeneity of the data arising from variations in time
of release, change of equipment, change of computational method, or change of
observation site has been ignored.

Procedure

A major factor to be considered when investigating temperature
structure between 500 and 100 mb is the location of single or multiple tropopauses.
The synoptic association of a low tropopause with a cold tropospheric trough is well
known, and a statistical reflection of this synoptic association might confidently
be anticipated. However, current prediction models used at Melbourne WMC do
not require explicit analyses of tropopause pressure, ‘Therefore, tropopause
pressure and temperature were not considered explicitly in the following study, as
it was thought that constraint of observed data to an explicit tropopause model
might unnecessarily introduce additional variance to estimates of elements at
pressure surfaces. To facilitate application in the existing objective analysis
framework, parameters were chosen to enable a direct computation of a standard
layer thickness guess field from thg temperature field at the base of the layer, or’
of a temperature guess field from the thickness of the layer immediately below.
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Relations were sought between 500 mb temperature and the six stability

t s T F} 3 ) £ ] i
parameters AT53L . A 53U AT32L AT32U ATZIL ATZIU defined as
follows

zZ., - Z
AT z 3 > T
53L R 1n (500/300) 5
AT =T, - “3 " s
53U © "3 R 1n (500/300)

where Z5’ Z3 are the 500 and 300 mb geopotentials,, T5, T3 are the 500 and

300 mb temperatures, and R is the universal gas constant.

Similar definitions apply for AT AT AT in the 300 to

2L AT32U’ 211’ 210

200 mb, and 200 to 100 mb layers. These six parameters were similar to
some already in use on a persistence-climatology basis, in the operational
Australian Region objeéctive analysis, They represent the ''mean minus lower'
and "upper minus mean' temperatures for layers between standard pressure
surfaces, and are convenient ''stepping stones' for deriving a thickness guess
field from an analysed lower temperature field, and vice versa thereby maintain-
ing a vertical continuity in the temperature structure,

A priori reasoning based on tropopause location suggested significant
non-linearity in relations between 500 mb temperature and the stability para-
meters. This suspicion was confirmed for some levels and latitudes by a pilot
study, Therefore, linear regression methods were not used, and a non-linear
relation was sought for each stability parameter with latitude and 500 mb temper-
ature, by graphical correlation. For each month, the stability parameters and
500 mb temperature were statistically normalized by subtracting the climatological
mean and dividing by the standard deviation. Average values of normalized
stability parameter for approximate quintile ranges of normalized 500 mb temper-
ature were plotted in scatter diagrams. This was done in order to achieve
smoothing and reduce the number of points to be plotted. No attempt was made to
correct for grouping of data into quintiles. Isolines of normalized stability
parameter were then drawn subjectively, ’

Results and Discussion

A selection of the resultant correlation diagrams are presented in
Fig 1 to 4. The data values utilised during manual construction of the normalized
stability parameter isolines are shown, for a typical case, in Fig 1, These
indicate considerable unexplained variance even after the implicit smoothing achieved
by grouping into quintile ranges of 500 mb temperature, Consequently, rather
heavy manual smoothing was necessary to produce a coherent pattern. Nevertheless,
it appears that such patterns are significant, and support of this will be presented
in the Verification section,

The following features are apparent

(a) There is an evident association of stable and unstable anomalies
respectively with negative and positive 500 mb temperature
‘anomalies, in layers close to the mean tropopause level for a
particular latitude. This association reflects the variation of
tropopause level with 500 mb temperature (Fig 2a to 2f),
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Fig. 2 Anomaly isolines of (a) 500-300 mb lower stability aTg3 (b} 500-300 upper stability aTg3), (c) 300-200 mb lower stability
4T3, (d) 300-200 mb upper stability aT3py, (e) 200-100 mb lower stability aTgy, (f) 200-100 mb upper stability aToyy for

June.  Units — standard deviations.
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Fig 3 Mean temperature soundings for quintile ranges of 500 mb temperature at Hobart (latitude 42°50 *) for March.
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(b) The association in {a) is reversed, in layers which are
normally above the tropopause at a particular latitude,
This reflects the fact that the lapse rate just above the
tropopause tends to be more stable than the lapse rate
at a greater height (Fig 2e, 2f).

(c) In the transition area between (a) and (b) the most stable

conditions for a particular layer may be associated with

500 mb temperature close to normal, This is evident

from Fig 1 (dashed line), and the corresponding soundings

in Fig 3 in which the most stable lapse rate for Hobart in .
the 200 to 100 mb layer is associated with the second, and '
not the lowest, quintile range. In terms of an absolute

variation of temperature, however, this effect is small,

(d) An association similar to (a) (ie negative or unstable
stability parameter with warm 500 mb temperature), is
evident at latitudes 10 to 20° for the lower and upper
500 to 300 mb stability parameters, (Fig 2a, 2b)., This
is not readily explicable in terms of tropopause variation,
and may simply reflect the greater variability of 500 mb
temperature compared with 500 to 300 mb thickness,

(e) There is clear confirmation of non-linearity for certain .
levels and latitudes in all months, A linear relation !

between 500 mb temperature and stability parameter !

would correspond to zero normalized stability for zero
500 mb temperature anomaly, and equal gradients of the
anomaly isolines in the positive and negative ordinate
directions,

(f) A logical seasonal trend is apparent (Fig 4a to 4d).

Verification

In order to assess the utility of the statistically based latitude-
temperature-stability relations of the previous section in derivation of temperature
and thickness guess fields above 500 mb, the following test was conducted, For a
test sample of observed 500 mb temperatures, estimates of the thickness of each
standard layer and temperature of each standard level between 500 mb and 100 mb
were made by extrapolation from 500 mb using the stability parameters obtained
from the statistical relations of the previous section, These estimates were
compared with the corresponding observed thicknesses and temperatures, and also
with estimates by four other methods, namely

(a) Extrapolation using monthly climatological stability
parameters

(b) Extrapolation using 24-hour persistence stability
parameters

(c) Use of the monthly climatological thickness or

temperature

(d) Use of the 24-hour persistence thickness or temperature
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The test data are indicated by those stations marked (*) in Table 1.
Typical results are shown 'in Table 2, for February and June. Statistical
significance, on the basis of the F (variance ratio) test for 200 observations
(approximately the average sample size), is established at the 95% level of prob-
ability when the ratio of RMS errors exceeds approximately 1.12, Overall the
results on both indepe..“ent and dependent data indicated that although considerable
variance remained unexplained by all methods, the following conclusions could be
drawn ‘

(a) In tropical latitudes, there is little to choose between
the various methods

(b) In other latitudes, the statistical estimate is clearly
better than the estimate using climatological stability
and somewhat better than estimates using monthly climat-
ology of thickness or temperature, The margin of the
statistical method's superiority over monthly climatology
is less at higher levels, This is in agreement with
McRae's (1971) statistics on variability of temperature
for Australian stations, which in general indicate low
correlation of temperature at 500 mb with 200 and 100mb

(c) North of about latitude 30, the 24-hour persistence
estimate of thickness or temperature is generally the best
of all, However this method could be validly used for
guess field generation only over areas where conventional
data was present 24 hours previously.

Concluding Remarks

Statistical verification based on RMS scalar error is not the sole or
primary criterion for assessment of analysis or guess field quality. The three
dimensional differential geometry (or "shape") of the field, and synoptic similarity
to the real atmosphere must also be considered. The ultimate test is the overall
performance of the analysis-prognosis system of which the guess field procedure is
a part. It should also be emphasized that the statistical relations in the Results

section were derived solely from data in the Australian sector, and their application

to analyses in other sectors of the Southern Hemisphere may not be justified.
Nevertheless, it was considered that the results of this statistical project were
sufficiently promising to warrant further evaluation as an alternative to guess field
procedures current at that time (which were based primarily on extrapolation using
climatological stabilities)., Part Il describes some results of this evaluation,

PART Il APPLICATION OF STABILITY-TEMPERATURE CORRELATIONS
TO OBJECTIVE ANALYSIS

Introduction

The statistical relations developed in Part I have been used to generate
first guess thickness and temperature fields in two analysis-prognosis systems;
the Australian regional system (Maine, 1966; Maine and Seaman, 1967) which
has been operating at WMC, Melbourne since 1969, and the Southern Hemispheric
system (Gauntlett et aql, 1972), which at the time of writing was in the final stages
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Root-mean-square errors (on independent test data), of estimated thicknesses and

Table 2

temperatures between 500 and 100 mb using (1) stability-temperature correlations,

(3) 24 hour persistence stability, (4) monthly

climatological thickness or temperature, and (5) 24 hour persistence thickness or

(2) monthly climatological stability,

error (geopotential

Zyg_3 indicates 500 to 300 mb thickness RMS
T3 indicates 300 mb temperature RMS error

temperature,
dekametres),

(degrees Celsius), and soon,
Febru.ary

June

Lat (9°26")

HONIARA

2.6

2.6

1

Method

1.6

3.6

2.9

1.8
1.6

2,6

1.6

1.6
1.8

CARNARVON

(24%531)
Method

3.9

1.9

1.9

1

5.1

8.6

3.9

3.6

3.6
4,1

1.

1.6

1.9

2.9

3.

LAVERTON

(37%527)
Method

3.6

6.9

4,1

2.6

2.6
2.6

1

12,2

6.0

3.0

3.5

6.3 10.7

6.0

5.6

6.8

3.8
3.2

6.0

3.9

6.2

HEARD ISLAND

(53°06")
Method

3.9
10.9
14.3

8.1

1

20,2

11.0

11.1 .
8.2

6.1

3.8

25. 4

15.6

6.3

1

6.4

12.0

8.1

10.3

5.9

3.6

6.8

10. I

3.8

6.2

6.3




of evaluation prior to operational implementation, Details of the application are
different for each system, primarily because of the different roles of prognosis
feedback and manual interaction. The following sections describe the application
of the statistical method of guess field derivation to each system, and contrasts
the characteristics of the resultant analyses with those using other guess field
procedures,

Southern Hemispheric System

(a) Proaedure

The Southern Hemispheric system, which is described in detail by
Gauntlett et al is characterized by prognosis feedback from the CMRC N30, six
level primitive equation model (Gauntlett and Hincksman, 1971) to coordinate
analyses at successive. synoptic times. As explained in Part I, it is desirable in
such a system, from prognosis model initialization considerations, that no changes
are made in predicted fields over geographical areas which are free of conventional
data or analyst-inserted pseudo observations at all levels. To satisfy this condition,
and at the same time utilize the statistical results of Part I' over areas of analyst
intervention in the 1000 to 500 mb layer, the following procedure was adopted.

After the analysis of the 500 mb temperature field (see Gauntlett et al
for details of analysis procedure up to 500 mb) two estimates of each stability
parameter field above 500 mb were computed; the first by correlation ‘with
500 mb temperature and latitude, and the second directly from the model pre-
decitions of temperatures and geopotentials at 500, 300, 200 and 106 mb., A
blended stability field was formed from a weighted mean of the two estimates, with
the relative weights depending upon the ''data density' of 1000-500 mb analyst-
inserted pseudo observations, Each blended stability field was a "stepping stone'
to obtain a thickness guess field from an analysed lower temperature, and
vice versa, eg

1 .
AZ = R 1n(500/300) (T + AT

500-300 500 53L)
! ~ 5Z500-300 v AT
300 R 1n(500/300) 53U
here AZ' T field T AZ
where 500-300° ~ 300 o7 8uessiields, 500° 500-300
are analysed fields, AT53L’ AT53U are blended stability fields, and R 1is the

universal gas constant. The procedure just described will be referred to as
method HIL. '

(b) Alternative methods compared

Method Hl was compared with the following alternative methods H2
to H4,

(i) Climatological stabilities (Method H2)

Thickness guess fields above 500 mb were the model predictions,
but thickness pseudo observations were automatically generated
above 500 mb at locations of the 1000-500 mb analyst-inserted
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These automatically generated values were derived using
monthly climatological stability parameters above 500 mb.
The thickness pseudo observations therefore modified the
model prediction of the thickness over those geographical
areas where manual intervention had occurred in the

1000 to 500 mb layer. Each temperature guess field was
computed from the analysed thickness of the layer below,
and the relevant monthly climatological stability parameter.
The guess was modified by a '"tropopause fitting' procedure
when the temperature at the base of a standard layer, and
the thickness of thé-layer, indicated that a tropopause was
likely to be present.

(ii) Model predictions of stability (Method H3)
This . method was different from HZ only in the respect
that model predictions of ‘the stability-parameters -were -
used instead of monthly climatological values.

(iii) Model predictions of thickness (method H4)

This method was differentfrom HZ2 only in the respect that
no automatic pseudo observations were generated above
500 mb, and simply the model predictions of thickness and
temperature were used, A constraint was imposed upon
the thickness and temperature fields to prevent super-
adiabatic or unreasonably stable lapse rates between the

500 mb level (affected by manual intervention) and the

300 mb level (unaffected by manual intervention).

(¢) General characteristics of the resultant analyses

The typical effects of methods Hl to H4 may be summarized as follows,

Cold and warm anomalies in the 1000 to 500 mb pattern are main-
tained at all levels above 500 mb by method H2 (climatological stability) and the
amplitudes of troughs and ridges at 200 and 100 mb in the geopotential patterns
are sometimes exaggerated, producing unrealistic gradients, When manual inter-
vention replaces a warm 1000 to 500 mb ridge by a cold trough (or
method H3 (predicted stability) may produce a similar or even more accentuated
effect than H2, but when 1000 to 500 mb changes are only small, H3 is usually
satisfactory,

Method H1 (statistical) associates cold anomalies in the 1000 to
500 mb thickness pattern with warm anomalies above the tropopause, and produces
a synoptically reasonable variation of implied tropopause height with 1000 to 500 mb
thickness anomaly. However the thickness and temperature analyses above 500 mb
tend to be over-smoothed. This is consistent with the rather small reductions in
variance over the climatological mean, which were noted in Part 1, Verification .
section, on a test data sample, Ze, the statistical method produces temperature and
thickness guess fields which exhibit much less than the.usual synoptic.variation
from climatology.

Method H4, by conserving the model predictions of thickness above
500 mb, damps the amplitude of those perturbations in the geopotential fields at
200 and 100 mb which are associated with large changes in the 1000 to 500 mb
layer produced by mianual intervention, It therefore ameliorates the tendency
of method H2 to exaggerate geopotential patterns. However, this is sometimes
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